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PREFACE
The second volume of this Manual makes its appearance

almost half a year later than the editors had hoped. Explana-
tions of the delay are hardly necessary; they are self-evident in

the case of a book in which a large number of authors par-

ticipate. The delay would, however, have been greater had not

Professor Tandler and Dr. Evans undertaken the sections on the

development of the heart and of the blood-vessels, which had
originally been placed in other hands. To these two collaborators

the editors are under special obligations. The account of the de-

velopment of the sense-organs, for which also other plans were made,
had to be undertaken by one of the editors, Keibel, an arrangement
which precluded the treatment of the subject entirely on the basis

of personal observation. A number of the contributions to the

volume have been completed for a considerable time (some for

more than a year), and consequently it has been impossible to

include in them all the references to the jnost receipt

literature (since the beginning of 1910),

The editors regret that this second volume has considerably

exceeded the limits originally set for it. If it had been written

by a single hand, a greater condensation would certainly have
resulted in many chapters, but under the cii'cumstances this has

not been possible, notwithstanding the earnest endeavors of the

editors.

On the whole, however, the editors feel that they have reason

both to congratulate themselves on the completion of the work,

which, in spite of many minor defects, is undoubtedly an im-

portant one, and to hope that it will give further impetus

to the study of human embryology.

In conclusion the editors wish to express their heartiest thanks

to all those who have assisted in the completion of the work, to

the collaborators, to Professor J. P. McMurrich for the excellent

translation of the chapters by Zuckerkandl, Keibel, Tandler, and

Felix, and, above all, to the publishers S. Hirzel and the J. B.

Lippincott Company. They have done everything in their power
to make the work a success, and, especially, have made possible the

illustration of the text by so many and such excellent figures.

Franz Keibel, Fbanklin P. Mall.
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HANDBOOK
of

HUMAN EMBRYOLOGY
XIV.

THE DEVELOPMENT OF THE NERVOUS SYSTEM.

By GEORGE L. STREETEE, Ann Aeboe, Mich.

The entire nervous system, as will presently be described, has
a common origin. It is derived from an anlage that is very early
differentiated from the ectoderm as the neural or medullary plate.

The description of its development will be taken up under the fol-

lowing headings: 1, the histogenesis of the nervous tissues; 2,

the development of the central nervous system; 3, the develop-
ment of the peripheral nervous system; and, 4, the development
of the sympathetic nervous system.

I. HISTOGENESIS OF NERVOUS TISSUE.

In Chapters III, IV, and V the segmentation of the ovimi and
the grouping of its cells in the form of three germ layers have
already been described. It has also been described how a portion

of the ectoderm becomes thickened and differentiated into the

elongated axial neural plate and neural groove, and how eventually

the elevated edges of this groove come together and fuse, thereby

converting it into the neural tube. It is the anterior portion of

this neural tube that is enlarged and converted by constrictions

into the three primary cerebral vesicles from the thickened walls

of which the brain is derived. The caudal portion of the neural

tube remains nearly uniform in diameter and forms the spinal

cord. The lumen of the caudal portion becomes converted into

the central canal of the cord, and the enlarged cavities of the vesi-

cles of the anterior part of the tube form the several ventricles

of the brain. The nerves which serve to connect the central ner-

vous system with the periphery either sprout out from the wall

of the neural tube or from the ectodermal cellular crest that is

"X attached along its dorsal seam. Thus, if we except the mesodermic

Vol. II.—
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2 HUMAN EMBRYOLOGY.

elements that subsequently penetrate the neural tube, accompany-

ing the invasion of blood-vessels into its substance, we may say

that all the essential nervous tissues of the body are derived

from the thickening and differentiation of the waUs of the neural

tube and its ganglionic crest, and hence are ectodermal.

Development of the Walls of the Neural Tube.

In the absence of suitable human material our information

regarding the changes that occur early in the differentiation of

A m^j

m n

mli

B

Fig. 1.—Three early stages in the development of the wall of the neural tube, showing the conversion

of the single layer of discrete cells into a richly nucleated syncytial framework. A, medullary plate of

embryo rabbit just before closure of neural tube; B, similar section of 5 mm. pig embryo just after closure

of neural tube; C, wall of neural tube of 10 mm. pig embryo; a, ependymal layer; g, germinal cell; m,
marginal layer; mle and mli, external and internal limiting membranes; n, mantle or nuclear layer; p,

mesoderm. (After Hardesty.)

the wall of the neural tube is based on the chick, rabbit, and pig,

notably through the investigations of His, Cajal, Schaper, and

more recently Hardesty. The essential feature in this develop-

,ment, as can be seen in Fig. 1, consists in the conversion of the

original single layer of cuboidal ectodermal cells into a thick wall

whose elements are arranged in the form of three definite layers

or zones. These three zones constitute respectively the aniages of

the ependyma, the gray substance, and the white substance, the

individual cells being accordingly differentiated into supporting

cells and nerve-cells proper.
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In Fig. 1, A, is shown the single layer of ectodermal cells

which constitutes the original neural plate. It is to be noted that

they consist of individual cells, distinctly outlined and definitely

arranged. During the closure of the neural tube they proliferate

and the cell boundaries partially disappear, and there thus results

a thick wall of fused cells, a compact nucleated protoplasmic syncyt-

ium as seen in Fig. 1, B. As the growth continues the syncytium
expands into a looser framework or myelospongium and its outer

and inner margins are condensed in a continuous sheet to form
the external and internal limiting membranes, as seen in Fig. 2,

which is taken from a human embryo. In Fig. 1, C, which shows
the appearance at the end of the first month, the myelospongium
consists of radially arranged cellular strands still united in a

M.limitans ext. ^^:^,j^\3 ^^^—^^^ ^

M limitans int.

<;^T^ ^^
Fig. 2.—Wall of the neural tube in a human embryo about two weeks old, showing its syncytial

character. This stage is between that of B and C, Fig. 1. (After His.)

syncytium by numerous branching processes. Further examina-

tion shows that, owing to the grouping of the nuclei, the wall may
be subdivided into three primary zones or layers: (1) the ven-

tricular or ependymal layer; (2) the intermediate or nuclear or

mantle layer; and (3) the outer or non-nuclear or marginal layer

(Eandschleier). It may be added that the term nuclear layer is

applied in the early stages, while the boundary between them is

indistinct, both to the ependymal and mantle layers, thus contrast-

ing them to the marginal or non-nuclear layer. In this sense one

can say that the wall at first consists of two layers, nuclear layer

and non-nuclear layer, and that later the former or nuclear layer

becomes differentiated into the ependymal and mantle layers. Here

the term nuclear layer is used as synonymous with mantle layer,

which is its chief derivative. The ependymal layer consists of a

single layer of elongated nuclei connected with the internal limiting
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membrane by strong protoplasmic processes. Among these are

seen prominent mitotic nuclei, the so-called germinal cells shown

in Fig. 1, g, and Fig. 3. According to Hardesty, the germinal

cells are found in greatest number in embryos (pig) between 10

and 20 mm. long, and gradually disappear, ceasing altogether

at 40 mm. The nuclear or mantle layer consists of nucleated

branching strands of the myelospongium forming, a radially ar-

ranged protoplasmic framework. Eapidly proliferating nuclei

are embedded in the strands and about them the protoplasm is be-

coming more condensed and granular. Mitotic nuclei are fre-

quently found in this layer after the disappearance of the ger-

minal cells of the ependymal layer, and it is suggested by Schaper

EpendymalCells

Neuroglia Cells

Neuroblasts

Fig. 3.—Diagram showing the dilTerentiation of the cells of the wall of the neural tube and the theoretica

derivation of the ependymal cells, neuroglia cells, and neuroblasts. (After Schaper.)

(1897) that they are a proliferation phenomenon. Those that per-

sist until late stages are regarded by him as material for regenera-

tion processes. Whether the proliferation of the nuclei of the

mantle layer is always mitotic or whether it is to some extent

amitotic remains to be determined. The mantle layer may be con-

sidered as the anlage of all gray substance. The marginal layer

forms the anlage of the white substance, and through its meshes
pass all the principal longitudinal fibre tracts of the cord and
brain. For a considerable period it remains devoid of nuclei and
consists simply of the network of the myelospongium.

The further steps by which this comparatively simple wall of

three primary layers becomes subsequently converted into the

complicated spinal cord and brain will be considered later. We
will only consider at this time the histogenesis of its elements.

The cells, which in Fig. 1, C, are still fused in a common frame-
work, gradually in their further differentiation undergo extensive

change in form and position, and soon it is possible to class them
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into two groups: (1) the spongioblasts which form the supporting
framework or the neuroglia tissues; and (2) the neuroblasts or

true ganglion-cells which come to lie within the meshes of the

former. Up to the time the two groups can be distinguished from
each other they are spoken of as indifferent cells (Schaper).

The differentiation into neuroblasts and spongioblasts does

not occur in all cells simultaneously, some cells being more pre-

cocious than others ; so that in a given section one may recognize

well-defined neuroblasts, or spongioblasts, among other cells that

are still in the indifferent stage, as is schematically shown in

Fig. 3. In general, the spongioblasts develop somewhat in ad-

vance of the neuroblasts, and we find in some sections a fairly

complete spongioblastic framework having as yet no differentiated

nerve cells or fibres. In their further development the spongio-

blasts and neuroblasts will be treated separately.

Development of the Neuroglia Framework.

Embraced under the term neuroglia we must distinguish (a)

ependymal cells, (b) neuroglia cells, and (c) neuroglia fibres, all of

which elements serve as a supporting framework for the central

nervous system, and all of which are differentiated products of

the spongioblastic sjiicytium already referred to.

It was seen in Fig. 1, C, how the spongioblasts formed a radial

framework traversing the entire wall of the neural tube. As the

wall thickens the radial arrangement becomes still more marked

and the spongioblastic strands become drawn out. These strands

take the precipitate intensely in silver methods and form the char-

acteristic Grolgi picture seen in Fig. 4. From the radial strands

numerous processes extend laterally and unite the whole in a

complete framework. At the junction of the nuclear and marginal

layers there exists a close felt-work of these lateral processes which

is supposed to prevent temporarily the invasion of nuclei into the

latter layer (Hardesty, 1904). A distinct group of spongioblasts

maintain their radial arrangement near the ventricular border and

eventually constitute the ependymal cells of the adult. In the

remainder of the wall the radial arrangement is finally obliterated,

which is due to the proliferation and growth of the neuroblasts,

the spaces in the framework being determined by the shape of

the elements that it supports. It is this portion of the frame-

work that furnishes the neuroglia cells proper.

The ependymal cells represent the most primitive form of neu-

roglia, such as is found prevailing in certain lower forms. They

are characterized by their radial arrangement and proximity to the

lumen of the neural tube. Through their continuity with the gen-

eral spongioblastic framework they extend through the_ whole

thickness of the wall, from the internal to the external limiting
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membrane, as shown in Fig. 1, C. As the ependymal cells prolifer-

ate and accumulate more body-protoplasm they come to form a

compact mass of deeply staining columnar cells, constituting the

lining membrane of the central canal of the cord and the ventricles

of the brain. Their connection with the remainder of the neu-

roglia framework is maintained by processes which extend from

the basal portion of the cells a variable distance into the under-

lying parts.

In the region of the anterior median fissure of the cord and

the median raphe of the hind-brain, corresponding to the Boden-

platte of His, the neuroglia maintains its primitive ependymal

type of simple radial fibres extending from the lumen to the sur-

m ep

Fig. 4.—Development of Deuroglia framework. Combined drawing, after Golgi and Benda methods,
showing section of spinal cord of embryo pig 30 mm. long. It can be seen that the wealth of communi-
cating processes of the neuroglia cells is not shown in the Golgi portion, ep, ependymal layer; m, marginal
layer; n mantle or nuclear layer; v pia mater. (After Hardesty.)

face of the tube. It is this region that is traversed by the fibres

of the anterior white commissure of the cord and the transverse

arcuate fibres of the hind-brain. The persistence of this simple

type of neuroglia may be explained by the absence of any mantle
or nuclear layer with its consequent complications at this place.

In a similar way in the posterior median region of the cord there

is formed. the posterior median septum, consisting of persistent

radial neuroglia fibres extending from the lumen to the surface of

the cord. Here, however, the conditions are modified by the par-

tial fusion of the walls of the central canal and the fusion of the

posterior funiculi, so that instead of a deep fissure we have in the

end only a shallow groove. The development of the posterior

median septum will be described in detail in the section on the

development of the spinal cord.
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Thus in the adult we find that the ependymal neuroglia is per-

sistent only as septa in the anterior and posterior median planes

of the nervous system and as a lining membrane for its central

canal and ventricles. Otherwise the whole supporting framework
of the nervous system consists of neuroglia cells proper and the

neuroglia fibres developed in connection with them, that is if we
do not regard the blood-vessels and the accompanying mesodermal
tissue, which subsequently enter the neural tube, as a true support-

ing framework.
The neuroglia cells are differentiated somewhat later than the

ependymal cells. They can be traced back to the time when they

TZK

BW^Jh^'^
\-A'

4

<J.

-^Jt-i*.

•^^

s

Fra 5 —Combined drawings, after Golgi and Benda methods, of the spinal cord of fetal pig, 20 cm.

long showing syncytial character of neuroglia framework and the first appearance of neurogha fibres,

o neuroglia rails after the Benda method; o', similar cell after the Golgi method; e and f, neurogha fibres

banning to take the neuroglia stain; b, pseuddcell due to staining of a portion of the syncytium such as

seen at i>; s, seal-ring cells. (After Hardesty.)

constituted units in the primary spongioblastic syncytium. As the

extension and branching of the latter continues, its component

cells can be seen to proliferate and develop additional protoplasm.

They at the same time become moulded into shape by the growing

nerve cells and fibres which they enmesh. Due to this moulding

process there result the characteristic much-branched cells that

we know as spider-cells, glia-cells, astrocytes, or Deiters's cells,

as shown in Fig. 5. Instead of the simple spongioblastic frame-

work seen in the earlier stages, we now have a dense felt-work
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produced by the anastomosing branches of these cells, inti-

mately intertwining between the developing nerve-cells and their

processes.

The variation in the shape of the individual neuroglia cells

is determined by the nature of the nerve tissue supported, and con-

sequently there are different types described for the cerebral cor-

tex, the cerebellum, and the white and gray substance of the cord.

Such variations involve the shape and size of the cell body as

well as the character of their cell processes. The earlier concep-

Fig. G.—Section of spinal cord of suckling pig of two weeks, showing fully developed neuroglia fibre

and fibres in the process of transformation, a and c, early stages of neuroglia cells, multinucleated proto-

plasmic masses; d, g, h, and k, stages of karyolysis which many of the free neuroglia cells undergo; 8, seal-

ring cell. (After Hardesty.)

tions of neuroglia cells were based on silver precipitation methods
(Golgi) which failed to reveal the true wealth of their anastomos-
ing branches, and there thus existed a false impression of neu-

roglia as consisting of scattered and independent cells.

The neuroglia fibres constitute the third element of the sup-

porting tissue, and they resemble in their process of develop-
ment the fibres in white fibrous connective tissue. They do not
appear until late in uterine life. According to Hardesty (1904),

they can first be recognized in pig embryos between 16 and 20 cm.
long, and from then on gradually increase in number until after
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birth. There is some evidence that the process of differentiation

continues even into adult life.

It was formerly supposed (Golgi, v. Lenhossek, Erik Miiller,

and others) that neuroglia cells existed as separate units and that

neuroglia fibres were simply the modified processes of these cells.

With the development of the differential neuroglia stains it soon

became apparent that this was not the case. From Weigert's stud-

ies (1895) on human tissues, followed by Huber's (1903) studies

on several vertebrate classes, it was shown that neuroglia fibres

are not to be regarded as processes of the neuroglia cells, but

rather as fibres having specific physico-chemical properties which

lie in close contact with or actually embedded in the peripheral

layer of the protoplasm of the neuroglia cells from which they have

become differentiated, as is shown in Fig. 7. The fibres are not

Fig. [7.—Neuroglia fibres in adult human spinal cord, showing their relation to the protoplasm of the
npnrntrlisi npll n.nH if„i nrn^fissps ("After T-Fuher.lneuroglia cell and its processes. (After Huber.)

interrupted by the protoplasm of the cells, and a single fibre may
even be continuous from one cell to another.

To understand properly the manner in which these fibres form,

one should keep in mind the syncytial character of the neuroglia

framework. This has been especially emphasized by Hardesty

(1904), on whose studies the description of this development is

based. It has already been seen how the protoplasm of the syncyt-

ium in its development tends to accumulate about the nuclei and

thus forms masses which we have described above as neuroglia

cells. The separate nucleated masses or cells remain more or less

continuous with each other by means of attenuated branching

portions of the syncytium. In these attenuated portions at a cer-

tain period (pigs 16 to 20 cm. long) it can be seen that the proto-

plasm is becoming more condensed, stains less deeply, and is

beginning to show fibrillation. The same process can be recog-

nized in the peripheral portions of the nucleated masses or cells.

The fibrillation continues to become more marked, and eventually

distinctly outlined individual fibres of varying length can be recog-

nized as lying in the attenuated portions of the syncytial proto-
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plasm and passing through the "domain" of one or more nuclei,

as shown in Fig. 5. Whether all the protoplasm m the attenuated

portions is consumed in the process of fibrillation, or whether some

remains as a partial coating of the fibre is not yet clearly deter-

mined. . 1 . I!

The final step in their development is the chemical transfor-

mation that the fibres undergo, owing to which they exhibit a blue

reaction when stained with special neuroglia stains. When that is

attained they present the characteristic picture seen in Figs. 6

and 7. A portion of a fibre may give this reaction before the

differentiation of the remainder of the fibre is complete. Some-

times a fibre ripens in interrupted areas along its course and hence

temporarily appears as a row of fine dots. By the time the chemi-

cal transformation is completed the fibres have attained a size

about the same as found in the adult. There is some variation in

the distribution and form of the neuroglia fibres, depending on

whether they are located in the region of gray matter^ or white

matter or in the region of ependymal cells; the essential points

in their development, however, are the same in all regions.

Those writers (e.g., Rubaschkin, 1904) who consider neuroglia

cells as separate and independent structures describe the neuroglia

fibres as modified cell processes. A special cell is also distin-

guished from which they are derived (gliogenetic cells), which

forms an intermediate stage between the spongioblast and neu-

roglia cell proper. Several fibres may be derived from one proc-

ess, and eventually they detach themselves from the cell and lie

free in the tissue.

Development of Neuroblasts and Motor Nerves.

We have seen above how the cells forming the wall of the neu-

ral tube in the early stages are fused in a common syncytial frame-

work, and how the constituent cells of this framework gradually

differentiate themselves into spongioblasts and neuroblasts. The
former maintain their syncytial arrangement relatively late and
continue even in the adult to show permanent traces of that con-

dition. The neuroblasts, however, toward the end of the first

month apparently detach themselves from the general framework
and form separate clusters within its meshes. These clusters of

proliferating neuroblasts form a prominent part of the nuclear or

mantle layer, and it is from these that all the true nerve-cells of

the brain and cord are derived.

The neuroblasts can be recognized by their characteristic

shape (see Fig. 9). They possess a prominent nucleus and a
tapering protoplasmic body which is continued into a slender

primary process which is to become the future axis-cylinder of
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the cell. There is always the tendency for the primary processes
of adjacent neuroblasts to come together and form a conamon
strand, in this way giving rise to the arrangement in clusters. It

has not yet been shown whether the processes of these cells come
together secondarily, or whether the arrangement is the result of
the manner of cell cleavage, the processes being the last portion of
the proliferating cells to split apart. The primary process may
either extend to some other part of the neural tube or may leave
the neural tube and extend through the mesoderm to some periph-
eral structure, as is shown in Fig. 8. The motor nerve roots are
an example of the latter, and in Fig. 10 there is shown how clusters

Fig. 8.—Diagram showing distribution of neuroblasts in human embryo of four weeks. On light

side both neuroblasts and spongioblasts are shown; on left side neuroblasts only. The converging processes

in the ventral part of cord unite to form the anterior nerve-roots. The processes forming the posterior

roots enter the niarguial layer and extend upward and downward as a longitudinal bundle, thus constituting

the anlage of the posterior white column. (After His.)

of such motor neuroblasts form rootlets which pass through the

marginal layer of the neural tube and enter the mesoderm and

unite in a common nerve-trunk. A group of neuroblasts from the

same section is shown under higher power in Fig. 9.

Later the original pear-shape of the neuroblast is altered by

the increase in body protoplasm and the development of secondary

processes which branch out into the neighboring spaces. With the

increase in size the cell becomes moulded by the supporting frame-

work and adjacent cells into its eventual shape, upon which the

nucleus retires to the centre of the cell and enters upon the resting

stage. The development of neurofibrils within the substance of

the cell body and its processes occurs early ; with special staining

methods they can be demonstrated in embryo pigs 10 mm. long.
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It was formerly thought (His) that the neuroblasts were de-

rived directly and exclusively from the previously mentioned

mitotic cells that are found during a brief period along the ven-

tricular border of the wall of the neural tube, the so-called germinal

cells (see Fig. 1, g). His pictures these germinal cells and shows

them dividing and after assuming a pear-shape migrating out

into the mantle or nuclear layer, being all the time sharply sepa-

Fig. 9.—Cluster of neuro-
blasts from nucleus of origin

of n. oculomotorius, showing
characteristic shape and group-
ing of cells. Taken from same
specimen shown in Fig.. 10.

Fig. 10.—Section through floor of mid-brain of human embryo one

month old (length 10 mm., Huber collection No. 3), showing the origin

and formation of the trunk of a typical motor nerve (n. oculomotorius).

rated from the spongioblasts. This process has not been con-

firmed by the more recent investigators, and it is now generally

thought that the germinal cells are only a sign of cell proliferation,

and belong in common to the whole syncytial framework or myelo-
spongium and thus are ancestors of the neuroblasts and spongio-

blasts alike.

The development of the neuroblast forms a problem that has
been the subject of much investigation and discussion. Particular

interest has been manifested in the growth of its attached nerve-

fibre, both on account of the great length of the latter as compared
with the size of the cell and on account of the intricate maze of
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fibres through which it traces its way to reach the organ for which
it is intended. Of the many interpretations that have been offered
in explanation of this problem the one that seems now to be most
generally accepted is the so-called outgrowth theory of His,
according to which each nerve-trunk is the process of a single
nerve-cell. The fibre is a simple elongation of the primary process
produced by an actual outflow of substance from the ganglion-cell

toward the periphery, and it thus makes its way through various
tissues to reach its proper end organ with which it comes into

relation secondarily. It is this theory that has been ably substan-
tiated by the histological studies of Eamon y Cajal and conclusively
established by the recent experimental studies of Harrison.

Among the other hypotheses that have been advocated regard-
ing the development of the nerve-fibre the most prominent is the
cell-chain theory, according to which each nerve-fibre is the product
of a chain or pathway of ectodermal (according to some, meso-
dermal) cells extending from the neural tube to the periphery.
From the protoplasm of these cells fibrillae are differentiated which
join to form a continuous fibre connecting secondarily the gan-
glion-cell with its end organ (Schwann, Balfour, Dohrn, Bethe).
This theory was later modified by Apathy and 0. Schultze, who
conceived of a syncytium of anastomosing cells which from the

beginning connects the neural tube with the peripheral end organs,

somewhat like the older description of Hansen, according to which
protoplasmic bridges persist between dividing cells everywhere
in the embryo, and by fibrillar differentiation some of these proto-

plasmic connections become eventually converted into nerve-fibres

and thus connect the ganglion-cells with the organs they supply.

A further modification of this interpretation is that of Held (1907).

Like Hensen, he conceives of a general syncytium connected every-

where by protoplasmic bridges, and later the nerve paths are

formed by the transformation of these bridges ; but, according to

Held, the growth of these fibrilte is from the nerve-cell outward,

instead of simultaneously along the whole path, as maintained by

his predecessors. In the protoplasm surrounding the nucleus of

each neuroblast a plexus of neurofibrils forms, thus marking off

neuroblasts from spongioblasts. From each of these a bundle of

the fibrils extends out through the substance of the syncytial frame-

work along a definite path and constitutes its axis-cylinder process.

Subsequently, in addition to the primary bundle of fibrillae, other

fibrillae extend out from the perinuclear network along other proto-

plasmic bridges and thus form the dendrites. In all these views

the nerve-fibre is considered as a product of a group of cells instead

of as an appendage of a single cell, as is postulated in the out-

growth theory.
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Fio. 11.—Isolated ganglion-cells, from embryonic spinal cord of frog, and growing in clotted lymph.
B is an isolated cell from tissue taken from branchial sense organ. The drawings are made from live speci-

mens; two views of C are shown, taken four and three-quarters hours apart^ showing rate of outgrowth
of ^the nerve-fibre and the manner of its branching. (After Harrison.)

Fig. 12.—Three views, taken at intervals of 1} and 8i hours, of the same living nerve-fibres growing
from a rnass of spinal-cord tissue (frog embryo) out into clotted lymph. They show the rate of growthand the longitudmal sphtting of fibres, and the characteristic growing ends, a larger example of which is
represented by n.f. (After Harrison.)
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In his experiments carried out on ampMbian larvae Harrison
demonstrated four essential facts: In the first place he showed
that no peripheral nerves would develop in an embryo from which

the nerve-centres had been removed, thus establishing the fact that

the ganglion-cells are an essential element in the development
of the nerve-fibre. He next showed that the sheath cells of

Schwann, upon the influence of which in the formation of the

fibre many of the histologists had placed much emphasis, were not

essential to the growth of the nerve-fibre, and that the axis-cylin-

ders will develop and extend out in the surrounding tissues in the

normal way and reach their normal length in specimens where

the sheath cells have been eliminated. Thirdly, he showed, by
modifying the environment of the developing nerve, that fibres will

form in surroundings entirely different from their natural path

and establish completely foreign connections. Finally, he suc-

ceeded in growing ganglion-cells outside of the body in an un-

organized medium (clotted lymph), where all possibility of con-

tributions on the part of other living tissues was eliminated, and

he was able with this method to demonstrate directly under the

eye the outgrowth of the nerve-fibre from the ganglion-cell as it

developed hour by hour, proving conclusively the unity and conti-

nuity of the two.

Isolated ganglion-cells developing in an artificial medium are

shown in Fig. 11, where A, B, and C represent three cells in differ-

ent stages of growth. Two views of C are shown, one being

taken four and three-quarters hours later than the other. The

different cells shown in Fig. 11 are all represented under the same

magnification, and on comparing them it is evident that the growth

of the fibre is the result of a flowing out of the protoplasm of the

cell iuto a thick primary process which as it elongates soon attains

a uniformly slender width. The growing end of the process is

characterized by an enlarged branched tip which continually under-

goes amoeboid changes in form. One of these characteristic much-

branched growing ends is shown in Fig. 12 {n.f.) under higher

magnification. Occasionally the growing tip completely bifur-

cates, which results in permanent bifurcation or branching of the

nerve-fibre at intervals along its course.

In Fig. 12 there can be seen a further phenomenon in the

growth of the nerve-cell consisting in the apparent longitudinal

splitting of the cell and its main process, a form of retarded cell

division that occurs subsequently to the formation of the primary

process. In the figure a, h, and c represent the same nerve-cell

mass as it appears at intervals of one and one-half and eight and

one-half hours. It shows how that which is apparently a single

cell and process becomes converted by this longitudinal cleavage

into four individual cells with processes.
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It is to be remembered that the forms shown in Figs. 11 and

12 represent the growth of ganglion-cells as it occurs in clotted

lymph, and it is to be presumed that they depart in some details

from that which occurs in living tissues ; however, the structure of

the fibres and the characteristic enlarged branching ends conform

exactly to the appearances seen in sections of
_

specimens where

the fibres have developed under normal conditions, and they no

longer leave room for doubt as to the essential validity of the His

outgrowth theory.

Development of Spinal Ganglia and Sensory Nerve=Roots.

As the elevated borders of the neural plate come together and

fuse to form the closed neural tube, it detaches itself from and

becomes completely covered in by the general ectoderm. During

Ganglion crest

Ectoderm

Neural tube

Ectoderm

Sensory roots

^"'.^. Myotome

Fia. 13.—Transverse sections through dorsal region of human embryos showing three stages in the

development of the ganglion crest and the anlage of the spinal ganglia. (After von Lenhoss^k and KoU-
mann.)

this process a row of ectodermal cells situated along the borders

of the neural plate undergo special changes ; they neither become
incorporated in the neural tube nor do they become skin. It is

these cells that form the so-called ganglion crest from which the

cerebrospinal ganglia and sensory nerve roots are derived, in addi-

tion to the chromaffin cells and the sheath cells of Schwann.
The cells of the ganglion crest differentiate themselves from

the cells of the neural tube during the closure of the latter. As
shown in Fig. 13, they form a cellular ridge or crest along the line

of closure. As they continue to develop they become apparently
completely detached from the tube. Separating bilaterally into

right and left crests, they migrate lateralward and ventralward
in between the myotomes and neural tube. Here they continue to

proliferate, and, as the constituent cells become differentiated into
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ganglion-cells, rootlets appear along the dorsal border of the crest

and attach it secondarily to the neural tube. The ganglion crest

thus extends as a flattened cellular band on each side uninterrupt-

edly from the caudal tip of the neural tube forward to the region
of the ear vesicle (compare Fig. 83). In the spinal region it

becomes notched with segmental incisures along its ventral border,

producing a series of ganglionic masses which for a time remain
connected with each other by a dorsal cellular bridge. Eventually

the latter disappears and there results a complete segmentation

of the crest into separate spinal ganglia.

In the head region the structures to be supplied lose their

simple segmental character, and there are introduced the complica-

tions of the gill arches and the lateral line system. These factors

Fig. 14.—Section through spinal ganglion of human embryo 18 mm. long, about 6 weeks old (Huber

collection No. 5). On the left the cells are mostly in the indifferent stage, and ganglion-cells and support-

ing cells look much alike; on the right the ganglion-cells stand out sharply, due to the accumulation of

granular protoplasm around the nucleus.

modify the character of the ganglion crest, though in its derivation

from the border of the neural tube it apparently follows the same

process as described for the spinal region. In the region of the

midbrain it is believed by some writers (Meyer, Johnston) that

a portion of the ganglion crest becomes incorporated in the neural

tube, and the cells derived from this portion never obtain a

peripheral position. The gross features in the development of

the ganglia of the head and spinal regions will be referred to again

more in detail under the peripheral nervous system.

At the time the ganglion crest detaches itself from the neural

tube and begins to spread ventralward (embryos 2-3 mm. long),

examination of it reveals a moderately compact mass lying in the

space between the neural tube and the myotomes. The constituent

Vol. II.—

2
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cells possess oval or rounded nuclei with, multiple small chromatin

bodies such as are fotmd in cells during active proliferation. The
cell bodies possess ill-defined outlines and fuse with each other

in a syncytial mass.

As the cells of the ganglion crest proliferate and become
further differentiated it is possible to divide them into two different

groups,

—

i.e., ganglion-cells and supporting cells,—in the same way
that neuroblasts and spongioblasts are developed in the neural

tube. (Compare Figs. 3, 4, and 5.) The steps in this procedure
are shown in Figs. 14, 15, and 16. On comparing these the most
apparent difference between the ganglion-cell (ganglioblast) and
the supporting cell (capsule and sheath cells) is that the ganglion-

a c::^.

Fig. 16.—Section through cervical spinal ganglion of human fetus 8.6 cm. long, about 3 months old
showing large ganghon-cells with eccentric nuclei. Surrounding them are the much-branched supporting
cells, some of which are to become capsule cells and the others sheath cells.

cells detach themselves more or less completely from each other
and develop isolated large compact protoplasmic bodies, while
the supporting cells consist almost entirely of branching processes
which remain united in an extensive network or syncytium in the
meshes of which lie the other cells.

_
By the end of the fourth month (Fig. 16) this differentiation

IS far advanced, and one can plainly recognize the supporting cells
arranged in the form of capsules around the ganglion-cells proper.
The next younger stage, at the end of the third month (Fig. 15),
the supporting cells can be distinguished, but the capsule arrange-
ment at that time is very incomplete. Going still further back
to the sis-weeks embryo (Fig. 14), we find a portion of the ganglion
mass consisting of undifferentiated neural crest cells, the ganglion-
cells and supporting cells both having the same appearance. How-
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ever, scattered in among these "indifferent cells" are some more
advanced cells that can be recognized as ganglion-cells by their in-

creased body protoplasm. As a rule, the ganglion-cells attain a
characteristic appearance earlier than the supporting cells.

The differentiation of the ganglion-cell consists in the con-
densation of the body protoplasm and the development of fibrillar

processes. As an indifferent cell of the ganglion crest syncytium
it has no definite outline, and in a teased preparation it appears as
a ragged granular mass around a nucleus. Later, as the proto-
plasm of the cell body accumulates, it detaches itself more or less

r"

D

Fig. 16.—Section through sixth cervical ganglion of human fetus 16.5 cm. long, about 4 months old.

Here the branched supporting cells are arranged in distinct capsules aroimd the gaughon-cells, and in the

lower part of the section they form a characteristic framework for the nerve-fibres. The ganghon-cella

are nearing the completion of their development: the nuclei are retiring to the centre of the cell, and the

basic stainable substance is appearing at the periphery of the cell bodies which later becomes clumped to

form the Nissl bodies.

completely from the neighboring cells and attains discrete outlines.

It is possible then to make teased preparations such as are shown
in Fig. 17.

The earlier ganglion-cells usually have a simple fusiform

shape with a process extending out at each pole, as is shown in

Fig. 17, group A. These lie in clusters, like the neuroblasts in

the spinal cord, and their processes are still fused so that in teas-

ing them apart we get the appearances seen in group B. By Golgi

methods it can be demonstrated that the central processes of such

cell groups form rootlets which enter the dorsal part of the wall

of the n'^ural tube, where for the most part the fibres bifurcate

and form a longitudinal bundle within the marginal layer, as seen
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in Fig. 8, and after a longer or shorter course upward or downward

they end in an arborization among the cells of the mantle layer.

In the spinal region the sensory fibres thus entering form one

continuous path, which eventually constitutes the dorsal funiculi

of the cord. In the cranial region the entering fibres of the sen-

sory nerves form separate paths, the vestibular tract, the trigemi-

Fia. 17.—Isolated cells teased from spinal ganglia of embryo pigs 20-40 mm. long, showing the vari-

ation in the form of the early ganglion-cells. B shows the grouping of the cells; A, 0, D, E, and F represent
selected types arranged according to the form of the cell body and the character of the processes.

nal tract, and the tractus solitarius, to which are contributed fibres

from the seventh, ninth, and tenth nerves. The peripheral proc-

esses unite into bundles, which join with the fibres of the anterior

roots and with them form the main nerve-trunk, the further de-

velopment of which will be referred to later in the section on the

peripheral nervous system.

In examining a given ganglion in embryos about two months
old it wiU be found that the cells are present in many different

stages of growth, and that in addition to the simple bipolar earlier
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cells there are younger cells that must make room for themselves
in the intervening spaces. Such cells possess great irregularity

ui their shape. Their form and the manner in which the processes
leave the cell body is apparently determined by the pressure that is

exerted upon them by the adjoining cells. Some of the forms that
are frequently seen in teased preparations are shown in groups
C, D, E, and F, Fig. 17. The only feature common to all of them
is the eccentric position of the nucleus, which is retained until

the cell nearly reaches its full size, upon which the nucleus retires

to the centre of the cell and assumes a resting appearance. (Com-
pare Figs. 15 and 16.)

It will be seen that there is a great variety in the number,
size, and situation of the cell processes. In group F there are

multipolar forms, some of which persist as such in the adult forms.

A very common form is shown in group E, which are technically

bipolar cells, but in each case one of the processes is much better

developed than the other, the small one having the appearance of

undergoing retrogression. It suggests the possibility that these

represent bipolar cells that are being converted into unipolar cells

by absorption of the smaller process. All through the nervous

system there is evidence of cell processes and nerve-fibres that

grow out for a certain distance and then for some reason cease to

develop any further and finally disappear, as in the case of the

hypoglossal nerve. This phenomenon is not limited to the tem-

porary existence of vestigial structures, but also represents what
might be called a "tentative growth," under which we may under-

stand that of the great number of processes and fibres which start

out a certain number fail to establish adequate connections and

subsequently disappear. On the other hand, in the present case

of the ganglion-cell the smaller process may represent the slender

axon that enters the cord, while the heavier process corresponds

to the peripheral dendrite.

The conversion of bipolar cells into unipolar T-shaped cells of

Eanvier is commonly supposed to be due to the unilateral growth

of the cell body towards one side, which brings about an approxi-

mation of its two processes so that they fuse in a common exten-

sion from the cell. The cells shown in Fig. 17, C, are regarded as

transitional cells undergoing this change, and cells 8, 9, and 10

would represent the successive steps in the process. But if this is

the explanation, it should be expected that no cells would show

the T division until they reach the stage of growth represented

by cell 10. This, however, is not the case, for in group D we

have cells in which the T division is already completed before

that time, and moreover cell 1 in group D possesses the T division

and the opposite process is still intact. Furthermore, as will be

presently seen, the growth of the enmeshing capsule cells is already
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well advanced while many of the cells are still of the simple bipolar

type {e.g., Fig. 18, o and fc), and this would tend to prevent the

approximation of opposite processes. There is therefore much

reason to believe that the T division is simply the result of the

bifurcation of the growing end of the main process of the cell in

the manner so clearly demonstrated by Harrison's growing nerve-

cells (Fig. 11), and that the so-called transitional cells are merely

accidental forms due to the moulding influence of adjacent cells.

Certainly a great many of the cells can never undergo the supposed

transformation.

Concerning the migration of spinal ganglion cells and their

relation to the formation of the sympathetic ganglia the reader

Fig. 18.—Teased preparations from spinal ganglia of pig, showing development of sheath and capsule

cells. In a and b (piga 3-4 cm. long) the supporting tissue consists of a loose syncytium enmeshing the

ganglion-cells; in c and d (pigs 20 cm. long) the protoplasm is condensed and arranged in the form of

distinct capsiiles. In d the capsule cells are directly continuous with the sheath coating the main process

of the cell. Compare with Figs. 15 and 16.

is referred to the section on the development of the sympathetic

system, and for the chromafiSn or phaeochrome cells and organs to

Chapter XV which describes those structures.

The development of the supporting cells can be followed by
comparing Figs. 14, 15, and 16, which show the appearance as

seen in cross sections, and Fig. 18, which represents teased prepa-

rations. Like the ganglion-cell the supporting cell is derived

from the indifferent cells of the ganglion crest, and also like the

ganglion-cell the chief phenomenon of its differentiation consists

in the condensation of the body protoplasm.

When first recognized the supporting cells form a loose poorly

defined granular syncytiiun from which the ganglion-cells have

become almost completely detached. The subsequent condensation

takes the form of branching processes instead of full rounded
bodies like the ganglion-cells, and there results a sharply outlined

nucleated framework in the meshes of which lie the nerve elements

proper (Fig. 18, c). In their derivation and behavior it will be
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noticed that the supporting cells are directly analogous to neu-
roglia cells. Eventually they become subdivided into capsule cells
and sheath cells, according to whether they form an envelope
around some ganglion-cell or are situated along the course of a
cell process. The two kinds are identical in character and are
directly continuous with each other, as can be seen in Fig. 18, d.

It is now believed, as will be referred to again under myeliniza-
tion, that it is some of the supporting cells of the spinal ganglia
that migrate outward along the course of the nerves and form
all the sheath cells of the peripheral nerves.

Myelinizatlon of Nerve=fibres.

The final development of the nerve-fibre is characterized by the
formation of a fatty enveloping sheath. This process does not be-
come apparent until about the fourth month, and it is not completed
until after birth. Many details concerning the acquisition and
structure of the nerve-sheath are still involved in dispute, and
especially in human material there is no adequate description yet
available. Our knowledge is mostly based on studies of the pig
and sheep (Vignal 1883, Grurwitsch 1900, Bardeen 1903, and Har-
desty 1904).

In the development of the nerve-sheath we have to distinguish

between the formation of the non-nucleated myelin sheath and the

nucleated membranous sheath which are its two subdivisions, the

latter being synonymous with the sheath of Schwann or neuro-

lemma. Either of these may make their appearance before the

other. In the central nervous system the myelin sheath appears
first, and until recently was supposed to be the only covering

possessed by these fibres. In the case of the peripheral nerves, on
the other hand, the axon is usually completely inclosed by the mem-
branous sheath before the myelin appears, and in the case of some
fibres, particularly in the sympathetic system, this remains the per-

manent condition. Such fibres are known as non-medullated fibres.

The cells that give rise to the membranous sheath of the

peripheral fibres appear relatively early. They are easily distin-

guished toward the end of the third week as spindle-shaped cells

(cells of Schwann or sheath cells) closely attached to the develop-

ing nerve-fibres. That these cells are ectodermal and are derived

from the ganglion crest has been shown experimentally in am-

phibian larvaB by Harrison (1906). The experiments of this in-

vestigator show that the source of the sheath cells can be removed

by early extirpation of the ganglion crest, and that in such cases

there develop naked fibres which normally are found covered with

sheath cells. It should, however, be remembered that this may not

be the only source in all forms ; in fact in elasmobranchii it is said

that there are in addition a large number of sheath cells that wan-
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der out somewhat later from the ventral part of the spinal cord

along the motor roots (Neal, 1903). Up to the time of Harrison s

experiments it was supposed that the sheath ceUs were derived

from the mesenchyme and were foreign cells that invaded the

nerve-trunks and ganglia very early (Vignal, Gurwitsch, and Bar-

deen). „ ^. „ ,

,

In the human embryo during the transformation ot the gan-

glion crest into spinal ganglia it is possible to trace step by step

the differentiation of its constituent cells into ganglion-cells proper

and supporting cells, as shown in Figs. 14, 15, and 16. It is these

supporting cells that form the capsule cells and sheath cells. Of

the latter some are for the spinal ganglia themselves while others

'r^'SL D ^ d e

Fia.'lQ.—Isolated fibres showing development oflmedullary sheath. The specimens are taken from

the intercostal nerve of pig fetuses about 15 cm. long and prepared by formalin and osmic acid. {After

Bardeen.)

wander out along both the sensory and motor nerve-trunks, accom-

panying them in their growth forward, and eventually forming

their membranous sheath.

The sheath cells are at first arranged so as to inclose a group

of axons in a common trunk. By subsequent proliferation they

invade the trunk and divide it into smaller bundles, until finally

they close in around each axon and form individual sheaths. Each
sheath cell corresponds to a segment of the sheath, and the interval

between two adjacent cells corresponds to a node of Eanvier. The
differentiation of the sheath cells and their conversion into the

nerve-sheath is shown in Figs. 19 and 20. In the earlier stages

they unite in the formation of a segmented thin-walled sheath,

which in formalin specimens can be seen loosely enveloping the

axis-cylinder, and apparently containing fluid (Bardeen, 1903)

;

in osmic acid specimens it is found shrunken closely against the

axis-cylinder (Fig. 20, A). Each nucleus maintains its position

near the centre of a segment and continues to maintain a small

quantity of granular protoplasm around itself. There then follows

a deposit of myelin within the membranous sheath around the

axis-cylinder. In the case of most peripheral fibres the axis-
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cylinder becomes completely inclosed by the sheath of Schwann be-
forethe formation of the myelin sheath begins. As regards the
origin of the myelin there have been three theories presented:
first, that it is formed by the sheath of Schwann ; second, that it is

a differentiated portion of the outer part of the axis-cylinder
(KoUiker, 1904) •; and according to the third it is precipitated from
the fluid immediately surrounding the axon by some reaction be-
tween the two (Bardeen, 1903). At first the myelin is evenly dis-

tributed along the axis-cylinder, but later it accumulates more rap-
idly in some areas than in others, which produces the beaded
appearance shown in Fig. 19, c. Eventually the sheath is com-
pletely filled out (Fig. 19, d). At the nodes of Eanvier the for-
mation of myelin continues for some time after the completion
of the myelin deposit in the remainder of the sheath (Fig. 19, e).

Fig. 20.—Isolated fibres of the sciatic nerve of sheep fetus 15 cm. long, treated "with osmic acid and
showing development of the nerve-sheath. A shows axon inclosed in membranous sheath with prolifer-

ating nuclei. In B the development is more advanced, and a deposit of myelin shown in dark stipple has
formed within the membranous sheath: n.R., node of Ranvier; iS.?., nucleus of membranous sheath.
(After Vignal.)

apparently thus allowing for the lengthening of the fibre. During
the later stages of development further provision is made for the

lengthening of the fibre by the intercalation of new segments of the

sheath of Schwann at the nodes of Eanvier.

In the central nervous system there seems to be no distinct

separate membrane investing the fibres that exactly corresponds

to the sheath of Schwann of the peripheral medullated fibres.

There are, however, sheath cells present. They are apparently

most numerous and possess most protoplasm during the active

period of myelin development. On adult fibres they are rela-

tively fewer in number and are less conspicuous since they then

possess less body protoplasm. According to Hardesty (1904),

these sheath cells of the central nervous system in the pig are

derived from the indifferent supporting cells which we have

already seen for the most part are converted into neuroglia tissue.

Shortly after the beginning of myelin formation they become dif-

ferentiated into typical sheath cells, and form around each nerve-

fibre an extended lamellated reticulum, in the meshes of which the

small globules of myelin are supported.
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Myelin formation commences about the fourth month, but it

does not make its appearance in aU parts of the nervous system

at the same time, nor simultaneously in aU parts of an mdividua

fibre. As a rule, it appears first in fibres that become functional

first and in fibres that are phylogenetically the oldest. In an m-

dividual nerve the myelin is first seen at the central end and

spreads from there toward the periphery. Accordmg to Westphal

(1897), the medullation of the spinal nerves is completed between

the second and third years, while the cranial nerves are completely

meduUated by the ninth or tenth post-embryonal week. Of the

veinis sup

/if ^
<^6

Fig. 21.—Section througli hind-brain of new-bom cliild, showing myelinization of fifth, sixth, seventh,

and eighth cranial nerves and associated fibre tracts (fasciculus longitudinalis medialis and corpus trape-

zoides). The lemniscus medialis is also myeUnated. These stand out in sharp contrast to the other fibres

of the pontine region, including the pyramidal tract, which are still devoid of myelin. (After Edinger.)

cranial nerves the motor fibres are medullated first, and the sen-

sory fibres a little later, excepting the acusticus, the vestibular

division of which is medullated about as soon as the motor fibres.

In premature births the medullation of the cranial nerves seems to

be accelerated. Westphal states that there is a gradual increase

in the size of the sheath with increasing age. He finds that on

comparing the adult with the child the largest sheath in a given

motor nerve in the adult is twice as large as the largest sheath in

the same nerve in the child. He finds also that the sheaths are

more uniformly large in the adult, while in the child there is a

large proportion of small sheaths, so that the average of large

sheaths in an adult nerve is four or five times greater than in the

same nerve in a child. Eegarding the time of myelinization of

the different areas and fibre paths of the central nervous system
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the reader is referred to WestphaPs paper and the work of Flech-

sig (1896, 1904). As can be seen in Fig. 21, the relative time of

appearance of the myelin is an important factor in the identifica-

tion of the different fibre paths.
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II. DEVELOPMENT OF THE CENTRAL NERVOUS SYSTEM

The nervous systems of all vertebrates develop from the same
ectodermal germ layer and within certain limits they always pass
through the same series of developmental stages. The difference

between the higher and lower forms consists only of a variation

in size and degree of development of certain of the component
structures, owing to the variation in the demand made upon those
particular structures by the special life habits, size, and require-

ments of the respective animals. The nervous system is delicately

responsive to the requirements of each individual animal and all

of its parts are subject to a greater or lesser development in

accordance with their functional necessity.

In this variability in the development of its different parts

the nervous system does not adhere to a phylogenetic order. Hence
it is impossible to definitely determine the relative position of two
animals by the character of their nervous systems. "With the ex-

ception of one portion the nervous system of the lower vertebrates

possesses all the essential features and the same general grouping
found in the highest vertebrates. In fact in certain instances they

possess structures that are more complicated and presumably more
efficient than the analogous structures in higher forms. Even the

same structure may exhibit in closely related families a marked
difference in the degree of its development, particularly in case

of the higher co-ordinating apparatuses such as is represented

by the cerebellum. One portion (pallium), however, contrary to

the rest of the nervous system, varies in its development directly

according to each animal's phylogenetic position. It follows a

definite phylogenetic curve. It is present as a small rudiment in

fish and amphibians and gradually increases in relative size and
complexity as we ascend the vertebrate scale until it finally forms

the prominent cerebral hemisphere of man.

In all vertebrates the central nervous system consists of a

dorsally placed hollow tube, the walls of which are connected by

the peripheral nerves with the different parts of the body. Where
many nerves enter or arise the central apparatus is larger, as in

the enlargements of the cord, the medulla oblongata, midbrain roof

and thalamus. Further enlargement is produced by the establish-

ment of fibres connecting different levels. A third group of en-

largements is produced by the establishment of nuclear masses

which serve as higher receptive and co-ordinating centres. In

general, it may be said that the nervous system consists of afferent

and efferent tracts, or peripheral system, and a central mass that

serves to connect and co-ordinate them, or central system. Of

the former, the afferent tracts are made up of receptor neurones

and the efferent tracts of effector neurones. The latter, or central
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nervous system, in addition to the central extension of peripheral

neurones, consists of intersegmental neurones, uniting different

levels, and suprasegmental neurones, that form the receptive and

co-ordinating centres for control over the lower neurones. The

location of the elaborated sense organs at the forward end of all

vertebrates, to facilitate the gathering of food and the detection

of enemies and mates, results in the highest development of the

nervous system in the head region. We thus speak of cephaliza-

tion of the central nervous system and distinguish the enlarged

anterior end, with which the special sense organs are connected, as

brain, and the remainder as spinal cord.

At the time of the closure of the neural tube that portion

corresponding to the brain undergoes a threefold constriction,

forming three primary brain vesicles which are constant in all

vertebrates and form a definite morphological basis for the subdi-

vision of the brain into three primary portions. These are known
as the prosencephalon (the most oral one), the mesencephalon, and
the rhombencephalon (the most caudal one). Subsequently the first

of these (prosencephalon) becomes further subdivided into an end

portion or telencephalon and an intermediate portion or dien-

cephalon. The last, or rhombencephalon, is also often subdivided

for descriptive purposes into the metencephalon, from which the

pons and cerebellum are developed, and the myelencephalon, from
which the medulla oblongata is developed. Owing to the tendency
to metamerism of the mesencephalon and the rhombencephalon and
their conformity with the type seen in the spinal cord, it has been
suggested (Strong) that we recognize an epichordal system includ-

ing all that portion of the central nervous system from which the

true cerebrospinal nerves arise, and which lies dorsal to the chorda.

The remainder is designated as prechordal, the boundary between
the two being the primary ventral infolding of the brain wall (plica

encephali ventralis). These terms of subdivision will be con-
stantly made use of in the following pages.

We will first consider the anlage of the nervous system as it

is found in the earliest stages, and will then follow its conversion
into the medullary tube, and trace the development of the latter
during the first four weeks. This will be followed by a description
of the central nervous system as it is found at the end of the first

month. Up to that time it is necessary to consider the different
portions more or less in conjunction with each other. After the
first month, however, the further development of the individual
subdivisions will be described separately.
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(a) Development of Central Nervous System during First Month.

The first evidence of the nervous system is the neural groove
that forms as an axial furrow in the median line of the germinal
plate, as can be seen in Fig. 22. The thickened ectoderm on each
side of this groove forms the neural plate. In the Von Spee
embryo Gle the borders of the neural plate are beginning to be
indicated, and just a little later, in embryos about two weeks old,

the elevated edges of the neural plate are clearly marked off from
the rest of the ectoderm, as shown in Fig. 23, A.

Sacculus vitellinu:

Canal i

neurentericu:

Pedunculu?
abdominalis

Fig. 22.-

Villi _ _ _

choriales -^jg^

-Dorsal view of human embryo in the neural-plate stage. The amnion ia opened, exposing the
germinal plate lying directly on the yolk-sac. (Graf Spee, from Kollmann.)

The further elevation of the edges and their approximation
and fusion across the median line to form the neural tube is shown
in four stages in Fig. 23. The comparison of these figures shows
that the formation of the neural tube is most advanced in the

middle of the germ plate corresponding to the junction of brain

and spinal cord. From this region the differentiation and closure

of the tube extends caudally and orally, the last portions to close

being called the anterior and posterior neuropores (see Figs. 24

and 26). The process of closure, though it always begins in about

the same region, shows some variation in the time of its occurrence.

In Fig. 23, C, it is further advanced than in Fig. 23, D, which,

judging from the number of somites, is the older embryo of the two.

The anterior neuropore is found closed in embryos of about

23 somites and the posterior neuropore a little later in embryos
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of about 30 somites, the end of the third week. The neuropores

do not exactly represent the anterior and posterior ends o± the

neural tube.^ The anterior and posterior margins of the neural

plate are rounded off laterally so that the extreme anterior and

F-^ncephalon

Neural
tube not yet
closed

L,intfa priiiiitiva

Protovertebra XI\'

Neural tube not

yet closL-d

/ , ^; \ 1 eiiunculiis

j/ fK ab loniinalis

D

Fig. 23.—Four stages in the closure of the neural tube in hiunan embryos possessing from 5 to 14

somites. A, embryo Klb, 5—6 somites, from Keibel u. Elze (Normentafeln); B, embryo No. 391, 7 somites,

Mall collection, after Dandy; 0, Etemod's embryo, 2.11 mm. long, 8 somites, after Kollmann; D, embryo
2.4 mm. long, 14 somites- estimated age 14 to 16 dajrs. (C and D after Kollmann.)

posterior ends of the neural plate are. found in the median line.

In the closure of the tube it is the lateral portions of the. anterior

and posterior margins that unite last, and so the neuropores are

found dorsal to what was originally the extreme ends of the neural

' Compare also the chapter describing the development of the eye.
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tube. This is particularly marked in case of the posterior neuro-
pore (Fig. 24). The region in the adult brain corresponding to
the anterior end of the neural plate was placed by His at the infun-
dibulum. Johnston (1909) from comparative embryological stud-
ies places it at the optic chiasma. The anterior neuropore forms
dorsal to this, and by its closure completes the lamina terminalis.

Fig. 24.—Profile reconstruction of human embryo 3.2 mm. long, showing neural tube closed except
for anterior and posterior neuropores. The chorda lies closely against its ventral sur&ice. The optic

eragination is shown by"a dotted line and is connected with the neuial tube by a wide slit. The ear vesicle

is indicated lateral to the hindbrain. In the area reuniens the neural tube, chorda, and foregut are still

undifferentiated from one another. (After His. 1004.) Ab., truncus arteriosus; AU., allantoic duct;

B«., abdominal stalk; CI., cloake; Lb., liver anlage; Lg., lung anlage; Nb^ stalk of the umbilical vesicle:

Vh„ atrium; Vt., ventricle. ,^

While still in the neural plate stage before its closure the cen-

tral nervous system is differentiated into an anterior portion that

is to form the brain and a posterior portion that is to form the

spinal cord, as shown in Fig. 23, A. The brain portion is wider,

more irregular, and projects beyond the yolk sac, bending forward

nearly at a right angle. It forms about one-half of the neural

plate. We cannot yet with any clearness recognize the subdivis-

ions of the brain. The spinal cord portion is narrower and uni-

form in width. It extends caudally to the neurenteric canal,

extending on each side a little beyond it. Most of the spinal por-

VoL. II.—

3
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tion of the neural tube that is differentiated at this time is that

which is to form the cervical cord. The lower cord is formed by
the caudalward expansion of the neural plate. In embryos of

seven somites, Fig. 23, B, where the neural tube is just beginning
its closure, there appear two distinct constrictions in the brain

ii. Pi?''2'fV°pZ!nT!Tf f^^t"^}"^^^ '""''T
possessmg 7 somites, being the same embryo shown

, x^' • f • ^°^°° "' ectoderm of nght neural plate i» removed, showinu thickness of wall and its

^a^r °rr^l
structures. The three priniary cerebral vesicles ari indiTt^ Sfer LZdy.) aT.allantms; CA chorda; Coe coelom; Fg., foregut; Hg.. hindgut; Ht., heart: Jlfes mescderm- Pcpencardial coelom; U., umbilical arterial sinus; F., umbilical vein.

iH«r., mesoaerm, f.c,

wall, subdividing it into a prosencephalon, mesencephalon, and
rhombencephalon. These are best seen in Fig. 25, which is from
the same embryo, but the ectoderm is partially removed, showing
the cut edge of the right half of the neural plate. With the closure
of the tube they become still more marked, as shown in Fig. 23 D
In these young stages the neural tube follows the flattened cu'rve
of the yolk sac, the only bending in the axial line being anteriorly
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and posteriorly where it projects free beyond the surface. It is

now supposed that the sharp ventral convexity sometimes found ia

the spinal region in these young specimens is artificially produced
by the preserving medium.

The character of the neural tube at the beginning of the third

week is shown in Figs. 24, 26, and 27. The age of embryo from
which these reconstructions were made was estimated by His at

two weeks, but on comparing it with other embryos we are

probably safer in considering it as being in the third week. The

Pallium

Neuroponia ant

Corpus
_

striatum

y
Vesicula optica

"; Mesencephalon

Site of future pontine flexure > Rliombenceptalon

Fio. 26.—Median view of a model of the brain of a human embryo 3.2 mm. long, being the same
specimen shown in Fig. 24. (After His.)

closure of the tube is now complete except for the small anterior

neuropore and a small portion at the caudal end. The cranial

portion of the tube is distinctly subdivided into the three primary

vesicles. The most caudal one, or rhombencephalon, is much the

largest. Its roof is not yet thinned out, the wall of the neural

tube being everywhere of about the same thickness.

The first flexure to form in the neural tube is the cephalic

flexure. It is well marked at this time, being a sharp bend in the

neural tube in the region of the midbrain so that the axis of the

forebrain forms approximately a right angle with that of the
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hindbrain, the notch formed on the ventral surface being known as

the ventral cephalic fold. The location of the future pontine flexure

is marked by a ventral bulging of the floor of the tube. The anterior

primary vesicle or forebrain at the completion of its closure is

already marked off into its main subdivisions. The optic evagina-

tion exists as a depression in the lateral wall before the closure is

complete, but at the time under consideration it forms a distinct

pocket projecting lateralward and caudalward. Extending from its

dorsal border is a fold (margo thalamicus) which marks the bound-

Diencephalon

Pallium

Mesencephalon

,

Isthmus -

Vesicula optica

Rhomben-
cephalon

Fia. 27.—Lateral view of same model ahown in Fig. 26.

ary between the telencephalon and diencephalon and separates the

anlage of the thalamus from that of the pallium. The wall adja-

cent to and forming the anterior border of the evagination forms
the anlage of the corpus striatum. The wall posterior to the evag-

ination forms the ventral half of the diencephalon or hypo-
thalamus.

The changes occurring in the central nervous system between
the third and fourth weeks may be seen by comparing Figs. 28

and 29 with Figs. 26 and 27. The tube is now completely closed

and the neuropores have disappeared. The walls due to their

differentiation begin to show a variation in thickness. This is

particularly marked in the thinning of the roof of the rhomben-
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cephalon. THe flexures of the tube are more marked. The
cephalic flexure has increased from a right angle to an acute one,

Thalamus

Pailium Mesenceplialon

Isthmus

Cerebellum

Corpus striatum /

Evagmatio oculi

Medulla oblongata

Fig. 28.—Median view of a model of the^brain of a human embryo 6.9 mm. long. This figure should

be compared with Fig. 26. (After Hia.)
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Fig, 29.—Lateral view of same model shown in Fig. 28. Compare with Fig. 27.

SO that the axis of the forebrain is about parallel with that of the

hindbrain. A distinct pontine flexure is now present in the

rhombencephalon.
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The formation of the flexures of the neural tube is shown m
Fig 30 It wUl be seen that there are three distinct flexures,

cephalic, pontine and cervical. Two of them have already been

Fia. 30.—Profile views of the brains of human embryos as seen during the third (A), fourth (B), and
aghth (C) weeks, showing the conversion of the three primary cerebral vesicles into their chief subdivis-

ions and the formation of the flexures of the neural tube. A, optic vesicle; Br, pontine region; Ob, audi-

tory vesicle; /f, telencephalon; H6, metencephalon; J, isthmus; ilf, m^esencephalon; iV, myelencephalon;
NK, neck bend; Pm, mammillary receSs; Rf, posterior medullary velum; Tr, infundibular recess; Z,
diencephalon. (After His.)

mentioned. The third, or cervical flexure, marks the junction of

brain and spinal cord and is formed about the same time as the
pontine flexure. They are farmed, in part at least, in consequence
of unequal growth of different parts of the neural tube. They
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probably influence and also are influenced by the growth of the
surrounding structures. The cephalic and cervical flexures involve
the surrounding structures to a considerable extent so that there
is a corresponding bend of the axis of the whole head, and thus the
presence of them can be recognized on the exterior of the embryo.
The pontine flexure, however, is limited to the nervous system.
The cephalic flexure persists into adult life. The pontine flexure
finally disappears and the cervical flexure nearly does.

The formation of the pontine flexure marks a line dividing
the rhombencephalon into an oral portion (metencephalon), from
which the cerebellum and pons are developed, and a caudal portion
(myelencephalon) which forms the medulla oblongata. The con-
stricted portion separating the rhombencephalon from the mesen-
cephalon (Fig. 28) is known as the isthmus. It differs from the
adjoining portions of the neural tube in never undergoing any
special development. It eventually forms the velum meduUare
anterius and through its lateral and ventral walls pass fibre tracts
connecting other parts of the neural tube.

The mesencephalon and diencephalon do not differ materially
from the preceding (three weeks) stage, though in the hypothala-
mic region one can recognize two shallow pockets in the midline in
the floor, the more oral one being the anlage of the infundibulum
and the more caudal one being the mammillary recess. The optic
evagination has undergone considerable modiflcation, the inversion

Table s?iomng Subdivisions of Neural Tube and their Derivatives.

Main divisiona. Subdiviaons. Derivatives Lumen.

Prosencephalon
(Anterior vesicle)

Telencephalon
Cerebral hemisphere
Rhinencephalon
Corpora striata

Oral end of third
ventricle

Lateral ventricle

Diencephalon
Optic thalamus
Optic tract

Hypothalamus
Third ventricle

Mesencephalon
(Middle vesicle)

Mesencephalon
Colliculi

Tegmentum
Crura cerebri

Aqueduct of Sylvius

Rhombenceph-
alon (Poste-

rior vesicle)

Metencephalon
Cerebellum
Pons

Fourth ventricle

Myelencephalon Medulla oblongata

Spinal cord Spinal cord

of its lateral wall changing it from a simple vesicle to an eye cup
which remains connected with the brain wall by a narrow hollow

stalk. The former constitutes the eyeball and the latter the optic
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nerve. The subdivisions of the telencephalon are more clearly

marked in Fig. 28 than in Fig. 26. It is easy to recognize the pro-

truding pallium separated from the optic evagination by the corpus

striatum and from the thalamus by the margo thalamicus. The

wall in front of the corpus striatum and adjacent to the median

line (lamina terminalis) constitutes the anlage of the rhinencepha-

lon. The subdivisions of the neural tube that can be recognized

toward the end of the fourth week, in embryos about 7 mm. long,

may be summarized as in the accompanying table (p. 39).

(b) The Central Nervous System at the End of the First Month.

By the end of the first month there is completed what we may
call the primary stage in the growth of the nervous system. The
primary neurons forming the peripheral nerves are by that time

well laid down; all their chief peripheral branches and plexuses

are indicated, and centrally the nerve roots can be traced into the

substance of the walls of the neural tube, where the nuclei from
which the motor roots arise can be definitely outlined, and the

sensory roots can be recognized as forming definite longitudinal

fibre bundles, extending upward and downward in the outermost
layer. The higher neuron systems, however, are still in a rudi-

mentary state, and in sections through the brain and cord at this

time we see only the primary apparatus differentiated. Such
co-ordinating centres as the pons, olive and cerebellum are still

undeveloped, and the forebrain, further than presenting the begin-
ning threefold division into ependymal, mantle, and marginal zones,

shows little evidence of differentiation and still remains a rela-

tively simple thin-walled tube. This period in development thus
corresponds to a rudimentary nervous system in which there is

found only the apparatus necessary for the simple cerebrospinal
reflexes, the system of primary neurons.

The outer form of the brain and spinal cord and their relation
to the body outline are shown in Fig. 86. A series of transverse
sections through the same specimen is shown in Fig. 31. It is at
once seen that the greatest bulk of the central nervous system is

formed by the rhombencephalon and the spinal cord. Of these
two the rhombencephalon is relatively the larger; it is approxi-
mately two-thirds as large as the whole spinal cord and is as large
as the midbrain and forebrain taken together.

The spinal cord is largest in the cervical region and from there
gradually tapers down to the coccyx, except in the lumbosacral
region, where it is somewhat larger again. The tendency toward
cervical and lumbar enlargements is plainly indicated. The cord
in cross section (Fig. 31, A) presents a rounded quadrilateral out-
line. It consists principally of two thick lateral walls. These
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Ependymal zone
Mantle zone

Marginal zone

Cross-section through the spinal cord at the height
of the fourth cervical segment.

Lamina
alaris

Caudal portion of the rhombencephalon with the
vagus and hypoglossal nerves.

N. V. N. V.
sens. motor

Cranial portion of the rhombencephalon with the sensory
and motor roots of the trigeminal nerve.

N. Ill

Mesencephalon with the oculomotor
nerve.

Prosencephalon showing plan of the hemispheres, the optic vesicles, the third ventricle, and
the infundibulum.

Fig. 31.—Series of transverse sections through the central nervous system of human embryo one
month old, made from tracings taken from the model shown in Fig. 86. These are all on the same scale

of enlargement and thus graphically represent the relative size and thickness of the neural tube in the
different regions. >Si. I., sulctis limitans. Enlarged 25 : 1.
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are united ventrally and dorsally in the median line by what we
have previously recognized as the floor plate and roof plate, which

are here reduced to narrow seams. The thick lateral walls are

subdivided by a longitudinal furrow, the sulcus limitans, into ven-

tral and dorsal portions, known respectively as the basal and alar

plates. The ventral or basal plate is the thicker of the two. Its

thickness is largely due to the proliferating cells of the mantle

layer, the anlage of the future anterior horn. Among these are

grouped clusters of neuroblasts whose growing processes extend

out through the marginal zone and are assembled to form the

anterior nerve roots. The dorsal nerve roots enter the cord

opposite the sulcus limitans and form in the marginal zone a longi-

tudinal strand which is the forerunner of the posterior funiculi

of the cord. In the marginal zone, in addition to the prominent
bundle of axons derived from the posterior roots, there can be seen

scattered axons running both longitudinally and transversely

which belong to the co-ordinating neurons of the mantle zone. It

is these that later form in large part the anterolateral tracts of

the cord.

In the transition from the spinal cord to the rhombencephalon
the most striking difference consists in the widening out of the
thin roof plate and the accompanying flaring apart of the alar
and basal plates. As a result of this the lumen of the neural tube
widens out from the narrow lanceolate cleft characteristic of the
spinal region to the capacious fourth ventricle. Opposite the en-
trance of the trigeminal nerve the lumen is larger at this time than
in any other part of the neural tube.

The lateral walls of the rhombencephalon have a larger area
in cross section than the lateral walls in the spinal region (Fig. 31,
B, C). Their form and degree of differentiation, however, are
essentially the same. There is the same sulcus limitans separating
them longitudinally into basal and alar plates ; and, as in the spinal
cord, there is the marginal zone containing the longitudinal fibre
tracts, and the mantle zone consisting of clusters of proliferating
neuroblasts which in part form the nuclei of the motor nerve roots.
The ependymal zone is made up of closely packed and deeply stain-
ing primitive cells. The layer is several cells thick and the uneven
line separating it from the mantle zone indicates that it is still

active and giving off cells to the latter.

The arrangement of the nuclei of origin of the nerves con-
nected with the rhombencephalon and the entering fibres of their
sensory rootlets is on the same general plan as in the cord. The
motor nuclei are grouped in a longitudinal colunm in the mantle
zone of the basal plate. The fibres supplying somatic muscles pass
directly ventralward through the marginal zone and emerge as
the rootlets of the hypoglossal and abducens nerves, as shown in
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Figs 31, B, and 32. In the lateral part of the basal plate is the

nuclear 'series supplying motor fibres to visceral musculature.

These fibres pass lateralward and unite with the entering sensory

fibres of the corresponding nerves. It is these fibres that consti-

tute the motor elements in the trigeminal, facial, glossopharyngeal,

vagus and spinal accessory nerves. This series of lateral motor

nuclei may be subdivided on the one hand into a part that hes

directly lateral to the somatic motor group, constituting eventually

the nucleus ambiguus and the nucleus of the facial nerve, and on

the other hand into nuclei massed nearer the entrance of the sen-

sory fibres. The latter is well represented in case of the trigeminal

nerve and in lesser degree in the dorsal motor nuclei of the ninth

and tenth nerves. (Compare Figs. 31, B and C, and 32.)

The sensory fibres enter the marginal zone near the junction

of the basal and alar plates, and immediately form longitudinal

tracts analogous to the posterior funiculi of the spinal cord. The

entering fibres of the seventh, ninth and tenth nerves in this man-

ner unite to form the tractus solitarius, as shown in Figs. 32 and

96. The entering fibres of the trigeminal nerve form a similar but

separate bundle. In the latter case we can recognize a cephalic

limb extending to the anlage of the cerebellum and midbrain and

a caudal limb extending toward the spinal region. A similar but

smaller tract is formed by the entering fibres of the acoustic nerve,

which at this time consists mostly of vestibular fibres. In addition

to the tracts mentioned there are present in the marginal zone a

few early representatives of the correlating fibres which later

form the formatio reticularis and system of arcuate fibres and their

longitudinal extensions. Near the median line the marginal zone

is somewhat thicker from the presence of such fibres.

That portion of the alar plate in front of the trigeminal nerve

constitutes the anlage of the cerebellum, but as yet it shows no

apparent difference from the alar plate of the caudal half of the

rhombencephalon.

The so-called rhombic grooves or transverse furrows, shown
in Figs. 33, 34, and 95, are sharply marked at this time in the floor

of the fourth ventricle. These grooves evidently form an impor-

tant feature in the early growth of the rhombencephalon. They
have been reported in a variety of different mammals (pig, sheep,

dog, cat, rabbit, and rat) beside man and seem to be fairly constant

in form and number. In man they are best seen during the third

and fourth weeks. At first they are described as involving the

whole thickness of the wall so that they can be seen both on the

inner and outer surfaces of the brain wall (Gage, 1905). At the

fourth week the outer surface of the wall is smooth and the grooves

involve only the ependymal layer. After the fourth week the

grooves rapidly disappear, leaving no marking that can be seen in

the adult.
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There are six rhombic grooves. The most cephalic one is

in the region of the pontine bend, and they extend from there
candally as shown in Fig. 34. They bear a constant relation to
the cranial nerves, which is indicated in Figs. 33 and 95. If the
grooves are labelled a, b, c, d, e, and /, then it can be seen that we
have the following relations : the trigeminal nerve arises conjointly
from a and h; the facial nerve (motor root) runs transversely be-
neath the floor of groove c, which usually is the deepest and most

N triqem (motor)

N tngem (senaj

-N. facialis

---N acListiciis

-- N.abducens

- N. glo530p^a^yn9

--- N vagus

N KypoqloS5u5

Fig. 33 Fig. 34

Fia. 33.—Diagram showing relation of the cranial nerves to the floor of the fourth ventiide and
the rhombic grooves, being the same specimen as shown in Fig. 34.

Fio. 34.—Dorsal view of model showing rhombencephalon of human embryo one month old, being

the same model shown in Fig. 86. The thin tela chorioidea is removed, exposing the floor of the fourth

ventricle and rhombic grooves. The anlage of the cerebellum is formed by the alar plates cephalad to

the pontine flexiire. Compare with Fig. 33.

sharply cut of all six grooves; the acoustic nerve has its attach-

ment to the alar plate adjoining grooves c and d; the abducens

nerve arises from d, a shallow and somewhat quadrilateral groove

;

the glossopharyngeal nerve (motor portion) runs under the floor

of the narrow groove e, and the motor roots of the vagus arise

from /, which groove merges caudally into the general floor of the

ventricle.

This nerve distribution is constant in the different mammals,

and it is very likely that in this we have an explanation of the
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significance of these grooves. The predominant view regarding

them heretofore has been that they are neuromeric and in a series

with the spinal segments and the coarser transverse divisions of

the mid- and forebrain. Instead of this, if emphasis is laid on the

fact that they stand in constant relation to the lateral group of

cranial nerves (fifth, seventh, ninth and tenth), then they may be

fitted in with and form part of the branchiomeric system. This

view has in its favor the fact that they are not only united by

nerve trunks, but also numerically correspond to and are einbryo-

logically contemporary with the branchial and facial arches in the

manner shown in the following table

:

Sa?rh^: : :::::} ^- ^-^^-^^ {::::::::::g= t
Hyoid arch N. facialis Groove c

— N. abducens Groove d

Third branchial arch N. glossopharyngeus Groove e

Fourth branchial arch N. vagus Groove /

The one discordant feature is groove d, which has no corre-

sponding branchial arch. As yet we have no satisfactory explana-

tion for either the aberrant course of the abducens nerve or its

connection with this particular groove.

In the region of the midbrain the basal plate is much like that

of the rhombencephalon and is in about the same stage of differen-

tiation. In its mantle zone are the clusters of neuroblasts consti-

tuting the nuclei of the third and fourth cranial nerves. The fibres

from the former pass through the marginal zone directly ventral-

ward, as shown in Figs. 31, D, 32, and 86, and emerge from the

hollow of the mesencephalic bend. The fibres of the fourth nerve
on the other hand pass dorsalward just beneath the ependymal
layer and decussate in the roof at the junction of the mid- and
hindbrains and emerge directly after their decussation. No satis-

factory explanation has as yet been given for this dorsal decussa-
tion of the fourth nerve.

The alar plates of the midbrain are thinned out and extend
around dorsally to meet in the median line, the roof plate thus
being reduced to a narrow seam. The only evidence suggesting
the later development is found in the ependymal layer which forms
an extensive germinal bed from whose cells are to be derived the
neuroblasts composing the future corpora quadrigemina. The
ependymal and mantle zones still exist as one layer. It is the outer
portion that gradually becomes differentiated as the mantle zone
and that gives origin to the quadrigeminal neuroblasts.

The outlines between the mesencephalon, thalamencephalon,
and prosencephalon can be distinctly made out both externally and
internally. The prosencephalon is characterized by a prominent
lateral evagination whose lumen is to form the lateral ventricle
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and is connected with the main lumen of the neural tube by the
large foramen of Monro. It is the wall of this pouch that is to
form the future cerebral hemisphere, as will be described later.

Two other evaginations are developed from the floor of the prosen-
cephalon to form the special sense organs of smell and sight. The
former at the end of the first month is just making its appearance
in the form of a slight depression in the lumen of the anterior
brain wall just lateral to the lamina terminalis and does not yet
form a distinct pouch. The visual apparatus is much further
advanced. As seen in Fig. 31, E, we have a well-formed optic

cup connected by a hollow optic stalk with the floor of the prosen-
cephalon at its junction with the thalamencephalon.

The thalamencephalon as yet shows little sign of differentia-

tion, though it is possible to divide it into a ventral portion that is

to form the hypothalamus and infundibulum, and a dorsal portion
that is to form the thalamus. The latter is continuous with and
resembles the alar plate of the midbrain.

(c) The Spinal Cord from the End of the First Month to Maturity.

A general sketch of the formation of the neural tube and the

differentiation of its walls and its change in form up to the com-
pletion of the first month has been given. The further changes

by which it becomes converted into the adult spinal cord now
remain to be considered.

In considering the different elements taking part in its further

development it is important to follow the subdivision of the wall

of the cord into its three constituent layers or zones (ependymal,

mantle, and marginal), tracing the fate of each up to the adult

condition. At the same time one should keep in mind the four-

sided form of the cord, consisting of two lateral walls united ven-

trally by a floor plate and dorsally by a roof plate. The roof and
floor plates retain their primitive characteristics throughout and

are only modified secondarily, due to the changes in the adjoining

portions of the lateral walls. The lateral walls on the other hand
undergo enormous growth, and it is the character of their thicken-

ing that determines the shape of the cord.

The lateral walls are subdivided into a ventral or basal plate

and a dorsal or alar plate, the junction between the two corre-

sponding to the sulcus limitans. These are also known as the

anterior "Markcylinder" and posterior "Markprisma" of His.

From the first of these are developed the anterior gray columns or

horns, the motor nerve roots, and the surrounding funiculi of longi-

tudinal fibres (anterolateral ground bundles). From the dorsal or

alar plates are developed the posterior gray columns, the substantia

gelatinosa and the dorsal funiculi into which the posterior nerve
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roots enter. The basal plate is primarily a motor apparatus and

the alar plate is primarily a sensory one.
_

The basal and alar plates are united by an isthmus-like inter-

mediate portion known as the "Schaltstuck" of His. This area,

owing to the shrinking of the tissues, particularly the radial frame-

work fibres, in prepared specimens is usually sharply demarcated

on the surface of the cord by two longitudinal furrows, the mar-

ginal groove directly in front of the entering posterior roots and

the cylinder groove at a point about midway between there and the

emerging anterior roots. From the gray substance of this area

are developed many of the internal arcuate fibres, and the adjoin-

ing marginal zone becomes converted into the formatio reticularis

and supplies a pathway for the spinocerebellar and cerebrospinal

In Figs. 36, 37, 38, and 39 are shown the typical stages in the

conversion of the neural tube with its three primitive zones into

30 mm. 45 mm. 80 mm.

rr Fig. 35.—Diagram ehowing the fate of the ependymal layer and the formation of the posterior median

septum and the central canal of the spinal cord. The approximate length (crown-nmip) of the embryo

is indicated in mm. below each stage. 8. ff., dorsal gray column and substantia gelatinosa.

the more complicated solid cord as found in the adult. Starting

with the ependymal zone and tracing it through these successive

stages we meet with the appearances that are schematically shown
in Fig. 35. To facilitate comparison these are all drawn on the

same scale of enlargement.

It can be seen that at the beginning of the second month (15

mm.) the lumen of the cord is still relatively large, and that from
that time on up to embryos of 80 mm. it decreases in actual size

and still more so in size relative to the size of the cord. The shape

of the lumen passes through characteristic changes. As seen in

transverse section it is at first (15 mm.) an elongated oval slit, and
is wider in the dorsal half. At 30 mm. the condition is reversed

and the lumen is wider in the ventral portion, while the dorsal por-

tion is reduced to a narrow slit. Eventually the dorsal portion

becomes obliterated and there only remains the rounded ventral
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portion, and it is this that forms the permanent central canal.

The longitudinal furrows that have heen described as indenting the

sides of the lumen are probably to be classed as shrinkage phe-

nomena, since they are not present in razor sections of unembedded
pig embryos. The most constant of these furrows is the sulcus

limitans at the junction of the basal and alar plates.

The ependymal cells that form the ventral portion of the lumen
differ already in the 15 mm. stage in character and arrangement

from those forming the dorsal portion. They are more compactly

arranged and form a narrow band that is more sharply separated

from the adjacent mantle zone than is the case in the dorsal

Funic, posterior

Zona epend

Zona marg.

Radix ant. -

Radix poat.

Col. ant.
Funic, anterolat.

Fig. 36.—Cervical spinal cord of a human embryo 16.5 mm. long. Enlarged 60 : 1. Dp., roof plate; Bp.,

floor plate, in which the anterior commissure ie developing. (After Bryce.)

portion of the cord. If we may regard the ependymal zone as a

germinal bed delivering proliferating cells to the mantle zone then

it is apparent that this phenomenon is practically completed m the

ventral portion and the remaining cells are entering the resting

stage, while the process is still in active operation in the_ dorsal

portion. The ventral portion of the ependymal zone, like the

ventral portion of the cord in general, may be regarded as further

advanced in its development than the corresponding dorsal

portions.

In embryos from 15 mm. on, coincident with the formation

of the dorsal columns of gray matter, there is a gradual subsi-

dence of the proliferation of ependymal cells around the dorsal

portion, and the whole ependymal border comes to a resting stage

Vol. II.^
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and forms a narrow, sharply demarcated border for the central

canal. In doing this the size of the canal is decreased through

the approximation and fusion of the walls of its dorsal portion.

In Fig. 37 this process of fusion is in active operation. As the

walls come together the cells lose their radial direction and form

a unilateral compact strand which is soon replaced by a sparsely

nucleated seam of supporting tissue like that forming the frame-

work of the mantle zone. It is the extension of this seam of clos-

ure that eventually forms the posterior median septum. The

ventral end of the septum is a fixed point and its further growth

Septummedianum poBterius Junic. gracilis Funic, cuneatus

Sub8tant.a gelatinosa i

Radix poat.

"

Col. ant.

Radix ant,

S.m.

Funic, lat.

1
•'

Fiss. med. ant. Funic, ventr.

Fig. 37.—Cervical spinal cord of a human embryo 30 mm. long (Huber collection, No. 16). Enlarged

60 : 1. (S. m., junction of lateral and posterior funiculi, 'which point in shrunken spedmens is marked
by a deep groove.

and elongation, coincident with the development of the dorsal

funiculi, must be considered as taking place principally at the

dorsal end.

The development of the mantle zone is closely associated in

the earlier stages with that of the ependymal zone and the line of

demarcation between them is ill-defined. As has been described in

the section on histogenesis of nervous tissues the mantle and
ependymal zones were originally one common layer, and the mantle
zone may be regarded as a proliferation and differentiation of the

outer ependymal cells. Later, as the anterior and posterior col-

umns of gray substance begin to take form (15 mm.), the ependyma
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gradually enters upon its resting stage and from then on becomes
sharply marked off from and takes no further part in the develop-
ment of the mantle zone.

On comparing Fig. 36 to 39 it is seen that in 15 mm. embryos
we can already speak of an anterior gray column (horn) which is

composed of a supporting framework and clusters of developing
neuroblasts. The processes from the neuroblasts are assembled
into rootlets which emerge on the ventrolateral border of the cord
as the anterior nerve roots. The anterior columns in the later

stages enlarge and their contour becomes irregular and eventually

Septum medianum posterius
Funic, gracilis

Funic, cuneatus

Commissura anterior Fiasura med. ant. Radix ant.

Fig. 38.—Cervical spinal cord of a human fetus 45 mm. long (Huber collection, No. 18). Enlarged

45 : 1. This figure should be compared with Figs. 36, 37, and 39, all of which represent the same region

in its different stages of development.

we can recognize a lateral division, the so-called lateral horn. In

the 80 mm. embryo (Fig. 39) there is presented practically the

adult form. The enlargement from 30 mm. on consists partly in

the elaboration of the supporting framework and partly in the

increase in size of the contained neuroblasts. The growth of the

latter involves also their processes, so each ventral column would

become larger through the growth of its own processes as well as

the invading processes from other portions of the mantle zone.

The elaboration of the supporting framework and development of

the processes of the neuroblasts results in a greater separation of

the neuroblasts from each other and gives the mantle zone the

appearance of being more sparsely nucleated. There are also cer-
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tain supplementary factors in the growth of this tissue due to

the process of vascularization and later due to the acquisition of

myelin sheaths.

The formation of the dorsal gray columns (posterior horns)

occurs somewhat later than the ventral ones. In the 15 mm. em-
bryo (Fig. 36) it is possible to outline that portion of the mantle

zone that is to form them. They possess, however, very little at

that time either in structure or form that is characteristic; the

cells of the ependymal zone of that region are still actively crowd-
ing outward to become incorporated in the mantle zone. In em-

Septum medianum posterius Funic, gracilis Funic, cuneatus
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Fio. 39.—Cervical spinal cord of a human fetus 80 mm. long. Enlarged 30 : ]

.

bryos of 30 mm. the outline of the dorsal columns commences to
take form and masses of neuroblasts group themselves so as to
form a cap at the dorsal border, which eventually becomes the
ganglionic mass known as the substantia gelatinosa. The further
elongation of the mantle zone into typical posterior columns can
be seen by comparing Figs. 37, 38, and 39.

As has already been shown the roof plate as such disappears
with the formation of the posterior median septum. The floor
plate, however, persists and is formed in part by the ependymal
cells which extend from the lumen radially outward to the surface
of the cord, forming the bottom of the anterior longitudinal
fissure. In addition to the ependymal cells the floor plate is made
up of the processes from the heteromeric neuroblasts of the mantle
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zone, whose decussation eventually constitutes the anterior com-
missure. Neuroblasts of this character are found in considerable
numbers in the inner portion of the mantle zone and are analogous
to the internal arcuate fibres found in the hindbrain. The pro-
cesses forming the anterior commissure cross the median line in

the mantle zone. A marginal layer can scarcely be said to exist

in the region of the floor plate.

The development of the marginal layer (Eandschleier of His)
and its conversion into the white substance of the cord are depend-
ent upon the foreign cells whose axons penetrate this zone and
thread their way through its meshes forming the longitudinal fibre

tracts of the cord. These axons may be classed into five main
groups: (a) dorsal root fibres arising from the spinal ganglia; (b)

short intersegmental fibres (ground bundles) arising from neuro-

blasts of the mantle zone and serving to connect adjacent levels of

the cord; (c) long suprasegmental fibres connecting the cord nuclei

with higher centres; (d) long descending fibres connecting nuclei

of the hindbrain with lower levels in the cord; and (e) long fibres

forming the descending palliospinal tracts. Of these fibre groups
(a) and (&) make their appearance first (end of first month).
Very soon afterward groups (c) and (d) appear (beginning of

third month). The last fibres to appear are those belonging to

group (e) (end of fifth month). The axons belonging to group
(a) form a tract of fibres (funiculi posteriores) that always re-

mains separated from the remaining fibres. Grroups (h-e) partly

merge into one another forming the anterolateral funiculi and thus

cannot be so sharply outlined. In shrunken specimens the radial

fibres of the marginal zone contract and cause the longitudinal

fibres to present the appearance of being arranged in distinct

bundles. The posterior funiculi in such specimens stand out with

exaggerated distinctness.

The anterolateral funiculi do not meet in the middle line owing

to the interposition of the floor plate. The latter plays only a

passive part in the further growth and thus subsequent to the

growth of the adjacent mantle and marginal zones there is formed

the deep anterior median fissure, in which are found the nutrient

blood-vessels of the cord. The formation of this fissure is readily

seen by comparing Figs. 36 to 39.

The growth of the posterior funiculi is dependent on the addi-

tion of new fibres derived from the spinal ganglia and also on the

extension upward of overlapping fibres from lower segments of

the cord. At the end of the first month they form an oval bundle

in the marginal zone, and when a piece of cord is examined .with

a low-power lens these fibres can be seen forming a white longi-

tudinal band on the dorsolateral surface of the cord. In the

median line the marginal zone is very thin or absent, so that the
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nuclear substance of the ependymal and mantle layers can be seen

projecting between the posterior funiculi of the two sides. As

these bundles enlarge they become thicker and spread toward the

median line, where they eventually meet. As they meet in the

median line they bend forward, as is shown in Fig. 35, and fill in

the space left by the receding ependyma. It may be supposed that

their presence plays a part in the stimulation of the production

of the posterior median septum, which forms between the right and

left halves. As these fibres crowd ventralward the posterior gray

columns extend dorsolateralward and the resulting form of the

combined posterior funiculi is wedge-shaped as found in the adult.

In the cervical region in embryos between 20 and 60 mm. (Figs.

37 and 38), there is a V-shaped portion of these funiculi in the

dorsal part at the median line that differs in appearance from the

remainder. This is regarded (His) as the primitive column of

Groll. The difference in appearance is doubtless due to the fact

that it consists entirely of longitudinal fibres destined for the

gracile nucleus at the cephalic end of the cord, and is not constantly

giving off collaterals to the gray substance as the other fibres of

the funiculus seem to do. In the process of shrinkage such col-

laterals draw in or flatten the remaining funiculus, while it leaves

the dorsomedian wedge (column of Groll) unaffected. The latter

consequently stands out prominently in all shrunken specimens.

In older cords, as the supporting framework becomes more com-

plete, the contrast between these two portions becomes less notice-

able.

The myelinization of the fibres of the cord does not begin until

about the fifth month of fetal life and is not completed until be-

tween the 15th and 20th year (Flechsig, '90, Popoff, '88, Bech-

terew, '87, and Trepinski, '98). It becomes first apparent in

the anterior and posterior roots and the ventral commissure.

Very soon afterward the ventrolateral ground bundles begin to

show scattered myelinated fibres and likewise a portion of the pos-

terior funiculi.

Three typical stages in the process of myelinization of the cord

are shown in Fig. 40. On comparing these it will be seen that the

formation of myelin occurs along certain tracts or systems of

fibres, and owing to this difference in the time at which they acquire

their myelin we are able to map out the different levels of the

cord into definite functional areas. One of the latest systems to

become myelinated is the pyramidal tract, which can still be seen

at the seventh month (Fig. 40) as an open area. It becomes
myelinated between the ninth month and second year.

Though the anterior and posterior roots show the beginning

of myelinization about the same time, the process is simpler in the

anterior roots, and their myelinization is uniformly completed at a
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time when not more than one-half of the fibres of the posterior

roots show any myelin. The fibres of the posterior roots become
myelinated in a series of rather definite stages. Each root can thus
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Pia 40. Diagram showing the myelinization of the spinal cord at different periods in fetal life. Rz.

ant., anterior root zone; Rz med. median '""t zone; Rz. post, msd., median posterior root eone; Rz.

poz' lot., lateral posterior root zone (Lissauer); Z. meil., median lone; Pyr. Lai., fasciculus cerebruspinalis

lateralis; Pyr. verUr., fasciouluu oerebrospinalis ventralis. (After Trepinski.)

be subdivided into a number of different fibre groups. Likewise on

the basis of this difference in their myelinization the fibres of the

posterior funiculi have been subdivided into five different em-
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bryonic fibre systems, which present a characteristic grouping in

the different levels of the cord, as shown in Fig. 40. These systems

are as follows

:

1. Anterior root-zone, consisting of fibres from posterior roots

which after a longer or shorter course in the posterior funiculi

disappear in the anterior portion of the posterior horns {Bz. ant.,

Fig. 40). It extends throughout the whole length of the cord and

is the first system in the posterior funiculi to begin myelinization.

2. Middle root-zone consists of a group of fibres derived from

the posterior roots, which lie between the anterior and posterior

root-zones. This zone may be divided into two divisions, first and

second, the former becoming myelinated in embryos 19 to 20 cm.

long and the other somewhat later. The fibres of the first system

after a short course enter the column of Clark, and in regions

where this is absent they are lost in the gray substance connecting

the anterior and posterior horns.

3. Posterior root-zone is divided into a median portion and a

lateral portion. The fibres of the median portion pass mostly

forward and after entering the posterior horn they extend to the

region of large ganglion cells in the anterior horn. The fibres of

the lateral portion are apparently derived from the posterior roots

and end in the substantia gelatinosa, constituting Lissauer's

column.

4. Median zone lies against median septum and is most distinct

in the cervical and upper two-thirds of the thoracic region. The
course of its fibres is not known, but it is apparently distinct from
the fasciculus gracilis.

5. Fasciculus gracilis (column of GoU), commencing at the

tenth thoracic segment, extends upward in a compact bundle to

reach the nucleus gracilis. The source of its fibres is not known.
It will be seen that three of these systems are derived from

fibres in the posterior roots, and in two of them the source of the

fibres is not definitely known. In the order of their myelinization

the different systems may be grouped as follows

:

First stage Anterior root-zone
Second stage Middle root-zone (first division)

Median zone
Third stage Fasciculus gracilis.

Middle root-zone (second division)

Posterior root-zone (median division)
Fourth stage Posterior root-zone (lateral division)

The caudal end of the spinal cord exhibits certain departures
from the uniform development characterizing the rest of it, to

which special attention may be directed. If one examines a sagit-

tal series through an embryo 11 cm. long, as shown in Fig. 41, it

can be seen that the extreme tip of the cord lying in the tail anlage
has been closed off to form a simple epithelial sac. The lumen of
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the cord above this point becomes obliterated and there results a
slender solid strand of nervous tissue which we know as the filum
terminale. The epithelial sac becomes the vestiges meduUaires
coccygiens of Tourneux and Herrmann, whose development is de-
scribed by Tourneux (Precis d'embryologie humain, second edi-
tion, 1909, pp. 348, 349) as follows : At the beginning of the third
month the neural tube still extends to the extreme end of the
vertebral column into the tail bud, and its slightly enlarged tip
is closely united to the deep layers of the skin. Toward the end
of the third month the spinal column, developing faster than the
soft parts, draws along the part of the neural tube that is adherent
to it and whose extreme tip remains attached to the skin. As a

^-Conus medullaris

Vertebra eacralis

Ventri cuius
*^ tenninalis Sympathicua

^- ^ Arteria sacralis media

Periosteum
Vestiges coccygiens

Filum terminale

Fig. 41.—Schematic media,n section through the caudal end of a human fetus 11 cm. long (crown-
rump), showing the formation of the vestiges m^ullaires coccygiens and its relation to the filum terminale.
(After Unger and Brugsch.)

result of this unequal growth the terminal or coccygeal portion

of the neural tube becomes bent in the form cjf a loop, the more
deeply situated limb of which is attached to the posterior surface

of the coccyx (segment eoecygien direct), and the other more super-

ficial limb extends obliquely from a caudal and ventral position

to one more dorsal and cranial (segment eoecygien reflechi). Dur-
ing the course of the fourth month the more deeply situated limb,

the segment eoecygien direct, atrophies and disappears, while the

more superficial one, the segment eoecygien reflechi, continues to

develop into the fifth month and gives origin to cell cords or cell

masses which contain cavities lined either with prismatic or pave-

ment epithelium ; these are the vestiges meduUaires coccygiens or

jjaracoccygiens. These structures from the sixth month on suffer

a progressive atrophy, but it is possible to recognize traces of

them up to the time of birth.
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The caudal end of the central canal extends through the conus

meduUaris to the beginning of the filum terminale. At its lower

end it undergoes a conical expansion out of which open irregular

side pouches and occasionally an elongated blind sac giving the

canal the appearance as though the lower end were bent^ on itself

(see Fig. 42). This caudal enlargement of the canal is known

as the ventriculus terminalis.

During the earliest stages, up to the time of the highest de-

velopment of the anlage of the tail, the spinal cord, chorda and

mesoderm develop at the same rate. With the reduction of the tail

bud the reduction first occurs in the mesoderm, and thus the spinal

Ventriculus terminaUs

us meduUaris

Filum terminale

Fig 42 Fig. 43

Fio. 42.—Caudal end of the central canal of the spinal cord in a human fetus 9 cm. long (crown-rimip),

showing the formation of the terminal ventricle. (After Unger and Brugpch.)

Fig. 43.—Spinal cord exposed from behind in a three months old embryo, at which time the cord still

extends to the caudal tip of the vertebral canal. (After K61hker.)

cord temporarily becomes longer than the vertebral column. With
the formation of the coccygeal process there begins a relative in-

crease in the rate of growth of the vertebral column. At the

third month. Fig. 43, the cord is about the same length as the

vertebral canal, but from the third month on into adult life the

vertebral column becomes increasingly longer than the cord. The
cord is more precocious than the skeletal system and reaches its

full size before the latter has finished its growth.
Owing to this unequal growth during the latter part of fetal

life there is a gradual change in the position of the cord in the

vertebral canal. Since the cephalic end of the cord is fixed this

unequal growth results in its caudal end being drawn upward
away from the lower end of the canal. At the time of birth that

part of the cord from which the coccygeal nerves arise is found
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opposite the third lumbar vertebra; in the adult it is opposite
the first lumbar. In this process of shifting, the caudal tip of the

cord remains attached to the coccyx, and becomes stretched out
into the slender filum terminale. Likewise the nerve roots, their

ganglia, with the exception of the ganglion coccygeale, having
already become attached in the intervertebral foramina, become
stretched out and come to lie in an oblique direction, the most
caudal root being longest and most oblique. There is thus formed
the Cauda equina.

Concerning the development of the blood-vessels of the spinal

cord the reader is referred to the corresponding section in the

chapter on the development of the blood and vascular system.

The development of the membranes of the cord has been
worked up in greater detail in other mammals than in man. Ac-
cording to Sterzi (1900), in the sheep embryo 15 mm. long there is

a meningeal mesenchyme, which in embryos 20 mm. long forms a

definite membrane. In the 80 mm. embryo this membrane becomes
differentiated into an outer layer or dura mater and an inner layer

or meninx secundaria, the two being separated by an intradural

space. The dural layer is separated externally by the epidural

space from an endorhachide, which resembles the dura but is

always distinct from it. Finally in the 157 mm. embryo the

meninx secundaria is further differentiated into an outer layer

or arachnoideal coat and an inner layer or pia mater as seen in

the adult.

(d) Development of the Hindbrain from the End of the First Month on.

Up to the end of the first month the rhombencephalon passes

through the same general process of development that has been

described for the spinal cord. It undergoes the same differentia-

tion into ependymal, mantle and marginal zones. Its walls also

are divided into two lateral plates, united ventrally by a floor plate

and dorsally by a roof plate. The latter is very broad and is

thinned out so as to form an extensive membrane covering in the

lumen of the tube. The lateral walls, as in the case of the spinal

cord, are subdivided longitudinally by the sulcus limitans into a

median basal plate which is chiefly motor, and a dorsolateral alar

plate which is chiefly receptive. From the first month on, however,

the exuberant growth of intersegmental neurons composing the

reticular formation and the development of the suprasegmental

ganglion masses and their respective tracts rapidly diminish the

resemblance between hindbrain and spinal cord.

At about the fifth week certain alterations occur in the outward

appearance of the rhombencephalon, indicating the changes going

on within its walls. The most conspicuous is the bending of the

axis of the tube resulting in the pontine flexure, as shown in Fig.
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30. Whether this is simply due to an overgrowth of the tube in

its long axis or whether there is the additional factor of unequal

growth of different portions of the wall has not been clearly shown.

Along with the bending there occur noticeable changes in the

broad ependymal roof of the fourth ventricle. As shown in Fig.

31, B, and C, the fourth ventricle is completely covered in by the

expanded roof plate consisting of a thinned-out layer of ependymal

cells, which is attached laterally to the border of the alar plate.

CerebellumV

N. VIII

Fig. 44.—Reconstruction showing cephalic portion of the rhombencephalon and adjoining nxidbrain

at end of second month (human embryo 30 mm. long, Mall collection, No. 86). The thickened alar

plates form the anlage of the cerebellum and the two halves are still separate. Caudally they are con-

tinuous with the nucleus of the acoustic nerve.

the transitional line forming the rhombic lip. Owing to the changes

occurring ia the alar plate that, particularly in the cephalic half

of the rhombencephalon, cause it to become everted and folded

back on itself, the rhombic lip becomes partly fused to what was
originally ventricular surface of the alar plate. The changes

occurring in the rhombic lip may be seen by comparing Figs. 34,

44, and 45, where it is represented as a cut edge, the whole ependy-

mal roof being removed. It is this rhombic lip that forms the

taenia of the fourth ventricle and the obex at its caudal apex.
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At the same time with the formation of the pontine flexure
there is produced a transverse fold (plica chorioidea) in the epen-
dymal roof. This extends outward on each side into the lateral
recess which is formed by the overgrowth of that part of the alar
plate that is to form the cerebellum and tuberculum acusticum (see
Fig. 45). This marks the beginning of the chorioid plexus of the
fourth ventricle. The chorioid plexus is formed by ependymal epi-
thelium and its covering of vascular mesoderm. They unite in
forming minute villous-like folds which project within the lumen
of the ventricle. These folds are first found along the line of the

Brachium quadrigeminum inferius

I

Lobus lateralis cerebelU

Rhombic lip

C!orpus pontobulbare N. VII N. VIII

FlQ. 45.—Reconstruction showing the outer form of the hindbrain at the end of the third month (hlunan
fetus 9.5 cm. long, Mall collection, No. 146.)

r

transverse chorioid fold, and from there the formation spreads

caudally until nearly the whole posterior medullary velum is con-

verted into a chorioid mass, the tela chorioidea inferior. Origin-

ally the fourth ventricle is completely roofed in as has been seen,

but later there are found apertures which are formed secondarily,

one in the caudal portion, the foramen of Magendie, and one in

each lateral recess, the foramina of Luschka. The presence of

these foramina has been denied by some investigators.

Before referring to further changes in the outward form of the

rhombencephalon we will consider the histological changes that

produce them.

As has already been seen, by the end of the first month the

primary neurons belonging to the cranial nerves are clearly differ-

entiated. In Figs. 86, 32, and 96 their relation to each other and
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to the walls of the neural tube are shown. Their relation to the

rhombic grooves is shown in Fig. 33. The further growth of the

rhombencephalon results from the elaboration of neuroblasts from

the ependymal and mantle zones which form the following struc-

tures: (a) receptive nuclei for the cranial nerves, comparable to

the dorsal horns of the spinal cord, the axons of which form

the median and lateral lemniscuses; (&) intersegmental neurons,

consti4;uting the reticular formation for co-ordination of different

groups of primary neurons
; (c) suprasegmental nuclei with affer-

ent tracts which are laid down subsequent to and hence are external

to the reticular formation, of which the olive is a conspicuous

example; (d) efferent tracts from cerebellum and midbrain; and
(e) the descending pyramidal tract from the cerebral cortex.

The neuroblasts derived from the basal plates are chiefly

those that form effector fibres for the cranial nerves. As they

will be described at length with the peripheral nervous system,

their description here will be omitted. It should be pointed out,

however, that their growth is relatively precocious, and that the

differentiation of the basal plate begins first and is finished before

that of the alar plate. The ependymal layer comes to the resting

stage early, about the end of the second month. The subsequent
development of the basal plate, aside from the part it takes in the

differentiation of the formatio reticularis, is passive, and is de-

pendent on the invasion of neuroblasts from the alar plate and the

ingrowth of foreign fibres in its marginal zone.

The differentiation of the formatio reticularis is not confined
to the basal plate, though it is first apparent there. As in the
spinal cord, it consists of intersegmental neurons derived from
the mantle zone, the processes of which to a large extent cross the
median line as internal arcuate fibres. The crossing of these fibres
marks the beginning of the raphe. After crossing they form a
longitudinal bundle in the marginal zone analogous to the ventral
ground bundle in the spinal cord, and corresponding in position
to the median longitudinal fasciculus of the adult oblongata,
though, as will be pointed out, the latter contains other fibres
in addition to these. The processes of some of the more lateral
neuroblasts, instead of crossing within the mantle zone, penetrate
the marginal zone and make their way along its surface, thus
forming external arcuate fibres. In addition to the internal and
external arcuate fibres (heteromeric), the formatio reticularis is

early characterized by radially directed neuroblasts whose pro-
cesses extend toward the marginal zone to form tautomeric inter-
segmental fibre tracts. The reticular formation is eventually
subdivided into a gray portion (formatio reticularis grisea) con-
taining cell bodies and shorter tracts, located in mantle zone, and
a white portion (formatio reticularis alba) consisting of long tracts
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and located in the marginal zone. The great development of the
reticular formation is an important determinative factor in the
morphology of the adult oblongata. Three stages in its develop-
ment are shown in Figs. 46 and 47. In the same figures is shown
the conversion of the original floor plate into the median septum
and raphe. It will be noticed that, as in the case of the spinal
cord, the marginal zones of the two sides do not fuse, being always
separated by the prominent radial processes of the ependymal cells,

which extend from the lumen to the surface of the brain.

Wandering cells from the alar plate

Wandering cells from
the rhombic lip

Septum medullse

Fig. 46.—^Transverse section of medulla oblongata of a human embryo at end of fifth week (10,6 nun.

long), showing ventromedial migration of neuroblasts from the alar lamina and rhombic lip. (After His.

1891.)

It is in the development of the alar rather than the basal

plates that the rhombencephalon departs so widely from the type

found in the spinal cord. While the initial changes have been

taking place in the basal plate the cells of the ependymal zone of

the alar plate have been actively separating off to join the mantle

zone, preparatory to forming receptive nuclei for the peripheral

nerves, as well as other nuclear masses, making up intersegmental

and suprasegmental tracts and centres. Originally, as has been

seen, the afferent peripheral fibres on entering the wall of the

neural tube unite to form longitudinal tracts which extend upward

or downward in the marginal zone over a varying number of seg-

ments. In the rhombencephalon such tracts are represented by
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the tractus solitarius, spinal limb of the n. trigeminus, and fibres

coming np from the posterior funiculi of the spinal cord. Later

there are added the fibres of the restiform body and fibres from

the lateral funiculi of the cord. Thus originally we have here

as in the spinal cord a central gray portion sharply marked^ off

from a peripheral white portion, the latter consisting of distinct

funicuH. This resemblance is, however, very soon diminished

TractuK sohtariu,

N. XII

Tela chorioidea

N.XII

Tractus solitarius

Rhombic
lip

Formatio
reticularis alba

Ankige of the nucleus olivaris

access, med.

Fig. 47.—Transverse sectiona of the medulla oblongata, showing the development of the formatio
reticularis and olivary nucleus. A, embryo 13.6 mm. long (S weeks). Enlarged 40 : 1. B, embryo 22
mm. long (8 weeks). Enlarged 10 : 1. (After His, 1891.)

by the profuse growth of the alar mantle zone which invades the

marginal zone partially enveloping the tracts and spreading them
apart.

The profuse proliferation of the neuroblasts in the alar mantle
zone is indicated in Fig. 46, and by comparing this with Fig. 47,

A and B, the eventual fate of these cells can be seen. They form
clusters along the tractus solitarius, and the descending fibres

of the n. vestibularis and n. trigeminus which become the receptive

nuclei for these particular fibres (nucleus tracti solitarii, nucleus
vestibularis spinalis and substantia gelatinosa). At the caudal
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end in a similar way the gracile and cnneate nuclei are formed in
which the fibres from the posterior funiculi of the cord terminate.
From these receptive nuclei axons are developed which make their
way largely as internal arcnate fibres through the formatio reticu-

laris, decussating to the opposite side to form a longitudinal tract
near the median line (lemniscus medialis) which forms an afferent

path to the midbrain and thalamus.
In addition to these receptive nuclei there are other nuclei

formed from the alar neuroblasts that serve as connecting paths
to the suprasegmental centres, cerebellum and forebrain. The
most conspicuous of these are the pontine nuclear mass and the
nucleus of the olive. These are formed by virtue of the extensive

power of migration possessed by the cells of the alar plate. The
formation of the olivary nucleus is shown in Figs. 46 and 47.

The migratory process begins at the beginning of the second

month. At this time massed cells can be seen making their way
through the mantle zone toward the median line, the cells from
the median portion of the alar plate passing median to the tractus

solitarius and the cells from the lateral border passing lateral to

it and separating it from the marginal zone to which it originally

belonged. Toward the end of the second month a distinct group

of these migratory neuroblasts have assembled near the median
line, constituting the anlage of the median accessory olive (Fig.

47, B). By the third month subsequent groups are added later-

ally to form the convoluted inferior olivary nucleus. The majority

of the olivary neuroblasts are probably the products of prolifera-

tion of migratory cells after the completion of their migration.

Their axons decussate and join with spinal cord fibres to form

the restiform body. The restiform body can be recognized by the

eighth week.

At the extreme lateral border of the alar plate at the rhombic

lip are found cells which retain their primitive embryonic appear-

ance into adult life. Others invade the marginal zone and emerge

on the surface of the wall. Some of them then migrate toward

the median line by a superficial path peripheral to the marginal

zone. The exact fate of these cells remains to be studied. It is

possible that the more caudal ones take part in the formation of

the arcuate nuclei, and possibly also the olivary nuclei. The more

cephalic ones just back of the acoustic region form a narrow migra-

tory path from the rhombic lip around to the ventral surface of

the pontine flexure. This path persists in the adult as a fibro-

ganglionic band known as the corpus pontobulbare, described by

Essick (compare Fig. 49) . It is possible that it is the proliferation

of these cells that produces the nuclei of the pons. It is also pos-

sible that the pontine neuroblasts come from the mantle zone of

that region and reach the surface by emerging through the mar-

VoL. II.—

5
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ginal zone, as apparently happens with the cortical cells of the

cerebellum The pons makes its appearance between the second

and third month. The axones from its proliferating neuroblasts

decussate across the median line in front of the formatio reticularis

and the lemniscus medialis, and pass to the cerebellum on the

opposite side forming the brachium pontis. As the pons is de-

veloping the corticospinal fibres (pyramidal tract) make their

way along its ventral surface and become enveloped among its

proliferating cells and fibres. Accompanying the corticospinal

tract are other fibres from higher centres which terminate among

the cells of the pons and thus become connected with the cere-

bellum.

The alar plates of the cephalic end of the rhombencephalon

undergo extensive and specialized development. They form that

which eventually becomes the largest part of the hindbrain, i.e.,

Fia. 48.—Transverse section of medulla oblongata of a human embryo 9.1 mm. long, showing folding of

rhombic lip {Rl.). This feature is most marked in the region of the pontine flexure.

cerebellum, and in addition the acoustic nucleus. As can be seen

by comparing Figs. 34, 44, and 45, the acoustic nucleus is formed

from the thickened rhombic lip at the pontine flexure, at the point

where the lateral recess develops. The rhombic lip becomes

everted and is folded against and is partially fused with the lateral

surface of the remaining alar plate, as is schematically shown in

Fig. 48. The fibres of the acoustic nerve enter at the lower edge

of this mass. As the trunk of the nerve differentiates itself into

cochlear and vestibular portions (embryos 20-30 mm. long), the

terminal nucleus also becomes differentiated into a median portion

(vestibular) and a lateral portion (cochlear). These become more
sharply separated from each other by the development of the resti-

form body whose fibres pass between them. The vestibular

nucleus remains closely connected with the cerebellum and most
of its axons terminate there. The cochlear nucleus remains quite

independent of the cerebellum. Its axons pass across the ventral
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border of the reticular formation and decussate to form the trape-
zium. The superior olive in which many of these fibres terminate
can be seen by the eighth week, apparently developing from mi-
grant alar neuroblasts in a similar way to the inferior olive. The
axones from the superior olive and trapezium extend forward
along the ventrolateral border of the formatio reticularis to the
inferior coUiculus constituting the lateral lemniscus. This path is

partly nuclear and partly fibrous, and is virtually a forward ex-
tension of the superior olive. Later the fibre element predominates
through the increase in number and length of fibres, resulting in
the separation of the superior olive from a smaller nucleus, the
nucleus of the lateral lemniscus, which were originally one con-
tinuous structure. From its position it can be seen that the
trapezium is laid down subsequent to the formatio reticularis.

Still later occurs the descent of the corticospinal tract which with
the growth of the pons nearly entirely covers in the trapezium on
its ventral surface.

Before considering the development of the cerebellum it may
be pointed out that the characteristic features of the adult rhomb-
encephalon are only the result of the further growth of the struc-

tures that have been mentioned. In the floor of the ventricle we
meet with swellings produced by the nuclei of the hypoglossal and
abducens nerves, lateral to which is a longitudinal furrow repre-

senting the sulcus limitans. Lateral to this furrow are the struc-

tures derived from the alar plate, including the vestibular field and
the terminal nuclei of the trigeminal and vagoglossopharyngeal
nerves (ala cinera). Secondary tracts and nuclei invade the floor

of the ventricle producing the characteristic striae acusticse, nucleus

intercalatus and funiculus teres. The ventricle is closed in cau-

dally by the rounded elevations (clava and cuneus) caused by the

large gracile and cuneate nuclei. The olivary nuclei produce

lateral swellings on each side (olives), and ventrally emerging

through the pontine nuclear mass are the prominent corticospinal

tracts (pyramids).

THE CBBBBELLTJM.

The character of the cerebellum at the end of the first, second

and third months is shown in Figs. 34, 44 and 45 respectively.

This covers the period from the time when it exists as simple

bilateral alar plates to the time when it fuses across the median
line as a transverse mass consisting of a median vermis and two

lateral lobes. Its later enlargement and the formation of its

characteristic lobes and fissures are shown in Fig. 49.

At the end of the first month the alar plates of the rhomben-

cephalon cephalad to the pontine flexure differ very little from the

rest. They are a little thicker and present a moderately convex
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Fig. 49.—Three stages in the development of the fissures and convolutions of the cerebellum, as seen
from behind. At the left are shown lateral views of the same specimens on a smaller scale of enlargement
Alls from the same model shown in Fig. 4.'5; B and C are drawings made from dissected specimens.
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surface toward the ventricle. Anteriorly they converge toward
the median line, being united by a narrow seam just behind the
exit of the trochlear nerve. Attached along their free edge is the
tela chorioidea forming the roof of the fourth ventricle.

During the second month the cerebellar plates, owing to the
active proliferation of cells in their mantle zone, rapidly thicken
and bulge inward toward the ventricle. They also come to lie

transversely so that what was originally a longitudinal dimension
becomes a transverse one. This change in position is apparently
due to the marked increase in the pontine flexure that occurs at

this time. The cerebellar plates not only increase in thickness
but also in length {i.e., transverse dimension), so that they become
cramped in position and show a tendency to be thrown in folds.

Further irregularity may be due to unequal growth in different

portions. The growth is more marked in the cephalic half than
in the caudal or lateral half. Near the median line on each side

can be seen a swelling that corresponds to the vermis, which like

the cerebellum itself originally consists of bilateral halves sepa-

rated from each other by the roof plate.

During the third month (Fig. 50) the cerebellar mass comes to

bulge outward, instead of inward toward the ventricle as before,

which is evidently due to the fact that the proliferating mantle
zone cells find less resistance in that direction, the marginal surface

being more yielding than the ependymal surface. The cerebellum

now consists of two convex masses (lateral lobes) connected later-

ally by a ridge (brachium pontis) with the developing pons. At
the same time the fusion across the dorsal median line has com-
menced. The fusion begins on the dorsal surface and gradually

involves the whole .thickness of the wall, the last portion involved

being the ependymal membrane and rhombic lip. Before the

fusion is completed the outer surface of this region has commenced
to show transverse fissures marking off the primitive lobes of the

vermis.

We have already seen how the rhombic lip takes part in the

development of the acoustic nucleus; likewise in the cerebellum

it plays an important part, giving origin to the nodulus and floc-

culus. At the third month it forms a distinct ledge, still notched

in the median line, and along its free edge is attached the tela

chorioidea. In conjunction with the acoustic lip it forms the lateral

recess.

Between the third and fifth months the outer form of the

cerebellum is completed by the formation of its principal lobes and

fissures, the steps of which process are shown in Fig. 49. This

lamellation is evidently due to the fact that the cortical region

imdergoes greater cell proliferation than the deeper portion, and

since this growth is chiefly in the longitudinal axis it results in
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fissures that rim transversely to that axis. As the cortical differ-

entiation and development of fissures occur together, we have in

the latter an index of the former. It will thus be noticed that the

vermis, and the anterior portion adjoining it are the first to show

signs of this process. The floccular region begins to show fissures

at about the same time. These may be regarded as the more primi-

tive parts of the cerebellum, and are found to be the most constant

in different vertebrates. The lateral lobes which form the so-
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FiQ. 50.—Sagittal sections through the cerebellum at or near the median line, showing the development
of the fissures of the vennis and the formation of the cerebellar cortex.

called hemispheres of the adult organ are still smooth at the fourth

month and it is not until the fifth month that they receive their

fissures, which are partly intrinsic and partly extensions of fissures

from the vermis. It is evident that phylogenetically the lateral

lobes are recent structures. Later they increase enormously in

size and eventually cover in the entire posterior portion of the

vermis. It is supposed that their extensive growth in man is

correlated with the large pons, and that in turn with the large

pallium. Bolk, 1906, suggests that if we are to consider the

cerebellum as the co-ordinator of muscle contraction then we may
assign the muscles of the median line, which are common to all
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vertebrates, to the vermis, and the muscles of the extremities to
the lateral lobes, the high development of the upper extremities in
man explaining the marked development of his lateral lobes.

The lateral lobes are the lateral extensions of the median lobe.

The median lobe is bounded anteriorly by the primary fissure and
posteriorly by the secondary fissure. Everything in front of the
primary fissure comprises the anterior lobe, and everything pos-
terior to the secondary fissure comprises the posterior lobe (tonsil,

uvula, nodule, and flocculus). The detailed development of the
surface markings of the cerebellum can be seen by comparing Figs.

49 and 50. It should be noted that the great horizontal sulcus

that is so prominent in the adult is relatively late in appearing;
at the fifth month it only exists as a shallow furrow. The median
longitudinal fissure, which is found on the posterior and inferior

surface in the adult, is produced by the excessive growth of the

lateral lobes whereby they close in over the vermis posteriorly.

This rolling in of the lateral lobes toward the median line has
already commenced at the fifth month (Fig. 49, C).

On tracing the fate of the rhombic lip in Fig. 49, where it is

stippled darker than the rest of the cerebellum, it is seen that

from the median portion there is developed the nodulus, which is

the last portion of the vermis to show its bilateral character.

From the lateral portion is developed the flocculus. The para-

flocculus is derived from the lateral portion of the cerebellar plate

immediately adjoining the rhombic lip.

The alar plate from which the cerebellum is formed, like the

rest of the neural tube, at the outset has the typical ependymal,
mantle and marginal zones, the ependymal zone toward the ven-

tricle and the marginal zone toward the outer surface. It is

through secondary development and migration that the cerebellar

plate becomes covered with the layer of cells which eventually

form its cortex, as will presently be seen.

At the end of the second month (30 mm.) the demarcation be-

tween ependymal and mantle zones is still poorly defined, and it is

apparent that cells from the ependyma are still being contributed

to the mantle zone. Later (70 mm.) the ependyma, with the

exception of the portion situated at the rhombic lip, gradually

enters upon its resting stage and assumes the form seen in adult

specimens. The ependymal cells at the rhombic lip differ from

the rest of the ependyma in that they continue to show active pro-

liferation late in embryonic life. The same feature is shown

throughout the whole rhombic lip but is more marked in the

portion belonging to the cerebellum.

The most characteristic feature of the cerebellum is its cortex.

We have already seen that originally the outer surface of the

cerebellar plate is formed by the marginal zone and is devoid
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of nuclei. The neuroblasts which are found there later, consti-

tuting the cerebellar cortex, reach the surface by a process of

migration. The steps by which the non-nuclear marginal zone be-

comes converted into a ganglionic layer by the invasion of these

neuroblasts are shown in Fig. 50. This figure represents sagittal

sections at or near the median line in four successive stages. At

30 mm. it can be seen that a layer of closely packed cells (stratum

marginale embryonale) from the rhombic lip is spreading over

the surface of the cerebellar plate, covering half of it in, the

remaining portion being still non-nuclear. At 70 mm. this invasion

of surface cells has extended so as to cover in the whole cerebellar

plate, excepting the thinned-out portion that is to become the

anterior medullary velum. At the same time a second layer of

cells (stratum granulare) may be seen spreading from the rhombic
lip forward and lateralward in the same direction as the marginal
layer but beneath the surface in the outer part of the mantle zone.

The space between it and the marginal layer corresponds to the

stratum moleculare. In fetuses 95 mm. long these layers form
well-marked strata running parallel with the surface of the cere-

bellum, dipping down where there are fissures. In fetuses 12 cm.
long the surface of the cerebellum is greatly increased in extent,

in the first place by actual growth of the whole cerebellum and in

the second place by the infolding of the surface due to the rapidly
increasing number of fissures. The cortex through further pro-
liferation presents thicker and more sharply defined strata. We
now (12 cm.) have an arrangement possessing a close similarity

to the adult, viz., a central portion, fibrous and sparsely nucleated,
covered in by a convoluted cortex consisting of three distinct
strata. Concerning the source of the cells forming the cortex there
remains some doubt. It is apparent that the cortex formation
begins at the rhombic lip and spreads from there forward and
lateralward; that is, it spreads from the free edge of the original
alar plate toward the junction of the latter with the basal plate.
This applies to all three of the primitive cortical layers. It is

also evident that the outermost layer (stratum marginale em-
bryonale) is directly continuous with the ependymal zone of the
rhombic lip. On this account it has been suggested by Schaper,
1894, that the rhombic lip constitutes a germinal bed from which
cells are given off and that these cells migrate along the surface
and so form the outer layer as indicated in Fig. 51. It is conceiv-
able that the deepest layer (stratum granulare) is also derived
in the same way, its cells migrating out from the region of the
rhombic lip along the outer border of the mantle zone. There is,

however, no proof that the outer cells of the mantle zone do not
take part in the formation of any one or all three of the cortical
layers.
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The later histogenesis, as seen in Golgi specimens in other
mammals, is shown in Fig. 52. The development is not completed

Fig. 51.—Schematic dra-wing showing the differentiation and migration of cerebellar neuroblasts in

the teleost. Arrows indicate the migration of cells from the rhombic lip over the surface of the cerebellar

plate. The different cells are indicated in the same way as shown in Fig. 3. (After Schaper.)

until very late, sometime after birth. The development of the

grannie cells seems to occur through a process of tmipolarization,

like the T-formation described in the spinal ganglion cells, and

S.marqinale
embryonale

S.moleculare

S.granulare

j>io 52. Sections showing the histogenesis of the cerebellar cortex. (After Cajal.) A, schematic

section showing the migration of granule cells from the surface to the stratum granulare, and different

stages in their differentiation, a being the youngest and k the fully formed cell. B, section through the

cerebellar cortex of new-bom dog, showing two Purkinie cells with partially formed dendrites, axones, and

terminal aborizations.

subsequent migration inward to the granular layer. The succes-

sive steps in this process are shown in Fig. 52, A, of which a is

the earliest undifferentiated stage and "k" the fully formed
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granule cell. The dendrites of the Purkinje cells do not form until

the migration of granule cells is completed. The outer layer

(stratum marginale embryonale) disappears in man several years

after birth.

Many of the mantle zone cells take no part m the formation of

the cortex. Some of them form the neuroglia framework through

which the fibres of the central white substance pass. Others be-

come neuroblasts which are grouped to form the internal nuclei

of the cerebellum. In embryos toward the end of the third month

(50-95 mm.) the nucleus dentatus can be outlined in the interior

of the lateral lobe, conforming to the outer form of the lobe.

From its anterior border strands of axones emerge passing for-

ward to be assembled in the two brachia conjunctiva, which can

be traced forward to their decussation and connection with the

red nuclei of the midbrain (see Fig. 53).

Later, as the nucleus dentatus becomes more sharply out-

lined, it assumes the convoluted form seen in the adult. Median

to the dentate nucleus, in the vermis, the mantle zone neuroblasts

are grouped to form the paired tegmental nuclei to which acoustic

fibres can be traced by the end of the third month. Other nuclei

formed supplementary to the dentate nucleus are the emboliform

and globular nuclei. Of the centripetal tracts to the cerebellum

the restiform body and the centripetal fibres from the acoustic

and trigeminal nerves are the first to become well marked (second

month). By the end of the third month the middle cerebellar

peduncles containing fibres from the pontine nuclei may be dis-

tinctly traced to the lateral lobes of the cerebellum. The final

development and completion of the arborizations of these fibres is

not finished until sometime after birth.

(e) Development of the Midbrain.

As has been previously mentioned the midbrain is a portion

of the epichordal brain and is closely affiliated in its manner of

development and general form with the rhombencephalon and
spinal cord. As in the latter two we can recognize on each side

a basal plate and alar plate, the alar plates being large and united

above by a narrow seam (roof plate). The wall forming them
at first consists of a combined ependymal and mantle layer cov-

ered in by a non-nucleated marginal layer. Later the mantle
layer becomes clearly differentiated from the ependymal layer,

forming thereby three distinct strata (ependymal, mantle, and mar-
ginal). The differentiation between ependymal and mantle layers

is completed in the basal plates about the end of the first month
(Fig. 31, D). In the alar plates it is considerably later, about the

third month. In their later development the alar plates form
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suprasegmental ganglion masses (corpora quadrigemina) in a
manner analogous to the development of the alar plates of the
hindbrain that form the cerebellum.

The basal plates conform even more than the alar plates to
the form seen in the rest of the epichordal system. The points
of difference are mainly dependent on extrinsic factors. As in
the hindbrain they give origin to motor nerves which become cov-
ered in by a modified formatio reticularis and the marginal zone
is traversed by long suprasegmental fibre tracts (peduncles of cere-
brum) . In Fig. 53 is shown a reconstruction of the midbrain of an
embryo about three months old, in which the more prominent
structures of the basal plate are indicated. The nuclei of the third

N. trochlearis N. oculomotorius Nucl. habenulae

Cerebellum

Nucl. dentatua

Fa3c. long. med.

Nucl. interpeduncularis

Brachium conjunctivum (decussatio)

Fig, 53.—Reconstruction of the midbrain of a human embryo 80 mm. long (Mall coUecftion, No. 172)
showing the relations of the red nucleus and the decussation of the brachium conjunctivum connecting it

with the dentate nucleus of the cerebellum.

and fourth cranial nerves maintain their position near the floor

of the lumen like the hypoglossal and abducens nerves in the hind-

brain. The trunk of the fourth nerve, however, bends around
dorsally to decussate in the roof as we have already seen. It

runs directly dorsalward at first, but later owing to the growth
of the inferior coUiculus it is crowded backward and assumes a
distinctly caudalward course before its decussation.

Associated with the third and fourth nerves is the median
longitudinal fasciculus, which forms an intersegmental bundle be-

longing to the formatio reticularis, extending throughout the whole

length of the mid- and hindbrains and into the anterolateral fasci-

culus of the spinal cord. It is apparently for the most part made
up of axons which run a short course in the bundle and serve

to connect the motor nuclei of the eye muscles (Nn. oculomotorius

trochlearis and abducens). It probably contains axons from



76 HUMAN EMBEYOLOGY.

other cranial nerve nuclei (Nn. facialis, acusticus, and hypo-

glossns). It also contains the fibres of the rubrospinal tract and

fibres from the superior coUiculus. Next to the entering fibres

of the sensory nerves this i-s one of the earliest tracts in the

epichordal system to become well outlined.

The origin of the nucleus ruber is not definitely known. It

forms in the mantle layer as a portion of the formatio reticularis

and by the end of the third month it is sharply outlined, and the

decussating brachia conjunctiva connecting it with the dentate

nucleus can be clearly recognized, as seen in Fig. 53. From its

resemblance to the inferior olive we may assume that it develops

in a similar manner. The fibres of the fasciculus retroflexus

(Meynerti) traverse it on their way to the interpeduncular
nucleus.

The mantle zone structures of the midbrain region become
closed in ventrally and laterally by the tracts of the marginal
zone. The first of these are the median lemniscus and the lateral

lemniscus, which are usually included with the formatio reticularis

as comprising the tegmentum. Later there are added ventrally
the fibres connecting the cerebral cortex with the pons, medulla
oblongata and spinal cord, which can be recognized toward the
end of the third month. The subsequent increase in size of these
ventral tracts produces the projecting masses known as the
peduncles of the cerebrum.

The alar plates by their large size indicate that they are to
form a large organ, though in man owing to the recession of the
optic lobes the superior coUiculus never attains the size found in
lower vertebrates. The alar plates are at first separated by a
narrow seam or furrow, and in young specimens, if there is any
maceration, this seam (roof plate) is easily stretched and the
alar plates may then overlap one another. With the subsequent
thickening of the alar plates this median furrow disappears.
This thickening also causes the lumen to decrease in proportionate
size. Instead of a considerable cavity or midbrain ventricle we
eventually have the narrow aqueduct of Sylvius connecting the
third and fourth ventricles.

The details in the differentiation of the alar plates have not
been fully studied in man, but we know that like the cerebellar
plates they are characterized by the migration of neuroblasts to
their outer surface. These neuroblasts proliferate and develop
into more or less stratified ganglionic masses which, together with
the deeper lying cells, form the superior and inferior coUiculi. The
more superficial layers correspond to the cortex of the cerebellum,
and the deeper cell masses correspond to the dentate and tegmental
nuclei. The fibres from the optic tract and lateral lemniscus can
be plainly traced to the coUiculi by the end of the third month.
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The optic tract fibres disappear beneatli the superficial ganglion
layer of the superior coUiculus, while the lateral lemniscus spreads
over the surface of the inferior coUiculus. At about the same time
the inferior brachium connecting the inferior coUiculus with the
median geniculate body can be recognized as shown in Fig. 45.

(f) Development of the Diencephalon.

The division of the prosencephalon into the telencephalon and
diencephalon has already been referred to. The telencephalon

from the outset differs widely from the type seen in the epichordal

portion of the nervous system, and at a casual glance would seem
to have nothing in common with it. The diencephalon, however,
forms an intermediate link, and though it merges directly into the

telencephalon, yet it resembles the epichordal system in many
ways, particularly in the early stages.

As seen in Fig. 54, we can speak of an alar plate and a floor

plate, imited dorsally by a roof plate and ventrally by a floor

Fig. 54.—Section through the diencephalon o£ a five weelcs human embryo. Dp., roof plate (chorioid

plexus);' Th., alar plate (thalamus); S.M., sulcus limitans (sulcus hypothalamicus): P.s., basal plate

(hypothalamus); Ma., mammillary recess. (After His.)

plate, differing from the spinal cord up to the fifth week only in

the absence of a ganglion crest and motor nerves. The alar plate

Uke the alar plate of the epichordal system is predominantly sen-

sory. It rapidly thickens, due to the proliferation of the neuro-

blasts which are to form the receptive nuclei for the optic and

cochlear tracts and for the fibres of the medial lemniscus. These

nuclei are massed together to form the thalamus which constitutes

the largest part of the diencephalon. The lateral nuclei (genicu-

late bodies) are spoken of as the metathalamus.

The thalamus is separated from the hypothalamus by the

sulcus hypothalamicus which extends forward to the optic recess.

This sulcus apparently is analogous to the sulcus limitans. It

persists into adult life. The hypothalamus or basal plate portion
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lacks the motor elements which form so large a part of the basal

plate in the epichordal system. Its principal function seems to

be in connection with the special structures which are developed

in the floor plate, the hypophysis and mammillary bodies (see Figs.

55 and 56). It is also from this portion that the corpus Luysi

is developed, and through the caudal part of its marginal zone the

large tracts pass from the internal capsule constituting the pedun-

culi cerebri.

The anterior boundary of the floor of the diencephalon may be

regarded as constituted by the transverse ridge formed in the

floor by the optic chiasm (Johnston). This ridge extends later-

Sulcus hypothalamicus [Monroi] Epithalamus (Ctorpus pineale)

I } Metathalamus (Corpora geniculata)
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Fio. 56.—Brain of a human embryo 5 weeks old (13.6 mm.), median view of the right half. (After a Hie

model, from Spalteholz.)

ally into the basal plate as the pars optica hypothalamica. Caudal

^0 it (Fig. 56) is a pouch representing the beginning of the infun-

dibulum. During the fourth week an extension of this pouch (in-

fundibular process) comes into contact with a similar pouch formed
from the stomodaeal epithelium (Rathke's hypophyseal pouch).

The latter finally becomes detached from the oral epithelium and

becomes incorporated with the infundibular process to form the

hypophysis. The nervous and epithelial elements remain distinct

throughout and constitute its two lobes. The epithelial pouch is

at first flat and lies in front. It later develops two horns which
envelop the infundibular pouch laterally. During the latter half

of the second month vascular epithelial sprouts are developed

from the pouch forming a mass of tortuous tubules, and finally
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(third montli) obliterate the original cavity, converting it into a
solid glandular organ. In the meantime the Inmen of the nervous
infundibular process has become shut off from the rest of the

infundibular cavity, though the process always remains attached

to the infundibulum. It becomes converted into a solid mass of

tissue resembling neuroglia, and is closely united with the epithelial

portion by a connective-tissue capsule and forms the posterior lobe

of the organ.

The diencephalic floor caudal to the infundibulum forms the

tuber cinereum, and still further caudal the mammillary recess

from the walls of which the mammillary bodies are formed.

Thalamus

Pallium

Corpus striatum

Epithalamus
..'Corpus pineale)

'Metathalamus
L

(Corpora geniculata

/'Corpora quadrigemina

— Pedunculus cerebri

Rhinencephalon' /
Pars optica hypothalami /'

Chiasma opticum^,^ /
Hypophysis

Para mamillaris hypothalami

Pons [Varolii]

Cerebellum C ,

Fossa rhomboidea

Medulla oblongata^

Fio. 56. Brain of a human'fetus in the third month, median view of light half. (After a His model, from

Spalteholz.)

The roof plate of the diencephalon is bounded anteriorly and

posteriorly by two transverse grooves. The posterior one appears

toward the end of the first month and always remains a well-

marked groove. The posterior commissure crosses through its

substance. The anterior boundary is formed by the velum trans-

versum in a line with the foramen of Monro. The identity of this

groove is best recognized in the early stages, 5-10 mm., after

which the complications of the forebrain development obscure it.

It marks the boundary between a part of the third ventricle that

belongs to the telencephalon and a part that belongs to the dien-

cephalon (see Fig. 26).
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A dorsal view of the roof plate is shown in Fig. 57 and a

median view in Fig. 56. It consists of a thin ependymal plate

uniting the two thalamic plates. At the fourth week it is smooth.

Proliferation of its cells causes it to expand and form an outward

ridge which is soon thrown into longitudinal folds, as shown in

Fig. 54. These folds project into the ventricle as the ectodermal

lining of the tela chorioidea of the third ventricle. The increase

of these folds and the development of a vascular mesodermal coat

Lamina terminalis

Fissura prima-

Plexus chorioideus
'—r.

Hippocampus

IThalamus

Epiphysis

Corpus striatum

. Roof plate

CoUiculus superior

Fig. 57.—Dorsal view of a model of the prosencephalon of a human embryo at the beginning of the

sixth week (13.6 mm.). The pallium is partly removed, exposing the interior of [the lateral ventricles.

This is from the same specimen shown in Fig. 55. (After His.)

complete the formation of a typical chorioid plexus. Orally this

chorioid roof is continued into the telencephalon where it forms

a pointed pouch overlapping the lamina terminalis and the con-

tained commissures. At the foramen of Monro it is continuous

with the similarly formed chorioid body of the lateral ventricle.

At the posterior, or epiphyseal end of the roof, there is another

small chorioidal pouch formed which overlaps the epiphysis. The
anterior chorioidal pouch apparently corresponds to the para-

physis of the lower vertebrates.

Laterally the roof plate is attached along the borders of the

thalamic plates. At the line of junction there are formed the
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epithalamic structures known as the ganglia habenute and the
epiphysis. The habenular apparatus bears a relation to the tha-
lamic plate similar to that of the rhombic lip to the alar plate in the
hindbrain. The habenular nuclear mass can be recognized by the
fifth or sixth week as a longitudinal ridge on the dorsal surface of
the diencephalon along the edge of the thalamic plate. In fetuses
80 mm. long, as seen in Fig. 53, the nucleus can be outlined and the
stria meduUaris and fasciculus retroflexus traced to their terminal
connections. The former extends forward along the edge of the
thalamic plate and spreads out over the surface of the future
anterior nucleus of the thalamus.

Nucleus caudatus Fissura chorioidea

Hippocampus

Mesencephalon

Cerebellum

Capsula interna

Fig. 58.—Lateral view of brain of a human embryo about three months old (crown-nimp length
63 nun.). Part of the hemisphere wall is removed, showing its thickness and exposing the [interior of

the lateral ventricle. (After His.)

The epiphysis is formed at the caudal end of the diencephalic

roof. At the fifth week, Fig. 57, it appears as a rounded elevation

of the roof. In the groove behind it the posterior commissure
crosses and in the groove in front of it the dorsal or habenular com-
missure. It thus originally consists of a thin ependymal diverticu-

lum between these two commissures. Subsequently its walls are

thickened and incorporate some of the adjacent vascular mesoderm
to form the adult organ. In the human embryo the epiphysis

never reaches the advanced stage of development seen in reptiles

(pineal eye).

The ventricle of the diencephalon, at first a relatively broad

space, becomes thinned down to a narrow cleft owing to the thick-

VoL. II.—

6
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ening and crowding in of the lateral walls. The space is still

further reduced by an actual approximation and fusion of a portion

of the thalamic plates. In this manner there is produced the

commissura mollis, the extent varying in different subjects. It is

very large in lower mammals.
We thus see that the diencephalon consists of three main

regions, the hypothalamus, the epithalamus, and, largest of all, the

thalamus proper (including the metathalamus or geniculate

bodies). The hypothalamus and epithalamus are the most primi-

tive in character and their fibres are the first to develop. During

the second month the following tracts become established in the

hypothalamus: (a) fasciculus mammillotegmentalis ; (6) fasci-

culus thalamomammillaris ; and (c) columna fornicis. At the same

time in connection with the epithalamus there are developed: (a)

stria meduUaris; (b) commissura habenularis; (c) fasciculus

retroflexus; and (d) commissura posterior. Advanced develop-

ment of the thalamus is characteristic of the higher vertebrates.

In the human embryo, though it develops somewhat slower, yet it

eventually predominates over all the rest of the diencephalon. By
the end of the second month the acoustic fibres have reached the

median geniculate bodies, the optic tract fibres the lateral genicu-

late bodies, and the fibres from the median lemniscus the ventro-

lateral thalamic nucleus. At the same time these nuclei give off

fibres that extend into the corpus striatum forming the thalamic

radiation. Some of them can be seen passing through to reach the

developing neopallium (compare Figs. 63 and 73).

(g) Development of the Telencephalon.

When we come to the extreme oral end of the neural tube it

is no longer possible to clearly recognize an alar plate or basal
plate as seen everywhere else in the tube. The sulcus limitans,

however, is usually considered as curving downward along the
posterior border of the optic evagination to the median line just

in front of or along the transverse ridge caused by the optic
chiasm. (Compare Figs. 26 and 28.) In this sense practically the
whole telencephalon may be regarded as corresponding to an
elaboration of the alar plate.

The broad expanse of this portion of the neural plate in the
earliest stages (Fig. 23) indicates its importance. As we have
already seen, before the closure of the tube is completed (Figs.
26 and 28), the telencephalon has become differentiated on each
side into a bulging portion marking the future pallium or hemi-
sphere and a basal portion which is to form laterally the corpus
striatum and medially the rhinencephalon. The optic evagination
is on the boundary line between the latter and the diencephalon.
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The furtlier steps in the differentiation are shown in Figs. 55, 56,

59, and 60. Comparison of these figures shows that though these
primary regions of the telencephalon undergo great change in size,

form and position, yet they maintain their identity throughout.

It is the extensive development of the pallium that is the most
striking feature ; whereas the rhinencephalon, which is so massive
in lower vertebrates, at its most favorable embryonic stage in the

human embryo composes not more than one-twentieth part of

the bulk of the telencephalon, and in the adult a far smaller pro-

portion. The corpus striatum is closely united with the thalamus,

and it is through this that the connection between telencephalon

and diencephalon is principally maintained. It shares with the

Mesencephalon Diencephalon

Pallium

Recessus mammiUaris .^^mm^-^-m^^ ^ . ,e j. -^^'^^ Lobus olfactonus

Sacous hypophyseos Pedunculus opticus

Fra. 59.—Lateral view of the forebrain of a human embryo 10.2 mm. long. Taken from a model. It

shows the beginning of the overlapping of the diencephalon by the pallium. Compare with Figs. 29 and 86.

After His.)

thalamus in the development of the pallium. Through these two

centres pass all the paths of communication to and from the cortex,

excepting the insignificant portion belonging to the olfactory

system.

CoEPUs Steiatum and Pallium.—The change occurring in the

telencephalon toward the end of the first month is a very important

one and should be carefully noted in order to understand the de-

velopment of this region of the brain. As can be seen by comparing

Figs. 28 and 55, it represents the transition from the neural tube

type" to the typical paired hemispheres opening out laterally

through the foramen of Monro. The latter is produced not as

an actual constriction but secondarily through ihe fact that its

boimdaries remain, nearly stationary while the pallial walls un-

dergo enormous expansion. The expansion of the pallial walls is

shown in Figs. 59 and 60. From around the borders of the corpus

striatum they expand orally, dorsally and caudally, gradually

covering in the whole diencephalon and more caudal parts of the
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brain. In Fig. 60 we can recognize the oral end as the frontal

lobe, its inclosed cavity being the anterior horn of the lateral ven-

tricle. The caudal end curves downward to form the temporal

lobe, its inclosed cavity being the descending horn of the lateral

ventricle. Later, fetuses 10 cm. long, the caudal portion presents

two lobes or poles, the temporal lobe having become more ventral

and the new occipital lobe forming the extreme caudal end, its

cavity corresponding to the posterior horn of the lateral ventricle

(see Figs. 76 and 77).

During the expansion of the pallial walls the median lamina

uniting them does not share in the growth, and there is thus formed

Palliura

Lobus temporalis

Lobus parietalis

Lobus frontalis

Corpus mammillare

Tuber cinereum
Pare ant.

| Lobus

Pars post. jolfactorius

Infundibulum Saccus Pedunculus opticus

hypophyseos

Fig. 60.—Lateral]view of the forebrain of a human embryo 13.6 mm. long. Taken from the same sped-
men shown in Fig. 57. Comparison witJi Fig. 59 shows the growth of the pallium and the manner in which
it overlaps the diencephalon. (After His.)

the great longitudinal fissure between the two hemispheres, which
eventually becomes occupied by a mesodermal septum, the falx

cerebri. The lamina uniting the two hemispheres is continuous
anteriorly with the lamina terminalis and might properly be re-

garded as belonging to it. Posteriorly it is continuous with the

diencephalic roof plate. We have already seen how the latter

becomes folded and vascularized to form a chorioidal roof for

the third ventricle. A similar change occurs in the pallial wall
near its junction with the diencephalon. The wall becomes very
thin and folds into the lumen of the lateral ventricle, carrying with
it vascular mesoderm (Fig. 62) and thus finally forms a chorioidal

body within the ventricle. If the chorioidal body is removed
there is left a cleft in the wall, the approximate position of which
is shown in Fig. 64, and which corresponds to the fissura chorio-

idea. That portion of the hemisphere wall ventral to the fissure

apparently never undergoes active development. In the portion



DEVELOPMENT OF THE NERVOUS SYSTEM. 85

dorsal to it is developed the hippocampal system. Anteriorly tlie

chorioidal formation is continuous with the chorioidal roof of the
third ventricle. The whole chorioidal mass forms an irregular Y,
the stem being the roof of the third ventricle and the two arms
being the chorioidal bodies of the lateral ventricles. The arms
begin at the foramen of Monro and differ from the stem in being
better developed and projecting into the ventricle. The relations
of these structures are considerably modified later by the changes
occurring in the lamina terminalis due to the formation of the inter-
forebrain commissures which will be spoken of again in connection
with the hippocampus. In all other regions of the neural tube we
find chorioidal formation limited to the roof plate and this gives
a ground for considering the roof plate of the telencephalon as
bifurcated and represented by the two chorioidal fissures. There
is, however, no other evidence of such a bifurcation of the oral
end of the tube.

Attention has already been called to the ridge formed by the
corpus striatum in the floor of the telencephalon (Figs. 28, 57, and
55). It can be seen at the outset that the corpus striatum is

directly continuous with the thalamic plate of the diencephalon.
In its development it resembles the thalamus and becomes closely

co-ordinated with it, but the two always remain distinctly separated
from each other, at first by a deep groove and later by the taenia

semicircularis. It consists at first of a ridge which spreads out

anteriorly in three limbs (Fig. 28), marking off the two divisions

of the rhinencephalon. Later, with the expansion of the pallium,

the ridge becomes more prominent. It is elongated caudally and
curves around the developing stalk of the hemisphere to the tip

of the inferior horn, forming the tail of the caudate nucleus. As
the wall thickens it projects into the ventricle, and the lateral sur-

face of the same portion of the brain wall. Fig. 60, presents a

shallow fossa which continues to become deeper as the surrounding

pallium develops. The thickening of the wall at first involves

chiefly the ependymal zone, which undergoes an exuberant growth,

and exactly in the area corresponding to the future caudate

nucleus. Gradually from the ependymal zone a mantle zone is

elaborated and furnishes the neuroblasts which become assembled

into a typical corpus striatum. The fibre strands from and to the

thalamus become arranged in a sharply marked lamina which

subdivides the corpus striatum into the caudate and lenticular por-

tions, thus forming the limbs of the internal capsule. It should be

noted that this subdivision of the corpus striatum and the forma-

tion of an internal capsule are due to the manner in which the

fibres traverse it. In some mammals the fibres pass diffusely

through the striatum and then the capsule-like arrangement of

the fibres is absent.
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The division between thalamus and corpus striatum is most

evident in midembryonic life. At the end of the third month a

deep groove separates them. Subsequently as they become larger

and as the nerve-fibres connecting them increase, this groove be-

Fia. 61.—Schematic horizontal sections through the forebrain of human embryos, showing three

stages in the fusion of the thalamus and corpus striatum. A, embryo of about 6 weeks (15 mm.); B, fetus

during the fourth month; C, fetus during fifth month (crown-rump length 150 mm.). F.M., foramen of
Monro. (After Goldstein.)

comes flattened out, and they come to form one solid ganglionic

mass separated from each other only by the taenia semicircularis.

It is thought by some that in this process an apposition and fusion

occurs between the anterior end of the thalamus, the medial pallial

Fissura chorioidea-

Corpus striatum

Foramen M

Ventric. Ill

Ventric. lateralis

.Fusion of the thalamus and
corpus striatum

Iiifundibulum

Fig. 62.—^Transverse section through forebrain of human embryo of about six weeks (16 mm. long), show-
mg on one side the fusion of thalamus and corpus striatum. Compare with Fig. 61, A. (After His.)

wall and the corpus striatum, as shown in Fig. 61. The same
result, however, would occur if it were a simple thickening of the
wall produced by the massive connections developed between
thalamus and corpus striatum. In Fig. 62, on comparing the two
sides it would seem as though such a fusion had occurred ; but it
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should be remembered tbat the two sides are not cut at the same
level, that one is through the foramen of Monro and the other is

just below or caudal to it.

At the end of the fifth month, as seen in Fig. 63, the relation

and form of the corpus striatum are practically those of the adult.

The form of the internal capsule can be clearly made out. It con-

tains: (o) fibres connecting the thalamus with the corpus striatum

and pallium; (fe) optic and acoustic fibres from the metathalamus

to the pallium; (c) projection fibres from the pallium (pyramidal

Corpus praetermi-

nale et columaa
fomicis

Foramen of Monro

Ventric. Ill

Glomus
cliorioideuin

Cornu postenus

Nucleus caudatus

Claustrum

Nucleus
lentiformis

Capsula interna

Thalamus

Fornix

Hippocampus

cerebri

Fio 63 —Horizontal section through the forebrain of a fetus about five months old (crown-rump length 160

mm.). This represents a stage intermediate between B and C m Fig. 61. (After His.)

tract). The stria semicircularis, though it is on the border line

between diencephalon and telencephalon, probably belongs to the

latter. It can be recognized early (80 mm.), as it curves around

the thalamic border. It is shown in Figs. 66, 67, and 68.

Rhinencbphalon.—The olfactory apparatus consists of a

basal portion and a cortical or pallial portion. The basal portion

includes the olfactory bulb, olfactory stalk, the median and lateral

olfactory tracts and the region of the anterior perforated space

which merges on the one hand with the tip of the temporal lobe

and on the other with the preterminal body which partly forms the

septum pellucidum.
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All of these parts are derived from the basal portion of the

telencephalon median to the corpus striatum (see Fig. 55). The
cortical portion of the rhinencephalon belongs to the pallium and
is designated as archipallium in contradistinction to the remainder
or neopallium. It consists of an extension of the basal preterminal

area dorsalward and forms the median margin of the pallium

along the dorsal border of the chorioidal fissure. In the adult we
know it as the hippocampus, the dentate fascia, and it probably
includes a strip of cortex borderiag along the hippocampus. It

differs from the basal portion in that the cells composing it are
arranged in the form of a cortex with characteristic strata.

Fig. 64.—^Median wall of the telencephalon of same specimen shown in Fig. 58, showing the fissure
ohorioidea and imder it a narrow strip of the lamina infrachorioidea. The fissura prima extends upward
from the olfactory lobe marking off the anterior border of the preterminal body. In front of it is the acces-
sory" arcuate fissure. The calcarine fissure is sharply marked. The hippocampal fissure curves around
parallel with the inner margin of the specimen. (After His.)

^
In Figs. 66, 67, and 68 the median view of the brain is shown

in its later stages of development exposing this general region.
That portion of the pallium possessing a uniform cortical layer is

shown in lighter color than the remainder and corresponds in
general to the neopallium. The darker portions form the archi-
pallium and thus represent the olfactory apparatus. If we are to
consider that portion of the cortex adjoining the hippocampus as
olfactory and belonging to the archipallium (G. Elliot Smith), then
to complete the pallial portion of the olfactory system the dark
shading should be spread wider to include this. The basal portions
of the olfactory apparatus are shown in the same figures. Lateral
views of the same stages are shown in Figs. 76 and 77. The rela-
tions of the basal portions can be best seen, however, in a ventral
view, as given in Fig. 65, where its different parts are indicated.
The boundaries of the olfactory apparatus in this figure are
marked by the dorsal border of the lateral olfactory gyrus and the
gyrus ambiens.
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The olfactory apparatus can be traced back to a still younger
stage in Figs. 55 and 60, which present median and lateral views
of the brain at the end of the fifth week. At this period, as seen

in a lateral view, there is a distinct field marked off ventral to the

Sylvian depression which represents the basal portion. It con-

sists of two elevations. The anterior one is formed by a shallow

pocket opening out of the ventricular cavity. The further evagina-

tion of this results in the formation of the hollow olfactory bulb

whose form in later stages we have already seen. It can be readily

understood how this extending tubular process becomes narrowed
down in its proximal portion to form the olfactory stalk, commonly
spoken of as the first pair of cranial nerves. In man the lumen

of this process is eventually obliterated.

Gyrus olfactor. medialis

Gyrus olfactor. medius

Gyrus diagonalia

Cerebellum'

Insula

Gyrus olfactor. lat.

Gyrus ambiens

Gyrus semilunaris

Oliva

Fig. 65.—Ventral view of brain of a four months old human fetus, showmg the olfactory apparatus. (After

Kollmann.)

The posterior olfactory elevation becomes a thickened portion

of the wall instead of an evagination and represents the anterior

perforated space. Mesially (Fig. 55) it extends upward, border-

ing along the lamina terminalis, and forms the preterminal body

of Elliot Smith; and is directly continuous with the olfactory

pallium along the fissura chorioidea. In the older stages the olfac-

tory tracts were already laid down. At this stage they a,re just

beginning to appear. According to His, a little before this time,

in embryos Nl. 10.9 mm., filaments can be recognized connecting

the nasal epithelium with the olfactory pocket (anterior olfactory

elevation) of the brain wall, i.e., before we can yet speak of an

olfactory bulb or stalk. About the same time the fibres of the

median olfactory tract begin to extend dorsalward from the olfac-

tory pocket to the preterminal body. By the time the olfactory

bulb has become partially constricted from the general brain wall
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fibres can be seen extending backward from it along the dorso-

lateral border of the posterior olfactory elevation (anterior perfo-

rated space) and constituting the lateral olfactory tract, whose

fibres are distributed to the archipallium covering the apex of the

temporal lobe.

In embryos under four weeks old the rhinencephalon can only

be recognized as the space between the lamina terminalis and

the internal ridge formed by the corpus striatum (Fig. 28). Ac-

cording to His the three limbs of the striate ridge mark out the

two fossae which we have seen as prominences on the lateral sur-

face corresponding to the olfactory bulb and the anterior perfo-

rated space.

Intebfoeebeain Commisstjees.—In connection with the olfac-

tory apparatus there are the tracts connecting it with the hypo-

thalamus (fornix) and the commissural tracts uniting the opposite

sides of the telencephalon (anterior commissure, commissure of

fornix and corpus callosum). The development of these struc-

tures can best be understood by comparison of Figs. 66, 67, and 68,

which represent three stages in their development.

In these figures the lamina terminalis is shown as though cut

in the median sagittal plane, while the commissures are left longer

so that their cut ends project from the surface. It will thus be

seen that they all cross through the substance of the thickened

lamina terminalis and are thus confined to the original walls con-

necting the two hemispheres. The use of the term " lamina ter-

minalis " is made in a broad sense. It is not restricted to the

ependymal seam that originally closes off the anterior end of the

tube, or its immediate derivatives; but includes also a certain

amount of neuroglial tissue from the adjacent wall which becomes
incorporated with it. In this sense we may speak of a fusion of the

median walls of the precommissural bodies, but the process only
occurs in a narrow line immediately in front of the lamina ter-

minalis and the derived tissue becomes a definite part of the

latter. Its further enlargement is produced by the stretching
of its boundaries by the entering commissural fibres. A narrow
lamina terminalis suffices originally, as only a few slender bundles
cross at first. As further fibres are added the fibre mass spreads
open a space for itself, in which process a portion of the precom-
missural body is appropriated, and the eventual lamina terminalis
presents a large surface in the cut median section, including the
whole corpus callosum and the septum pellucidum. The widening
of the boundaries of the lamina terminalis occurs rapidly in fetuses
between 80 and 150 mm. It is distended dorsalward and antero-
lateralward through the growth of the corpus callosum, the shape
of which in turn is determined by the expanding pallium. As a
result of this tension there is a new arrangement of its tissue, and
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in the readjustment a ventricle is formed, the so-called fifth ven-

tricle or cavum septi pellucidi. This becomes lined with a smooth
neuroglial membrane. The ventricle is only present where there

is a large corpus callosum.

It should be mentioned that, according to some authors (Gold-

stein, 1903), the commissures are developed entirely within the

lamina terminalis, in the narrower sense, the adjacent walls not

contributing anything to it. On the other hand, according to

Zuckerkandl, 1901, there is an approximation and fusion of a con-

siderable area of the median walls with resorption of the previously

interposed mesodermal falx. This forms a "massa commis-

suralis" through which the fibres subsequently cross. In the

process of fusion he describes an active proliferation of the cells

of the wall, forming "wulstartige Vorspriinge, " which meet and
fuse in the median line. The description given above corresponds

essentially with that given by G-. Elliot Smith (1895) and March-

and (1909).

Of the three cormnissures the anterior commissure and the

commissure of the fornix are the more primitive, and they both

serve as commissures for the archipallium. The fibres of the

fornix make their appearance early along the chorioidal margin
of the hippocampus and form a bundle increasing in size as it

extends forward. It passes over the foramen of Monro to reach

the precommissural body where it gives off and receives fibres. It

then extends ventralward to the hypothalamus in the region of

the majnmillary body (pillar of the fornix). In the region of the

precommissural body the two fornix systems exchange fibres form-

ing a commissure between the two hippocampal gyri. Originally

this commissure lies directly dorsal to the anterior commissure,

as seen in Fig. 66. Subsequently it is drawn backward owing to

the change in the position of the hippocampi, which in turn are

carried backward by the ventral extension of the temporal lobe.

The development of the corpus callosum is closely connected

with that of the fornix commissure, being practically a derivative

of it. The latter is a commissure of the archipallium and the

former of the neopallium, the one starting where the other stops.

Owing to the great development of the neopallium in man the

corpus callosum soon predominates.

In fetuses 80 mm. long (Fig. 66) its fibres can be recognized

in the medial wall of the hemisphere streaming toward the upper

part of the lamina terminalis, where it crosses together with the

commissure of the fornix, forming a rounded bundle on the dorsal

surface of the latter. The first discoverable fibres contributed to

it are found in the median wall in the vicinity of the point of

crossing. As further fibres are added they form a layer that can

be gradually traced spreading backward and lateralward through
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Ttenia semicircularis

Corpus callosum

Fissura chorioidea

Coniinissura tippocampi

Commissura anterior

Fig. 66.—Median view of a model of the telencephalon of a human fetus three months old (80 mm.
long, Mall collection, No. 234a). It shows the cut ends of the commisBural bundles crossing in the lamina
terminalis. The thalamus is removed, exposing through the fissura chorioidea, the lateral ventricle and
nucleus caudatus. Comparison of this figure with Figs. 67 and 68 shows the development of the corpus
callosum and its relation to the commissure of the hippocampus.
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Fig. 67.—Median view of a model of the telencephalon of a human fetus about 4 months old (95
mm. long, Mall collection. No. 146). It shows the same structures seen in Figs. 66 and 68. The lamina
terminalis has become thickened at the expense of the corpus prseterminale, and a cavity has developed
in it forming the cavum septi pellucidi. The fissura hippocampi has deepened, it being the first step in
the covering in of the fascia dentata.
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the palliura to tlie regions more distant from the lamina terminalis.
It IS quite probable that the growth of these fibres starts simul-
taneously in all parts of the pallium, and it is natural that it is in
the region of the lamina terminalis that the accumulation of them
is first sufficient to be recognized as a definite layer. The form of
the corpus callosum in fetuses 95 mm. long is shown in Fig. 70,
where its relation to the brain wall can be seen. It lies nearer
the ependyma than the outer surface. The model represents only

CavTim septi pellucidi

Corpus callosum
\

TEenia semicircularis

Commiflsura hippocampi

Commissura

'\ Fascia dentata

Radiatio thalami

Columna fomicis

Fio. 68.—^Median view of a model of the telencephalon of a human fetue of the fifth month C160 mm.
long, Mall collection). Here the commissural systems are practically those of the adult. The fascia

dentJEita extends up over the splenium of the corpus callosum and reappeais at the front end (genu) and
is^oontinuous with the prseterminal body and enlarged lamina terminaUs, Compare with Figs. 66 and 67.

that part that could be distinguished as a stratum. It is probable

that callosal fibres reach much further than this.

The addition of fibres occurs interstitially, the new fibres

growing in everywhere between the old ones. As seen in cross

section, it very early takes on a typical form. In fetuses 95 mm.
long. Fig. 67, we can recognize the anterior end as the genu and
the posterior end as the splenium, the latter always remaining in

contact with the fornix commissure. With the further growth of

the pallium and the addition of new fibres to the corpus callosum

we have in 150 mm. fetuses, Fig. 68, relations which are practically

those of the adult. It will be seen that like the pallium it has
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grown both posteriorly and anteriorly. As the splenial end

spreads caudalward it covers in the diencephalon, carrying the com-

missure of the fornix with it. The latter gradually becomes flat-

tened out on the under surface of the corpus callosum to form the

psalterium.

The striffi of Lancisi represent tissue connectmg the dentate

fascia with the precommissural body. By comparison of Figs.

66, 67, and 68 it can be seen how the two are closely connected

at first (practically continuous). The tissue connecting them may

be regarded as regressive fascia dentata. It soon is stretched out

in a narrow strand by the enlarging corpus callosum. Some of the

fibres in this substance are frequently laid down in advance of the

corpus callosum, so that the fibres of the latter pass between them

and incorporate them. Thus the anterior end of the adult corpus

Mm
m^^l''
uw^m^^^^^^^^^
jJL|{»<^^^^''^"

^--^^ -

l^^^rars posterior

.i:r Pars anterior ^ W.r^m ' 11... Tasnia semicircularis

Commissura anterior w *

If

Fig. 69.—^Right half of the anterior commissure dissected out from the brain of anISO mm. pig fetus,

viewed from above and from the median side. Its constituent elements are shown andlits connection

with the tfienia semicircularis

callosum is found to be traversed by some of these fibres, on their

way through the wall of the septum pellucidum to the precommis-

sural body.

The anterior commissure, as it appears when dissected out in

the pig embryo, is shown in Fig. 69. It consists of two divisions,

an anterior or olfactory division and a posterior division. The
olfactory division arises principally (in pig embryos) in the brain

wall in the neighborhood of the olfactory evagination. The pos-

terior division arises between the corpus striatum and the over-

lying cortex and thus corresponds in position to the fossa of Syl-

vius. It forms a concave lamina in which the corpus striatum

rests. Owing to the fibres streaming from the corpus striatum

to the pallium it is difficult to determine whether its fibres are

derived mesially from the corpus striatum or laterally from the

superimposed cortex. In Fig. 69 it is shown how the fibres com-
posing it form confluent fan-like bundles which point ventralward
and become incorporated into two main bundles, anterior and
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posterior, which in turn unite and point toward the lamina ter-
minalis to meet the similar formation from the opposite side.
In the earlier stages it is possible to recognize the anterior com-
missure fibres before they have reached the median line. As it

approaches the median Une it receives a communication from the
tffinia semicircularis. In Fig. 70 is shown the relation of the an-
terior commissure in a 95 mm. human fetus, being essentially like

--^
Ventriculus lateralis

\

\
\
\

|HH| ^Corpus calloii;um

Capsula intern a'-^^ PVH^^^l^ ' S^n ,Commissura hippocampi

^- i'^lflK ^^^r^ b

H %rWfijA|
1

1
post. " ^|s|k' *" /^B1

Commissura
.[ VKp3|L /Jl^*/

anterior ^H^^^^ ^f^ /
. Pars ant.'—^H^^k w4

BuJbus olfactorius Chiasma

Fio. 70.—Anteromedian view of a model of the fibre tracts of the same brain shown in Fig. 67. One
half of the brain stem is preserved intact. In the front part of the telencephalon everything is removed
excepting the fibre tracts, exposing the corpus callosmn, pillar and commissure of the fomi:?, two divisions

of the anterior commissure and the internal capsule. The last subdivides the corpus striatum into the
caudate and lenticular nuclei. On the left side the connection from the taenia semicircularis to the anterior

commissure is shown.

that seen in dissections of pig fetuses. Of the olfactory division

some strands apparently come from the olfactory stalk, and others

from the hemisphere wall in the immediate neighborhood.

DEVELOPMENT OP THE WALL OF THE HEMISPHEBE.

Up to the end of the second month the wall of the hemisphere

remains thin and relatively imdifferentiated. The increase in

thickness and development of the wall that begins to be noticeable

at that time does not occur imiformly in all regions at the same
time, but is always more advanced in the basal portions adjoining

the corpus striatum, and from there it gradually extends toward

the median line over the whole pallium. In the accompanying

table is given the thickness of the wall and its constituent zones in
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embryos from six weeks to fetuses four months old, the measure-

ments in each case being taken at approximately the same region,

—i.e., the basal portion of the lateral wall.

Table shoioing Thickness of Hemisphere Wall and its Constituent Layers in Human Embryos

from the Sixth Week to Fetuses of the Fourth Month, Compiled from Measurements given

by His, 1904.

Approximate age and size of embryo.
6 weeks.

I

Nl.
! 16 mm.

8 weeks. 10 weeks. 12 weeks.
Nl. Crl. Crl.

22 mm. i
46 mm. 50 mm.

14 weeks.
Crl.

60 mm.

16 weeks.
Crl.

120 mm.

Total thickness 145

Ependymal zone.

(Matrix)
.085

Mantle zone

a. Nuclear portion

6. Sparsely nucleated portion .035
(Zwischenschicht)

Marginal zone
a. Pyramidal layer

6. Non-nuclear marginal layer 025

.16

.25

.06

.03

.15

.34

.15

.41

.085 I
.2

.025
1

.04

1.1

.17

.65

.2

1.6
1.4

.24 \

.04 /

Microscopic examination of the wall at about the sixth week

(Fig. 71) shows that it still consists, like the wall of the original

neural tube, of an outer sparsely nucleated or marginal zone and

an inner richly nucleated or ependymal zone. The cells forming

the outer portion of the latter are further differentiated and are

more loosely arranged, thus constituting a third or mantle zone.

In its finer structure the wall consists of a syncytium of spongio-

blasts and neuroblasts having the same form and relation that has

already been described under the histogenesis of the spinal cord.

According to His (1904), it presents one characteristic that is not

found elsewhere,-—i.e., the stratum cribrosum. This is situated in

the marginal zone, and consists of lateral processes from the

spongioblastic framework so arranged as to form a thin nucleated
barrier between the inner and outer part of this zone.

At about the eighth week in the inner portion of the marginal
zone there is formed the cortical layer of pyramidal cells which
is the essential feature of the pallium. The formation of this

layer begins in the region of the corpus striatum and ^gradually

extends around the circumference of the pallial wall to the mesial
surface as far as the olfactory margin, where it is modified to

form the olfactory cortex. It is formed by the migration of

developing neuroblasts from the ependymal and mantle zones into

the marginal zone. According to His (1904), these migrating
future pyramidal cells advance toward the outer surface as far as

the stratum cribrosum, where they accumulate and form a com-
pact layer. This migration is most active during the third month
and continues well into the fourth. In Fig. 72 is shown a portion
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Lumen"

Stratum cribrosum

Zona marginalis

Limitans meningea

Fio. 71.—Section through hemisphere wall of a human embryo at about the sixth week (16 mm. long)
before the development of the cortical layer. (After His.)

Lumen

Inter-

mediate
zone

(Zwis-
cheu-

schicht)

Fig. 72.—Hemisphere wall of a human fetus at about the eleventh week (crown-rump length 46 mm.),
showing the wandering of the neuroblasts from the interior of the wall toward the outer surface where
they form the pyramidal or cortical layer, (After His.)

Vol. II.—

7
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of tlie brain wall of an embryo about 3 months old. On tbe inner

surface of the marginal zone is a well-developed cortical layer,

toward which numerous other neuroblasts can be seen wandering

from the mantle zone. The mantle zone has become much broader,

and can be subdivided into an inner nuclear portion, consisting of

proliferating neuroblasts and spongioblasts, and an outer wider

portion, or intermediate layer (Zwischenschicht), which seems to

Matrix (Z.

ependymalis)

Intermediate ^^ y /
zone

'^'*~

(mantle layer)

Cortical layer

Stratum
cribroaum

Marginal veil

Fig. 73 Fig. 74

Fig. 73.—Schematic drawing showing structure of hemisphere wall at the end of the third month.
On the left side is shown only the spongioblastic framework; on the right side are shown the wandering
neurobl&sts and their accumulation to form the cortical layer. The arrows indicate ectogenous fibres

from the internal capsule. Compare with Fig. 72. (After His.)

Fia. 74.—Pyramidal neuroblasts during the period of migration. The lower process is broader and
more irregular. It becomes the apical process. The other is more slender; it is pointed toward the
ependyma and becomes the axone. (After His.)

be sparsely nucleated, owing to the extensive invasion of fibres

from the internal capsule. A schematic section of the wall at this

time is shown in Fig. 73. On the left is shown the spongioblastic

framework and its formation into different layers, the nuclei repre-

senting future neuroglial cells. On the right are indicated the

wandering neuroblasts moving radially outward to form the cor-

tical layer. In their journey they have to make their way through
the meshes of the framework and through the entering fibres from
the thalamus and corpus striatum. During this period of migra-
tion the' pyramidal cells usually possess a bipolar character, as

shown in Fig. 74. The advancing end is broader and more irregu-
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lar and becomes the apical process. The slender central end {i.e.,

toward the lumen) becomes the axone. The development of lateral

dendrites and attainment of the characteristic adult form does
not occur until about the time of birth.

Up to the fourth month the wall remains relatively thin and
the ventricle large. From then on the wall rapidly thickens, owing
mainly to the great increase in fibres in the intermediate layer.

These fibres at first are all ectogenous fibres, from the thalamus and
corpus striatum. Subsequently there are added the axones from

Cortical layer

Intermediate zone
(mantle zone)

Matrix (ependyma)

FiQ. 75.—Section through hemisphere wall at the end of the fourth month (crown-rump length 120

mm.). The intermediate (Zwisoliensohicht) zone is rapidly becoming thicker, owing to the increase of

incoming and outgoing fibres. It is this layer that eventually forms the central white substance of the

brain. Its inner portion is subdivided into the following layers: a, outer transitional layer; b, outer

striated layer; c, iimer transitional layer; d, inner striated layer. At this period the wandering of the

cortical neuroblasts is completed. (After His.)

the developing neuroblasts of the cortical layer (autochthonous).

It is this fibrous layer that eventually forms the massive white

substance of the hemisphere. "With the increase in the thickness

of the wall the ventricle apparently becomes smaller. The appear-

ance is due in part to the difference in relative growth of the two,

and in part to the change in shape of the ventricle, from a wide

A'-esicle to a narrow slit.

As shown in Fig. 75, the inner portion of the mantle zone still

possesses many nuclei, belonging to the supporting framework,
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whicli are now arranged in layers. The ependyma does not appear

as active as heretofore, although it apparently is still giving off

spongioblasts that are to form the neuroglial elements of the

white substance. The cortical or pyramidal layer has taken up

all its wandering neuroblasts from the deeper layers and is sharply

marked off from the subjacent intermediate layer. It is already

beginning to subdivide itself into two separate layers, the outer

portion being somewhat denser than the inner portion. During

the sixth and seventh months, with the further differentiation

of the cortical cells, they become grouped into six distinct layers,

corresponding to the stratification of the adult cortex._ Certain

portions of the cortex exhibit modifications of this six-layered

arrangement, the strata being increased or decreased in number or

varying in thickness. Thus the adult cortex presents various

histological areas, each possessing its own characteristic stratifica-

tion. The visual cortex is a particularly marked example. Its

characteristic consists in the subdivision of the internal granular

layer into two layers, t)etween which is formed a conspicuous white

line, the so-called line of Gennari. Another departure from the

general type is found in the hippocampus and fascia dentata, which

differ in the well-known way from the cortex seen in other regions.

On the outer surface of the cortical layer there is frequently

seen during the fourth month, as shown in Fig. 75, an irregular

fungiform clumping of cells, the so-called Eetzius papillae. These,

however, are an artefact, being a result of partial maceration of

the tissues.

FORMATION OF SULCI AND CONVOLUTIONS.

In the further growth of the brain wall the white matter con-

tinues to increase in thickness, while the cortical zone (gray mat-

ter) remains spread out in a relatively thin layer, its expansion

taking place in a plane parallel with the surface of the brain wall.

To accommodate this increase in the extent of its surface the outer

surface of the brain wall is thrown into folds. The lines along

which the principal folds form correspond (usually) to the boun-

daries of different histological areas, due perhaps to the difference

in their time of development or possibly in consequence of their

different reaction to the tension existing between the gray and

white substance. Since the different histological areas represent

constant functional areas, the fissures are therefore more or less

constant.

The first fissures to appear (about the third month) are those

associated with the primitive olfactory system, the hippocampal
and rhinal. The hippocampal or arcuate fissure forms along the

border of the dentate fascia, as shown in Fig. 67. An accessory

arcuate fissure on the median wall dorsal to the hippocampal fissure
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is described by His as occurring about the same time. By other

writers (Hochstetter, Goldstein) this and the so-called fissura

prima are regarded as post-mortem phenomena. The fissura

prima, or anterior arcuate fissure, is described by His as being

the first fissure to appear (the second month). It is found on the

median wall near the olfactory bulb, and extends upward in front

of the preterminal body of Gr. Elliot Smith (that is, the trapezoid

body of His). Part of it is thought to persist as the fissura parol-

factoria posterior. According to His, an extension of th'e pia

mater extends into and corresponds in form to the fissure, and he

argues that therefore it must be a real fissure. His opponents

deny its presence in well-preserved brains. The rhinal fissure

Lobus parietalis

Lobus occipitalis.,^

'~- Lobus frontalis

Lobus temporalis Bulbus olfactorius

Tractus olfaetorius lateralis

Fig. 76.—Lateral view of reconstruction of cerebral hemisphere of a human fetus about three months

old (crown-rump length 80 mm.. Mall collection, No. 234a). The rhinal fissure is situated along the

upper border of the tr%ctus olfaetorius lateralis. The dark-shaded portion at the base represents that

portion that is not covered in by a typical cortical layer.

(Fig. 76) separates the lobus piriformis from the neopallium, but

in man, owing to the suppression of the olfactory apparatus, it

always remains insignificant.

The development of the Sylvian fissure is not completed until

after birth, but the first stages in its formation can be seen at the

third month. On comparing Figs. 76, 77, and 79 it will be seen

that its formation is dependent on the fact that the brain wall in

the region of the corpus striatum does not enlarge as rapidly as

the parts adjacent to it. This at first expresses itself in the for-

mation of a shallow depression, the fossa Sylvii (see Fig. 76). As

the neighboring temporal, frontoparietal, and orbital portions be-

come thicker they form in-rolling walls or lips, the so-called oper-

cula, which finally cover in the retarded portion or insula. The

lines along which the lips meet constitute the fissure of Sylvius.

The temporal and frontoparietal opercula are formed first. The



102 HUMAN EMBRYOLOGY.

frontal and orbital opercula are very late in development. They

do not begin to form until the insula is already partly covered

in by the temporal and frontoparietal opercula, and they do not

Lobus parietalis

Lobus occipitalis -

' Lobus frontalis

'^N Insula

Bulbus olfactorius

Lobus temporalis

FiQ. 77.—Lateral view of reconstruction of cerebral hemifipbere of human fetus at the beginning of

the fifth month (crown-rump length 150 mm., Mall collection). A portion of the^tractus olfactorius

lateralis can* be'.seen^at the lower border of the insula.

come into apposition with each other and the other two opercula,

so as to close in the anterior part of the insula, until after birth.

In Fig. 77 the advanced growth of the temporal, occipital, and
parietal lobes, corresponding to their primi-

tive functions, is very evident. The frontal

lobe whose functional activity is the last to

be required is correspondingly backward.
In consequence the brain in fetuses between
50 and 150 mm. long, when seen from above
or in front, as in Fig. 78, resembles in its

outward appearance the smooth forward
tapering brain seen in some of the lower
mammals,

—

e.g., rabbit. Variations in the

degree of development of the frontal oper-
culum determine the shape of the two ante-

rior limbs of the Sylvian fissure between
which it lies. When well developed, it sepa-

rates the two Sylvian limbs from each other

so that they assume a U shape; when less

developed, it forms a V shape; or, if so

poorly developed that the orbital and frontoparietal opercula meet
so as to occlude the frontal operculum from the main limb of the

fissure, then we have a T shape. In some forms of arrested devel-

opment the anterior portion of the fissure of Sylvius is defective

and the insula remains partly exposed.

FiQ. 78.—Anterior view of

brain of a human fetus of about
the same age as shown in Fig.

76. (After His.)
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The hippocampal, rhinal, and Sylvian fissures develop along
boundary Imes of brain areas that differ markedly both in .struc-
ture and in rate of development. The calcarine, parieto-occipital,
and central fissures also represent boundary lines of areas that
differ histologically, but. the differences are not so marked as in
the former cases, and the fissures appear somewhat later, during
the fifth month. They are soon followed by the collateral, inferior
and superior precentral, postcentral, superior temporal, superior
and inferior frontal, parolfactory, interparietal, callosomarginal,
and orbital fissures, all of which appear during the sixth or seventh
month.2 The character of these fissures at the end of the seventh
month is shown in Figs. 79, 80, and 81. These fissures first appear
as shallow furrows, and an individual fissure may first appear as

Sulcus postcentralia Sulcus centralia

Lobus
parietalis superior

Region of
(CjTiTis supramargin. /

et angularis *

Kamus po3terior —

Sulcus temporalis
medius

Polus posterior

\ Sulcus frontalis

inferior

Ramus anterior
ascendens
Fissiu-a cerebri

lateralis (Sylvii)

Lobus temporalis

Gyrus temporalis superior Gyrus temporalis medius

Flo. 79.—Lateral view of the cerebral hemisphere of a human fetus at the end of the seventh month,
showing the formation of the early fissures. Compare with Figs. 76 and 77. (After Kollmann.)]

several short furrows which as they deepen subsequently unite

into a continuous furrow. The calcarine fissure, somewhat like

the hippocampal fissure, involves the whole thickness of the brain

wall and produces an elevation within the ventricle, the calcar

avis. The parieto-occipital fissure apparently also causes at first

^A distinction is frequently made between sulci and fissures, based on the

conditions found in the adult. The term sulcus is used for the more shallow

grooves, and the term fissure" for the deeper ones, those which in their development

involve the whole thickness of the brain wall and influence the form of the

ventricle. Thus we speak of the fissure of Sylvius, the longitudinal, the hippo-

campal, the collateral, the calcarine, and the parieto-occipital fissures; all other

grooves are designated as sulci. From the embryological stand-point it might be

better still further to restrict the term fissure and limit it to the fissure of Sylvius

and the longitudinal fissure. We would then have the term sulcus as representing

all those furrows which are formed as actual grooves in the brain wall, and the

term fissure would be limited to the clefts that result secondarily from the

imequal growth of major brain regions, and are not true indentations in the

original surface of the brain wall.
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an infolding of the brain wall. This, however, disappears with

the thickening of the wall. It is possible that it is to be classed as

an artefact together with the so-called transitory fissures. The

transitory fissures consist of sharply marked furrows frequently

found indenting all parts of the cortex during the third and fourth

months. They are irregular in form and position and are only

found at this time. It is to be remembered that at this period the

human hemisphere consists of a large thin-walled vesicle whose

walls have not yet developed a firm framework, and, even with good

material and with great care in its treatment, it is difficult to pre-

vent artificial foldings of the wall when the specimen is immersed

in preserving fluids.

Gyrus cinguli

Corp.
callosum

Sulcus Corp. callosi

[
Splenium Fissura parieto-occipitalis

Cavum septi

pellucidi

Lamina rostral is

Area parolfactoria

Fig. 80.

Cuneus

Fissura calcarina

Nervus olfactorius | |
Fissura rhinioa

Nervus opticus Lobus temporalis

-Median view of the cerebral hemisphere of a human fetus at the end of the seventh month,
being the same specimen shown in Fig. 79. (After Kollmann.)

These primary fissures constitute boundaries of primary func-

tional areas of the pallium. Subsequently association areas are

developed around them, forming new cortical territories, and as

these expand new furrows develop to accommodate the growing
cortex. The secondary gyri thus formed may crowd the older ones

into new forms or even partly replace them by burying them under,

as we have seen the insula buried by the adjoining opercula.

DEVELOPMENT OF THE MYELIN SHEATHS.

The final phase in the development of the hemisphere wall

consists in the process of myelinization of its nerve-fibres. This
does not begin until about the time of birth and it continues from
then until the end of puberty. For the details of this process the

reader is referred to the studies of Flechsig, to whom we are

indebted for almost the whole of our present knowledge of this

subject. We will here only give a brief outline of the process.
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The process begins in the projection fibres of the four primary
sensorimotor fields : 1, the olfactory ; 2, the visual ; 3, the acoustic

;

and 4, the somatic. These possess both efferent, and afferent ele-

ments. In the visual and acoustic mechanisms the efferent element

is very small. In the somatic area both the efferent and afferent

elements are largely represented, each occupying a definite por-

tion of the total area, the afferent forming the postcentral area

(somsesthetic) and the efferent the precentral area (motor). The
afferent projection fibres are probably myelinated shortly before

the efferent ones.

Gyrus frontalis medius

Gyrus frontalis inferiot

Gyrus frontalis superior

Gyrus prse centralis

Gyrus centralis posterior

Lobulus parietalis superior

Lobulus parietalis inferior

Lobus occipitalis

Sulcuslfrontalis superior

Sulcus frontalis inferior

Sulcus prse centralis

Sulcus centralis

Sulcus postcentralis

Sulcus interparietalis

Fissura parieto-occipitalia

Fig. 81 .—Dorsal view of the cerebral hemisphere of a hxunan fetus at the end of the seventh month,
being the same specimen shown in Figs. 79 and SO. (After Kollmann.)

The process next spreads to a series of intermediate areas

whose projection fibres serve to connect the primary cortical areas

with the thalamic and pontine nuclei. The terminal areas to be-

come myelinated are those made up almost entirely of association

neurones, whose axones cross in the corpus callosum to the opposite

hemisphere or extend to distant or near parts of the same hemi-

sphere.

In concluding this chapter, there is added a table, taken from
His (1904), showing the order of development of the different

fibre tracts of the central nervous system. The size and approxi-

mate age of the embryo or fetus is indicated, and in the columns
the first recognizable appearance of a given tract is indicated by
a check.
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III. PERIPHERAL NERVOUS SYSTEM.

SPINAL NERVES.

The ventral roots of the spinal nerves are derived from the

mantle layer of the neural tube, as has been previously referred to.

Processes from the neuroblasts situated in the mantle layer are

assembled into rootlets which emerge in a continuous longitudinal

series along the ventrolateral border of the tube. Outside of the

tube these rootlets are grouped into segmental bundles, and after

being joined by the fibres of the dorsal roots they constitute com-
plete segmental nerves. The direction taken by the ventral root

fibres on emerging from the tube varies according to the size and
position of the ganglion crest. In the human embryo it is almost

X-XI Ganglionic crest

X/ Rootlets

Bridge

Fia. 82.—^Reconstruction of a portion of the peripheral nerves of a human embryo 4 mm. long .(Hertwig

collection, No. 137). EnUirged 22 : 1. Ot. v., ear vesicle.

directly lateral. In some sections of the 5.5 mm. pig in the

author's possession the ventral roots extend dorsalward through

the mesenchyma at an angle of 30° to reach the ventral border of

the ganglion mass.

The dorsal roots are derived entirely from the ganglion crest.

This structure can be seen in the 4 mm. embryo, Fig. 82, as a flat-

tened cellular band which extends caudalward from the auditory

vesicle along the lateral border of the neural tube to its extreme

tip. As will be referred to later, the ganglion crest of the hind-

brain is similar to and by some described as continuous with that

of the spinal cord (p. 139). That part of the crest which corre-

sponds to the spinal cord is characterized at this time by segmen-

tal incisures along its ventral border. The dorsal border of the

crest remains intact until the appearance of the dorsal rootlets,

in the meantime constituting a cellular bridge connecting the more

ventral ganglionic clumps. In embryos at the end of the fourth
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week (Fig. 83) fibrous processes can be seen cropping out from

the dorsal border of the crest and attaching themselves to the

spinal cord. They appear first in the cervical region and some-

what later can be seen in the more caudal part of the crest. These

are the primitive dorsal rootlets. They enter the marginal zone

of the tube and eventually form a longitudinal bundle correspond-

ing to the dorsal funiculus of the adult cord. Peripherally they

N. ophthal-
mic.

N. maxillaris

N. maeticatoniis

N. mandibularia

Fig. 83.—Reconstruction of the peripheral nerves of a human embryo 6.9 mm. long (His collection, Br. 3).

Enlarged 16.7 :.l.

can be traced back to cell clusters in the crest, the processes from
several cells uniting in a common fibrous strand. With the for-

mation of these rootlets there is a gradual disappearance of the

dorsal bridge, and there is thereby produced a complete segmen-
tation of the ganglion crest. The ventral end of the ganglia extend

forward and end diffusely among the fibres of the ventral roots.

The cells are in a state of active differentiation, and the developing

fibrous processes can be seen joining the more precocious ventral

roots.



DEVELOPMENT OP THE NERVOUS SYSTEM. 119

In embryos 9 to 10 mm. long (Fig. 84) the differentiation of
the ganglion-cells and their fibrous processes has advanced to a
point where the chief parts of a typical spinal nerve may be
recognized. There is the dorsal root and its sharply outlined
ganglion and a well-defined ventral root joins it, the two together
forming the nerve-trunk. At the same time that the dorsal and
ventral roots unite to form the main trunk, they both give off
lateral fibres which form the dorsal branch, the so-called posterior
primary division, which breaks up among the cells that are to
form the long muscles of the back, supplying these and extending
through to reach the integument. The remainder of the nerve-
trunk is continued forward as the -ventral branch, or anterior pri-
mary division. From its median side there is given off the ramus

Ganglion spinale

Dorsal muscles —K,

Ventrolateral muscles --.

Arcus vertebralis

Y>-\ \ Ramus posterior n. spinalis

Art. thoracica

Proc. costalis

Ramus terminalis

lateralis

Ramus terminalis

anterior

Fig. 84.—Diagrammatic transverse section through a thoracic segment of a 9 mm. himian embryo.
Enlarged 25 : 1. (After Bardeen and Lewis, 1901.)

conurnxnicans, which extends toward the aorta and ends in the

sympathetic ganglion cord. The main trunk terminates in two
branches, the anterior and lateral terminal branches, from which
arise the anterior and lateral cutaneous branches of the adult,

and which in the thoracic and abdominal regions give off branches

to the musculature of the front and lateral body wall. The relation

of these branches to the individual muscles is shown at a later stage

in Fig. 85. In the same figure can be seen the loop-formation in

the intercostal space that occurs before the bifurcation of the trunk

into the lateral and anterior terminal branches is completed.

Throughout the spinal region there is a tendency for the adja-

cent nerve-trunks to unite at the place where the lateral terminal

branches arise, and there is formed thereby a series of interseg-

mental loops. This loop- or plexus-formation may involve either
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the lateral or the anterior tenninal branches, or both. Its degree

of development depends upon the complexity of the parts supplied.

ArcuB vertebralis

Mm. dorsales

Radix posterior

I

Ramus]posterior

Fxa. 85.—Diagrammatic transverse section through a thoracic segment of a 17 mm. human embryo
(Huber collection. No. 14), showing a typical thoracic nerve. Enlarged 15 : 1.

In three regions it is particularly marked, and there are thus pro-

duced the cervical, brachial, and lumbosacral plexuses.

Cervical Plexus.

In the cervical region the anterior and lateral terminal

branches form two separate plexuses; the former produces the

deep cervical plexus, and the latter the superficial cervical plexus.

The superficial cervical plexus consists of the union of the lateral

terminal branches into loops, from which are given off the cutane-

ous branches to the auricular, cervical, and occipital regions. The
deep plexus results in the formation of the ansa hypoglossi and the

phrenic nerve. The former is produced by the fusion of the second

and third cervical nerves into the descendens cervicis, which unites

in a loop with the hypoglossal, together with which the first cer-

vical has been incorporated above. From this loop are given off

the short branches which end among the cells that are to form the

hyoid musculature.

The phrenic nerve is formed by anterior terminal branches
principally from the fourth and fifth cervical nerves. A contri-

bution on the part of the sixth and third nerves may occur. This
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nerve can be seen through the transparent arm in Fig. 86. Owing
to the position of the diaphragm at this time the course of the

^riT^A^^^^^^^
directly ventral. Later, as pointed out by His and

Mall (Mall, 1901), the points of origin and insertion of the nerve

Gang, acusticum

N VI
I

Gang, semilunare n. trigemini
|

{

Cerebellum !

Vesicula audit!va
Gang, radicis n. IX

I
Gang, petrosum

j j

Gang, radicis n.

Cor''

Diaphragma"

Hepar

Gang. cocc. I

N. tibialis

N. peronaeua

Tubus digest

Gang. Froriep

•'N. hypoglossus

Gang. cerv. I

="N. XI
"Gang, nodosum

N. desc. cerv.

"i.anBa hypoglosBi)
Rami hyoid.

- N^. musculocutan.
::^. axillarifl

N. phreuicua— N". medianuB— .V. radialis

—F. ulnaris

-Gang. thor. I

Gang. aacr. I

N. femoral.
\

N. obturator.

1 R. posterior

I I
R. terminalis lateralis

I
R. tenninalis anterior

Gang. lumb. I

j
Mesonephros

Nn- ilio-ing. et hypogastr.

PiQ. 86.—^Reconstruction of the peripheral nervous system of a human embryo 10 mm. long (Huber
collection. No. 3). The arm and leg are represented as transparent masses, into the substance of which
the brandies of the brachial and lumbosacral plexuses may be followed. Enlarged 12 : 1,

draw gradually apart, due on the one hand to the descent of the

diaphragm and the lengthening of the thoracic cavity, and on the

other hand to the subsequent elevation of the cervical nerves which
accompanies the development of the structures of the neck. It is

thus that there results the long caudal course of this nerve that is

characteristic of the adult.
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Nerves of the Arm and Leg.

In the arm and leg we meet with special conditions which will

be better understood if we first refer to two essential factors that

were established by the recent experimental work on amphibian

larvEe by Harrison (1907). In the first place, he has shown that

the nerves which take part in the innervation of a limb are deter-

mined by the position and width of the limb bud. A limb bud

transplanted to some other part of the body acquires a complete

system of nerves, supplied by the region in which the limb is im-

planted. In the second place, the distribution of the nerves within

a limb is determined by its own component structures. The segre-

gation of the developing structures within the limb has a directive

action upon the growing nerve-fibres, and determines their group-

ing into definite characteristic bundles. Even foreign nerves

entering a transplanted limb bud are likewise controlled so that

they form intrinsic nerves to the limb and assume normal terminal

ramifications. These two factors are to be kept in mind in inter-

preting the normal embryology of these nerves. Our knowledge
concerning the details in the development of the nerves of the arm
in the human embryo is based principally upon the work of Lewis

(W. H., 1902) and of the leg on the work of Bardeen (1907).

Large use has been made of their papers in the following

description.

When the limb buds first form they consist, to all appearances,

of homogeneous mesenchyma and contain no nerves. Very soon,

however, opposite the base of each limb bud, presumably stimu-

lated by its presence, the anterior primary divisions of the spinal

nerves undergo an exuberant growth and form a solid sheet or

plexus of fibres extending toward the base of the limb. In embryos
a few days older, coincident with the condensation of the skeletal

core, branches from this nerve-plexus can be seen advancing into

the limb bud and entering the areas of premuscle tissue that in the

mean time have formed a sheath around the skeletal core. The
premuscle sheath is not evenly distributed, but from the very start

is arranged in the form of muscle groups, and it is between these

groups through the intermuscular spaces that the nerves make
their way. As the differentiation of the limb continues the nerve
trunks extend distalward in the limb and give off muscle branches
which enter the muscle groups and supply the individual muscle
anlages. The site of nerve entry into a muscle is constant. It is

situated near the centre of the anlage on the side toward the main
trunk. This point is the seat of the earliest differentiation of the

muscle, and according to the Nussbaum law muscle growth extends
from here in the direction of the intramuscular nerve branching.
Though nerve-fibres and muscle groups seem to make their appear-
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ance simultaneously, and even at times the nerves seem to precede

the muscles, yet it must be remembered that the experimental evi-

dence clearly shows that the situation and branching of the nerves

are entirely dependent on the structural segregation of the develop-

ing muscles and skeleton, and this is why the main nerve-trunks

are developed in paths situated in the intermuscular areas, and
likewise why the larger nerve branches are in the intramuscular

septa of individual muscles. As we do not have a metameric dis-

tribution of the muscles of a limb, we consequently do not have a

true metameric distribution of the nerves.

Fia 87 —Diagram illustrating the influence of the direction of the fibre bundles in different muacle types

upon the character of their nerve supply. (After Bardeen, 1907.)

Within the muscle the course of the chief branches is deter-

mined by the direction of the fibre bundles, whether they run

parallel or are transverse to the main trunk from which the nerve

arises. When the fibre bundles of a muscle are transverse to the

main nerve-trunk, its nerve and chief branches pass across the

fibre bundles midway between the points of attachment, giving

off branches on each side which go to form the intramuscular

nerve-plexus. When the fibre bundles of a muscle run parallel

with the main nerve-trunk, the branches to this muscle, as a rule,

enter the proximal third of the muscle belly and extend distally

parallel with the muscular fibres, giving off at the same time the

branches to the intramuscular plexus. This relation between the
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direction of the muscle-fibres and the course of the supplying

nerve is shown for different muscle types in Fig. 87. A further

influence on the course of nerves is exerted by the migration of the

muscles which they supply. The muscle masses, having received

their nerves at an early stage, may by subsequent migration draw

the nerves a long way out of their original course.
_

This is illus-

trated by the latissimus dorsi, the trapezius, the diaphragm, and

the muscles of the tongue.

The arm bud develops somewhat in advance of the leg bud.

In the 4.5 mm. embryo there is a well-defined arm bud, consisting

of an apparently homogeneous mesenchyma and having as yet no

nerves. A leg bud in a similar stage of development is not met

with until we come to embryos about 7 mm. long. The base of the

arm bud is usually situated opposite the lower four cervical and

first thoracic vertebra, and the leg bud opposite the five lumbar

and first sacral. There is some variation in the position of the

limb buds relative to the spinal axis at the time of entrance of the

spinal nerves. Consequently there may be a variation of as much

as three segments in the origin of the spinal nerves which event-

ually enter a particular limb, the more cephalic nerves supplying

the limb when the limb bud has a more cephalic position and vice

versa.

In the 9 mm. embryo the central mesenchyma of the leg bud is

condensed into sclerogenous tissue corresponding to the hip-bone

and proximal part of the femur. This sclerogenous tissue divides

the bundles of nerve-fibres streaming into the leg into the main

nerve-trunks. The lumbosacral plexus in an embryo of about

tliis age is shown in Fig. 86. The nerves forming it unite into a

flattened mass or sheet of fibres which enters into the base of the

leg bud, the division into anterior and lateral terminal branches

being lost in the formation of the plexus. The further course of

the fibres is determined by the framework of the leg. Owing to the

cell masses of the bony pelvis and the femur the fibres become
grouped into four bundles arranged in two pairs, each consisting

of a median and lateral trunk. Of the upper pair the median trunk

corresponds to the n. obturator, and the lateral to the n. femoralis.

The lower pair represent the n. sciaticus, the median bundle con-

stituting the future n. tibialis, and the lateral the n. peronseus com-

munis. In the 11 mm. embryo, as shown in Fig. 88, the leg is

differentiated externally into foot-plate, crus, and thigh, and inter-

nally, surrounding the skeletal core, a distinct myogenous zone

can be recognized, consisting of muscle groups with intervening

intermuscular spaces. The main nerve-trunks have grown well

down into the limb between the muscle groups, and the chief mus-
cular and cutaneous branches can be seen. In Fig. 89 is repre-

sented a median view of the leg and the adjoining part of the
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trunk of an embryo 20 mm. long, showing the relations of the
thoracic, lumbar, and sacral nerves to the abdominal musculature
and the skeleton of the leg. Both muscular and sensory branches
are shown, and it will be seen that the nerve supply of the leg at
this time must be considered as essentially complete.

The nerves of the arm in a 9 mm. embryo are shown in Fig.
90.

_
The brachial plexus consists of a continuous sheet of fibres

which on reaching the developing humerus is split into a dorsal

N. sp. ext. N. il. ing.

Mm. add.

Mm. fern. post.

XJrachus

Mm. cr. post. sup.
|

Mm. cr. post. prof.

Foot plate i

N. l.ing

N. cut. lat

N. cut. ant,

N. sart.

M

N. bi. prox.

port, et semit.

Isch,

N. pud.

M. obt. int.

N, cut. fem. post.

M. quadr. fem.

Fig. 88.—Nerves of the leg in an embryo 11 mm. long, age about five weeks. Enlarged 17 : 1. The
principal muscle anlages are shown in lighter color. Isch., os ischii; Mm. add,, musculi adductorea; Mm,
CT. poet, sup.f musculi cruris post, superficiales; Mm. cr. post, prof., musculi cruris post, profundi; Jtfm.
fem.poat., musculi femorales posteriores; M.oht.int., muse, obturator int.; M. quadr, fem,, muse, quad-
ratus fem.oris; M, red, abd., muse, rectus abdominis; N. hi. prox. port, et semit,, n. proximalis portionis
muse, bicipitis et muse, semitendinosi; N, cocc., n. coccygeus; N, cut. ant., n. cutaneus femoris anterior;
N. cut. fem. post., n. cutaneus femoris posterior; N, cut. lot., n. cutaneus femoris lateralis; N. il. hyp., n.
iliohjTJOgastricus; N. il. ing., n. ilio-inguinalis; N, I, ing., n. lumbo-inguinalis; N. pud., n. pudendus;
N. saph., n. saphenus; N. sart., n. muse, sartorii; N. sp. ext., n. spermaticus ext.; N. thor. 11, n. thoracalis 11;

Pu„ 03 pubis. (After Bardeen, 1907.)

and ventral division, the former corresponding to the posterior

cord and the latter to the outer and inner cords. These cords are

immediately broken np into the large branches which pass down
in the intermuscular spaces, where the fibres abruptly fray out to

enter the premuscle masses. The formation and branches of the

brachial plexus, as seen in the 10 mm. embryo, are shown in Fig.

86. The brachial plexus is split by the skeletal anlage into two

laminae from which the various nerves arise. From the anterior

or ventral lamina arise the n. musculocutaneus, n. medianus, and

n. ulnaris, and from the posterior or dorsal lamina the n. axillaris
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and n. radialis. As compared with the lumbosacral plexus in

the same embryo it is considerably in advance. It is not nntil

tajTUp,

N. thor. 6

N. plant, med.
N. plant, lat.

N. abd. hal.

N. flex. hfll. br.

N. die. plant. II-IIJ

Nn. il. ing. et sp. ext,

Nn. cut. ant,

N..quadr. fern

n. pud.

N. obt. int. N.'cocc.

Nn. semit. et bi, prox. port.

Nn. add. m. semim., semit. et bi. cap. 1.

N. bi. cap. br.

N. gastroc.

N. sural

N. quadr. pi.

Nn. sol.

Fig. 89.—Nerves of the leg and adjacent abdominal wall in an embryo 20 mm. long, age about' seven
weeks. Enlarged 10 : 1. (After Bardeen, 1907.) For the abbreviations see Fig. 88.

later (20 mm.), secondary to the caudal migration of the arm, that
we meet with a decided posterior inclination of the brachial plexus

;

but, aside from this and aside from the proportionate large size
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of the nerves as compared with other structures, there is little in
their gross morphology to distinguish the nerves of the arm at the

Spinal gangl.

Fig. 90.—^Reconstruction of the nerves and skeleton of the arm in a human embryo 9 ram. long.

W. H. Lewis, 1902.)

(After

end of the first fetal month from those of the adult. In the follow-
ing table is given the origin of the fibres of the larger nerves of the

arm as traced by Lewis (1902) in an embryo of this age:

Cervical. Thoracic.

N. suprascapularis V, (VI)
V, VI, VII

VII,
V, VI, VII,
V, VI, (VII)

V, VI, VII,
V, VI, VII
V, VI, VII,

(VI), VII,

VIII
VIII

VIII

VIII
VIII

N. thoracalis longus
Nn. tlioracalcs anteriores
N. musculocutaneus

N. axillaris. ...

N. ulnaris .

According to Bardeen (1907) the cutaneous nerves first ap-

proach the superficial fascia along the line corresponding to the

primary margin of the limb bud, and from these areas send

branches of distribution over the dorsal and ventral surfaces of

the developing limb, as shown in Fig. 91. There exists a consider-

able variation in the extent of distribution of these branches to

the skin. The extensive development of one nerve tends to retard

the growth of the neighboring nerves, and diminished development
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stiimxlates them to more active growth. A further source of varia-

tion, which is equally true of motor nerves, is that any two nerves

that arise in succession—such as the twelfth thoracic and hypo-

gastric, the hypogastric and inguinal, or the lateral cutaneous

iliohypogastric,
ilio-inguinal.
sperm, ext.
lumbo-inguinal

.

obturator

plantar med.

plantar lat.

sural

cut. fern. post.

rami perineal,
n. dors. pen.
nn. perinei
n. heeznorrfa. inf.

iliohypo^etric.
ilio-inguuial.
spei-m. ext.
lumbo-inguinal.
cut. fern. lat.

cut. fern, ant,

ram. cut. med, (n. obturat.)

sapbenus

... . peronseus prof.

peronsBUs superf.

— cut. sur£e lat.

cut. fem. post.— rami perineal, (n. cut.

fem. post.)

Fig. 91.—Diagram of the cutaneous nerves of the lumbosacral plexus, showing the superficial areas

along the margin of the limb bud which are first reached by the tips of the growing nerves. Extending
from these foci branches spread eventually over the dorsal and ventral surfaces of the limb. A, ventral
group; B, dorsal group. (After Bardeen, 1907.)

and femoral—may be combined into a single trunk for a greater

or lesser part of their course. On the other hand, two or more
nerve-trunks may carry fibres ordinarily assembled in a single

trunk, such as extra iliac and genital branches or an accessory

obturator,

CEREBRAL NERVES.

For purposes of description the nerves of the head will be
grouped according to their function, following as far as possible

the functional systems of G-askell; Le,, the activities of the organ-
ism are separated into somatic and visceral, in each of which there



Somatic sensory. Somatic motor.

Olfactory Oculomotor
Optic Trochlear
Acoustic Abducens

Hypoglossal
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is the double activity on the part of the nervous system, motor and
sensory, making in all four prinjary functional divisions. Some
of the cranial nerves consist of elements belonging exclusively to
one functional division,—for example, the n. abducens, which con-
sists entirely of somatic motor fibres,—while others are complex
nerves containing elements of more than one system, such as the
n. vagus, which contains elements from three functional divisions,
somatic sensory, visceral sensory, and visceral motor. The nerves
will therefore be grouped according to the predominance of their
functional elements as follows:

visceral (motor and sensory).

Trigeminal
Facial
Glossopharyngeal
Vagus and accessory

In general the basal plate of the neural tube is motor and the
lateral or alar plate is senspry; thus, the somatic motor group
arises entirely from the basal plate, while the visceral group is

connected in larger part (sensory) with the alar plate and in lesser

part (motor) with the basal plate. The nerves included under the
somatic, sensory group are all specialized nerves and have individ-

ual processes or lobes of the nervous system devoted to them,

—

i.e., the olfactory bulb, the eye bulb and stalk, and the tuberculum
acusticum.

Nerves of Special Sense Organs. (Special Somatic Sensory.)

These nerves belong to the group of afferent nerves which
connect the integument with the central nervous system, and the

union of nerve and integument has resulted in the formation of

special sense organs,—that is, the olfactory organ, the eye, the ear,

and the lateral line system, composed partly of nerve elements and
partly of integument. This nerve group is shown in Fig. 92, which
represents schematically a typical vertebrate head in which the

integumental part of the special sense organs is shown in red.

The nose, eye, and ear are the same as seen in man. The lateral

line system, however, is absent in man except for a temporary
trace which may be seen in 7 mm. embryos in the form of areas

of thickened epidermis situated over the second, third, and fourth

branchial arches, probably representing the lateral line ganglia

incorporated with the seventh, ninth, and tenth cranial nerves of

lower vertebrates. By comparing the nerve portions of these

organs in Fig. 92 it can be seen that the olfactory nerves, the

retinal ganglion-cells, and the acoustic nerve, though differing

so widely in their adult morphology, must all be considered as

analogous structures.

The nn. olfactorii and the n. opticus will be described with the

special sense organs to which they belong.

Vol. II.—

9
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The n acusticus develops from a small group of gangkon-cells

whicli can be recognized by the end of the third week, lying closely

against the cephalic border of the ear vesicle. Nerve-fibres arise

from the proximal pole of the mass connecting it with that part ot

the neural tube which is to form the tuberculum acusticum and

from the distal pole connecting it with the auditory vesicle. Con-

cerning the origin of these ganglion-cells there still remains some

uncertainty. They are evidently not derived from the neural

crest; but whether they migrate out from the bram wall or the

walls of the developing ear vesicle, or are derived from the ecto-

derm immediately adjacent to the auditory pit, remains to be

determined.
I^P,

jystemat. lin.lateralis(Vll)
^

LobuS lin. lateralis

Tuberc .
acusticum

Fig. 92.—Diagrammatic vertebrate head showing the special sense organs that are formed by the union

of nerve and integument, the integximental portion being shown in red.

The successive stages in the development of the acoustic gan-

glion mass and its branches are represented in Fig. 93, which shows

its appearance in embryos 4, 7, 9, 20, and 30 mm. long. This should

be compared also with Fig. 86. The first step consists in the

elongation of the ganglion and partial subdivision into a pars

superior and pars inferior, each of which develops its own separate

group of peripheral nerve branches. The pars superior forms the

ganglion of the nerves to the utricle and the ampullae of the

superior and lateral semicircular canals. The pars inferior forms

the ganglion of the nerves to the saccule and the ampulla of the

posterior canal. In addition there is derived from the pars in-

ferior a cell mass that becomes differentiated into the ganglion

spirale. This makes its appearance in embryos about 9 mm.
long, where it can be seen that some of the ganglion-cells on the

ventral border of the pars inferior have become massed together
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-n ve stib Tx

4 mm. 7 mm,
-pars Sup

,i> pars inf

pars Sup

pars inf,,.

V i

n vestib- -r'X

-9mr

,pars sup

-pars in-F

n coch
qanq spirale-

FiG. 93.—Development of the left ganglion acusticum and its nerve branches. The vestibular por-
tion is shown by fine dots and the cochlear (ganglion spirale) by large dots. In the 9, 20 and 30 mm. stages
a median view is shown on the left and a lateral view on the right.
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to form tlie anlage of this ganglion; in other words, the ganglion

acnsticum at this stage consists of an upper division entirely

vestibular and a lower division partly vestibular and partly coch-

lear. The vestibular part of the pars inferior constitutes the

so-called Zwischenganglion of His, jun.

As the differentiation proceeds and the fibres elongate, the

group of cells forming the ganglion spirale becomes separated

from the parent ganglion mass, and eventually assumes the spiral

form of the adult. The pars superior and pars inferior usually

become completely separated, accompanying the subdivision of the

vestibular nerve. The embryonic connection between the two may,

however, persist. Likewise the path of separation between the

pars inferior and the ganglion spirale may be more or less com-

pletely bridged over in the adult by a persistent connecting chain

of ganglion-cells.

It will be seen that the n. cochlearis is made up entirely of

fibres derived from the ganglion spirale, while the n. vestibularis

consists of two portions derived respectively from the pars supe-

rior and pars inferior of the ganglion vestibulare. Owing to the

contiguity of the pars inferior and the n. cochlearis, they become
closely united by the developing mesenchymal elements, and this

gives rise to the misleading appearance in the adult of the saccule

and posterior ampulla being supplied by the cochlear nerve. The
vestibular and cochlear divisions of the acoustic complex present
the following contrasting characteristics: The ganglia belonging
to the vestibular division develop midway along the trunk of the
nerve; the ganglion of the cochlear division is situated at the
extreme distal end of the nerve and lies closely against the coch-
lear duct, being later incorporated with it in the cartilaginous
capsule, and hence the cochlear terminal branches are short and
form a continuous fringe of fibres, while the vestibular terminal
branches form discrete nerves of some length ; the main trunk of
the cochlear division is characterized by the compactness of its

fibres and their spiral arrangement, which is already apparent in

the 30 mm. embryo, while the fibres of the vestibular division are
less compactly bundled and do not have a spiral character. In
these particulars the vestibular nerve is the more primitive of the
two, and the cochlear nerve must be considered as a portion of the
former that has undergone special development.

Somatic Motor Group.

This group consists of the hypoglossal and the three nerves to

the extrinsic eye muscles (nn. oculomotorius, trochlearis, and ab-
ducens), and in common they all arise from the basal plate and
maintain their position near the median line directly beneath the
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floor of the ventricle. Their nuclei of origin are considered as a
cephalic continuation of the ventral motor column of the spinal
cord. The series is shown in red in Fig. 100.

The n. hypoglossus, as it appears m the 4 mm. embryo, is

shown in Fig. 82. Its rootlets arise from the basal plate of the
neural tube in three or four segmental groups in a longitudinal
series directly continuous with the ventral roots of the cervical

nerves. During the fourth week they grow forward and fuse in

a common 'trunk, which by the end of the first month has made its

way around the lateral border of the ganglion nodosum, and there
breaks up in its terminal branches in the anlage of the tongue. It

is now generally considered that the hypoglossal is a composite
nerve made up of the ventral roots of three or four segmental
spinal nerves which in the course of phylogenesis have become in-

closed by the bony cranium ( occipitospinal nerves). This view is

supported by the identity in appearance that exists in the earliest

stages (Fig. 82) between the hypoglossal rootlets and the ventral

roots of the spinal nerves. Furthermore the nucleus of origin of

the hypoglossal forms a continuous column with the ventral horn
of the spinal cord, as seen in Fig. 100. The fact that there are

no dorsal roots and ganglia as in the other spinal nerves is ex-

plained on the ground of retrogression of the sensory part of these

nerves, involving especially their more cephalic rootlets. Occa-

sionally in the embryo a ganglion, and at times also a dorsal root,

is found in connection with the more caudal rootlets of the nerve

(Froriep's ganglion), as in Fig. 94. In other cases, where the

sensory retrogression is more extreme, there not only is no gan-

glion of the hypoglossal, but the ganglion of the first cervical is

also partially or wholly absent.

In the course of its development the hypoglossal unites with

the cervical nerves in the formation of the ansa hypoglossi. The

steps in the formation of this plexus may be seen in Figs. 82, 8.3,

and 94. The fibres of the hypoglossal and the upper three cervical

nerves start out perpendicularly from the neural tube, and due to

the curve of the latter they are brought together at a common
focus, like spokes in a wheel, and enter together the muscle mass,

Froriep's Schulterzungenstrang, that is to form the tongue and

hyoid muscles. With the formation of nerve sheaths, adjoining

fibres become bound together, so that, as the individual muscles

take form and draw apart, the nerves are separated out in the

plexus that is characteristic of the nerves supplying these muscles

in the adult. As seen in Fig. 86, the essential features of the

ansa hypoglossi are completed in the 10 mm. embryo. The first

cervical unites with the trunk of the hypoglossal, and lower down

leaves it as the descendens hypoglossi, carrying along a varying

number of hypoglossal fibres. The descendens hypoglossi unites
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with the descendens cervicis, a fused branch from the second and

third cervical nerves, and thereby forms a loop, the ansa hypo-

glossi, from which are given off branches to the hyoid musculature.

The n. oculomotorius arises from a group of neuroblasts

situated in the ventral part of the mantle layer of the mesen-

cephalon. These neuroblasts converge to form small rootlets,

which emerge on the ventral surface of the neural tube in the

Vagus with gang, jugulare Root ganglia of the n. accessorius

Gang, jugul, of. n. IX-

Froriep's ganglion ,

N. X

Gang, nod OS

N. laryng. sup

N. XII with r. descend

N phreni

Syrnpathicus

N. vagus

Fig. 94.—Reconstruction of the peripheral nerves on the left side of a human embryo 14 mm. long (Mall

collection. No. 144). Enlarged 16.7 : 1.

concavity of the cephalic flexure. Here they nnitej as shown in

Figs. 10, 83, and 86, in a common trunk, which passes ventral-

ward to the region median to the first and second divisions of the

trigeminal nerve, where it breaks np in the cellular mass that is

to form the eye muscles. It eventually supplies a root to the

ciliary ganglion. There is no sensory ganglion in connection with

the oculomotor in the human embryo. In the chick and torpedo,

however, large bipolar cells have been described as migrating along
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its trunk to take part in the formation of the ciliary ganglion
(Froriep, 1902, Carpenter, 1906).

The n. trochlearis arises from a cluster of neuroblasts similar

and lying just caudal to those of the oculomotor. The rootlets

derived from them, instead of emerging directly ventralward, curve

dorsalward over the roof of the aqueduct, where they decussate

and emerge as a slender trunk which passes ventralward to reach

the anlage of the superior oblique muscle. No satisfactory ex-

planation has ever been given for the peculiar dorsal decussation

of this nerve.

PiQ. 95. Composite sagittal section through a human embryo 10 mm. long, the same shown in Fig. 86,

and representing the rhombic grooves and their nerve connection with the branchial arches. The nerve

arising from groove d is the n. abduoens, which passes median to the ganglion semilunare.

The n. abducens arises from a group of neuroblasts in the

median part of the mantle zone directly beneath the fourth rhombic

groove or neuromere (Figs. 95 and 100). These neuroblasts con-

verge and form rootlets which pass through the marginal zone and

emerge on the ventral surface of the neural tube. On emerging,

as can be seen in the 10 mm. embryo, they are gathered together

in a single trunk, which immediately bends forward at an angle of

90°, and passes forward mesial to the semilunar ganglion to reach

the' anlage of the external rectus muscle. It has been shown by

Bremer (1908) and Elze (1907) that it is not uncommon for this
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nerve to have a series of multiple rootlets, with a corresponding

caudal prolongation of its nucleus of origin backward into the

region of the fifth rhombic groove. On the other hand, it has been

further shown by Bremer (1908) that the nucleus of origin of the

n. hypoglossus may extend forward and more or less completely

bridge in the gap existing between it and the n. abducens. ,The

root fibres arising in such cases from the extreme cephalic end of

the hypoglossal nucleus and from the extreme caudal end of the

abducens nucleus, instead of joining with their respective nerve-

trunks, show a tendency to form "aberrant roots," which pass

out in various directions and are lost in the loose mesenchyme.

These aberrant roots eventually (during the second month) en-

tirely disappear.

Visceral Group.

The facial, glossopharyngeal, and vagus form a series of

similar nerves which consist almost wholly of visceral fibres.

Their motor visceral fibres arise from a column of neuroblasts

(nucleus ambiguus and nucleus facialis) continuous with the lateral

horn cells of the cord. Their sensory visceral fibres arise from

the peripheral ganglia and enter the alar plate of the neural tube

and form a longitudinal strand which in the adult we know as the

tractus solitarius. In addition to these visceral fibres there are

a few somatic sensory fibres for the supply of the integument of

the adjoining region, which arise and have a course similar to the

visceral sensory fibres. In aquatic vertebrates there are also the

special somatic sensory fibres of the lateral line system,whose fibres

join the roots of the facial, glossopharyngeal, and vagus to reach the

brain, and the ganglia from which these fibres are derived become
incorporated in the geniculate, petrosal, and nodosal ganglia. A
trace of these organs is seen in the human embryo in the form of a

temporary thickening of the ectoderm directly over the gangha
of these three nerves. The fourth member of this group, the tri-

geminal nerve, is distinguished by a larger admixture of somatic
sensory fibres. The ganglia of all four nerves are derived from
the neural crest.

The n. facialis is characterized by a large predominance of vis-

ceral motor fibres which make up the large motor root of the adult.

These motor fibres can be seen in the 10 mm. embryo (Figs. 96
and 100) arising from a group of neuroblasts situated beneath the

third rhombic groove or neuromere. The fibre bundles are assem-
bled and pass directly lateral under the floor of this groove and
gradually converge to form a solid trunk which emerges from the

neural tube just median to the acoustic ganglion. On emerging
the motor trunk curves caudalward (Fig. 100) and terminates
among the cells of the hyoid arch which are destined to form the
muscles of expression.
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The sensory fibres of this nerve spring from the geniculate

ganglion, which is apparently a derivative of the neural crest. It

can be clearly made out toward the end of the third week, lying in

front of and separate from the ganglion acusticum. Shortly after

a path of loosely grouped fibres can be seen extending from it to

the neural tube constituting its proximal root, the n. intermedins.

On entering the alar plate it forms, as can be seen in the 10 mm.
embryo (Figs. 96 and 100), a fibre path which bends caudalward

to join the tractus solitarius. From the peripheral end of the

ganglion fibres pass down as the chorda tympani, which finally

Nucl mot. n. IX
Rr sens. IX et X

Tractus solitarius Nucl. mot. u. X (ambiguus)

Nucl. mot n.VII

Pars
inter-

media
n. VII

__
Lamina
alaris

Lamina
basalis

Gang, genie.

N. chorda tymp. 1

Gang, radicls n. vagi

N. accessorius

N. facialis Gang, petros. Gang, nodos. n. vagi

n. DC

Fig. 96.—Reconstruction of the left facial, glossopharyngeal, and vagus nerves of the same embryo

shown in Fig. 86. A transverse section of the neural tube is included in the reconstruction to show its

relation to the different nerve-roots. This should be compared with Fig. 100.

leaves the main trunk of the nerve to enter the mandibular arch,

eventually joining the third division of the trigeminal nerve. The

great superficial petrosal nerve is another peripheral derivative

of this ganglion, which makes its appearance shortly after the

chorda tympani and extends forward to reach the anlage of the

sphenopalatine ganglion. Most authors in comparing the seventh

nerve with a typical branchial nerve describe the great superficial

petrosal as representing the prsetrematic branch and the chorda

tympani as the posttrematic branch. In the early embryo the

sensory root or pars intermedia, as compared with the motor root,

is larger than in the adult. The subsequent marked growth of the
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motor root and the relative standstill of the sensory root result

in the former becoming the main trunk of the nerve.

Owing to the close relation existing between the facial and
acoustic nerves the two are frequently classed as the facial-acoustic

complex. However, aside from the fact that the acoustic nerve, in

its development in the higher vertebrates, crowds in against the

facial nerve and becomes more or less fastened together with it by
mesodermal elements, it has no other thing iu common, the two
being nerves of entirely different embryological and functional sig-

nificance. The relation between the facial and abducens becomes
reversed in the adult from that of the early embryo. The facial

at first lies directly under the third rhombic groove, while the

abducens is more caudal and is under the fourth rhombic groove.
As shown in Fig. 97, the two nerves gradually shift their relative

Genu internum n. facialis

®

Sulcus Sulcus Sulcus

Fig. 97.—Diagram illustrating three stages in the development of the genu facialis, the youngest A
corresponding to the 10 mm. embryo, and the oldest, C, the new-bom child. The relative position of 'the
nucleus of the n. abducens is represented in outline. Sulcus, sulcus medianus fossae rhomboideje.

positions, the abducens moving forward. This migration results
in the bending of the motor root of the facial out of its original
course and produces the genu facialis.

The n. glossopharyngeus possesses a ganglion of the root and
ganglion of the trunk, the latter being temporarily connected with
the placode over the third arch. As can be seen from the relative
size of the ganglia in Fig. 86, the nerve consists almost wholly of
sensory fibres, connected peripherally with the structures develop-
ing from the_second (r. tympanicus) and third (r. lingualis) arches.
The tympanic branch is not well defined until we come to embryos
between 12 and 14 mm. long. Centrally the rootlets enter the brain
wall and, joining with the fibres of the facial, extend caudally
(Fig. 96) as the tractus solitarius. The motor rootlets of this
nerve arise from a group of neuroblasts in the nucleus ambiguus
series, situated beneath the floor of the fifth rhombic groove The
motor bundles extend directly lateral beneath this groove and pass
under the spmal tract of the trigeminal and then emerge from the
brain wall and join the main trunk of the nerve. This nerve forms
a more typical branchial nerve than either the facial or vagus
Its tympanic branch is regarded as the prsetrematic branch and
the lingual as the posttrematic branch.
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The vagus complex (n. vagus et n. accessorius) represents
several branchial nerves, the motor fibres of which in man have
undergone special dev;elopment for the purpose of supplying the
group of muscles derived from its branchial arches. The facial

nerve is also a similar nerve; its large motor trunk, as we have
seen, is distributed to the muscle-cells of the hyoid arch, and, as

these cells group themselves into the muscles of expression and
spread forward over the face, the facial branches are drawn along

with them. In a similar way the more caudal rootlets of the vagus
become predominantly motor, and form a distinct bundle which
we know as the spinal accessory nerve, and this bundle is distrib-

uted to a group of muscle-cells originally belonging to the more
caudal branchial arches, and in man is destined to form muscles

for the arm girdle, the mm. sternocleidomastoideus and trapezius.

As these muscles spread out into their eventual position the nerve

is drawn down across the neck with them. Coincident with the

increased importance of this musculature as we ascend the verte-

brate scale we meet with increased development of the accessory

nerve, and it obtains additional rootlets of origin by spreading

down into the region of the spinal cord. As can be seen in Fig.

86, it may reach as far down as the fourth cervical segment. The
nucleus of origin of the spinal accessory and other motor rootlets

of the vagus constitutes the nucleus ambiguus of the medulla

oblongata and a portion of the lateral horn of the spinal cord,

the two being continuous (see Fig. 100).

The early stages in the growth of the glossopharyngeal and

vagus nerves are shown in Figs. 82, 83, 86, and 94. Their sensory

elements are derived from the ganglion crest of the hind-brain in

the same manner that spinal ganglia are derived from the ganglion

crest of the cord. The crest of the hind-brain and that of the cord

are described by some as continuous (Dohrn, 1901), but Froriep

(1901) distinguishes between a ganglion crest of the head and one

of the trunk, the two overlapping in the occipitospinal region.

The cranial ganglion crest migrates ventrally down the side of

the neural tube and is soon joined by visceral motor fibres that

emerge from the lateral border of the neural tube. In the 4 mm.
embryo, Fig. 82, a bundle of such fibres can be seen running along

the ventral border of the crest and constituting the primitive

n. accessorius. Soon after this the cells of the crest show signs

of differentiation and are gradually converted into sensory gan-

glion-cells with fibrous processes, which attach themselves to the

neural tube on the one hand and extend peripherally on the other,

—

i.e., dorsal rootlets. This fibre development results in the breaking

up of the ganglion crest into cell masses, which is not a metamerie

segmentation such as appears in the spinal region. These masses

constitute the ganglia of the roots. The ninth nerve has one, the
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ganglion of Ehrenritter ; while the tenth, being a composite nerve,

has a series of them, the most oral one being the largest. The

ganglion of the trunk (ganglion nodosum), as is also true of the

ganglion petrosum of the glossopharyngeus, when first identified

does not seem to be definitely connected with the root ganglia.

Furthermore it differs from the root ganglia in being connected

with a rudimentary sense organ (epibranchial placode), as shown

in Fig. 98. It, however, is generally considered as a derivative

of the ganglion crest.

Fig. 98.—Reconstruction of the nerves in the occipital region of a 7 mm. human embryo (Mall collec-

tion, No. 2), showing sensory placodes in connection with the petrosal and nodosal ganglia. Enlarged

16.7 : 1. Ot. v., ear vesicle; gang, crest, ganglionic crest.

The formation of the vagus rootlets at a somewhat later stage

is shown in Figs. 96 and 100. The motor neuroblasts point dorso-

lateralward and assemble in a series of rootlets which emerge just

ventral to the entrance of the sensory roots. After emergence

they turn forward and form a common trunk, which in the spinal

region lies between the dorsal roots and the side of the spinal cord.

Connected with the motor roots are the sensory roots and ganglia.

The development of the ganglia is more pronounced in the cephalic

end of the nerve. The more caudal ganglia usually disappear in

the adult, except for traces of scattered ganglion-cells found occa-

sionally on the rootlets of the accessory division. Owing to the

tendency to regression on the part of the more caudal of the vagus
root ganglia, the vagus complex becomes differentiated into a

fore part or vagus division which is predominantly sensory, and
a hind part or accessory division which is almost wholly motor.

In other words, in the course of phylogenesis as the vagus invades

the spinal region it is the motor elements that play the prominent
part. The more caudal vagus ganglia are not to be mistaken for

the Froriep ganglion, which represents a persistent precervical
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ganglion. In the one case we liave a series diminisliing from the
head toward the tail, and in the other it is in the opposite direction.

The sensory fibres derived from these ganglia enter the wall of the
neural tube and immediately unite in a longitudinal tract con-
tinuous with similar fibres from the facial and glossopharyngeal,
thus completing the formation of the tractus solitarius, whose form
and relation to a section through the oblongata region are shown
in Fig. 96.

The n. trigeminus possesses on its sensory root the largest

ganglion of the whole embryo, the ganglion semilunare. Processes
which grow out from its constituent cells connect it with the brain
on the one hand, and extend as three large trunks on the other

into the ophthalmic, maxillary, and mandibular regions. This
ganglion has generally been considered as a single undivided mass
of cells derived entirely from the ganglion crest (Dixon, 1896).

A human embryo of 15 segments has, however, been described

by Giglio-Tos (1902), in which the anlage of the semilunar ganglion

consists of three separate proganglia, " proganglia neurales,"

which are connected by a cellular lamina with three other distal or

epibranchial proganglia, the whole group being eventually fused

into a single ganglion mass. If this is the case, it is probable that

the semilunar ganglion arises in part from the ganglion crest and
in part from the epibranchial ectoderm. Such a composite char-

acter would correspond in some degree with the condition found
in lower vertebrates. It has been suggested by Johnston (1908)

and others that perhaps the sensory ganglion-cells belonging to

the midbrain and the most oral part of the hind-brain become

included in the wall of the neural tube, instead of becoming de-

tached with the neural crest. Such cells then never become incor-

porated in the semilunar ganglion. It is these cells that are sup-

posed to form the mesencephalic root of the trigeminal nerve, their

processes extending caudalward beneath the central gray substance

to join the main sensory trunk of the nerve at its point of entrance

into the wall of the tube.

Processes grow out from the constituent cells of the ganglion

and extend peripherally as three large trunks or divisions (see

Figs. 83, 99, and 86). The opMhalmic division passes forward and

soon subdivides into the frontal and nasociliary nerves ; the latter

in the 10 mm. embryo is a well-defined branch just dorsal to the

eye stalk. The maxillary and mandibular divisions extend down-

ward and break up in their terminal branches among the cells of

the maxillary process and mandibular arch respectively. By the

beginning of the sixth week the chief branches of these divisions

can be recognized. Centrally the ganglion becomes connected with

the brain by a large single root, consisting of both somatic and

visceral sensory fibres. This enters the wall at the pontine flexure
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opposite the first and second rhombic grooves. Within the wall

in the marginal zone the fibres form a flattened longitudinal tract,

part of which extends caudally as the spinal tract, and part extends

forward and upward to enter the cerebellar ridge, as shown in

Fig. 100.

In its motor elements the trigeminal nerve departs sonaewhat

from the type represented in the other three nerves of this vis-

ceral group. In the others the nucleus of origin is in the basal plate,

sac. endo/ymph.

-cochlea

mestaud.ext

motor YE.

Fig. 99.—Reconstruction of the facial and trigeminal nerves of a human embryo 14 mm. long (Mall col-

lection, No. 144), sho'wing motor and division of the facial sensory. Enlarged 8 : 1.

and the nerve rootlets exhibit a characteristic curved course to

reach the point of emergence ; while in the trigeminal the nucleus

is more lateral and lies directly against the entering sensory fibres,

so that the fibres of the motor root pass directly ventralward to

fuse with the mandibular division. Its nucleus corresponds to the

dorsal motor nuclei found in the adult ninth and tenth nerves,

though it is much larger. On analysis it is found that a typical

visceral cranial nerve has three central terminations,—sensory

root (tractus solitarius), ventral motor root (nucleus ambiguus).
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dorsal motor root (nucleus nervi dorsalis). The ventral motor

root always lias a characteristic curved course between its nucleus

and point of emergence, while the nucleus of the dorsal motor root

is clustered near the sensory division of the nerve, and from it

the root extends to the surface of the brain in a straight line.

These three elements are represented in the different nerves in

different proportions. The ninth nerve approaches the mean and
all elements are fairly represented. In the vagus the curved

ventral motor roots are increased in the caudal portions and form
the spinal accessory. In the facial the sensory root (n. inter-

medins) is diminutive, while the curved ventral root becomes the

main trunk of the nerve. In the trigeminal it is the straight

dorsal motor root that forms the principal motor supply, while the

curved ventral motor root must be considered as absent. It should

be mentioned, that though the motor root eventually fuses with the

mandibular division, in the embryo the motor fibres corresponding
to the n. masticatorius have been observed passing on the median
side of the ganglion and extending from its distal border, not with
the mandibular division, but as a separate trunk (Streeter, 1904).

The cranial sympathetic ganglia derived from the trigeminal
nerve will be described under the sympathetic system.

IV. SYMPATHETIC NERVOUS SYSTEM.

The sympathetic system arises in common with the spinal

ganglia from that portion of the ectoderm which forms the lateral

border of the neural plate, and in common with the spinal ganglia
it takes part in the formation of the neural crest. As the neural
crest becomes detached and its segmenting parts invade the
space between the myotomes and neural tube, certain ganglion-
cells separate themselves from its ventral border and independ-
ently migrate ventralward into the neighborhood of the aorta.
It is these cells that form the connected chain of errant ganglia
which we know as the sympathetic system. It is a true derivative
of the rest of the nervous system. Originally the two were con-
tinuous ectoderm, and the establishment of the former as a distinct
and separate system is solely due to its detachment and forward
migration.

To witness the successive steps in the development of the
sympathetic system it is necessary to commence with embryos that
are still in the neural crest stage, 2-3 mm. long. At 7 mm. the cell
migration is in active progress, and cellular rami communicantes
are already present in some regions ; in the 9 mm. embryo the gan-
glionic cord and splanchnic nerve-plexus are definitely outlined;
and finally, in the 16 mm. embryo the differentiation has advanced
far enough so that it is possible to recognize the more outlying
visceral ganglia and the ganglia of the head and their connecting
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branches. Thus, before the completion of the sixth week of em-
bryonic life the essential features of the entire sympathetic
apparatus can be clearly made out.

A representation of the derivation of the sympathetic cells is

shown in Fig. 101, in which A, B, C, and D represent the successive
stages and show schematically the increase in number and forward
migration of cells and the subsequent formation of connecting

B 7 mm. Lumbar region. X 50.

C, 7 mm. Thoracic region. X 50. D 9 mm. X 25.

Fig. 101.—Diagram representing the origin and migration of the sympathetic ganglion-cells and their

relation to the other components of the neural crest. Sympathetic cells, black; spinal gangUoa-cells,

dotted circles: sheath cells, white rings. A and D are based on embryos Nos. 12 and 143 of the Mall

collection, and B and C on the Buxton embryo. Gage collection.

fibre trunks. The sympathetic cells are shown in black in contrast

to the other derivatives of the neural crest,

—

i.e., the sheath cells

and the spinal ganglion-cells. The sheath cells are shown as plain

white rings, while the spinal ganglion-cells are dotted.

The three varieties of cells mentioned can be traced back to

the neural crest, as indicated in stage A. They are, however, not

to be distinguished from each other histologically at this time;

it is only for schematic purposes that they are represented in

Vol. II.—10
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that way in the drawing. In the next drawing, B, can be seen the

increase in size and ventral advance of the entire ganglion mass.

The ventral advance is in part secondary to the increase in the

number of cells and the consequent forward crowding in the direc-

tion of least resistance, and in part it is due to the intrinsic migra-

tory energy of the individual cells. "What appears as an ill-defined,

ragged ventral border, on closer examination can be seen to be

made up of branching ganglion-cells reaching forward into the

mesoderm in the form of a loose syncytium. In the drawing, for

the sake of simplicity the processes are not shown. As seen in B,

cells from the loose ventral border of the ganglion mass detach

themselves and extend ventralward in advance of the ventral root

fibres. The latter can be seen emerging from the neural tube

and following along in the wake of the migrating ganglion-cells.

Simultaneously with the forward growth of the ventral root fibres

and the formation of a definite nerve-trunk, as shown in C, the

sympathetic cells continue their migration medianward toward

the aorta and thereby form a cellular connected strand which is the

primitive ramus communicans. The difference between drawings

B and C is that existing between the upper and lower parts of the

spinal cord of the same embryo. B corresponds to the upper

thoracic region in the 4.5 mm. embryo.

The completion of the segmental type is shown in D, where the

sympathetic cells have completed their wandering, and by rapid

increase in numbers form a compactly clumped ganglion mass

which by fusing from segment to segment extends as a continuous

longitudinal cord along the lateral border of the aorta. The cel-

lular ramus communicans is in the meantime replaced by centri-

fugal fibres from the nerve-trunk which have followed along the

migration path, the same fibres that form the white ramus in the

adult. Somewhat later centripetal fibres sprout out from the

sympathetic ganglia and either work their way backward along

the path of the centrifugal fibres, or else form an independent

bundle, the future gray ramus. The ramus communicans thus

represents a portion of the path along which the sympathetic cells

originally migrated. At first consisting of a chain of ganglion-

cells spun out by the wandering cells, it is later replaced by an

ingrowth of fibres representing spinal axones on the one hand and
sympathetic axones on the other ; the cells forming the temporary
connecting bridge, having in the meantime completed their jour-

ney, form a compact ganglion mass near the aorta.

If we judge from the adult conditions we must conclude that

there are some sympathetic cells which never wander out from the

spinal ganglion mass. Some of these stationary cells are shown
in the drawings C and D. Likewise some of the sheath cells do
not leave, but remain in the ganglion mass, where they either
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form sheaths to the nerve-fibres or else form cell nests encapsulat-

ing the ganglion-cells proper. The wandering sheath cells, as

seen in B and D, advance simultaneously with the sympathetic cells

at the tip of and along with the nerve-fibres, and by the time a
well-defined nerve-trunk makes its appearance sheath cells are

found scattered along its whole course, as well as along the ramus
communicans.

The development of the individual sympathetic ganglion-cell

may be divided into three stages. The first, or indifferent stage,

covers the period during which it is one of the cells forming the

neural crest and spinal ganglion mass ; the second, or intermediate

stage, corresponds to the period of migration; the third, or ter-

minal stage, is from the time it reaches its permanent position to

the attainment of its adult form.

During the first stage the three cell groups derived from the

neural crest^

—

i.e., the sympathetic ganglion-cells, the spinal gan-

glion-cells, and the sheath cells—cannot be distinguished from one

another, and may be considered as indifferent ectoderm cells.

Together they constitute a moderately compact mass lying between

the neural tube and the dorsal border of the myotome. Their

body-outlines are ill-defined and show more or less fusion. As
compared with the adjacent mesodermal cells they possess more
body protoplasm and are not branched. The nuclei are oval or

rounded and are marked by deeply staining nucleoli. .

During the second or wandering stage the sympathetic cells,

as is common with all wandering cells, are characterized by the

development of slender protoplasmic processes. The sheath cells

also develop similar processes about the same time, and the two

cannot be easily distinguished from each other. The nuclei of the

latter, however, are somewhat more elongated and take the stain

less intensely. The spinal ganglion-cells may be readily identified

by the well-defined protoplasmic body which the more advanced

ones have in the meantime developed. It is proposed by Kohn
(1905) that the sheath cells of this period and the sympathetic cells,

because of their similarity and their prevailing presence along the

developing nerve, be grouped together under the term neurocytes.

A syncytial strand of this type of sympathetic cells forms the

initial ramus communicans, which can be seen making its way
through the mesoderm toward the aorta, entirely devoid of fibres.

See accompanying Fig. 102, which shows a similar picture in the

rabbit.

With the beginning of the third stage the sympathetic cells

undergo their terminal differentiation. They rapidly proliferate

and clump themselves into ganglia; while the individual cells de-

velop condensed and sharply outlined protoplasmic bodies and

their processes become fibrillar and extend out to take part in the
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formation of the various communicating trunks. In passing

through these three stages the sympathetic cells do not all develop

with equal rapidity, and there is consequently an overlapping of

the successive periods; for example, the cells belonging to the

ganglionated cord are well along toward the completion of the third

stage at a time when the visceral ganglia are still in the second

stage, and likewise some parts of the ganglionated cord develop

(«

Fig. 102.—From a cross sectioD through a rabbit embryo, showing cham of sympathetic cells forming
the primitive ramus communicans (jc), which leads from the fibrous spinal nerve (n) medianward toward
the aortic region. Enlarged 300 : 1. m. neurocytes ; bk, blood-cells. (After Kohn, 1907.)

more rapidly than others, the, thoracic region is always in advance
of the lower lumbar and sacral and the cranial ganglia.

The earlier writers (Eemak, 1847) were of the opinion that the

sympathetic system was of mesodermal origin, until Balfour (1877)

showed that in selachians the sympathetic ganglia develop as

buds or outgrowths from the trunks of the spinal nerves, and hence
are ectodermal. Some observers (Paterson, 1890) still adhered
long after to the mesodermal origin, yet Balfour's observations

were thoroughly confirmed and the ectodermal origin of the sympa-
thetic was generally regarded as thereby established. Later in-

vestigators (Schenk and Birdsall, 1878, Onodi, 1886), who worked
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on higher forms, including human, modified Balfour's view by
describing the sympathetic ganglia as detached parts of the spinal

ganglia which are separated off and linked together into a longi-

tudinal chain. It was not until His, jun. (1891), introduced the

principle of the wandering of individual sympathetic cells that

we approached our present conception. It was surmised by His
(1890) and immediately supported by His, jun. (1891), that the

development of the sympathetic system is dependent on the active

ventral migration of germinating sympathetic cells, which cells,

however, do not migrate until a preliminary nerve-fibre framework
is laid out in the form of rami communicantes and connecting longi-

tudinal commissures. Along these fibre paths the sympathetic

cells wander forward to form ganglia.

The only essential difference between the description of His,

jun., and that as given above in the present article, consists in

the time of cell migration. The writer is in accord with the recent

work of Kohn (1907) in believing that the migration occurs earlier

than described by His, and that the cells wander through meso-

derm rather than along compact nerve-fibre paths. The same pic-

ture is- presented in human material that Kohn describes in the

rabbit: migrating cells can be recognized in advance of the loose

strands of the tip of the growing nerve, and extending through the

mesoderm as a bridge of cells toward the aorta; by the time a

well-defined nerve-trunk is established the sympathetic cells have

already completed that part of their migration, and the cells then

found on the nerve-trunk are sheath cells only. A divergent view

has been recently published by Cajal (1908), according to which

the sympathetic cells in the chick are true motor cells and are

derived from the spinal cord. During their germinative stage they

migrate out from the cord at the same place at which later the

ventral roots emerge.

The cranial sympathetic system departs from the uniform

segmental type found in the trunk. It, however, adheres in three

ways to the general type : first, the ganglion-cells are apparently

derived from a cerebrospinal ganglion mass; secondly, they

migrate ventralward and eventually assume a position outside of

the bony canal, and thirdly, the gan'glia give off fibres which form

a communicating trunk along the internal carotid artery, this

trunk serving to unite the cranial sympathetic ganglia with each

other, analogous to the longitudinal system of communications of

the ganglionated cord, with which it is continuous.

The early history of the cranial sympathetic ganglia is less

definitely known than that of the trunk system, due to the rela-

tively smaller size, lesser number, and lack of symmetry of the

former ganglia, as well as the complexity of the surrounding struc

tures. From the evidence at hand it seems probable that all the
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cranial sympathetic ganglia—gg. ciliare, sphenopalatinum, oticum,

and submaxillare—are originally derived from the semilunar

ganglion mass.

The ciliary ganglion presents certain modifications. In the

chick it consists (Carpenter, 1906) of two portions, a smaller dorsal

sympathetic portion derived from the semilunar ganglion, and a

larger ventral portion containing large bipolar cells (supposedly

sensory), derived from the neural tube by migration along the

oculomotor nerve. In the same way in the torpedo it is known that

cells wander out from the medullary tube and migrate ventral-

ward in company with the growing oculomotor fibres, and event-

ually fuse with the cells derived from the trigeminal ganglion,

together forming a composite ganglion (Froriep, 1902). If there

are any oculomotor ganglion-cells in the human embryo, such as

are found in the chick and torpedo, they do not apparently pass

through a migrating stage, and never leave the neural tube. Con-

sequently the ciliary ganglion here consists exclusively of migrant

cells from the semilunar ganglion. We may assume that they

behave like the sympathetic cells of the trunk and pass through

their wandering stage very early. Their detachment from the

parent ganglion mass and forward migration must occur just in

advance of the developing nerve-trunks, and it is not until they

reach their permanent position that they undergo active prolifera-

tion and form a compact cell group.

Both the sphenopalatine and submaxillary ganglia are prob-

ably derived entirely from the semilunar ganglion, but it must be

borne in mind that they are connected with the geniculate ganglion

of the facial, and there is the possibility that the former contains

contributing cells which have migrated along the path of the great

superficial petrosal nerve and the latter cells which have migrated
along the path of the chorda tympani. In the same way the otic

ganglion, though developed intimately with the semilunar ganglion,

may in part consist of cells derived from the glossopharyngeal
nerve through its tympanic branch. However, both their compara-
tive and embryological histories indicate that the facial, glosso-

pharyngeal, and vagus nerves constitute a definite group, one of

the characteristics of which is that they retain within their root

or trunk ganglia or within the brain tube itself whatever sympa-
thetic ganglion-cells they possess, and consequently there are in

connection with them no rami eommunicantes and no derivative
ganglia.

The origin of the four cranial ganglia may be represented as

in the adjoining scheme, Fig. 104. The arrows indicate the paths
of primary migration, and the dotted lines paths of subsequent
intercommunication, by which all the cranial ganglia establish con-

nection with the carotid plexus and so become directly continuous
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with thegangliated cord of the trunk. This figure should be com-
pared with Fig. 103, which represents a profile reconstruction of
an embryo 16 mm. long. For the purpose of contrast the sympa-

:;.-N XI

Q nodos.

Tr'uncus sympathicus

Fia. 103.—Profile reconstruction of the ssrmpathetic nervous system in a 16 mm., nearly six weeks,
embryo (Huber collection, VI), enlarged 10 : 1. In order to expose the cosUac plexus and suprarenal gland
the stomach is represented as raised forward and to the right.

thetic system is shown in black. The cranial sympathetic ganglia

at this time are connected with the semilunar ganglion by longer

or shorter branches which are analogous to rami communicantes.
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The ganglion ciliare lies closely against the oculomotor nerve,

from which it receives some fibres. A true ramus communicans,

identical with the radix longa of the adult, connects it with the

ophthalmic division of the trigeminal nerve. The sphenopalatine

ganglion is connected with the parent ganglion by two or more

rami communicantes, the nn. sphenopalatini. These are in part

sensory fibres, which pass directly through the ganglion without

interruption, connecting the periphery with the semilunar ganglion.

It is fibres of this sort that form the major part of the peripheral

branches of the ganglion. In case of the otic ganglion there is a

less distinct ramus communicans, owing to the fact that the gan-

glion lies closely against the nerve-trunk and thus there results

in the adult a short plexus uniting the two. The submaxillary

ganglion presents an even more close union between the ganglion

and the nerve-trunk, and the latter^in 16 mm. embryos can be seen

making its way directly through the substance of the ganglion

mass. So here, as in the case of the otic ganglion, there results

a plexus of communication between ganglion and nerve-trunk. In

speaking of this as the ganglion submaxillare it is done in the sense

of including both the submaxillary and sublingual ganglia. As
has been shown by both Langley and Huber (Huber, 1896), that

which is ordinarily referred to as the submaxillary ganglion is in

reality sublingual, while the submaxillary ganglion proper con-

sists of multiple ganglia situated in the substance of the gland

along the course of its ducts.

It was shown in Figs. 101 and 104 how the sympathetic cells

in the spinal region migrate forward and form ganglia, and it has

been also mentioned that these ganglia fuse from segment to seg-

ment and thereby form a continuous longitudinal cord of ganglion-

cells, the so-called ganglionated cord. This structure is at first

purely cellular. Later, fibres make their appearance among the

cells ; in the 16 mm. embryo. Fig. 103, they are already abundant,
jjarticularly in the cervical and thoracic regions. The fibre growth
continues in such a manner as to break the continuity of the cellu-

lar cord, and produces a longitudinal series of ganglionic masses
connected by intervening fibrous bridges, the ganglionic chain as

seen in the adult. For the greater part these ganglia are seg-

mental, but in the cervical and upper thoracic region the cells

remain massed in larger clumps, and there result ganglia corre-

sponding to from two to five segments.
The prevertebral and visceral sympathetic ganglia are con-

sidered by most writers as derivatives of the neural crest in com-
mon with the rest of the sympathetic system. They differ only in

that their migration extends further than that of the latter:

instead of stopping at the side of the aorta, they migrate ventral-
ward through the loose mesoderm into the region of the preverte-
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bral plexuses, and some of them still further forward to become
incorporated in the walls of the viscera to form the submucous
plexus. These paths of migration are diagrammatically shown in

Fig. 104. These ganglia reach their eventual position relatively

early, so the distance covered in their migration is therefore not

so great. Cajal (1908) describes in the chick of 52 hours visceral
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Uio 104—Diaeram showing the migration paths of the sympathetic cells. Dotted lines indicate

secondai^ subsequent communications which link the ganglU together and form a longitudinal chain

continuous thrmighout head and trunk. Secondary and tertiary migrations result m the formation of

prevertebral and visceral plexuses.

sympathetic cells which have completed their migration. In

human embryos 16 mm. long the cardiac ganglia are to be recog-

nized. The main features of the cardiac plexus are completed by

the time the embryo reaches 19 mm. neck-rump length, as shown

in Fig. 105. The coeliac and hypogastric plexuses together with

the splanchnic nerves present the picture seen in Fig. 103, and

differ from the adult only in the incomplete differentiation of the

cells. Continuous with the ccsliac plexus is a group of sympathetic
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cells wMch extend through, its median surface directly into the

suhstance of the suprarenal gland, and constitute its nerve supply.

A portion of these cells, instead of becoming typical ganghon-

cells, undergo special development, the details of which are not yet

satisfactorily understood. On account of the aflSnity of these

N. vaf^us

Aorta

Bulbar plexus

Auricle

Truncua sympathicus

- Connecting plexus

Atrial plexus

Fig. 105.—Cardiac plexus in'human embryos between 10 and 19 mm. long. (After Kollmann, 1907, and~
His, jun., 1891.)

special cells for the chrome salts, they are designated as chromaffin

cells. They are found also in other portions of the sympathetic

system, such as in the ganglia of the ganglionated cord and of the

abdominal plexuses; to some extent they also form independent

bodies, the chromaffin bodies of Zuckerkandl, to which group the

carotid glands belong. These structures will be described in

detail in the following chapter.
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XV.

THE DEVELOPMENT OF THE CHROMAFFIN
ORGANS AND OF THE SUPRARENAL

GLANDS.

By E. ZUCKERKANDL, Vienna.

Chkomaffin tissue is to be assigned to the group of organs
producing internal secretion. It secretes a substance whicli pro-

duces contraction of the non-striped musculature and whose prin-

cipal function seems to be to maintain the blood-pressure and the

vascular tonus at corresponding levels. That the increased blood-

pressure produced by suprarenal extract is due to the chromaffin

medullary substance of the glands has been definitely proved by
A. Biedl and J. Wiesel, who worked with the purely chromaffin

aortic bodies of man. The chrome reaction must depend on a

coloring of the secretion, for it fails, as Sehur and Wiesel have
shown, when the adrenalin is exhausted.

The anlagen of the chromaffin tissue, including that of the

medullary substance of the suprarenal glands, are primarily asso-

ciated with the cells from which the sympathetic bodies are formed.

This has led many authors to assume a genetic connection between

the two kinds of tissue and to derive the chromaffin tissues from
sympathetic cells, although only those cells which really form por-

tions of the sympathetic system should be termed sympathetic cells.

The anlagen of the sympathetic and chromaffin tissue consist

of an apparently uniform matrix composed of deeply staining

cells, which measure 4^6/j. and which form what may be termed

sympatho-chromaifin tissue. The uniformity of the elements is

especially striking when one compares a mass of purely sympa-

thetic cells (sympathoblasts) with the cell masses which have

wandered into the suprarenal glands but have not yet become

differentiated, as they will later entirely or for the most part, into

the cells of the medullary portion of the glands (chromaffinoblasts).

It becomes clear in such cases, and especially in those in which

the chromaffin bodies prevail, that one can only properly speak of

sympathetic ganglia when the anlagen of the two kinds of tissue

have become differentiated from one another.

As to the genetic character of the chromaffin bodies there

has been no unanimity. While F. Leydig, F. M. Balfour, E. Gia-

comini, and E. Grynfeltt declared in favor of an epithelial nature

157
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and a secretory function for the chromafifin cells, others inclined

toward the belief that they were either nervous elements or closely

related to these. According to S. Meyer the chromaffin cell-nests

of the Batrachia constitute a tissue sui generis, which appertains

to the nerve tissues and whose function is to provide for the new

formation of nerve-fibres. H. Eabl regarded the medullary cells

of the suprarenal glands as undeveloped sympathetic ganglion-

cells, C. K. HojBfmann described them as sympathetic nerve-cells

of peculiar form, and V. Diamare looked upon the chromaffin

cells as epithelial cells of nervous origia. A. Kohn at first

accepted the view that the chromaffin cells, on account of their

origin and final relations, belonged to the sympathetic system. He
emphasized the high degree of relationship existing between the

chromaffin and the sympathetic cells, but later protested, "on

general and special grounds and on principle, against the inclusion

of the chromaffin cells among the secretory epithelial cells;" fur-

ther, he pointed out their difference from the nerve-cells, and,

finally, regarded them as elements of a peculiar type of tissue. It

is true that all the peculiarities of the chromaffin tissue do not

without modification harmonize with the definition which the text-

books give for epithelial tissue, but, on the other hand, many of

our definitions are made before there has been a collation of all

the facts necessary for the framing of a definition correct in all

details. None of the characters which distinguish chromaffin tis-

sue, such as the abundance of nerves in it, the occurrence of scat-

tered chromaffin cells, and its relations to the sympathetic system,

actually exclude it from classification as an epithelial tissue, and
yet, as regards especially the last-named character, the relation

is merely a topical one and no indication of a common genetic

derivation from the ectoderm. One might, of course, advance in

favor of this idea the suggestion that the chromaffin cells are

derived from other than sympathetic formative cells, but, on the

other hand, it may be pointed out that the identity of the elements
contained in sympatho-chromaffin tissue need be no reason for

deriving the chromaffin cells from the sympathetic ones. On the

principle a potiori fit denominatio the authors, in accordance with
their erroneous conception, must derive the sympathetic ganglia of

the plexus cceliacus from the neighboring chromaffin bodies. One
can only agree with the remark of A. H. Soulie that the chromaffin
cells are structures in juxtaposition with the sympathicus and
need not be regarded as nerve-cells nor as derivatives of these.

Their function, which should also be taken into consideration in

determining the character of a tissue, speaks distinctly as to their

glandular nature.

The differentiation of the sympathoblasts and chromaffino-
blasts (parasympathetic formative cells) becomes evident rather
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late. After their separation is complete the anlagen of the two
kinds of tissue are sharply separated: the chromaffin formative
cells are, for instance, larger and do not stain as intensely as
the small sympathoblasts, which still adhere to the sympatho-
chromaffin type. Furthermore the differentiation appears to bring
about a definite separation of the chromaffin and sympathetic ele-

ments, for no commingling of the two kinds of cells is to be ob-

served. The occurrence of individual sympathetic cells in the free

chromaffin bodies and of individual chromaffin cells in sympathetic
ganglia must be regarded as exceptions to the rule. Whether the
parasympathetic cells show the chrome reaction at this stage of

development is yet to be determined.

In later stages the development of the chromaffin tissue pre-

cedes that of the sympathetic. In this connection it may be noted

that in the ganglia of the abdominal plextises extensive parasym-
pathetic bodies are differentiated at a time when the sympathetic

formative cells have not yet altered from the original sympatho-
chromaffin type (fetus of 6 cm.). The statement of Soulie that

the parasympathetic cells first develop at a time when neuroblasts

are present in the sympathetic ganglia is incorrect as a general

statement; it can, at all events, be accepted only as referring to

the medulla of the suprarenal glands, which, as is known, is late

in differentiating.

The chromafftn bodies of the gangliated cord are in general

rounded masses, which usually lie in depressions in the dorsal por-

tions of the ganglia (Fig. 106, ch). According to A'. Kohn they

appear later than those of the abdominal plexuses and their ap-

pearance does not seem to occur at a definite time, for they are

lacking, for example, in an embryo of 28 mm. (in the gangliated

cord) completely. They vary in size; exceptionally large bodies

occur alongside of small ones. In the new-born child they reach

a length of 1.0-1.5 mm. and not infrequently lie entirely or half

way outside the capsule of the sympathetic ganglion (Fig. 107).

They also vary in number; sometimes individual ganglia have

several chromaffin bodies ; for example, a ganglionic mass extend-

ing from the first to the fourth rib had ten, in another case a gan-

glion of the abdominal portion of the cord had four, and in still

another case six chromaffin bodies occurred in connection with

four ganglia of the abdominal portion of the cord.

The chromaffin bodies of the ganglia of the cord are equivalent

to the suprarenal bodies of the Selachians, and it is certainly note-

.

worthy that, as a comparative study shows, so far as these bodies

are concerned there is a complete continuity from the cartilaginous

fishes up to man. F. Leydig first suggested the occurrence of

organs in the mammalia that might be regarded as homologous

with the suprarenal bodies of the Selachians. He started, it is
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true, with an assumption that has since been given up,—namely,

that the suprarenal bodies merely represented the medullary sub-

stance of the mammalian suprarenal gland broken up into many

portions; but his remark, "or perhaps also here {i.e., in the mam-

mals) adequate investigation may reveal in the individual ganglia

of the gangliated cord portions that repeat in petto the suprarenal

bodies," shows that Leydig did not oppose the possibility that in

r:\
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FiQ. 106.—Horizontal section tlirough a vertebra (») and a ganglion of the gangliated cord (gr) in a

fetus of 6 cm. X70. a, aorta; cA, chromaffin body of the ganglion; n, splanchnic nerve; pi, pleura; r, rib;

V, vertebra.

mammals, in addition to the medulla of the suprarenal glands,

other chromaffin tissue might also be present in the gangliated

cord.

The chromaffin bodies of the ganglia of the sympathetic cord

should alone be termed suprarenal organs. Statements to the

effect that the suprarenal bodies correspond to the medulla of the

suprarenal glands of the higher vertebrates should no longer be

made, least of all in text-books. The inaccuracy of such a state-

ment becomes apparent when one considers that in the mammalia,
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in addition to its occurrence in the medulla of the suprarenal
glands, chromaffin tissue is also associated with the ganglia of the
sympathetic gangliated cord.

Chromaffin Bodies in the Ganglia of the Abdominal Sympa-
thetic Plexuses.-^These bodies may occur wherever there are sym-
pathetic ganglia. That they occur, as E. Wiedersheim states,

I

'in all organs which are termed glands with internal secretion"
is incorrect. In certain plexuses (plexus intercaroticus, coeliacus,

suprarenalis, renalis, aorticus, and hypogastricus) they are of
constant occurrence; in others (plexus cardiacus, according to
Wiesel, and plexus mesentericus inferior) they are inconstant.
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Fig. 107.—Horizontal section through an intercostal space in a new-born child. X86. Chromaffin body
{ch) situated outaide the capsule of a ganglion (pr) of the sympathetic cord.

Of organs in connection with which they occur there may be men-
tioned the kidneys (surface and sinus renalis), the ureter, the

pelvis of the kidneys, the surface of the suprarenal glands, the

accessory suprarenal glands, the prostate, the paroophoron
(Aschoff, A. Rielander), the epididymis (Aschoff), the ovary
(Bucura), and the retroperitoneal Pacinian corpuscles. Cell

masses in the caudal sympathetic ganglia of a Dasypus fetus of

8 cm. seem to indicate that chromaffin bodies may also develop in

the caudal portion of the sympathetic cord.^ They are lacking,

so far as is known, in the ganglia associated with the branches

of the trigeminus. The coccygeal gland has been erroneously

assigned to the chromaffin system.

^ The cell masses were not situated in the ganglia of the caudal portion of

the sympathetic cord, but in ganglia of the caudal arterial plexus.

Vol. II.—11
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The glandvla intercarotica is associated with the plexus inter-

caroticTis. That it belongs to the chromaffin system was recog-

nized by H. Stilling. Before his time this organ had variously

been identified as a sympathetic ganglion (Andersch), a nerve

gland (H. von Luschka), a vascular structure (J. Arnold), a de-

rivative of the branchial arches (K. Stieda, C. Eabl, Maurer), and,

finally, as a derivative of the adventitia of the. internal carotid

artery (Kastschenko, Marchand, E. Paltauf). According to Pal-

tauf, with whose statements those of Kastschenko and Marchand

essentially agree, the carotid gland develops "in man and other

animals, and therefore probably in the mammalia in general,

without any epithelial anlage from a circumscribed growth of the

wall of the internal carotid."

Any attempt to derive this gland from a branchial pouch or

from a thickening of the wall of a vessel must fail, since chromaffin

cells can only be produced from sympatho-chromaffin tissue. What
significance the indistinct thickening of the wall of the internal

carotid possesses is yet to be determined; that it represents a

structure independent of the anlage of the carotid gland is shown,

as A. Kohn points out, by the fact that the thickening can also be

observed in those cases in which the gland is situated nearer to the

external than the internal carotid (as in the dog). It may further

be remarked that nowhere else have similar thickenings of the

adventitia of arteries been observed in the neighborhood of chrom-

affin bodies.

A. Kohn derives the chromaffin elements of the glandula

intercarotica from the nerve anlage which passes from the upper
cervical sympathetic ganglion between the two carotids. In a

44 mm. pig embryo he finds in this 'plexus ganglion-cells, some of

which have a large and feebly staining nucleus, and believes that

these latter cells represent the specific elements of the carotid

gland.

Up to the present only scattered observations have been made
on the development of the glandula intercarotica in man. E. Pal-

tauf investigated an embryo of 15 mm. and a fetus of 45 mm.;
in the former the gland had not yet appeared; it was present in

the latter, but the thickening of the internal carotid artery men-
tioned above was also present. (According to Kohn the cells of

the anlage of the gland in a 19 mm. (NL) embryo resemble neither

the small, deeply staining ganglion-cells of the intercarotid plexus
nor the chromaffin cells.)

In Fig. 108 the anlage of a carotid gland of a 193^ mm. em-
bryo is shown. The plexus intercaroticus contains richly vascular
masses of small cells, which follow the course of the nerves descend-
ing from the superior cervical ganglion and are connected with the

cells of the ganglion. The process that extends from the ganglion
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to the plexus intercaroticus on the medial side of the internal

carotid consists apparently of syrapatho-chromafifin tissue, and also

furnishes the material for the specific cells of the carotid gland.

In a 28 mm. embryo the differentiation of the parasympathetic
cells is already accomplished.

Chromaffin Bodies in the Abdominal Plexuses.—In the abdom-
inal sympathetic plexuses the sympatho-chromaffin tissue separates

sr-J^i<?'?^''"^~-''^"i^ "
'''17

gl. X.

• Vj3;V .-V

FiQ. 108.—Horizontal section through the aniage of the carotid gland {gl. i.) in a 19.7 mm. embryo.

XIOO. c.i., internal carotid artery; h, pharyngeal cavity; pA, wall of 'pharynx; J,_ larynx; 8, superior

cervical ganglion; 10, ganglion nodosum of the vagus; the white spaces represent cervical veins.

into an extensive ventral parasympathetic and a much weaker

dorsal sympathetic layer; the latter at places also bounds the

former laterally. The two kinds of tissue, accordingly, very early

arrange themselves in the abdominal plexuses in the manner char-

acteristic of the adult condition (Fig. 109). The youngest embryo

with differentiated chromaffin bodies has a length of 18-19 mm.
Before this stage sympatho-chromaffin tissue occurs everywhere

in the places later occupied by the abdominal sympathetic plexuses.
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and is especially abundant in the region between tbe two supra-

renal glands (plexus coeliacus and suprarenalis) and in front of

tbe aorta (Fig. 110). Here it pushes its way between tbe aorta

and tbe left renal vein and extends downward to below tbe origin

of tbe inferior mesenteric artery. Tbese masses are mainly des-

tined for tbe formation of tbe two extensive aortic bodies (com-

pare Fig. 110 witb Fig. 109). In an 18 mm. embryo there are

already present on either side two chromaffin bodies, an upper,

smaller one above the renal vein and a lower, larger one (aortic

body) caudad to this vein. These two bodies extend from the

21st vertebra to in front of the 24th, or on tbe left side to the disk

between the 23d and 24th vertebrae. The vascular connective-

Fig. 109.—Horizontal section through the sympatho-chromafiin anlage of the aortic 'bodies (r and
and through the aortic plexus (g) in an embryo of 19 mm. a, aorta; gr, gangllated cord; m, mesentery;

u, ureter; v, vertebra.

tissue trabeculse in the interior of tbe body, whose meshes the cell-

cords occupy, are already plainly distinguishable in a 19.5 mm.
embryo, and in a well-preserved 19 mm. embryo the differentiation

of the sympathetic and chromaffin tissues has just begun (Fig.

109). This is at first shown by the cells in tbe chromaffin bodies

{r and I) becoming in places less closely packed together than they

are in the sympathetic ganglia (g). It seems that the develop-

ment of a vascular connective tissue, which divides the cell-masses

into cords, permits of a looser texture in the bodies.

In the section figured the chromaffin bodies are separated from
the ganglia of the plexus by a cleft (see Fig. 109). This is appa-
rently an artefact due to the knife.

In the course of tbe further development new chromaffin bodies

are added to those already present, so that in all from seven to

twenty-six or even more—in one case nearly seventy—of these
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bodies may be counted. An increase in the number may also occur
by several small bodies developing in place of a single large one.

The largest of all are the aortic bodies (Fig. Ill, r and I) ; their
cranial ends lie at the origin of the superior mesenteric artery or
at those of the renal arteries, and their lower ends are situated
at the level of the division of the aorta (on the right side) or
immediately above this (on the left side). The two bodies lie at
the sides of the inferior mesenteric artery and their lateral borders
may be in contact with the kidneys and the ureters. In fetuses

Cmp:::A-:#

Fig. 110.—Horizontal section througli sympatho-chromaffin anlage of the aortic bodies and the
aortic plexus (s. ch.) in an embryo of 14.5 mm. X50. a, aorta; g, reproductive gland; m, mesentery;
n, kidney; u, mesonephros; v, vertebra.

of 4-5 cm. their length is over 1 mm. ; in new-born children the

average length of the right one is 11.6 mm, and that of the left one

8.8 mm. The upper ends of the bodies are frequently (14.8 per

cent, in new-born children) united by a connecting bridge (isthmus,

Fig. Ill, i), which lies over the aorta below the superior mesen-

teric artery. When the isthmus is wanting the upper end of the

right body sometimes becomes much broadened and a division of

the parenchyma into two portions is indicated by a connective-

tissue septum (Fig. Ill, D). In connection with the hypogastric

plexus four chromaflSn bodies (two on each side) are usually

developed ; their number may be increased up to seven.
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Fia. 111.—Chromaffin bodies of the abdominal plexuses. An explanation of the lettering will be found
in^the table on p. 167.
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Above the aortic bodies other cranial chromaffin bodies occur,

either independent or brg,nching off from the isthmus and lying on

Fig. 112.-—Horizontal section through the aortic bodies of Fig. Ill, D, passing through the process
f'. From a 23 mm. embryo. X40. r and i, right and left aortic bodies; a, aorta; gr^ gangliated cord;

m, mesentery; n, suprarenal gland; r, kidney; v, vertebra. The darkly stippled areas in the neighborhood
of the aortic bodies represent anlagen of the sjonpathetic ganglia.

Fig. 113.—Horizontal section through the chromafl&n bodies a, i, 6, c, and i of Fig. Ill, D. From
a 23 mm. embryo. X 40. a, aorta; gr, gangliated cord; n, suprarenal gland; r, kidney; v, vertebra. The
darkly stippled areas in the neighborhood of the chromaffin bodies represent anlagen of plexus ganglia.

the plexus coeliacus and plexus suprarenalis. Most frequently there

is a large body on each side on the medial border of the suprarenal
gland (Fig. Ill, A and B), These bodies may be prolonged down-



CHROMAFFIN ORGANS AND SUPRARENAL GLANDS. 169

ward for some distance, lateral to the isthmus; they are not in-
frequently of considerable thickness (Fig. 112) and may be divided
into two portions along their anteroposterior diameters. It may
also happen that two lateral bodies are formed on each side, in
which case one lies in front of the aorta and the other on the supra-
renal gland (Fig. Ill, B). Occasionally, in addition to the lateral
bodies a median one also branches off from the isthmus and ex-
tends in front of the aorta up to the origin of the superior mesen-
teric artery.

The fact that the chromaffin bodies of the plexuses send off
processes or branch, brings it about that the same body may be cut

Fig. 114.—Horizontal section through the chromafiin aortic body of a new-bom child (Bielschowsky's
stain). X200.

several times, so that in the study of sections more bodies may
seem to be present than is actually the case (compare Figs. Ill,

D, and 113).

The size of the chromaffin bodies in relation to the neighbor-

ing organs may be seen from Figs. 112 and 113. Compare, for in-

stance, the aortic bodies or the isthmus with the aorta.

In the new-born child the chromaffin bodies of the plexuses

have a smooth, light-brown surface; the capsule sends numerous
processes into the interior, which primarily bound the cell cords

(Fig. 114). The vascular system is richly developed in them.

The chromaffin bodies of the plexuses are in no way homolo-

gous with the suprarenal bodies, even although they are identical

in structure. There is, of course, correspondence between the two
kinds of bodies in so far that all ehromafSn bodies are derived from
sympatho-chromafifin tissue, but the topographical factor must not

be neglected to the extent of identifying, without further evidence

than this, bodies that occur in association with the gangliated

cord with others that occur in the ganglia of the plexuses.
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In the post-fetal periods of life the chromaffin bodies present

signs of degeneration without actually disappearing. In adults

the aortic bodies can no longer be perceived by the naked eye,

although microscopic investigation will reveal the presence of

chromaffin tissue in the regions formerly occupied by them. Thus

it was not possible to dissect out the aortic bodies in the body of

an individual of 39 years of age, but microscopic investigation

showed the presence of chromaffin bodies, 1.5 cm. in length but

y^'A .-".i->;.'"

Fig. 115.—Horizontal section through the isthmus (i) of the aortic bodies of an embryo of 60 mm,
a, aorta; ch, chromafBn body on the pelvis of'the kidney (on the left side) and in front of a branch of the

renal artery (on the right side); g, anlagen of plexus ganglia; gr, gangliated cord; r, kidney; P. r, pelvis of

kidney; v, vertebra.

poor in parenchyma, in the sympathetic trunks running on either

side of the inferior mesenteric artery in front of the aorta. Simi-

lar observations were made upon a child of nine years and a

youth of nineteen ; but in these two cases, as well as in that of a

youth of fifteen with well-preserved aortic bodies and a child of

two years whose aortic bodies were poor in parenchyma and

showed signs of hyaline degeneration, the bodies under considera-

tion could be detected macroscopically.

The Suprarenal Gland.

The suprarenal glands are composed of two substances, the

cortex and the medulla, differing in their structure and develop-

ment. The former is derived from the coelom epithelium, the latter

from the sympatho-chromaffin tissue. The cortical cells appear
before those of the medulla and the cortex is already a relatively
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large body before it receives the anlage of tbe medulla The
embryonic suprarenal glands of man and also of the other mam-
mals resemble for some time the interrenal bodies of the Sela-
chians, which, as is known, are composed throughout life of cortical
substance only.

A. H. Soulie finds the first traces of the suprarenal glands in
an embryo of 6 mm., and in correspondence with this Poll correctly
assigns their appearance to the beginning of the fourth week of
development. The anlage of the organ, according to Soulie, takes
the form of buds composed of cells which project from both sides
of the root of the mesentery into the mesoderm situated ventral to
the aorta. In a 6.5 mm. embryo of my collection the region of
the future suprarenal gland is indicated by mitoses in the ccelomic
epithelium, and beneath the epithelium formative cells are closely
aggregated, although they do not yet show the characteristics
of the cortical cells. In an 8 mm. embryo the glands are already
definite organs, completely separated from the ccelom epithelium.
With this the observations recorded in the Normentafel of Keibel
and Elze agree. In a 9 mm. embryo the suprarenal glands are
already vascularized, but the central vein becomes visible only
later (according to the material at my disposal only in an embryo
of 23 mm.).

In young embryos the suprarenal cortex is composed of ele-

ments that are larger than the sympatho-chromaffin cells and stain

readily when treated with the ordinary staining reagents. The
connective-tissue capsule of the organ has a somewhat looser tex-

ture on the medial than is the case on the lateral surface, a con-
dition that has some importance in connection with the immigration
of the sympatho-chromaffin tissue.

The suprarenal glands that have separated from the coelom
epithelium in embryos of from 8 mm. to 12 mm. lie on either side

in a projection of the posterior wall of the ccelom (the suprarenal
ridge) which is situated medial to the mesonephros, that is to say,

between this and the mesentery, and is continued cranially, without

any distinct delimitation, into the dorsal portion of the pleuroperi-

toneal membrane (the dorsal pillar of the diaphragm), a portion

of the gland projecting into this pillar. The suprarenal ridge

and the pleuroperitoneal membrane are separated from the meso-

nephros by a groove.^

In an embryo of 11 mm. in the region of the stomach and the

caudal extremity of the lungs the suprarenal ridges have united

by means of a fold (the caudal limiting fold of Hochstetter) with

the dorsal surface of the liver on the right side and on the left

' Similar relations occur in animals, the differences being only those of detail.

Thus, for example, in an 11 mm. cat embryo the suprarenal ridge does not project

as much as in man and is not separated from the mesonephros by a groove.
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with tlie junction of the stomach and oesophagus. The caudal lim-

iting fold, which separates the caudal portion of the pulmonary

niche from the lateral portion of the abdominal cavity, has the

same relations in man as in other mammals. A comparison of a

horizontal section through this fold in a human embryo of 11 mm.

with a similar section of a 10 mm. cat embryo shows almost exact

correspondence. In Hochstetter's figure of a horizontal section

through the fold in a 10.2 mm. cat embryo the suprarenal gland, it

/

/
*^->

!FiG. 116.—Horizontal section through the suprarenal gland (71) of a 17 mm. embryo. X60. a,

aorta; ffr, gangliated cord; m, mesentery; n. a-pl,, splanchnic nerve; p, pleuroperitoneal cushion; u, verte-

bra. The darkly stippled masses, traversed by nerves, lying on the medial side of the suprarenal glands

and sending processes into their substance, are sympatho-chromaffin tissue.

is true, is not shown, but, as I have convinced myself, the dorsal

half of the fold is given off from the suprarenal gland also in

the cat.

The posterior surface of the gland rests upon a coarsely

meshed, almost cedematous, pleuroperitoneal cushion (the tissu

muqueux lache peripleural of Brachet), which, as in animals, pro-

jects extensively behind the thoracic portions of the cardinal veins

(Fig. 116). In embryos of 14 mm. and 15 mm. this cushion has an
extensive development, while in an embryo of 28 mm. it has already

undergone a great amount of retrogression. The mesonephros
and the suprarenal ridges are also attached to the cushion.

The medulla of the glands is formed by the migration of

masses of sympatho-chromaffin cells from the medial side toward
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the centre of the organ, so that they surround the central vein
as the anlage of the medullary nucleus. In no preparations could
the immigration of parasympathetic cells be observed, to say noth-
ing of fully differentiated medullary cells. The elements of the
migrating cell masses, which are entirely or for the most part com-
posed of chrom^n formative cells, are sharply distinguished
from the neighboring cortical cells by their smallness and their
intense stain (Fig. 118, s. ch.). It is conceivable that their " îm-

n.apl.
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Fig. 117.—Horizontal section through the region of the suprarenal glands in an embryo of 15 mm.
X50. a, aorta; f, process of the suprarenal gland (n) that projects into the sympatho-chromaffin tissue
(represented by the darkly stippled masses medial to the gland); g, reproductive gland; m, mesentery;
n. 9pl', splanchnic nerve; p, pleuroperitoneal cushion; Ur^ mesonephros; «, vertebra.

migration," the cause of which has not yet been explained, may be
inhibited and that the primitive form of the glands may exception-

ally persist even in man.
The immigration of the sympatho-chromaffin tissue begins, as

A. H. Soulie also finds, in embryos of about 19 mm. Processes of

the adjacent sympatho-chromaffin tissue may, it is true, be observed
penetrating and splitting up the medial portions of the glands
even in embryos of 8 mm. (Fig. 116), and in some cases cortical

processes (Fig. 117, /) or accessory suprarenal glands occur at

an early stage in this region, but the immigration at these stages

does not extend far beyond the region mentioned.^

" Cortical processes not infrequently persist and project by their free terminal

portions into the neighboring nerve-plexus.
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The association of the various cell masses to form the sym-

patho-chromaffin medullary nucleus of the glands does not take

place until quite late. In embryos of from 6 cm. to 11 cm. (vertex-

breech measurement) some masses have already reached the cen-

tral vein, others, indicating that the immigration into the cortex

is still continuing, have reached as far as the ?;ona glomerulosa,

and even in a fetus of 19 cm. the sympatho-chromafifin formative

mass intended for the gland has not yet reached the centre of the

organ. At first the central vein is surrounded by a continuous

«, ch.

•^

' -• •jSfSsTiisffii, '.:. .
7'-"

Fig. 118.—Section through the suprarenal gland of an embryo of 95 mm. (vertex-breech measure-
ment), showing immigrated masses of sympatho-chromaffin cells («. ch.). Some of these have already
penetrated to the central vein.

layer of sympatho-chromaffin tissue only at a circumscribed re-

gion. On the other hand, in an embryo whose suprarenal gland
had reached a greatest length of 9 mm. the immigration of the
medulla was completed and the extensive medullary nucleus sur-
rounding the central vein already gave the chrome reaction. In
view of these observations, the remark of E. Meyer that already
in an embryo of 26 mm. the sympathetic cells had reached the
centre of the organ seems scarcely reliable.

The immigration of sympatho-chromaffin tissue into the gland
seems to be continued even in post-fetal life, for J. Wiesel has
found cell masses in the cortex even in new-born children.
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In contrast with, the fact that in an embryo of 19 cm. sympatho-
chromaffin tissue still occupies the place of the medullary sub-

stance, it seems worthy of remark that occasionally in young
fetuses (5-6 cm.), in addition to the wandering cell masses to-

ward the centre of the gland, a circumscribed area of the medial
surface together with the adjacent cortical layers is infiltrated

with parasympathetic tissue. The circumstance that parasympa-
thetic tissue is already developed in the region mentioned, while

the adjoining cell masses destined to form the medulla have not

yet passed beyond the stage of formative cells, indicates that it

is a question of local parasympathetic infiltration.

Occasionally the path of the completed immigration is indi-

cated by a process of the medulla, either simple or divided into

several portions, which, directed toward the surface, either ends

FiQ 119—Sections through the medial portion of the suprarenal gland of a new-bom child, a,

accessory suprarenal; /, process of the suprarenal gland (n); v, veins. The ohromaflm tissue and the medulla

of the suprarenal gland in black.

there or passes over into a neighboring chromaffin body (Fig. 119).

A similar condition has been observed in various mammals, as,

for instance, in the mouse by M. Inaba.

The differentiation of the cortex into three layers takes place

rather late. The zona glomerulosa is lacking even in the older

fetuses, and according to 0. Scheel it is formed between the second

and third year and onlyreaches the characteristic adult structure in

the later years of childhood. The zona reticularis may be recognized

in an embryo of 14.5 mm., and it would seem, as Gottschau and

Mitsukuri have suggested, that its form is determined by that of

the venous network, which, as is known, has an extensive develop-

ment The superficial layers of the cortex, even in older fetuses,

are occupied by cells which, as A. Kohn has also pointed out,

are smaller than the other cortical cells. They stain blue on

treatment with hematoxylin and eosin, whereas the cells of the
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zona fasciculata and those of the zona reticularis take the eosin.

A. Bond, who stained the suprarenal of the mouse with eosin and

toluidin, observed a similar reaction; he recognized a cyanophil

zona glomerulosa as a younger form of the remaining eosinophil

cortical cells.

The Development of the Accessory Suprarenal Glands.

The majority of authors agree that the accessory suprarenal

glands represent separated portions of the parent organ, and

J. Wiesel succeeded in showing that the immigration of the sym-

patho-chromafiSn tissue plays an important part in the separation.

This immigration, that is to say, produces a cleavage of the medial

surface of the suprarenal gland, as a result of which there is a

separation of smaller or greater portions of the gland. This

mode of development concerns, however, only those accessory

suprarenal glands that occur in the region where the cleavage of

the cortex by the sympatho-chromafifin tissue occurs.

The accessory glands either remain in the vicinity of the

principal gland or they may eventually be situated far away from
it if they become associated with organs that alter their position

(accessory suprarenal glands on the spermatic vessels, in the liga-

mentum latum, and on the epididymis).

The accessory glands consist for the most part only of cortical

substance, yet the fact that they occasionally also contain medul-
lary substance shows that their separation is frequently due to

the sympatho-chromafiQn tissue. In fifty children that were exam-
ined with a view to determine the occurrence of accessory supra-
renal glands, only one was found containing medullary substance.

It was imbedded in the cceliac plexus, and one half of it consisted
of a chromaffin body and the other half of cortex. A process of
the suprarenal gland, similar to that represented in Fig. 119,

B, f, had probably separated from the principal organ in this case.

In other cases the chromaffin tissue migrates toward the centre
of a cortical process, and thus there is formed later an accessory
gland which is a diminutive copy of the principal organ. The
accessory glands with medullary substance are accordingly divis-
ible into two groups, those with peripheral and those with central
medullary substance. Medulla and cortex may interpenetrate to
such an extent that a process of the cortex or an accessory gland
may consist of a thin cortical layer enclosing in addition to chrom-
affin tissue some scattered cortical trabeculse.

Accessory glands may also be formed in another way, namely,
by portions being separated from the surface of the cortex in the
region of the capsule, the general conditions remaining normal.
To such separations are to be referred the nodular projections
and spherical accessory glands that so frequently, even in large
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numbers, are to be found scattered over the surface of the supra-
renal glands. They frequently imbed themselves in cavities in the
organ and should not be confused with adenomata. Some of the
nodes may come to lie in clefts in the neighboring sympathetic
plexuses, and these show their origin from the superficial layer
of the cortex by the fact that they are composed of zona glomeru-
losa alone. 0. Aichel recognizes still another mode of formation
for the accessory glands, in deriving those associated with the
reproductive organs from cross canals of the mesonephros that are
in process of retrogression. This idea, however, is quite as erro-

neous as another of the same author, by which the accessory glands

are identified with the suprarenal bodies.

A. H. Soulie also assigns the free chromaffin bodies to the

category of accessory suprarenal glands. He seems to cling to

the old idea that these bodies belong to the medullary substance

of the suprarenal glands. The atrophy which they undergo later

on is explained by their having no connection with the suprarenal

gland with which they should be associated functionally. The
incorrectness of this last supposition is shown by the fact that

the chromaffin bodies do not atrophy in all mammals (for example,

in Cavia cobaya), and in the Selachians an intimate relationship

between the interrenal and suprarenal bodies does not really exist.

Furthermore it may be pointed out that the anlage of the medul-

lary substance is also originally free and lies outside the supra-

renal glands. The primitive condition of the chromaffin bodies

is represented by independent organs, entirely unconnected with

the suprarenal glands, and for this very reason there are no

grounds for terming the free chromaffin bodies accessory supra-

renal glands.

Finally, it may be remarked, that the formation of accessory

suprarenal glands from special buds of the ccelom epithelium is

also conceivable, but up to the present there is no evidence that

such a method occurs.

BIBLIOGRAPHY.

Aichel, 0.: Vergleichende EntwickelungsgescMehte und StammesgescHelite der

Nebennieren, Arch. f. mikr. Anat., vol. 56. 1900.

Arnold, J. : Ueber die Stniktur des ganglion interearotieum, Arch, f . path. Anat.,

vol. 33. 1865.

AscHOffF, L. : Ueber das Vorkommen chromaffiner Korperchen in der Paradidymis

und in dem Paroophoron Neugeborener, etc., Arb. aus dem Kgl. pathol. Inst.

in Gottingen. Festschrift fur Orth. 1903.

Balfotje, F. M. : Ueber die Entwicklung und Morphologie der Suprarenalkorper,

Biol. Centralbl., vol. 1. 1881.

BiEDL, A., and Wibsel, J. : Ueber die Funktion der Nebenorgane des Sympathieus,

Arch, f . Physiol., vol. 91. 1902.

Bbaohbt, a. : Recherches sur revolution de la portion eephalique des eavites pleu-

rales, etc., Joum. de TAnat. et de la Physiol., vol. 38. 1897.

Vol. II.—12



178 HUMAN EMBRYOLOGY.

BucuEA, J. : Nachweis von ehromafflnes Gewebe und wirklichen Ganglienzellen im

Ovar, Wiener klin. Woehensehr., vol. 20. 1907.

DiAMAKE, V. : Sulla morfologia delle capsule surrenali, Anat. Anz., vol. 15. 1899.
^

Sulla costituzione dei ganglii simpatiei negli elasmobranchi e sulla morfologia

del nidi eeUulari del simpatico in generale, Anat. Anz., vol. 20. 1902.

GiACOMiNi, E.: Sopra la flna struttura delle capsule surrenali degli Anfibii e

sopra i nidi cellular! del simpatico di questi vertebrati. Siena, 1902.

GOTTSCHAU, M. : Struktur und embryonale Entwicklung der Nebennieren bei Sauge-

tieren. Arch, f . Anat. und Physiol., Anat. Abth. 1883.

Geynfbltt, E. : Structure des corps suprarenaux des Plagiostomes, Comptes Rend.

Ac. Sci. Paris, vol. 135. 1902.

HoCHSTETTEE, F. : TJeber partielle und totale Seheidewandbildung zwischen Pleural-

hohle und Peritonealhohle, Morph. Jahrb., vol. 27. 1899.

Hoffmann, C. K. : Zur Entwicklungsgeschichte des Sympathicus. I., Verhandl.

Akad. Wetensch. Amsterdam, vol. 7. 1900.

Inaba, M. : Notes on the Development of the Suprarenal Bodies in the Mouse,

Joum. College of Sci. Imp. Univ. Japan, vol. 4. 1891.

KLastschbnko : Das Schicksal der embryonalen Schlundspalten bei Saugetieren,

Arch, fiir mikr. Anat., vol. 30. 1887.

Keibel, F., and Elze, C. : Normentafel zur Entwicklungsgeschichte der Wirbeltiere,

Heft 8. 1908.

KOHN, A. : Ueber die Nebenniere, Prager med. Woehensehr., vol. 23. 1898.

Ueber Bau und Entwicklung der sogenannten Carotisdruse, Arch, fiir

mikr. Anat., vol. 56. 1900.

Die Paraganglien, Arch, fiir mikr. Anat., vol. 62. 1903.

Leydig, F. : Beitrage zur mikroskopische Anatomie und Entwickelungsgeschichte

der Rochen und Haie. Leipzig, 1852.

Anatomisch-histologische Untersuchungen iiber Fische und Reptilien. Berlin,

1853.

LusCHKA, H. von: Ueber die driisenartige Natur des sogenannten Ganglion inter-

earoticum. Arch, fiir Anat. u. Physiol. 1862.

Marohand, F. : Beitrage zur Kenntnis der normalen und pathologischen Anatomie
der Glandula carotiea und der Nebennieren, Festschr. fiir R. Virchow. Ber-
lin, 1891.

Mauree, F. : Schilddriise, Thymus und Kiemenreste bei Amphibien, Morphol.
Jahrb., vol. 13. 1888.

Schilddriise, Thymus und andere Sehlundspalten-Derivate bei der Eidechse,
Morphol. Jahrb., vol. 27. 1899.

Die Sehlundspalten-Derivate bei Echidna, Verhandl. Anat. Gesellsch. Tubingen,
Anat. Anz., vol. 16. 1899.

Mayer, S.: Beobaehtungen und Reflexionen iiber den Bau und die Verrichtungen
des sympathischen Nervensystems, Sitzungsber. Akad. Wiss., vol. 66. Wien,
1872.

MiTSUKUEi, K.: On the Development of the Suprarenal Bodies in Mammalia,
Quart. Joum. Micr. Sci., vol. 22. 1882.

Paltauf, R.: Ueber Geschwiilste der glandula carotiea, etc., Beitr zur pathol.
Anat. u. allg. Pathol., vol. 11. 1892.

Poll, H._: Die vergleichende Entwicklungsgeschichte der Nebennierensysteme der
Wirbeltiere, Hertwig's Handb. der vergl. und exper. Entwicklungslehre.
1906. (Published 1905.)

Rabl, C. : Zur Bildungsgesehichte des Halses, Prager med. Woehensehr., vols 11
and 12. 1886 and 1887.

Rabl, H.
: Die Entwicklung und Struktur der Nebennieren bei den Vogeln, Arch

fiir mikr. Anat., vol. 38. 1891.
Rielander, a. : Das Paroophoron. Marburg, 1905.



CHROMAFFIN ORGANS'AND SUPRARENAL GLANDS. 179

ROTJD, A.: Contribution a 1'etude du developpement de la capsule surrenale de la

souris, Bull. See. vaudoise des Sei. Nat., vol. 38. 1903.

ScHEEL, 0. : Ueber Nebenniere, Sekretkomcben-Oedem-Gewicht, Arch, fiir path.

Anat., vol. 192. 1908.

ScHtTE, H., and Wibsel, J. H. : Beitrage zur Physiologie des ehromiafBnen Gewebes,

Verhandl. deutseh, path. GeseUsch., Dresden and Wiener klin. Woehenschr.,

No. 40. 1907.

SouLifi, A. H. : Recherches sur le developpement des capsules surrenales, Joum,
de I'Anat. et de la Physiol., vol. 39. 1903.

Stieda, L. : Untersuehungen iiber die Entwicklung der Glandula thymus, Gl. thy-

reoidea und Gl. earotiea. Leipzig, 1881.

Stilling, H. : Du ganglion intercarotidien, RecueU inaug. Univ. Lausanne. 1892.

Die Chromophilen ZeUen und Korperchen des Sympathicus, Anat. Anz., vol.

15. 1899.

WiEDBESHBiM, R. : Einfiihrung in die vergleichende Anatomie der Wirbeltiere.

Jena, 1907.

WiESEL^ J. : Beitrage zur Anatomie tind Entwicklung der menschlichen Nebenniere.

Anat. Hefte, vol. 19. 1902.

Ueber Gefassveranderungen im Verlaufe akuter Infektionskrankheiten. Teil

III. Zeitschr. fiir Heilkunde, vol. 27. 1907.



XVI.

THE DEVELOPMENT OF THE SENSE-ORGANS.

By FRANZ KEIBEL, Freiburg i. Br.

General Considerations.

Not only are stimuli perceived that come to the body from the

exterior, but also the internal conditions, such as the position of

the joints and the tension of the muscles. For the reception of

both kinds of stimuli special apparatus, the sense-organs, may be

developed. On account of the surpassing importance and the

variety of the external stimuli, the sense-organs for their reception

are much more perfectly and variously developed than are those

for the perception of internal processes ; indeed it is even doubtful

whether the tendon and muscle spindles should be regarded as

sense-organs, and the lamellate bodies have recently on good

grounds been denied that character (Eamstrom, 1908, and von

Schumacher, 1907). Furthermore it is to be noted that the entire

external skin possesses in addition to other functions that of a

sense-organ ; its development, as well as that of the hairs and hair-

disks which belong to it, has been considered in a special chapter.

In the higher sense-organs (the eye and ear) and the olfactory

organ the portions which receive the stimuli are derived from
the ectoblast. The gustatory organs, as will be shown later, are

possibly, indeed probably, derived from the entoblast. As regards

the organs of internal sensation, free nerve terminations must
be regarded as the stimulus receptors, just as they are in the ex-

ternal skin ; that which at first sight appears to be the sense-organ

should really be regarded as accessory apparatus and is developed

from the mesoblast.

The Touch=cells, the Lamellate Corpuscles (Vater=Pacinian Corpuscles), the

tEnd=bulbs (W. Krause's Corpuscles), the Touch=corpuscles (Meissner's

Corpuscles), the Sexual Corpuscles.

It has just been pointed out above that free nerve termina-
tions must be regarded as the stimulus receptors in all the organs
mentioned here. As to the development of the accessory appa-
ratus, if the skin and its organs, which have been specially con-

sidered, be left out of the question, very little is known. The
development of the lamellate corpuscles in man has not, to my
knowledge, been investigated in recent times.

Henle and KoUiker made some observations upon them in

1844. These authors recognized them in the sixth month of preg-
180
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nancy as cell masses without any special arrangement of the cells

;

in the new-born child they appeared to be quite similar to those
of the adult, except that they were smaller and had little or no
fluid between the lamella. W. Krause (1860) found them rela-

tively far developed at a much earlier period. "A corpuscle from
the volar surface of the index-finger of a fetus at the end of the
fifth month of pregnancy, which he measured, had a length of

0.29 mm. and a breadth of 0.11 mm.; the outermost capsule was
quite distract and the innermost was also recognizable; the rest

were merely indicated and possessed an enormous number of oval

nuclei arranged lengthwise. Transverse fibres could not be de-

tected. The nuclei just mentioned occurred also in the central

cavity, which was 0.225 mm. in length and 0.018 mm. in breadth,

and in its axis was a very distinct, glistening terminal filament

which had a diameter of 0.0038 mm. and ended close to the periph-

eral part of the inner cavity with a slight enlargement."

Davydow (1903) has recently investigated the development of the lamellate

corpuscles of the cat, but I know of his results only through Weinberg's abstract

of them in Schwalbe's Jahresbericht, Neue Folge, Bd. x (1904). According to

this the Vater-Paeinian corpuscles in their earliest stages consist of a small

number of connective-tissue cells. By rapid increase these cells soon form round
or oval cell groups; the roundish elements become altered centrally into elongated

ones, and finally all are employed in the formation of the lamellae of the develop-

ing Pacinian corpuscle. In the new-born eat a rapid increase in the number of

Pacinian corpuscles takes place by budding. In the division the Timofejew
apparatus is usually formed from a common fibril-bundle, an arrangement which

indicates the possibility of a functional cooperation of several Pacinian corpuscles.

There are also some observations on the development of the

touch-corpuscles by W. Krause (1860). He found them in a seven

months' fetus in the tips of the papillae of the vola manus. Ac-
cording to Krause the new-born child possesses in its little fingers

and toes just as many touch-corpuscles as does the adult individual,

and it must therefore possess a more delicate sense of distance.

New touch-corpuscles and especially terminal corpuscles do not

form after birth. With these results those of Eanvier (1880-1881)

do not quite agree. Eanvier starts with observations made by
Langerhans (1873) on young children. According to him the

development takes place essentially after birth. In the new-born

child one sees in vertical sections through the finger pulp at the

summit of most of the papilte, immediately below the first row of

epithelial cells, some transverse striae and, somewhat deeper, an

island of roundish mesoblast cells. The transverse striae repre-

sent a nerve telodendron : the nerve ascends directly to the summit

of the papilla and there divides into a small number of branches,

which terminate in enlargements. These branches lie horizontally,

as if they had been forced up through the cell island against the

bases of the epithelial cells. In children 50 days old the nerve
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telodendron has developed greatly, its branches are more numer-

ous and thicker and the mesoblast cells have penetrated between

them (Fig. 120). In the sixth month the upper lobe of the com-

posite corpuscle has reached its definitive form.

It is well delimited, and in its interior one sees

a certain number of telodendra separated by-

cells that are weakly flattened transversely.

The second lobe is in process of formation. At

the base of the first lobe one sees, that is to say,

a new nerve telodendron and beneath this is a

group of roundish cells that seem about to pene-

trate it. The contradictions contained in the

puSeofa'^Mw°or50da".: obscrvatious of Krausc and Eanvier are per-

treated with gold chloride, ^aps Only apparout ouBS. Eauvior has not
n, nerve; b, nerve teloden- • -t ,i j x j tt- i

dron, between the branches exammcd the youugcst stagBS and Krause has

°l:^:''nl'^^e''i^lu^C not considered the development of the finer

Hf-H^tX^rt:ns.ate" P^rts of thc Small organ. Krause (1869) has
by Nicati and Wyss, Leip- also iuvcstigatcd the development of the spher-
"^'^^^^^

ical end-bulbs in the conjunctiva bulbi of man;
in a six months' fetus they had the appearance of masses of nuclei

or cells, nevertheless they already possessed a distinct investing

membrane.

The Epibranchial Sense=Organs.

Epithelial thickenings that may be found dorsal to the bran-

chial clefts of embryos of from 4 to 12 mm. may be regarded as

rudimentary sense-organs. These thickenings, which are termed

sense-placodes, occur in connection with the vagus, glossopharyn-

geal, and facial nerves, and less distinctly with the trigeminus,

cells being given off from the ganglia of these nerves: they may
then be transformed into small epithelial pouches. See regarding

them Keibel and Elze, Normentafel zur Entwicklungsgeschichte

des Menschen (1908), Plates 10-45, Ingalls (1907), and the chapter

Lq this work on the development of the peripheral nervous system.

The placodes have probably a great importance from the stand-

point of comparative anatomy and embryology. It is supposed
ihat the auditory and olfactory organs have been formed from
such placodes, and the lens of the eye has also been derived from
a placode; this may have been originally the actual sense-organ.

On this point see Brachet (1907a and 1907b).

The^Qustatory Organ.

The tongue is frequently spoken of simply as the organ of

taste, and one may say of a person that he has a good tongue just

as one might say he has a good eye ; but on the one hand the tongue
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is not merely a gustatory organ, and on the other hand, the organs
that are receptive for taste, the taste-buds, are not limited in their

distribution to the territory of the tongue. Accordingly the de-

velopment of the tongne will be treated along with that of the
digestive tract, and we have to discuss here in the first place the

development of the taste-buds. Brief consideration must also be
given to those papillae of the tongue which are to be regarded as

accessory organs of the gustatory sense. The territory within

which taste-buds are found in man is quite extensive. Their prin-

cipal situation in the adult individual is on the papillse vallatae ; but

they have also been described as occurring on the papillse foliatae

and the papillae fungiformes, on the under surface of the tongue on

the plica fimbriata (Ponzo, 1905^, 1905^, and 1907), on both surfaces

of the epiglottis and also in the mucous membrane of the larynx

itself, and in the region of the arytenoid cartilages (Davis, 1877).

They are also said to occur in the anterior surface of the soft

palate, especially in the neighborhood of the uvula (A. Hoffmann,

1875, W. Krause, 1876). Von Ebner (1899) has not been able to

find them in this situation, and J. Schaffer (1898) believes that the

thickened ends of papillae have been confused with taste-buds;

Ponzo (1907), however, has recently stated that he has found

them in the human fetus on the palatine tonsil, on the palatine

arches, and on both surfaces of the soft palate. Such contradic-

tions are probably to be explained by the fact that, as will be seen,

the taste-buds are at first more widely distributed than they are

later on, and undergo a partial retrogression which apparently

is not of quite the same extent in all individuals. Very generally

the gustatory organs have been regarded as being of ectodermal

origin (see Schwalbe, Lehrbuch der Anatomie der Sinnesorgane,

p. 36) ; this view is not, however, free from objection. It is not

possible, it is true, to delimit exactly in the mouth cavity the ecto-

blastic and entoblastic territories; but the majority of the taste-

buds lie undoubtedly within the entoblastic territory, and even

although epithelial encroachments are possible, yet it seems diffi-

cult to suppose that the ectoblast has penetrated into the region

of the larynx. The first thorough investigations of the develop-

ment of the taste-buds in man were undertaken by Tuckermann

(1889, 1890 1, 1890 2), ^i^o also reviewed the older literature, for

Hoffmann (1875) and Lustig (1884) had already published state-

ments concerning the fetal conditions. Tuckermann failed to find

taste-buds in a fetus of ten weeks, but did find them in one of four-

teen weeks ; he concluded, therefore; that they were formed during

the twelfth week of intra-uterine life. The first statements, accom-

panied by figures, concerning the actual histological differentiation

of the buds were made by Graberg (1898), and his account will be

followed here.
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In a fetus of about three months (11 cm. vertex-sole length)

this author could not recognize any anlagen of the papillae vallatse,

but he found two ridges of the mucous membrane at the back part

of the tongue which were placed obliquely and met in the median

line to form an angle open anteriorly. These ridges are the foun-

dations for the papillae vallatae. The epithelium covering the

ridges is growing even at this stage into the stratum proprium in

the form of simple invaginations and is dividing the ridges into

papillffi. The first anlagen of the taste-buds are accordingly to be

found in this fetus, but they are not as yet clearly defined (Fig.

121). The basal cells of the epithelium have lost their usual low

cylindrical form and have increased in size noticeably. It is note-

worthy that already in this earliest stage of development a nerve is

in connection with that portion of the epithelium from which a

taste-bud is differentiating, and Graberg believes that it may have

d

Fig. 121.—Frontal seotion through a papilla Fio. 122.—Frontal section through a papilla

Tallata of an 11 cm. human fetus. (After Gr&berg. vallata of a 21.3 cm. human fetus. (After Gr&berg.

Sohwalbe's Morphol. Arbeiten, vol. 8, 1898, PI. 11, Schwalbe's Morphol. Arbeiten, vol. 8, 1898, PI. 11,

Kg. 1.) a, places at which the formation of taste- Fig. 4.) a. indifferent cells; c, extrabulbar cells;

budfl is beginning; n, nerves. d, basal cells; e, gustatory pore; p, pillar cells.

a direct influence on the differentiation. Fig. 122 shows a further

developed, well-defined taste-bud with a gustatory pore, from a

fetus of 21.3 cm. vertex-rump measurement; a differentiation of

the cells of the taste-bud into extrabulbar, basal, and pillar cells

has also taken place to some extent, and, in addition, there are

also present cells of an indifferent nature. So soon as they have
become weU differentiated the cells of the taste-bud reach the sur-

face of the epithelium; then the gustatory pore is formed by the

epithelium at the sides of the taste-bud increasing in thickness

while the cells of the bud itself have almost completed their growth
in length. The appearance of the taste-buds and their degree of

development are in general subject to great variation. In the

new-born child the different kinds of cells which constitute a bud
are readily recognizable in transverse sections, neuro-epithelial

cells, pillar cells, basal cells, and the extrabulbar cells; Graberg
failed to find only the rod-shaped cells of Hermann, but, on the

other hand, he believed that he could distinguish the striated
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margin of the inner gustatory pore, or ciliary corona of Schwalbe,
as well as the hairs projecting into the pore. Many taste-bnds
nndergo degeneration during the latter portions of intra-uterine
life and after birth, and the degeneration process affects the first-

formed buds situated on the upper free surfaces of the papillaj
vallatse, furthermore those on the papillas fungiformes and those
on the anterior surface of the epiglottis, on the tonsils, the soft
palate, and on the plica fimbriata. Thus, Kiesow (1902) in almost
mature fetuses in the majority of cases found taste-buds on the
lingual surface of the epiglottis ; after birth they vanish. Accord-
ing to Stahr (1901) the abundance of buds on the different kinds
of papillsB is associated with the degree of elaboration of the form
of the papillae, their size and number. The vallate papillae are late

to become fully formed, and when they do the papillae fungiformes
assume a less definite form; they become relatively smaller and

Fig. 123

Fig. 124 Fig. 125

Figs. 123—125.—The summits of three taste-buds from a human fetus of 21.3 cm. a, in Fig. 123,

indication of the gustatory pore, in Fig. 124, its anlage, and in Fig. 126, outer gustatory pore; 6,

gustatory canal; c, inner gustatory pore, (After Graberg, Schwalbe's Morphol. Arbeiten, vol. 8, 1898,
Pi. 11, Figs. 8-10.)

less numerous, and their epithelium partly loses its buds and
becomes cornified. In the new-born child taste-buds occur on all

the fungiform papillae. The significance of the different kinds of

papillae for the function of taste alters during the life of the in-

dividual. The fungiform papillae have their greatest abundance

of taste-buds, and with that their chief period for functioning as

taste-organs, in the new-born child ; for the vallatae and the foliatae

these conditions occur in the adult. As regards the degeneration

of the taste-buds on the upper surfaces of the papillae vallatae,

Graberg finds that in fetuses of 24.5 and 39.5 cm. their outlines

become indistinct and the nuclei of their cells shrivel. Occasion-

ally leucocytes seem to invade them. The degenerated buds are

carried to the surface and thrown off by the growth of the epi-

thelium.

The papillae vallatae, foliatae, and fungiformes may properly be

regarded as organs accessory to the taste-buds. The first appear-

ance of the fungiform papillae is shown in the Normentafel of Keibel



186 HUMAN EMBRYOLOGY.

and Elze in Plates 62, 64, and 66, in embryos less than 20 mm,
in length. Grraberg has described and illustrated by some dia-

grams (Fig. 126, a-d) the development of the papillae vallatse. The
ridges that precede the anlagen of these papillae have already

been described, and also the process by which they are broken up

into the individual papillae. The annular walls are formed from

definite epithelial growths, derived from the epithelial ridges that

bound the primitive papillae, and, lateral to these, extending down
into the stratum proprium. The stratum proprium on its part

then projects up into the epithelial thickening, raising the epithe-

lium over it and thus producing on the free surface of the mucous
membrane surrounding the papillse a slight elevation, which is the

Fia. 126, a-d.—Diagrams illustrating the development of the vallate papillse and their adnexffi. (After

Gr&berg, Sohwalbe's Morphol. Arbeiten, vol. 8, 1898, p. 121-122.) a, "primary," i>, "secondary" epithe-
lial downgrowths; c, anlagen of glands of von Ebner; d, fossce; e, annular wall.

anlage of the annular wall. The fossae are formed by the fusion

of small clefts that develop in the epithelial downgrowths that

separate the papillae. The glands of Ebner appear as solid out-

growths which extend laterally from the lower edges of the epithe-

lial downgrowths. Later they acquire a lumen by the degeneration

of their central cells, but even in the new-born child they are not

everywhere fully developed. Until after birth the growth of the

fungiform papillae is mainly in length (Stahr, 1901), the fungus
shape being acquired with the development of secondary crops

of papillae, by which a second stage in the growth of the papillae

is characterized; now for the first time can the papillae be said to

have a foot and a head. The secondary papillae have already

appeared in children of a few months, and in these all fungiform
papillae still bear taste-buds, whereas in the tongue of the adult
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fungiform papillae without buds occur. In the adult the epithelium
often cornifies to form long tips, yet papillae also occur whose
epithelium is in part cornified and in part bears buds. Transi-
tions between vallate and fungiform and between fungiform and
filiform papilla do not occur.
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The Olfactory Organ.

As is well known, the gnathostomatous vertebrata may be

divided uito monorhinous and amphirhinous forms. By their

monorhinous condition the Cyclostomes stand in contrast to the

rest of the vertebrates. Kupffer (1884) has sought to bridge the

gap between the two conditions, and his views have for that reason

secured much acceptance. He regards the ciliated groove at the

anterior neuropore of Amphioxus as an olfactory organ. The

Cyclostomes, in addition to the unpaired anlage of the olfactory

organ, the " unpaired olfactory placode," situated close to the

neuropore, had also paired organs situated more laterally, the

lateral " olfactory placodes," which secondarily fused with the

unpaired one ; the rest of the vertebrates in addition to the lateral

olfactory placodes had also the anlage of the unpaired placode, but

this latter degenerated.

This view has been opposed by Peter (1901) ; he contends that

an unpaired olfactory plate occurs in the rest of the vertebrates

in the region of the neuropore, and I can from my own observa-

tions confirm his statements. The first anlage of the olfactory

organ in man is formed by a paired convex area, covered by thick-

ened epithelium (sensory epithelium), situated near the point

where the anterior neuropore has closed. Van Wyhe (1882) has

maintained that the olfactory nerve is only apparently the first

cranial nerve ; in reality it is the second, the optic being the actual

first and the succession being reversed by the cranial flexure. This

would also be the case with the corresponding sense organs. Nuss-

baum (1900) has also reached the same conclusion, and says,

"Consequently the spot where the optic anlage leaves the braia

has been secondarily transferred from the dorsal to the ventral

surface and at the same time pushed caudally, on account of the

forebrain flexure. By this the optic nerve, as Van Wyhe has
already pointed out, has become the second cranial nerve, although

it was originally on the dorsal surface in front of the olfactory

nerve, which is counted as the first cranial nerve in adult verte-

brates."

Hatschek (1909) has also quite recently made the same state-

ment. The question depends upon what is to be regarded as the

anterior end of the medullary plate. If the infundibulum repre-
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sents its original anterior end and the regions of the chiasma and
the recessus opticus have been formed by suture, and if the optic
vesicles, as must also be assumed, are dorsal structures corre-
sponding to the part of the edge of the medullary tube which hasm this region united by suture, then Van Wyhe "is correct. I re-
gard this primary question, however, as not yet settled, and accord-
ingly cannot regard it as settled that the olfactory nerve really
lies caudal to the optic (compare also Keibel; 1889).

The sensory epithelium of the olfactory placodes. is at first
especially ventrally, imperfectly marked off from the epithelium
that covers the rest of the head. This condition was found by
Keibel and Elze (Fig. 127) in an embryo of 4 mm. in its greatest
length (Normentafel, Plate 10) ; the olfactory areas were alreadv
distmguishable in an embryo of 3 mm. described by Bromann
(1896) (Normentafel, Plate 11), while Hammar (Normentafel,
Plate 9) could not find them in an embryo with a greatest length
of 4.7 mm.

Fig. 127.—(From Keibel and Elze, Normen-
tafel 2ur Entwioklungsgeachiehte des Menachen,
Fig. 9 e.) X30. R, olfactory area; Vh, forebrain.

Fig. 128.—(From Keibel and Elze, Normen-
tafel zur Entwicklungsgeschichte des Menscben
Fig. 12 k.) X30. B, olfactory area; Vh, forebrain.

The delimitation of the olfactory epithelium is more perfect
in the embryo of Plate 14 of the Normentafel (4.9 mm. nape-breech
length, 4.7 mm. vertex-breech length) (Fig. 128).

i

In an embryo with a greatest length of 5.3 mm. (4.6 nape
length) the olfactory areas are still conves, but are beginning to
be more sharply delimited dorsally. They_ then become flattened
(Fig. 129) (Normentafel 21, greatest length 6.75 mm.) and later
begin to be depressed in their dorso-lateral part (Fig. 130) (Nor-
mentafel, Plate 24, in an embryo of 6.5 mm. greatest length=
nape-breech length, vertex-nape length 4.7 mm., vertex-brow length
3.0 mm., age fairly certainly 21 days ; also Normentafel, Plate 25,

greatest length^ nape length 6.25 mm.). In an embryo of 8 mm .

(Normentafel, Plate 30 and Fig. 21 b) the olfactory area, according
to Hammar, is feebly depressed, and in its caudal portion, which
has deepened into a pocket, the nasal groove has formed. This
embryo corresponds with that which His (1880-1885) figured in

Fig. 29, p. 46, of the third part of his Anatomie menschlicher Em-

' Delia Vedova (1907) has already described olfactory fo?SEe in an embryo
of 4.7 mm.
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bryonen, and wMcli has also been figured by Kallins (1905) and

has formed the basis of his description; I repeat His's figure here

as Fig. 132 for comparison, although I have some doubts whether

it correctly represents the normal conditions. The nasal fossa

is surrounded by a marginal swelling which is interrupted below

FiQ. 129.—(From Keibel and Eke, Normen-
tafel zur Entwicklungsgeschiclite des Menschen,
Fig. 16 i.) X25. Ao, aorta; At. d., right atrium;

D. A.t ductus venoaua Arantii; L&., liver; Mg, stom-
aoh; R., olfactory area; 9. R. S., ninth body somite;

S. v., sinus venosus; V. c. p., posterior cardinal vein;

Vh, forebrain; W. G., Wolffian duct.

FiQ. 130.-—(From Keibel and Elze, Normen-
tafel zur EntwicklungsgescMchte des Menschen,
Fig. 18 f.) X20. Ao. W., aortic root; D. C. d. (s.),

right (left) Cuvierian duct; N. v., vagus nerve; Oe.,

oesophagus; Rg., olfactory fossa; 3. R. S., third body
somite; jS. J., septum primum; Tr., trachea; VK,
forebrain; Vtr. a., left ventricle: Vv. v. d. (s.), valvula

venosa dextra "(sinistra).

toward the maxillary process. The lateral limit of the swelling

covers only a part of the medial wall of the nasal fossa. A process

on the medial limb His identified as the processus globularis

(p. g.?), and further down, where the medial edge comes into rela-

tion with the maxillary process, there is a larger projection, and
internal to this a small round, rather deep and sharply margined
depression (J. 0.?), which His regarded as the earliest anlage of

Jacobson's organ. I have never seen the earliest anlage of Jacob-
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son's organ of this form in man, it appears in my opinion as a
groove, and the projection also which His identifies as the proc-
essus globularis I would not so identify, but would suggest that

the swelling near the maxillary process and external to the depres-

sion designated by His as Jacobson's organ is much more probably
the structure that should be identified with the processus globu-

laris. I follow, accordingly, my own observations here and must
leave it for later investigations to decide which are correct.

Some further observations are necessary for a comprehensive
account of the development of the nasal fossae, and the formation
of the face must be recalled. In a stage such as that shown in

Fig. 133 the oral fossa is bounded above by the frontal process,

to the right and left by the maxillary processes, and below by the

Fig. 131.—(After HammaT, from [Keibel and
Elze, Normentafel, Fig. 21 b.) X25. A, eye; H,
cerebral hemisphere; Nf, olfactory area; Nr, nasal

groove.

Fig. 132.—(After His, from'Anat. Mensohlicher
Embryonen, III, p. 46.) X 20. View of the anterior

portion of the head of a human embryo from the

left side. P. g t, marked by His (without ?) as the
processus globularis; J. Q f, marked by His (with-

out f J as Jacobson's organ.

mandibular processes. Since a projecting angle is formed where
the right an(i left mandibular processes meet, the entrance into the

oral fossa has a pentagonal form. The two upper lateral angles,

where the maxillary processes are better developed, extend as

the lachrymal grooves as far as the eyes; they therefore bound

the frontal process laterally. In the territory of the frontal

process there is now formed, as we have seen, on either side a

nasal area (His).^

The nasal area is at first convex, in correspondence with

the form of the surface of the frontal process, and even when
the epithelium has become sharply delimited on all sides it is not

recognizable on superficial examination. Only when it becomes

flattened, and especially when it begins to be depressed, is it dis-

"Area nasalis, olfactory area (His).
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tinct. These first processes may be determined essentially by
growth of the epithelium covering the nasal area (Peter, 1900 and
1902), but in man observations for determining this point have
not been made. Later the margins of the area become raised by
the growth of the surrounding mesoderm and thus deepen the

nasal fossa, or rather the nasal grooves, for the wall surrounding
the olfactory area is interrupted orally. In this stage, shown in

its earliest stages in Fig. 134, the anlagen of the olfactory organ
are separated by almost the entire breadth of the frontal process.

It is customary to term the portion of the frontal process lying

between the areas the middle frontal process and the lateral por-

tions the lateral frontal processes; these latter coincide almost

exactly with the lateral nasal processes, which project lateral to

the olfactory grooves. Quite different is the relation of the medial

Fig. 133.—Head end of an embryo seen from
n front. (After Kabl, Entwicklungsgeschichte des
Gesichtes, 1902, and corresponding practically with
Embryo M of His.) X 20.

FiQ. 134.—Head of an embryo of 8.3 mm. N L.
enface. (After Rabl (1902), Entwicitlungsgeschichte
des Gesichtes.) Tliis corresponds almost with Fig.
XIV of the Normentafel of Keibel and Elze. X 10.

nasal processes to the middle frontal process; they originally
occupy only a very small lateral portion of it. The further trans-
formation of the nasal grooves into the primitive nasal cavities
is brought about by the maxUlary processes coming into contact
and fusing with the lower ends of the medial nasal processes.
These lower ends project markedly forward and are known as
the processus globulares (His). The fusion takes place from
within^ outwards and occurs as the processes meet, so that the
primitive nasal cavities in man, as in the rest of the mammalia,^
are never connected by a groove with the primitive mouth cavity;
there is no reservation of a choana, so that the primitive nasal
cavities, which open anteriorly by the external nares, are blind

'Echidna alone forms an exception. (Seydel, Denkschr. med. nat. Ges.,
Jena, Vol. 6, 1899.)
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sacks and are at first shut off from the mouth cavity (Hochstetter
1891 and 1892, Keibel, 1P93, Delia Vedova, 1907). By the coming
in contact of the maxillary processes with the processus globu-
lares, the nasal grooves become gradually closed and the external
nares more and more narrow; finally, the lateral nasal process
comes into contact with the medial one and assists in bounding
the primitive nasal cavity laterally and below, as I can state in
confirmation of Peter's (1902) results. At the close of this de-
velopmental process (Fig. 135) the upper border of the mouth is

formed by the maxillary processes and the medial nasal process
and the lower border of the nares by the medial and lateral nasal
processes. (Compare also Vol. I, p. 83, Fig. 64.) The primitive
nasal cavities are shut off from the palate, but their epithelium
is in connection with that of the mouth cavity by a plate of epi-
thelium (Fig. 136). While this epithelial plate becomes trans-
formed at its posterior end into a membrane, the bucconasal mem-

%v^SSBk
wl\^J.R.

fh^M1—-L. N. F.

rJl^^M.N.F.1^^»_P.(5,

I -W-O.A'.i?.

^%«tea0-U.K.F.^>*
FiQ. 135.—Model of the anterior part of the head of a human embryo of 10.5 mm. (After Peter, from

Hertwig's Handbuch, vol. II2, p. 53, Fig, 60.) Ventral view. X12.5. J, E., Jacobson's groove; L. N. F.,
lateral, M. N. F., medial nasal process; P. G., processus globularis; 0. K. F., maxillary, U. K. F., man-
flibular process.

brane (Hochstetter), and finally tears, the primitive choanae being
thus produced, the mesoderm of the maxillary processes and of
the lateral nasal processes is growing toward that of the medial
nasal processes; it eventually destroys the epithelial plate and
forms the primitive palate. This can be regarded as consisting

of a facial portion, from which the upper lip is formed, and an
oral portion, the premaxillary palate. The mesoderm of both por-

tions is furnished by the maxillary and medial nasal processes, the

lateral nasal processes participating only at the lower border of

the nares.

While the developmental processes just described have been
taking place, the middle frontal process has been gradually becom-
ing smaller and the two nasal openings have been brought closer

together. On the middle frontal process there may be distin-

guished laterally the medial nasal processes, each ending in a

processus globularis, between these the trough-like depressed in-

franasal area (His), and above this the area triangularis (His),

above which, again, is the part of the head which projects owing

Vol. II.—13
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to the anlagen of the cerebral hemispheres {"Fig. 135). The infra-

nasal area is separated from the area triangularis by an angle that

is at first indistinct but later becomes more sharply defined and

from which the border and tip of the nose are formed ; the area

triangularis becomes the dorsum of the nose and the infranasal

FiQ. 136.—(After Keibel and Elze, Normentafel zur EntTricklungsgeschichte des Menschen, Fig. 32 a.

)

X20. D.n.l.f naaolachrymal duct; H., cerebral hemisphere; J. 0., organ of Jacobson; p. (?., primary
palate.

area is transformed into the septum. His believed that the nasal

septum had a paired origin, because in the stages in which the

nasal openings are close together the medial nasal processes are

almost in contact in the median line and the whole of the portion

of the middle frontal process lying between them has become a

Fig. 137.—(After Keibel and Elze, Normentafel zur Entwicklungsgeschichte des | Menschen, Fig. 24 i.)

X 20. H., cerebral hemisphere; J. 0., Jacobson's organ.

rather deep groove. This groove may, as a rule in many animals
but exceptionally in man, persist, forming a median lip cleft. Nor-
mally this embryonic cleft closes by the growth of the mesoderm
forcing the epithelium out of the cleft, not by the medial nasal
processes coming into contact and uniting, so to speak, by a suture.
In my opinion, therefore, it is not proper to speak of an actual
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paired anlage of the nasal septum, although the material for it

is thrust in toward the median line from the right and the left.

We have now in the first place to consider the anlage of the
organ of Jacolson and that of the conchce, and then the transforma-
tion of the primitive into the definitive nasal cavities.

The organ of Jacobson * in man appears as a groove-like de-
pression on the medial wall of the olfactory fossa. I have seen

Fig. 138.—Section through the head of a human embryo of 18.5 mm. greatest length. (Collection of

Eobert Meyer, No. 32; Normentafel of Keibel and Blze, Plate 64, Fig. XXI.) X IS. O.L., palatal process;
J.O., Jacobson's organ; point of union with the nasal cavity; £>., nasal septum, in which there is a common
blastema for the cartilage of the septum and Jacobson's cartilage; Z.^ tongue, in which the musculature is

beginning to differentiate. The tongue (Z) lies between the palatal processes. An early stage of the dental
ridges may be recognized.

its earliest anlage in an embryo of 8.5 mm. greatest length (Nor-

mentafel, 32). Fig. 137 shows it in section in an embryo of 9.2

mm. greatest length, 8.8 mm. NL. (Normentafel, Plate 38). It is

seen further developed (Fig. 136) in an embryo of 14 mm. (Nor-

mentafel, Plate 51). The groove has deepened and it then closes

from behind forwards. The mouth of the cylinder produced in

this way narrows, and on its medial wall there forms olfactory

epithelium, in connection with which, however, no cilia have yet

been observed
;
glands also develop. In the human fetus the organ

* The orgaji of Jacobson was discovered by Fr. Ruysch in 1703.
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lies in the anterior portion of the nasal septum ; in a fetus of about

ten weeks Kallius (1905) found it on both sides with a length of

0.42 mm. ; its entrance was narrow and led into a greatly (about

tenfold) enlarged sack. About this time one can readily observe,

as KoUiker first pointed out, that branches of the olfactory nerve

pass from Jacobson's organ to the brain.^ In the twentieth week

of fetal life the organ, according to Kallius, has reached the

height of its development. Later it varies greatly and may com-

pletely degenerate, even in the embryo, but, on the other hand,

it is not infrequently found and has often been described in the

adult. (Compare on this point Merkel, 1892.)

Fia. 139.—Section through the head of the embryo of Fig. 13 1. The section lies ISO ^ further caudad.
The cerebral hemispheres and one eye have been cut, but Jacobson's organ is no longer visible. The Ungual

and hypoglossal nerves are entering the tongue. The lettering as in Fig. 138. X15.

A case in which it was present in the adult in a quite excep-

tional degree of development has recently been recorded by Man-
gakis (1902). Although Peter (1901 2, p. 71) again repeats the

view already frequently stated, that the organ is often destroyed

in extra-uterine life as the result of frequently occurring catarrh

of the nasal mucous membrane, yet I agree with Merkel (1892)

that there are no sufficient grounds for this opinion, since the organ
often disappears in the fetus. A supportive apparatus for Jacob-

son's organ is also formed, Jacobson's cartilages. According to

Mihalcowics (1898), these cartilages separate from the cartilage

of the nasal septum, but, like Kallius (1905), I find that they arise

independently. At first only one cartilage anlage is to be seen on
either side, "but in the fourth to the fifth month one sees several,

usually three, a larger one that is frequently somewhat curved,

and two smaller" (Kallius). Originally also the cartilages are

° Delia Vedova incorrectly d&ubts this.
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situated close to ttie organ of Jacobson, but later tbey separate

from it. Their relationship to Jacobson 's organ has been called

in question and they have been described as the vomero-nasal car-

tilages (see Spurgat, 1893 and 1896) ; in my opinion this is incor-

rect, for comparative embryology shows that these human carti-

lages are to be homologized with the typical Jacobson 's cartilages

of the mammals. How the comparison is to be followed out in

detail, when in later stages three cartilages are present, will be

considered further on. Delia Vedova (1907) believes that the

lateral wall of the cartilaginous nasal skeleton also takes part in

'U.M.

MK.

p. „ J40 Section through the head of a human embryo of 2 mm. greatest length. (Collection of

Robert Mever No 321; Normentafel of Keibel and Elze, Plate 84.) X15. G.L., palatine processes; /.K.,

Jacobson's cartilage; J.O., Jacobson's organ; U.K., Meckel's cartilage; 0., eye; S., cartilaginous nasal

septum; U.M., inferior concha (maxilloturbinal). The bony anlagen (maxillary and mandibular) are black.

the formation of these cartilages, and, with Mihalcowics (1898),

regards them as the remains of a plate that in other animals

closes the nasal cavities below. That Gegenbaur (1886) should

deny the occurrence of an organ of Jacobson in man, when the

relation of the olfactory nerve to the organ during development

had previously been clearly shown by KoUiker (1883), is sur-

prising.

Gegenbaur identifies the structure that is here described as the

organ of Jacobson with the septal gland first described by Steno.

From what has been said, there cannot be any doubt but that m
the human Jacobson's organ we have a portion of the olfactory

organ which possesses special functions in many animals, but has

become rudimentary in man.



198 HUMAN EMBRYOLOGY.

Some stages in tlie development of Jacobson's organ are

shown in Figs. 139 to 144, and the development of Jacobson's

cartilages may be followed in Figs. 138, 139, 140, -143, and 144.

It will be seen that they arise from a blastema common to them

J.O.

-^-UM.

Fig. 141.—A portion of the right side of Fig. 140 more enlarged. X 95. J.O., Jacobson's organ;
t/.JVi., inferior concha (maxilloturbinal). Over a considerable portion of the epitheUum of the nasal cavity
there is a sort of covering layer.

and the cartilage of the nasal septnm (Figs. 138 and 139) ; from
their first appearance, however, they are sharply marked off from
the cartilage of the septum (Fig. 140). Fig. 141 shows the right

side of the nasal cavity under higher magnification. The forma-
tion of nerves in connection with the organ of Jacobson is taking
place, and in the epithelium of the nasal cavity a peculiar double-
layered condition is noticeable. The most superficial cells are
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arranged like a covering layer, except in those regions which are

already recognizable as sensory epithelium. The same condition

obtains also in older stages, as may be seen from Fig. 143 (fetus

of 4.2 cm. sitting height) , and it certainly deserves a thorough in-

vestigation. Fig. 142 shows a stage intermediate between Figs.

140 and 143. The palatal processes have come into contact, but

the epithelium has not yet been forced out by connective tissue

along the line of suture. The right and left nasal cavities are still

in continuity below the septum. Fig. 144 shows some sections

taken from a frontal series through a fetus of 47 mm., the sections

following one another in apicocaudal direction. In Fig. 144, A,

two very short lateral processes (p) branch out from the septal

cartilage and very soon separate from it (Fig. 144, B, p), but

yiQ 142 Frontal Bection through the head of a human embryo about 8 weeks old, taken 1.9 mm.

from the most anterior point of the head. (After Kallius, in Bardeleben's Handbuch, vol. 5, Section 1,

Part 2 p 202 Fig 70; somewhat modified.) D., dental anlage; G. L., palatal processes; J. K., Jacobson's

cartilage; J". O., Jacobson's organ; Max., anlage of the maxilla; U. M., inferior concha (maxilloturbinal);

Z., tongue. X15.

the septal cartilage, which is very thin in places, is never connected

with any of the other cartilages. Basal from these processus lat-

erales ventrales (Zuckerkandl, 1909) there then appears on either

side a cartilage plate (Fig. 144, C, pi), which soon divides into a

medial and a lateral portion (Fig. 144, D, I and m) .
While first the

cartilage indicated by I and then that indicated by p disappear, a

small piece separates from m (Fig. 144, E and F). According to

Zuckerkandl (1909), this much is at least certain, that the medial

portion of the plate pi becomes Jacobson's cartilage and that the

portion p is to be homologized with the processus nasalis lateralis

of other forms. He does not suggest an homology for the carti-

The development of the conchce takes place entirely in the

region of the sensory epithelium,—that is to say, in the region of

the primitive nasal cavities. The conchal apparatus of the human
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nose, like the human olfactory organ in general, is reduced, so that

it is impossible to obtain a satisfactory understanding of it without

the aid of comparative anatomy and embryology.

The way toward a satisfactory understanding of it has been
shown especially by the work of Killian (1895, 1896, 1902) and
Peter (1902 2) ; but the observations of Zuckerkandl (1887, 1892 ^

and 1892 *) and Schonemann (1901) should also be mentioned.

According to Peter, the conchas arise as well on the lateral as on
the medial wall of the primary nasal cavities,® the maxiUoturbinal

and nasoturbinal arising from the lateral and the ethmoturbinals

from the median wall. Fig. 145 shows a section through the pos-

Fia. 143.—Frontal section through the nasal cavities and the palate of a fetus of 4.2 cm. (sitting height).
(Keibel's collection.) X 15. J.K., Jacobson's cartilage; J.O., Jaoobson'a organ; U.M., inferior concha
(maxiUoturbinal); S.t cartilaginous nasal septum.

terior portion of the olfactory fossa of a rabbit embryo of 3.5 mm.
head length ; the dorsal region of the medial wall is slightly bent
away from the lateral one, and the slight swelling above the bend
represents the first ethmoturbinal. How it is transferred from the
medial to the lateral wall is made clear by Fig. 146 ; it is brought
about by the ingrowth of the epithelium at x. In a similar manner
two other ethmoturbinals are formed independently from the
septal wall in the rabbit, in the region of the posterior blind sack
of the nose (Fig. 147). The one which is first formed is in em-
bryonic life completely divided into two secondary ridges by a
groove. From the lateral wall the conchal structures which Peter
terms the conchse obtectae are formed below the rostrally projecting

'Delia Vedova (1907) has recently opposed this view.
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border of the first ethmoturbinal. In front of these, in the region
of a cleft which is bounded anteriorly by the sharply marked pos-
terior border of the nasoturbinal (the processus uncinatus), the
maxillary sinus is sinking in in a downward direction.

Peter has made it probable that the ethmoturbinals are formed
from the medial wall in man also, but he has not been able to

s
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p

A
P^ pi m m

B C D
s s JO.

E F
Fi3. 144.—Frontal sections through the nasal septum of an embryo of 47 mm. The sections have been

taken from a series passing in the apicocaudal direction. (After Zuckerkandl, 1909.) «, septum: p, ventral
lateral process; pi, cartilage plate below p; m and I, portions formed from cartilage pi; according to'zucker-
kandl, m becomes Jacobson's cartilage.

demonstrate it. As a difference in the human development as
compared with that of the rabbit, it may be noted that the naso-
turbinal is very rudimentary and develops very late; it becomes

Fig. 145.—Section through the posterior blind

sac of the olfactory organ of a rabbit embryo of 3.5

mm. head length. X 50. (After Peter, from Hert-

wig'a Handbuch, vol. II2, p. 61, Fig. 69 a.) ET.,
ethmoturbunal ; x., bend in the medial wall.

M.B.-N
Fig. 146.—Section through the oral end of the

olfactory organ of a rabbit embryo of 8.6 mm. ver-
tex-breech length. X 50. (After Peter, from Hert-
wig's Handbuch, vol. Ih, p. 61, Fig. 69 b.) ST.,
ethmoturbinale I; M, B.~N., bucconasal membrane.

the agger nasi (Peter, 1901 ^^ p. 64). In early stages the maxillo-

turbinal alone is present; it occupies the posterior two-thirds of

the lateral wall throughout its entire height. Gradually it be-

comes more sharply marked off, especially ventrally; the groove
thus formed becomes the inferior nasal meatus. It is interesting

to note that in man a dorsal lamella is added to this concha in
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the fourth month (Mihalcowics, 1896 2, p. 71),^ so that at this stage

it recalls the doubly coiled maxilloturbinal of many mammals.

Only late does the agger nasi appear as a slight elevation above

the inferior concha and in front of the first ethmoturbinal. In an

Fig. 147.—Nasal cavities of a rabbit embryo of 13 mm. head length, seen from the medial side after

removal of the upper part of the septum. X15. (After Peter, from Hertwig'a Handbuch, vol. IIz, p. 60,

Fig. 68 b.) A portion of ethmoturbinale I has been removed and its contour is indicated by a broken line.

C. 0., concha obteota; D. N.-P.. nasopharyngeal duct; D. St., Steno's duct; ET.I, first, ET.II, second

ethmoturbinal; J. O., Jacobson's organ; Lt., lamina terminalis; MT., maxilloturbinal; NT., nasoturbinal;

S. m., maxillary sinus.

embryo of 30 mm. vertex-breech length Peter finds a second ethmo-

turbinal behind the first, and behind this still other four in maximo
may appear (Killian). That a new ethmoturbinal is interposed

ET.lca. ET.icil. ET.llcd.
ET.iii-r

NT.

Fig. 148.—Lateral wall of the right nasal cavity of a fetus from about the ninth or tenth month. X 1-5.

(After Killian, Arch. fUr Laryogologie, vol. 3.) ET.I-BT.V, ethmoturbinale I-V; ET.II cd., ethmo-
turbinale II cms descendens; ET.I ca., ethmoturbinale I crus ascendens; ET.I cd., ethmoturbinale I

crus descendens; MT., maxilloturbinale; NT., nasoturbinale; Si ra., first principal groove, ramus ascendens;
Si rd., first principal groove, ramus descendens; iS. s., sinus sphenoidalis.

and grows out between two of those already present, as Zuckerkandl
supposes, I cannot admit; nor can I agree with Delia Vedova's
(1907) criticisms of Killian, whose preparations I have seen.

' Compare also Killian (1896), PL II, Fig. 39, and the text-fignres.
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In the description of the succeeding developmental processes
I follow Killian, differing from him only in that, with Peter, I do
not term nasoturbinal (agger nasi) ethmoidale I, but contrast the
nasoturbinal, maxilloturbinal, and conchas obtectse as lateral

Fig. 149.—Lateral wall of the right nasal cavity of a fetus from the ninth or tenth month. XI. 5.

(After Killian, Arch, fur Laryngologie, vol. 3.), MT., maxilloturbinale; NT., nasoturbinale; Si ra., first

principal groove, ramus ascendens; 5i rd., first principal groove, ramus descendens; iS. s., sinus sphenoidalis.

conchse with the ethmoturbinals which are medial conchas. Kil-

lian 's ethmoturbinale II is accordingly termed ethmoturbinale I

in the figures taken from his works, and similarly with the others.

Killian has acquiesced in this alteration of his nomenclature.

Fig. 150. (After Killian, Arch, fiir Laryngologie, vol. 13.) BT[-ETv, ethmoturbinale I-V; NT,
nasoturbinale; MT, maxilloturbinale; Si-Si, first to sixth principal groove; Tb, opening of Eustachian tube.

Figs. 148 and 149 show the lateral nasal walls of two fetuses of the

ninth to the tenth months; Fig. 150 is a combined diagrammatic

figure representing the maximal number of ethmoidalia, an

arrangement that only very rarely occurs. In addition to the

maxilloturbinal and the nasoturbinal (agger nasi) five ethmotur-

binals may be recognized, the free edge of each of the anterior



204 HUMAN EMBRYOLOGY.

ones forming a crus ascendens and a crus descendens, while where

the two crura meet there is a more or less pronounced lobulus with

a nodulus, which is to be compared with the tip of the ethmotur-

biaals of the mammals. In addition to these principal conchae

Killian finds other accessory conchae in the principal grooves, and

accessory grooves may also develop on the conchas. Fig. 151

shows the middle meatus of a human embryo of the sixth month;

the anterior part of the middle concha has been removed. One

sees between the bulla ethmoidalis, which is formed by two conchas

obtectae, and the processus uncinatus the infundibulum ; in it lie

three infundibular accessory conchas ; the groove between the upper

S.is
Ciz C.t:S.f2 C.fi

Cimi s

ET. I MT. Simi s.

Fig. 151.—Middle nasal meatus of a human fetus of the sixth month. The anterior part of the middle
concha, ET.I, has been removed. There are to be seen above the bulla ethmoidalis (Cimi s.) and the pro-

cessus uncinatus (Pr, u.) three frontal conchse (C. /1-3) on the lateral wall of the frontal recess and bounded
by four frontal grooves (S. /i-*). (After Killian, Arch, flir Laryngologie, vo^ 13.) JWT., inferior concha
(maxilloturbinale) : Sirm 5., groove between the upper and middle infundibular accessory conchse.

and the middle one is marked Sim^s. Above the bulla ethmoidalis

and the infundibulum lies the upper part of the recessus ascendens,

the frontal recess, with three frontal conchas bounded by four

grooves. The development of the nasal cavities is complicated by
the formation of the sinuses and the ethmoidal cells ; also fusions

of grooves and parts of grooves occur (Killian), a phenomenon
that may, at least in part, be regarded as a compensation for

growth processes (Schonemann, Peter). Killian 's account is fol-

lowed here. The three posterior crura ascendentia fuse through-
out their whole extent, but only the anterior borders of the an-

terior three fuse, in such a manner that each unites with the upper
surface of the next succeeding concha; thus recesses are formed
under the anterior parts of the conchae, the recessus ascendentes,

the first of which is the recessus frontalis, already mentioned. The
rami descendentes IV-VI become completely obliterated, but the

anterior three only partially, so that the free margins persist and
form the definitive conchas, which, accordingly, represent only the
crura descendentia of the original principal conchas. From re-

cessus ascendens III a posterior ethmoidal cell may be formed;
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frequently a cell then unites with it, which has its origin from the
portion of the groove corresponding to the ramus descendens. The
superior recess of the second groove also becomes a posterior
ethmoidal cell, the 'groove itself becomes two cells, an upper and
a lower, which are separated -by an accessory concha (Killian,
1895 2). Prom the recessus superior of the first groove, whose
upper part Killian has named the recessus frontalis, the upper and
anterior ethmoidal cells (frontal cells) arise.

In addition the recessus frontalis gives origin to the sinus
frontalis ; indeed it may be completely transformed into that cavity

^-3

FiQ. 152 a and b.—Diagrammatic horizontal section through the right half of & human nose of primitive

structure, a on an upper and b on a lower level. (After Killian, from Feter. Entwicklungsgesch. des Geruchs-
organs, in Hertwig's Handbuch, vol. II2, p. 68, Figs. 73 a and b.) Ci-Cs, principal conchee (ethmoturbinalia)

j

below and between these the principal grooves with ascending (in a) and descending (in b) rami and with
accessory (Cim.) and frontal conchffi (C/.); Inf., infuudibulum; p. u., processus uncinatus; S.f., frontal

sinus, formed directly (d. m.) or indirectly (i. m.); S. m., maxillary sinus; S. e., sphenoidal sinus; 8. n., nasal

septum. The regions of fusion recognized by Killian are indicated by parallel lines.

or else the sinus is formed by one of the frontal cells protruding

between the frontal conch£e mentioned above. These conchas them-

selves usually vanish completely by fusing with one another and

with neighboring structures; the third one may fuse with the

upper end of the bulla ethmoidalis. The frontal sinus grows very

slowly; it is still wanting at the time of birth (Delia Vedova,

1907) and at puberty has only the size of a pea.

The maxillary sinus develops at about the middle of the third

month of intra-uterine life from the recessus inferior of the first

groove.8 At first it is only a small depression, which soon becomes

'According to Vedova (1907), it forms in the first half of the third month.
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a sack. In correspondence with its point of origin the fully formed

sinus opens usually into the most posterior and lower portion of

the infundibulum. Only after the eruption of the milk-teeth does

it. enlarge and begin to assume its characteristic pyramidal form;

up to the fifth or sixth year of life it is round. In 10 per cent, of

cases there now arises above the centre of the middle concha an

accessory opening. The sphenoidal sinus is the most posterior

part of the nasal cavity itself, separated by fusion processes; as

it increases in size it gradually penetrates the body of the sphe-

noidal bone. Two diagrammatic horizontal sections (Fig. 152,

a and b) through the right half of the nose show clearly the rela-

tion of the embryonic arrangement to that of the adult.

The inferior concha is the maxilloturbinal of comparative

anatomy and the agger nasi the nasoturbinal. The middle concha

is derived from the descending and a small part of the ascending

portion of ethmoturbinale I.

The superior concha, when it is present, corresponds to the

descending portions of ethmoturbinalia III and IV.

The superior meatus corresponds to the descending ramus of

the second groove, the supreme meatus to the descending ramus
of the third groove.

The accessory spaces may be classified as in the following

table, in which the spaces between two principal conchae are re-

garded as of the first order, those between principal and accessory

conchse as of the second order, and those between two accessory

conchse as of the third order.

Level.

Upper

Lower

First principal groove.

I order:
Frontal groove
with frontal
sinus (if de-
veloped di-
rectly)

II order:
First and fourth
frontal cell (cell

/I and cell fi)

III order:
Second and third
frontal cell (cell

f2 and cell f3)

with frontal sinus (if developed
indirectly)

• Upper cell (cell
! Upper and lower

Is)—middle
ethmoidal cell

(BuUa-oell).
I

Recessus inf.
j

(lower part of '

infundibulum)
with maxillary
sinus.

intermediate
cell (cell 1 im. s.

and i)

Second
principal
groove.

I order:
Ascending

cell (cell

2o)

II order:

Upper and
lower cell

(cell 2e
and 2i)

Third
principal
groove.

I order:
Ascending cell

(cell 3a)
I u

Descending'cell
(cell 3d)

The septal folds, plicae septi, which may be seen on the nasal

septum in fetal life, have nothing to do with the formation of the

conchse; they lie in the region of the vomer and were seen and
figured by Euysch (1703). Killian (1895) has studied them care-

fully and Figs. 153, a and b, are taken from his paper. Even in

a three months' fetus the epithelium in this region is thicker than
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elsewhere on the sepkim and the septal folds are formed by the

ingrowth of furrows covered with epithelium.®

They can first be recognized with the naked eye in the fourth
month; from that time on the proportion of septa on which they
may be seen increases until the end of the eighth month and then
diminishes again until birth. After birth the folds usually disap-

pear ; if they persist they not infrequently form, by hypertrophy,
tumor-like structures in the adult.

The development of the olfactory nerves has not been carefully

investigated in man, but there is no reason for supposing that it

takes place differently from what occurs in other vertebrates. In

j.o.

F'g- 153a Fig, 153b
Fig. lS3a.—Nasal septum of a human fetus of 31 weeks, showing the plicie septi in unusual perfection.

Natural size. (After Killian, Arch, fur Laryngologie, vol. 2.) PI. a., pUoK septi; J. 0.. Jacobaon's
organ; J. W., Jacobson's swelUng with septal folds; D. inc., upper middle incisor tooth.

FlQ. 153b.—The same septum as is shown in Fig. 153a. The boundary of the vomer is shown (F.),
otherwise the lettering is as in Fig. 153a.

thes^ the olfactory fibres are formed as outgrowths from the basal
portions of the olfactory cells, extending to the brain. Some cells

also wander out from the epithelium and are later to be found
scattered along the entire length of the olfactory nerves, appear-
ing like ganglion-cells ; their processes extend on the one hand to
the olfactory epithelium and on the other to the brain. It has
already been stated that olfactory nerve-fibres also develop from
Jacobson's organ. Why nerve-fibres develop from only a very
small portion of the primitive sensory epithelium of the olfactory
fossa becomes clear when it is remembered how small the olfactory
region of the fully developed nose is in comparison to the relative

area of the primitive nasal fossa. For data on this point refer-

ence may be made to the observations of Brunn (1892), to Kallius
in von Bardeleben's Handbuch, and to the account, given later on,

of the relation of the primitive to the definitive nose.

The glands of the human nose, the small Bowman's glands,

develop in the third and fourth months as solid processes. "In

'For further information concerning these structures and also for a possible

function for them, see Killian (1895 ')

.
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the new-born child they are weakly developed on the floor of the

nasal cavity, but more abundantly on the medial surface of the

inferior concha" (Kallius, 1905). They reach their complete de-

velopment only after birth."

Delia.Vedova (1907) states that a mucous degeneration of the

epithelium of the nasal cavities occurs in early stages, but I can-

not confirm this statement. He found the 'first cilia in a fetus of

5.7 cm. in the region of the lower concha and the middle meatus.

In a fetus of 10.5 cm. (first half of the fifth month) they occur

everywhere.

Up to the present the development of the primitive nasal

cavities has alone been considered, and it must now be pointed

out that, although the largest and most important part of the

definitive nasal cavities arise from these, yet a portion of the

primary mouth cavity becomes incorporated into the nasal cavities

Fig. 154.—Palate of a 3.8 cm. human fetus. (After Dursy, from Peter, Entwicklung des GeruohsorgaDS,

in Hertwig's Handbuch, vol. Ih, p. 56, Fig. 63.) Ac, external aperture; Ch., primitive choance; Q., palatal

procesa; z., anlage of the uvula.

by the formation of the definitive palate and together with the

primary nasal cavities forms the definitive ones.

It will be remembered that the primary nasal cavities open
secondarily into the primary mouth cavity, the primary choanse

being thus formed. With the more rapid growth of the facial

region of the head these primary choanae increase in length and
become slit-like. In this stage the nasal cavities are separated

from the mouth cavity by the primary palatal processes (Dursy,

1869), which I do not always find well developed. These processes

are formed by the margins of the primary choanae growing some-

what toward one another ; they lie in the region of the lower border

of the medial frontal process and in that of the medial border of

the maxillary process. The tongue, as soon as it has developed,

lies close against the primitive choanse. Now (in the seventh to

the eighth week)" the secondary palatal processes appear in the

primitive mouth cavity on the inner side of the maxillary processes

;

"More detailed statements regarding these glands have been made by Delia

Vedova (1907). This author found their first anlagen as solid processes on the

inferior concha and in the middle meatus of a 9.2 cm. fetus; in a fetus of 10.5

cm. he saw lumina appearing in them, and in one of 15 em. their tubuli were richly

branched.
" Delia Vedova (1907, 1908) gives for this, as well as for the general forma-

tion of the palate, earlier dates than do other authors.
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they begin atthe anterior end of tlie primitive choan^ and extend tothe region of the pharynx; about their middle a projecting knobmay be seen (Fig. 154, s), the anlage of the uvula

4. 1^ ^^^
primary palatal processes appear at first as inconspicuous

tolds of the mucous membrane on the inner surface of the roots
o± the secondary palatal processes; these are at first ahnost sagit-
tal m position, their free edges looking downward and embracing
the anlage of the tongue. This relation is shown in Fi^s 138
139, and 140. "

'

In later stages the free edges of the secondary palatal proc-
esses are directed toward one another and the tongue is no longer
between them. How this alteration in the relative positions of
the palate and tongue has been brought about has been variously
explained. His (1885, 1901) supposed that the tongue actively
withdrew itself,!^ and if this did not happen properly a cleft
palate results. In support of his view he refers to cases in which
the tongue is withdrawn on one side and not on the other. Fick
(1902) at first agreed with His; later he speaks in opposition to
the idea of an upward bending of the palatal plates. According
to his view, there must occur an extensive alteration in shape of
the palatal and alveolar processes, which requires time for its
accomplishment. He calls attention to a ridge in the pig, which,
by further growth, produces a palatal plate having from the first

its proper position above the tongue. According to this view the
essential thing would be a change of form by growth and not active
movement of the tongue. This is apparently the view held by
Anna Polzl (1904), although her account of the process is not alto-

gether clear to me. The closure of the secondary palate is made
possible "by the tongue growing forward out of the space between
the palatal plates without coming into it behind. '

'

The palatal plates themselves grow above the tongue in a

horizontal direction, changing their form. Schorr (1908), who
at my suggestion has recently investigated the question, comes to

the conclusion that the change of position of the palatal processes
is the result of a series of complicated phenomena depending on
the principle of unequal growth ; the tongue and the palatal plates

play quite independent parts in the process, but their parts must
also be closely coordinated in order that a normal result may be

brought about. The tongue changes its position and the second-

ary palatal processes become bent up by unequal, regular growth.

A ridge, such as Fick described for the pig, Schorr could not find.

"The depression and elongation of the tongue and the tendency

"His says, "This withdrawal (of the tongue) may be induced by active

muscle oentraetions,

—

i.e., by depression of the lower jaw and by movements of

the tongue."

Vol. II.—14
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of the palatal plates to gradually bend upwards produce a slow

gliding movement between the lateral surfaces of the tongue and

the medial surfaces of the palatal plates, a constant adaptation

of one to the other and, in addition, a gradual change of position

of one part after the other from before backwards."

When the palatal plates have become bent up, they bound the

secondary palatine cleft (Dursy), which becomes obliterated by

the fusion of the plates. Contact between them takes place first

behind their anterior ends and from there the fusion proceeds in

both directions: it is completed in the eleventh or twelfth week.

The epithelium originally present along the line of contact is forced

out by the mesoderm, but portions of it may persist as epithelial

pearls (Leboucq, 1881) and may also give rise to cysts (Dursy,

1869).

Posteriorly the fusion extends as far as the uvula, which is

formed from a paired anlage,—that is to say, it extends beyond
the territory of the nasal cavities, and anteriorly also the plates

do not fuse completely; in this region there later projects between
them the anterior part of the septum, and only the nasopalatine

ducts (ductus incisivi, Stenonis) persist, at first as solid cords of

epithelium. After the palatal processes have fused in the median
line, the two sides of the nasal cavity are still for a time continuous

beneath the anlage of the septum (Fig. 142) ; later, by the fusion

of the lower border of the septum with the palate, they become
completely separated from each other and open by the secondary
choanse into the pharynx posteriorly.

By the processes that have just been described a portion of

the prirtary mouth cavity becomes added to the nasal cavity.

In embryos one may indicate, with Schwalbe (1882, 1887, p. 51

et seq.), the boundary between the territories belonging to the

primary and secondary nasal cavities by a line extending from
the nasal opening of the incisive canal 'to the anterior inferior

angle of the body of the sphenoid bone; later this line will not
represent the boundary, since the posterior portions of the second
and third conchas project beyond the line into the region of the

short nasopharyngeal passage. The nasopalatine ducts, whose
formation has already been described, later acquire for a time a
lumen; then it disappears except at its upper and lower ends,
which may to a greater or less extent persist. In the nasal cavities

these remains of the nasopalatine ducts lie close to either side of the
septum ; on the palate they are on either side of the papilla pala-
tina, which is formed in the region of the part of the nasal septum
which takes part in the formation of the palate.

To recapitulate once more, the entire nasal fioor is formed
in the region just behind the external nares by a part of the lateral

nasal process, by the premaxillary palate, by a small part of the
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lower border of the nasal septum, and by the anterior part of the
palatal processes of the maxillse.

The external nares, as KoUiker (1879, p. 767) found and as
Eetzius (1904 ^ and 1904 2), Peter (1901 \ p. 72), and Delia Vedova
(1907) have recently thoroughly demonstrated, are for a time
(from the second to the sixth month, Kallius) closed by epi-

thelial growths, formed (according to Peter), in man at least, at
first only from the median walls. These epithelial masses are espe-
cially prominent at the anterior end of the nasal vestibule and for
a time project from the external nares. Posteriorly they extend
to the nasoturbinal. "In the fifth to the sixth month," according
to Delia Vedova (1907) even in the fourth month, "the solution of

the closure begins, apparently by the degeneration of the middle
masses of epithelium. But for a long time one still finds remains
of the epithelium in the open nares" (Kallius, 1905, p. 220).

The development of the nasal skeleton has been considered

in connection with the skull ; only a few remarks, taken essentially

from Kallius (1905, p. 212 et seq.), are necessary here. I may first

point out that in the conchse of the nose the skeleton, as was for-

merly supposed, is not the primary structure. The swellings of

the mucous membrane are the primary structures and the cartilage

does not grow into these, but arises in them.

Quite briefly also the question as to the mechanism of the

growth of the conchce. may be considered. Schonemann (1901)

confirms the view of Born and Legal (Peter, 1901
2, p. 55) that the

conchse are cut out of the lateral walls of the nasal cavities by

grooves and that they are accordingly persistent portions of the

nasal walls and not evaginations into the lumen of the nasal cavi-

ties ; the epithelium must, therefore, grow towards those regions

of the connective-tissue matrix where it finds the least resistance.

Peter believes that Schonemann in this view has attributed to the

connective tissue "an altogether too important part in the out-

growth of the epithelial grooves." It seems to me, on the con-

trary, that he underestimates the role of the connective tissue,

whose growth also has its part to play in the formation and form of

the concha and elevations, and Kallius (1905, p. 203) does likewise.

The formation of the cartilage tissue begins in the seventh

to the eighth week in the region of the body of the sphenoid bone.

It advances thence apically in the septum; it is always further

developed in this than in the lateral walls, where it forms in the

various conchse; in the wall of the inferior meatus and in the

floor of the nasal cavity no cartilage forms. "When the cartilage

has formed in the regions mentioned, the cartilaginous skeleton

(of the nose) consists of a sagittal unpaired plate in the nasal

septum and of lateral paired plates, continuous with the former

and forming the lateral walls and roof of the nasal cavity. Yet the
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union of the lateral and median plates is complete only in the

anterior parts, in what will later be the roof of the external nose;

posteriorly there is at first a wide opening, elongated in the sagit-

tal direction, through which the fibres of the olfactory nerve pass.

Then individual rods of cartilage develop, which divide the large

opening into several smaller ones. By the increase of the par-

titions of the opening the cartilaginous cribriform plate is event-

ually formed."
In a fetus of nine weeks the cartilaginous septum is contin-

uous anteriorly with the lateral plates. These are curved in their

lower portion and project into the maxilloturbinals ; they are not

yet in connection with the orbital plates ; on their medial surfaces,

those turned towards the septum, the anlage of the middle concha

may be recognized as a quite small projection. Figs. 155 and 156

Fig. 155.—-Reconstruction of the cartilaginous skeleton of a human fetus of about 12 weeks, seen from
in front and partly from the side. (After Kallius, from Bardeleben's Handbucfa, vol. 6, Part 1, p. 213,
Fig. 77.) X 30. c. g, crista galli; K. J.j Jacobson's cartilage; Pr. p., processus cartilagineus paranasalis.

are of a reconstruction from a fetus of twelve weeks; the small,

somewhat indistinct ridge in front of the anlage of the cartilage

of the middle concha (m.M.) forms the cartilaginous basis of the
nasoturbinal. The orbital plates have now united with the nasal
capsule; the cartilaginous anlage of the cribriform plate has not
yet formed, but in its place there is a single large foramen. The
Jacobson cartilages, whose development has already been de-

scribed (p. 196, 197), are formed. Mention may also be made of

the processus cartilagineus paranasalis (Mihalcowics), which later
becomes incorporated in the upper jaw.

The cartilaginous nasal skeleton in part becomes transformed
into bone (ethmoid and inferior concha) ; another portion becomes
overlaid by connective-tissue osseous anlagen, and where this
happens the cartilage is for the most part absorbed. The carti-
laginous portion of the septum and the cartilages of the external
nose of the adult are persistent portions of it. These parts do
not, however, remain unchanged, but are divided by ingrowing
connective tissue (Mihalcowics, 1898, 1899, 1900, Kallius, 1905).
Thus the cartilaginous septum usually becomes separated from
the anterior portions of the lateral cartilages and remains per-
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manently connected with them only posteriorly; thus also are
formed the alar cartilages, whose peculiar configuration begins to

appear in the sixth month of uterine life.

The main points of the development of the external nose have
already been described on p. 192. It was also pointed out there
how greatly the parts originally lying between the nasal cavities

were compressed from both sides ; this process also makes relative

progress later. The entire space between the two processus globu-

lares is represented in the fully formed individual only by the

philtrum of the upper lip, the space between the entrances into the

nasal cavities of the embryo only by the border of the nasal septum
between the adult external nares; in this region there occurs

occasionally an absolute reduction of the distance. His ^^ found
it in a five weeks' embryo to be 1.7 mm., in a seven weeks' one 1.2

Sch.

v.R.

u. M.

Fig. 156.—Reconstruction of the cartilaginous skeleton of the right lateral wall of the nose of a human
embryo of about 12 weeks. The cut surface formed by cutting through the roof of the nose is unshaded.
(After KalUus, from Bardeleben's Handbuch, vol. 6, Part 1. p. 213, Fig. 78.) X 30. o. M., m. M., u. M., car-

tilages of the superior, middle, and inferior conchffi; K.^ wing of sphenoid bone; v. A., anterior border.

mm., and in a somewhat older one 0.8 mm. The further formation
of the external nose is dominated in later stages of development
principally by the outgrowth of the middle portion of the nasal

angle together with the tip of the nose, whereby the dorsum is

formed. The nares, which originally looked directly forward,

become directed downward ; their upper borders in the embryo lie at

first very high, later, as may be perceived by a comparison with

the position of the eyes, decidedly lower. The development of the

individual form of the external nose begins only long after birth

and lasts until puberty; it will not be followed further, but in a

general way it may be remarked that the nose in women frequently

retains more or less of its infantile habitus. »

The development of the nasal cavities after birth has been

thoroughly studied by Merkel (1885-1890) and Disse (1889). I

give what are essentially the results of these investigators in the

summary by Kallius (1905). "If one compares the nasal cavities

of the child with those of the adult, one finds that the ethmoidal

'' Cited from Kallius, 1905, p. 218.
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and maxillary portions are of equal heiglit in the adult, while in

the child the ethmoidal part is twice as high ; the maxillary portion

must therefore gain considerably in height during growth. In the

seventh year of life the definitive proportions are first acquired,

and growth proceeds very slowly."

In the new-born child the inferior concha reaches the floor of

the nasal cavities, and the inferior meatus is therefore very nar-

row and the nasal exit also. The middle meatus is mainly used
as the air-passage. Only after the milk dentition has fully erupted
is there a better development of the nasal spaces. Thus the in-

ferior meatus becomes pervious at about this time, although it

remains quite narrow until about the seventh year. "With the

eruption of the molar teeth the maxilla, and with it the nasal cavi-

ties, elongates from before backward.
With the formation of the body of the maxilla, which occurs

at this time, its wall and the middle concha, which is fastened to

this, undergo a downward movement. In this, however, the en-

trance into the maxillary sinus, which is of the proper size when
the teeth break through, does not participate, and it therefore

comes to lie at the upper part of the cavity which is enlarging

downwardly.
When the change of dentition begins there is a cessation of the

growth of the maxilla until puberty, when the change of the den-

tition is complete.

This corresponds in general with the growth of the skull, in

which Merkel (1882 and 1885-1890) recognizes two periods; one
lasts until the seventh year, then follows a pause, and the second

period begins with puberty.

The growth relations of the upper jaw may also be deter-

mined from the position, of the pharyngeal opening of the tuba

auditiva; in the fetus it lies below the level of the palate, in the

new-born child at its level, and in the second year of life at the

level of the posterior end of the inferior concha (maxilloturbinal).

Furthermore, the upper jaw is also pushed somewhat anteriorly

during its growth, whereby the orthognathous face of the new-
born child assimaes a more or less pronounced prognathous form.

Some of the malformations in the nasal region may be ex-

plained as inhibitions of the development. The median lip cleft

has already been referred to (p. 194) as an inhibition phenomenon
occurring in the region of the upper lip and nasal septum. When
disturbances of the formation of the primitive palate occur, the

condition known as harelip is produced. To explain its formation

it is not necessary to assume that the contact of the maxillary

process with the processus globularis of the medial nasal process

is entirely suppressed ; it may follow this, for if the growth of the

mesoderm fails (see p. 193) the fused epithelia may again become
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separated by further growth. Naturally all variations may occur

;

the lateral nasal process raay come into contact with the medial
one but the contact of the maxillary processes may fail, or, on the

other hand, the fusion may fail in general (compare Fig. 157).

If the secondary palatal processes fail to come into contact,

so that the formation of the secondary palate is incomplete, a cleft

palate, palatum fissum, results. In such cases one side of the

nasal cavity may be closed below by the fusion of the downgrowing
septum with one of the palatal plates. A fusion of the nasal

septum with the united palatal plates may also fail to occur. This

inhibition is practically important if at the same time harelip

occurs on both sides ; then the portion of the upper lip that lies

between the two clefts and the nasal septum protrude greatly, on

Fia. 1S7.—Detective formation of the lips and palate in a fetus of about three months. X 5. (After His,

Anatomie menaohlicher Embryonen, Part III, p. 43, Fig. 28.)

account of the septum not being anchored posteriorly. Naturally

both harelip and cleft palate may occur simultaneously.

That the septal folds may not only persist but even become

hypertrophied has already been stated.

Other malformations, such as the closure of the external nares

and of the choanse, receive no explanation from the developmental

history and are probably to be referred to intra-uterine patho-

logical conditions.

BIBLIOGRAPHY.

(For the development of the olfactory organ.)

Bbachet, a. : Svtr la signification morphologique de I'oBil des vert^bres, Bull. See.

Roy. des Sei. Med. et Nat., 1907"-

Recherches sur I'ontogenese de la tete chez les Amphibiens, Arch, de Biol., vol.

23,1907'.

BrOMAN, L. : Beschreibung eines mensehlichen Embryos von bemahe 3 mm. Lange,

etc., Sehwalbe's Morphol. Arb., vol. 5, 1896.

VON Beunn, a.: Beitrage zur mikroskopischen Anatomie der mensehlichen Riech-

schleimhaut, Areh. fiir mikr. Anat., vol. 39, 1892.

DiEULATi, L.: Les fosses nasales des vertebres. Th&se de doeto-at es sciences.

Paris 1904. Also in Joum. de I'anat. et de la physiol., vols. 40 and 41,

1904 and 1905.



216' HUMAN EMBEYOLOGT.

DiEUiiAi^, L., and Touenier, E. : Sur devolution et la morphologie de la voute

palatine. BibUogr. Anat., vol. 18, 1908.

DissE, J. : Die AusbUdung der Nasenhohle nach der Geburt, Arch, fiir Anat. und
Physiol., Anat. Abth., Suppl., 1889.

DtmsT, E. : Zur Entwicklungsgeschichte des Kopfes, Tubingen, 1869.

FiCK, R. : Bemerkungen zur Wolfsrachenbildung, Arch, fiir klin. Chir., vol. 68,

1902.

Gegenbaue, C. : Ueber das Rudiment einer septalen Nasendriise beim Menschen,

Morph. Jahrb., vol. 11, p. 486, 1886.

Hatschek, B. : Studien zur Segmenttheorie des Wirbeltierkopfes. 2 Mitteilung:

Das primitive Vorderende des Wirbeltierembryos, Morph. Jahrb., vol. 39,

1909.

His, W. : Anatomie menschlicher Embryonen, Leipzig, 1880-1885.

Beobaehtungen zur Geschichte der Nasen- und Gaumen-bildung beim mensch-

liehen Embryo, Abt. med.-phys. der Kgl. sachs. Akad. Wiss., vol. 27, 1901.

HoCHSTETTEE, F. : Ueber die Bildung der inneren Nasengange oder primitiven

Choauen, Verb. Anat. Gesellsch., Anat. Anz., Suppl. to vol. 6, 1891.

Ueber die Bildung der primitiven Choauen beim Menschen, Verb. Anat.

Gesellsch., Anat. Anz., Suppl. to vol. 7, 1892.

Ingalls, N. W. : Beschreibung eines menschlichen Embryos von 4.9 mm., Arch.

fiir mikr. Anat., vol. 70, p. 506, 1907.

Kallius, E.: Geruchsorgan, in Bardeleben's Handbuch der Anatomie, vol. 5, Part I,

p. 195, Jena, 1905.

Keibel, F. : Zur Entwicklungsgeschichte der Chorda bei Saugem, Arch, fiir Anat.

und Physiol., Anat. Abth., 1889.

Zur Entwicklungsgeschichte und vergleichenden Anatomie der Nase und des

oberen Mimdrandes bei Vertebraten, Anat. Anz., vol. 8, 1893.

Keibel, F., and EiiZE, C. : Normentafel zur Entwicklungsgeschichte des Menschen,

Jena, 1908.

KiLLiAN, G. : Zur Anatomie der Nase menschlicher Embryonen, Arch, fiir Laryngol.
und RhinoL, vol. 2, 1895', vol. 3, 1895", vol. 4, 1896.

Ein Vorlesungsmodell der Nase und ihrer Nebenhohlen, Arch, fiir Laryngol.
und Rhinol., vol. 13, 1902.

KoLLiKEE, A. VON : Ueber die Jacobson'schen Organe des Menschen, Festschr. zum
JubUaum F. von Rienecker's, Leipzig, 1877.

Entwicklungsgeschichte, 1879.

Zur Entwicklung des Auges und Geruehsorgans menschlicher Embryonen,
Festschr. der schweiz. Univers. Ziirich gewidmet, Wiirzburg, 1883.

KoLLiKEB, Th. : Ueber das os intermaxillare des Menschen und die Anatomie der
Hasenseharte und des Wolfsrachens, Nova Acta Acad. Leop. Carol., vol.

43, 1882.

KuPFFER, K. : Ueber Monorhinie und Amphirhinie, Sitzungsber. Kgl. Bayr. Akad.,
Miinchen, 1884.

Leboucq, H. : Note sur les perles epithdliales de la voiite palatine, Arch, de Biol.,

vol. 2, 1881.

Mangakis, K. : Ein Fall von Jacobson'schem Organ beim Erwachsenen, Anat. Anz.,
vol. 21, p. 106-109, 1902.

Mekkel, Fb. : Beitrag zur postembryonalen Entwicklung des menschlichen SchadeLs,
Festschr. fiir J. Henle, Bonn, 1882.

Topographische Anatomie, vol. 1, 1885-1890.
Jacobson'sches Organ und papilla palatina beim Menschen, Anat. Hefte. vol. 1.

1892.
' '

MraALKOVics, V. von: Bau und Entwicklungsgeschichte der pneumatischen Ge-
sichtshohlen. Verb. Anat. Gesellsch., Anat. Anz., Suppl., vol. 12, 1896'.



DEVELOPMENT OF THE SENSE-ORGANS. 217

Anatomie und Entwicklungsgesehichte der Nase und ihrer Nebenhohlen, in
P. Heymann's Handbueh der Laryngol. und EhinoL, vol. 3, Vienna, 1900
(published 1896'').

Nasenhohle und Jacobson'sches Organ, Anat. Hefte, vol. 11, Heft 34-35, 1898.
Untersucbungen iiber die Entwicklung der Nase und ihrer Nebenhohlen,

Math.-nat. Beriehte aus Ungam, vol. 15, 1899.
NussBAUii,^ M. : Entwicklungsgesehichte des mensohliehen Auges, in Grafe-

Samiseh Handbueh der gesamten Augenheilkunde, Part 15, pp. 6 and 7, 1900.
Petee, K. : Mitteilungen zur Entwicklungsgesehichte der Eidechse. 1. Das Waehs-

tum des Riechgriibchens, Arch, fiir mikr. Anat., vol. 55, 1900.
Mitteilungen zur Entwicklungsgesehichte der Eidechse. 3. Die Neuroporus-
verdiokung und die Hypothese von der primaren Monorhinie der amphi-
rhinen Wirbeltiere, Arch, fiir mikr. Anat., vol. 58, 1901 \

Entwicklung des Geruchsorgans, in Hertwig's Handbueh, vol. 2' (1906) pub-
lished 190r.

Zur Bildung des primitiven Gaumens bei Mensch und Siiugetieren, Anat Anz
vol. 20, 1902 \

Anlage und Homologie der Muscheln des Menschen und der Saugetiere, Arch,
fiir mikr. Anat., vol. 60, 1902".

PoLZL, A.: Zur Entwicklungsgechichte des mensehlichen Gaumens, Anat. Hefte,
vol. 27, 1904.

Betztcjs, G. : Ueber den Verschluss der Naslocher bei mensehlichen Embryonen,
Verb. Anat. Gesellseh. Anat. Anz., SuppL, vol. 25, 1904'.

Zur Kenntnis der Entwicklung der Korperformen des Menschen, Biolog.

Unters., New Series, vol. 11, 1904".

Rtjtsch, F. : Thesaurus anatomicus tertius (Plate IV, Pig. 5), Amstelsedami, 1703.

ScsHONEMANN, A.: Beitrag zur Kenntnis der Musehelbildung und des Muschel-
wachstums, Anat. Hefte, vol. 18, 1901.

SCHORB, G. : Zur Entwicklungsgesehichte des sekundaren Gaumens bei einigen

Saugetieren und beim Menschen, Anat. Hefte, vol. 36, 1908.

Ueber Wolfsrachen vom Standpunkt der Embryologie und pathologisehen

Anatomie, Virchow's Arch., vol. 197, p. 16-39, 1909.

ScHWALBE, G. : Ueber die Nasenmuseheln der Saugetiere und des Menschen,
Sitzungsber. Physik.-okonom. Gesellseh. Konigsberg, vol. 23, 1882.

Lehrbueh der Anatomie der Sinnesorgane, 1887.

Sfdbgat, p. : Die regelmassigen Pormen des Nasenknorpels des Menschen in

vollstandig ausgebUdetem Zustande, Anat. Anz., vol. 8, 1893.

Beitrage zur vergleichenden Anatomie der Nasen- und Sehnauzenknorpel des

Menschen und der Tiere, Sehwalbe's Morph. Arb., vol. 6, 1896.

Vedova, T. DelIiA: Monografia e rieherche sulla sviluppo delle cavita nasali nell'

uomo, U. Hoepli, Milan, 1907.

Sur quelques points relatifs au developpement des cavites nasales de I'homme.

Communication to the Intemat. Congr. Rhino-laryngology, Vienna, 1908.

Rev. hebd. de laryngol., d'otol. et de rhinol., vol. 28, Part 2, p. 461-468,

1898. Also in Arch, intemat. de laryngol., vol. 26, p. 147-150, 1908.

Wthe, J. W. VAN : Ueber die Mesodermsegjmiente und die Entwicklung der Nerven

des Selachierkopfes. Published by the Academy of Amsterdam, Johannes

MiUler, Amsterdam, 1882.

ZtJCKEEKANDL, E. : Das periphere Geruchsorgan der Saugetiere, Stuttgart, 1887.

Die Siebbeinmuscheln des Menschen, Anat. Anz., vol. 7, 1892*.

Die Entwicklung des Siebbeins, Verb. Anat. Gesellseh., Anat. Anz., Suppl.,

vol. 7, 1892'. ,

Ueber den Jacobson'schen Knorpel und die OssiSkation des Pflugscharbeines,

Sitzungsber. K. Akad. Wiss., Wien, Math.-naturw. Kl., vol. 117, Part 3,

1908.



218 HUMAN EMBRYOLOGY.

DEVELOPMENT OF THE EYE.

The eyes of vertebrates differ from those of all other animals,

with the exception of the ascidians, in that their apparatus for

receiving the light stimuli has its origin from the anlage of the

central nervous system, while in other animals, as would seem to

be the natural way, it arises from the epidermis. Consequently the

eyes of the vertebrates are all constructed upon the same plan, a

plan which occurs only here and there among invertebrates (in the

edge of the mantle of the lamellibranchs Pecten and Spondylus and

on the back of the pulmonate moUusk Onchidium). Among the in-

vertebrates the eyes vary greatly in structure, decided differences

occurring in members of the same class, indeed even in closely

related species. Attempts to derive the eyes of vertebrates from

those of invertebrates have not been lacking, but in my opinion

these have so far been unsuccessful.^* To these vain attempts I

would also add that of Boveri (1904) who would derive the verte-

brate eye from the optic cells of Hesse in Amphioxus.

Much more readily can a relationship of the vertebrate eye

to those of the ascidians be imagined; indeed, Froriep (1906) has

recently shown that it is probable that the ascidian eye is not to be

regarded as an unpaired structure, but is the right member of a

pair, its fellow of the left side having degenerated. Also both the

vertebrate and ascidian eyes are cerebral eyes. However, even on

this point, one must accept the cautious statement of Froriep,

who maintains that there can be no question of the phylogenetic

derivation of the vertebrate eye from that of the ascidian larva by
direct descent, although both organs have come from an identical

type, which the optic pits of the vertebrate embryo resemble more
closely than does the eye of the ascidian larva.

The attempt of Brachet (1907,^ 1907 2) to derive the eye, and
especially the lens, from an epibranchial sense organ, a placode,

has already (p. 182) been mentioned.
Preparatory to a detailed consideration of the development

of the human eye I shall give a synopsis of the process.

The first anlage of the eye of vertebrates and of man appears
in the most anterior portion of the still open anlage of the brain

as the optic pits, foveolae opticas. Fig. 158 shows these pits as

they are seen in section from a human embryo of 2.6 mm., with
13 or 14 pairs of primitive somites (compare Plate 6 of the Nor-
mentafel of Keibel and Elze), and in Fig. 159 there is shown under
a higher magnification a neighboring section of one of the pits.

The pits are here fairly well developed, and there can be no doubt

"Compare, on this point, F. Keibel (1906') and the recent works of Brachet
(1907', 1907') and Lubosch (1909).
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that they are also recognizable in man in the yet widely open medul-
lary tube, at a stage corresponding with that shown in the model
prepared from one of Keibel's pig embryos (Fig. 160). If the
medullary tube be supposed to close, the pits would be converted
into the optic vesicles. These are broad evaginations of the most
anterior part of the brain anlage, the ventricular cavity of the

brain being prolonged into them to form their cavities, so that one
may very well speak of the optic ventricles. Later the anlagen

of the optic vesicles become more sharply separated from the

anlage of the forebrain and acquire stalks, the optic stalks

(pediculi optici), as may be seen from Fig. 161. A transverse

1 Ki.

Fig. 159 Fig. 160

FiQ. 158.—^(From the Normentafel of Keibel andElze, Fig. 6h.) A,, anlage of the eye; HpL, audi-
tory plate; 1 Kt., first branchial pouch; N., neuromere. X 15.

Fig. 159.—Section through an optic pit of Fig. 158 more highly magnified. (After Low, 1908, p. 247,
Fig. 13.) A., anlage of the eye; Ep., anlage of the epidermis: VH,, forebrain.

Fig. 160.—Rostrolateral view of the head of a pig embryo {Sua scrofa) of 4.7 mm., with 10 primitive

iomites and 16 days old. Drawn from a model by F. Keibel (1897). (After Froriep (1905), in Hertwig'B
Handbuoh, vol. IIz.'p. 156, Fig. 159.) X ca. 25

section through an optic vesicle before the stalk is distinctly devel-

oped is shown on the left side of Fig. 162. The section is taken

from an embryo of 4 mm. (compare Plate 10 of the Normentafel

of Keibel and Elze).

Sections through distinctly stalked vesicles are shown in Figs.

163 and 164; they are taken from the embryos of 4.9 and 4 mm.
of Plates 14 and 13 of the Normentafel, the larger one (Plate 14)

having 35 and the smaller (Plate 13) 34 pairs of primitive somites;

the optic vesicles of the larger embryo are, however, less devel-

oped than those of the smaller one ; Fig. 164 especially shows the

transition of the optic vesicle to the optic cup, which must now
be considered.

The optic cup, cupula optica or vesicula optica inversa, is

formed from the optic vesicle by its distal wall becoming thickened

and its distal and ventral portions invaginating toward the proxi-

mal layer. The invagination extends for some distance along the

stalk of the optic vesicle, which has now become the stalk of the
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optic cup, pediculus cnpulse opticse. Such an optic cup is shown

connected with the brain in Fig. 165, drawn from a model by His.

During the transformation of the optic vesicle into the optic

Fia. 161.—(After Hia, 1889, from Froriep in

Hertwig's Handbnch, vol. lis, p. 183, Fig. 187.)

X ca. 60. au, oplio vesicle; e, telencephalon; ?n,

mesencephalon; z, diencephalon.

Fig. 163.—Section through the anterior part

of the head of ahuman embryo of 4.9 mm. (From
the Normentafel of Keibel and Elze, Fig. 12h.)

X30. A., anlageof the optic cup; L., aniage of

the lens.

Fig. 162.—(From the Normentafel of Keibel

and Elze, Fig. 9d.) X 30. The right optic vesicle

(the left in the figure) is in wide connection with

the ventricle of the forebrain, the stalk of the left

vesicle (the right in the figure) is cut tangentialty.

A., optic vesicle; £A.b., second branchial arch
.

artery; Hy., hypophysis; IKt.^ first branchial

pouch; i^T.ffZ., glossopharyngeal nerve; iV.t., vagus
nerve; O.gl., Ijranchial sense-organ on the glosso-

pharyngeal nerve.

cup some other processes of importance for the development of

the eye have begun. The epithelium over the proximal part of the

optic vesicle at first thickens (already indicated in the stage shown

Fig. 164.—Section through the anterior part of the head of a human embryo of 4 mm. (From tha Nor-
mentafel of Keibel and Elze, Fig. llf.) X 30. A., aniage of the optic cup; L., aniage of the lens.

in Fig. 162), then becomes differentiated from the surrounding

tissues as the lens plate, and finally becomes depressed to form
the lens pit. These stages are shown in Figs. 166 a and b and 167
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a, b, and c. The lens pit then closes to form the lens vesicle, as
is shown in Fig. 168 a and b: Fig. 169 is from an embryo of about
the same stage as that of Fig. 168 and is shown under greater
magnification; it is from an embryo of Hochstetter's collection

(compare the Normentafel of Keibel and Elze, Plate 28 and the
figure xiii; also Elze, 1907). In the outer layer of the anlage of
the retina traces of pigment are to be seen, and the lens vesicle

has just closed, the point of closure being still recognizable. The
inner, distal wall of the optic cup is greatly thickened. In the in-

terior of the lens vesicle, in addition to scattered degenerating cells,

FiQ. 165.—Mesencephalon and telencephalon of a human embryo from the end of the fourth week,

seen from the right side and from below. Prepared from His's wax model by Fr. Ziegler. (From Froriep

(1905), in Hertwig's Handbuch, vol. II2, p. 184, Fig. 188.) X ca. 37. he, cerebral vesicle; in, infundibulum;

ma, mammillary process; mi, mesencephalon; op, torus opticus; t, lamina terminalis; zw, diencephalon.

there is a mass of cells resting on the proximal wall. From the

lens vesicle, in a manner to be fully described later, the lens and

the lens capstde are formed. The distal layer of the optic cup may
from its mode of origin be termed the lamina inversa cupula or

from its later fate the retinal layer, and at first the lens lies close

upon it, so that it almost or completely fills the cavity of the cup,

the antrum cupulse, but later the retinal layer of the optic cup

and the proximal layer of the lens gradually separate from each

other. In this way is formed the cavity for the vitreous humor,

cavum hyaloideum oculi, in which the vitreous humor, corpus vit-

reum, is formed in a manner that will be described later.
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Fig. 166 a and b.—a: Section through the anterior part of the head and through the heart region:'ofrft

human embryo of 5 mm. X25. b: Section through the anlage of an eye of the same embryo, XIOO.
(After drawings by Hammar, from the Normentafel of Keibel and Elze.) F., thread-like tissue between
the lens and the anlage of the retina; Oe., oesophagus; SI, septum I (Born); S.sp., septum spurium (His);

Tr.a., truncus arteriosus; Uk., lower jaw; Z., cell mass in the lens pit.

Fig. 167 a, b, and c-—a and b: Sections through the right optic cup and the pit-like anlage of the lens

with its epithelial growth; mesenchyme cells occur between the distal layer of the optic cup and the anlage
of the lens, c: A corresponding section through the anlage of the left eye. X 50. (From the Normentafel
of Keibel and Elze.)
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Figs. 170, 171, and 172 will serve to complete the description

so far as it has been given. I am indebted to Professor Hochstet-

ter for them; they have been drawn from models prepared by
F. Dedekind of Innsbruck under Hochstetter 's direction. Figs.

170 and 171 are from models that have been divided into an
anterior and a posterior part in the line of the chorioidal fissure

;

one looks from behind on the apical half of the right eye. The
model represented in Fig. 170 is from the embryo Braus (greatest

length= nape length, 6.3 mm.), which Hochstetter has figured in

-. . .
: .::;'.^

i^^V^feiWP^-

Fig. 168 a and'b.—a: Secrion through"th.e ante-

rior part of the liead of a human embryo of 6.25 mm.,
passing through the optic cup and the lens vesicle

which iH being constricted off from the epidermis. In

the interioi of the lens vesicle there is a mass of degen-

erated cells, shown more distinctly in Fig. b. aX20;
bX50. (Fromtho Norraentafel of Keibel and Elze,

Fig. 18 b and d.)

FiG- 169.—Section through the optic anlage

of an embryo of 7 mm. From a drawing [kindly

furnished me by Professor Hochstetter of Vienna.

X 100. For explanation see text.

his " Bildern der ausseren Korperform einiger menschlicher Em-
bryonen" (Munich, 1908), and also in the sixth chapter of the

Handbuch as Fig. 47 (p. 77). The stalk of the optic cup is short

and broad. The lens pit is still open and for the most part lies

close upon the distal layer of the cup ; a blood-vessel, the hyaloid

artery, is beginning to penetrate between the distal layer of the

optic cup, which is the anlage of the retina, and the lens. The

embryo from which the model represented in Fig. 171 was pre-

pared was Embryo Chr. 1 of Hochstetter 's collection. It has been

figured by Hochstetter (1. c.) and by Keibel and Elze in the Nor-

mentafel, Fig. XIII (compare Plate 28 of the Normentafel) ; Fig.
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169 shows a section througli the optic anlage of the same embryo,

which has been thoroughly studied by Elze (1907). The stalk of

the optic cup has become somewhat longer and narrower, and the

Fig. 170.—Apical half of one of the optic anlagen of an embryo of 6.3 mm. greatest length (nape-length),

seen from behind. After one of Hochatetter's models prepared by F. Dedekind of Innabruck. X 100. For
expjanation see text.

FiQ. 171.—Apical half of one of the optic anlageu of an embryo of 7 mm., seen from behind. After one of

Hochstetter's models prepared by F. Dedekind of Innsbruck. X 100. For explanation see text.

distal layer of the cup is decidedly more thickened. The lens has

just closed and is still connected with the epidermis. The space

for the vitreous body, between the distal layer of the optic cup
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(anlage of the retina) and tlie lens, has become somewhat broader
and the hyaloid artery shows the formation of an island. Fig.

172 shows the optic cup of an embryo of 12.5 mm. seen from the
side and from below; one looks directly into the chorioid fissure

and through the proximal region of this into the cavity for the

vitreous body. The chorioid fissure is almost closed; it is nar-

rowest at its middle. Distally one sees the lens surrounded by
the border of the optic cup. The degree of development of the

organs of the embryo (Ma ^ of Hochstetter's collection) from
which this model was prepared is shown in the Normentafel of

Keibel and Elze in Plate 56.

We may now, in the first place, take up the development of the

lens. After it has separated from the epidermis its anlage lies

at first close to the layer that gave origin to it, but later the two

Fia. 172. Optic anlage of an embryo of 12.5 mm. seen from the aide and from below. From one of

Hoohstetter'B models prepared by F. Dedekind of Innsbruck. X 100. For explanation see text.

structures become separated by mesoderm, mesenchymatous cells

growing in between them (Fig. 173). In these cells is formed the

anterior chamber of the eye; the larger distal portion of the

cells becomes the substantia propria of the cornea, together with

Descemet's membrane and the endothelium of the chamber, the

much smaller proximal portion gives rise to the portion of the

capsula vasculosa lentis which has long been known as the pupil-

lary membrane and which degenerates before birth. The meso-

dermal tissue that surrounds the optic cup is continuous with the

anlage of the cornea, and from it there are formed the chorioid,

corpus ciliare, iris, and sclera. While these structures, whose de-

velopment will be followed in detail later on, are forming, import

ant changes take place in the region of the optic cup and of its

stalk. In its thin proximal layer, the lamina externa cupulse, pig-

ment is deposited and it becomes the pigment layer of the retina.

Vol. TI.-15
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The distal layer, the lamina inversa cupulas, or, as it has already

been named, the retinal layer, undergoes further differentiation.

As far forward as the ora serrata it becomes the actual retina;

distal to that it thins to become the pars caeca or the regio cilio-

iridica, which, as its name indicates, is again separable into a pars

ciliata and a pars iridica.

It may be mentioned here that the musculus sphincter and the

musculus dilatator pupilte are formed from the pigment layer

of the cupula optica in the iris region. The chorioid fissure, fis-

sura cupulEe, which is formed by the optic vesicle invaginating not

directly distally, but ventrally and distally, becomes closed, and

• ^,

FiQ. 173.—Section through the optic anlage of a human embryo of 11 mm. (Embryo Pi of Hoch-

stetter'8 collection; the embryo is figured in Hochstetter's series of figures, in the Normentafel of Kelbe

and EIze, where a statement of the degree of development of its organs is given, and on p. 74, Fig. 62, of this

Handbook.) The pigment, which is abundantly deposited in the outer layer of the optic cup and which
extends almost into the optic stalk, does not show under the magnification (X 100) employed. The thickened

proximal wall of the lens vesicle fills about the half of the lumen of this structure, and in the lumen are degen-

erating cells. X 100.

thus the bulbus oculi is formed. It is connected with the brain

l)y the optic nerve, into which the stalk of the optic cup becomes
transformed.

Later the lids are formed as protective and accessory appa-

ratus; they are folds of skin which grow over the anlagen of the

eye from above and below, and, for a time, they fuse together

completely, so that the bulbus oculi is completely closed off from
the outer world. By the formation of the lids the conjunctival

sac is formed, and from this the lachrymal glands are developed,

while the lachrymal sac and the lachrymo-nasal duct are connected
with it by the lachrymal canals. Mention may also be made of the
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development of the third eyelid, the plica semilunaris, the carun-
cnla lacrimalis, and the eye muscles.

Now that a general idea of the development of the eye and its

accessory apparatus has been obtained, we may return to the first

developmental processes and consider for a little the optic pits.

Their early appearance in the still open medullary tube has already
been mentioned; thus during their earliest formation the light-

perceiving organs lie at the surface, and in this stage the part
of the retina which corresponds to the rods and cones, the receptors
for the light stimulus, is turned towards the light. It has been
stated in the introduotion to this section that it is in this stage

that Froriep (1906) finds the primitive form common to the eyes
of vertebrates and ascidians. It is noteworthy that in this stage

the optic pits lie immediately in contact with the ectoderm, no
mesodermal cells intervening, but the mesoderm seems to have
penetrated further in a slightly older stage, a section of which
has been figured by Bryce (1908). Low (1908, p. 248) concludes

that the cells of the wall of the pit must be arranged in several

rows, since the nuclei are arranged on several levels, but from the

situation of the mitoses I hold them to be arranged in a single

layer, the nuclei alone being in several.

It may be noted here that the anlagen of the optic pits in the Amphibia are

present in posse before they are visible. This is shown by the experiments of

W. H. Lewis (1906) and Spemann (1906) ;
portions of the medullary plate cor-

responding in position with the optic pits if removed and implanted elsewhere

give rise to optic vesicles.

On the closure of the medullary tube the optic pits become
transformed into the optic vesicles.

As to the correctness of the description of the development of the optic

vesicle given here there can be no doubt; yet I may point out that another view

would still seem to persist. In the first place, Druault, following Dareste, gives

it in Poirier's Traite d'anatomie humaine (vol. 5, p. 1007) and Van Duyse (1904)

also adheres to it. According to this view the anlage of the optic vesicle lies

originally la the ectoderm covering the anlage of the head and only wanders into

the anlage of the brain during the closure of the medullary tube. This hypothesis

clearly owes its origin to the apparent absurdity involved in the origin of an

organ for the reception of light stimuli in the interior of the body. That the

hypothesis is false is shown by direct observations in man and in many animals

arid, in addition, by the experiments that have just been cited.

The optic vesicles are at first in wide communication with the

ventricles of the fore-brain, but gradually they become stalked, the

stalk, however, when it is developed, not being attached to the

middle of the vesicle, but somewhat ventrally, as is shown in Fig.

161. As is shown in the embryo from which Fig. 162 is taken,

the proximal wall of the optic cup becomes somewhat thickened

at an early stage, but it must be composed of a single layer of cells

in this stage and also later, as is shown by the mitoses ; the nuclei,
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however, are in several layers. Mesoderm has already become

interposed in quantity between the distal wall of the cup and the

ectoderm, but it disappears again later either completely or with

the exception of very slight traces. This is shown on Plates 7,

8, 9, 10, 11, 13, 14, 17, 18, 19, and 20 of the Normentafel of Keibel

and Elze (1908). The conditions in the human embryo are appar-

ently the same as those that I observed (1895, 1897) in a very

complete series of pig embryos.

By the distal wall of the vesicle becoming thickened and
invaginating toward the proximal and upper wall, the vesicle is

transformed into the optic cup. The idea that formerly obtained,

that the invagination and the transformation of the vesicle into

the cup was due to the anlage of the lens, must be given up, for

the thorough study of the normal process of development speaks

against such a view, as do also occasional malformations (Eabl,

1898) and, especially, the results of experimental investigations

(W. H. Lewis, 1904, Spemann, 1901) ; these last show that anlagen

of optic vesicles, implanted in abnormal situations, will become
transformed into optic cups without any formation of a lens.

Such experiments have shown that in certain amphibia not only is

the stimulus supplied by the distal wall of the optic vesicle to the

ectoderm lying over it necessary for the formation of a lens, but

also that the stimulus arouses the ectoderm to lens formation not

only in the region where this takes place in normal development,

but also elsewhere. In this connection importance is to be attached

to the fact that in mammalia, and also in man, the contact of the

distal wall of the optic vesicle with the ectoderm lying above it is

reestablished at the time of formation of the lens. Froriep

(1905 ^) has endeavored to determine the exact method by which
the transformation of the vesicle into the cup is brought about.

He comes \o the conclusion that it is produced not so much by an
invagination of the floor of the cup as by an outgrowth of its

margin. According to this view, the pupillary opening (os pupil-

lare cupulae) and chorioid fissure of the cup are gaps persisting

between the outgrowing walls. But when Froriep states that the

motive for this formation of the cup and the chorioid fissure is

"that the apparatus for the reception of light may keep open the

shortest path to the central organ, " he is merely offering a restate-

ment of the facts rather than an explanation of them. The chori-

oid fissure, by which vessels for the vitreous body pass into the

cavity of the cup, closes later on, and there then remains only the

pupUlary opening of the cup and the opening where the arteria

centralis retinae penetrates the optic nerve, at the point where the

fissure originally faded out upon the optic stalk.

According to Szily (1907), who bases his conclusion on models
prepared from human embryos as well as on others from higher
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vertebrates, the closure of the chorioid fissure takes place first at

about the middle of its length and thence proceeds in both the

proximal and the distal direction. Zumstein and Osaki (1901 ^

and 1902^), who also worked by the wax-plate method, found that

it closes from the distal toward the proximal end ("from before

backwards"), and Keil (1906) found the same thing in the case

of the pig. Minot (1894) found just the reverse; according to his

observations, the closure takes place first at the proximal end.

Further observations seem necessary to settle this point
;
perhaps

it is a case of variable conditions.

The fetal chorioid fissure explains a number of forms of coloboma as inhibi-

tion phenomena, since, if it does not close, the development of the chorioid, the

corpus ciliare, and the iris is also inhibited in the region of the persistent fissure.

But all colobomata are not inhibition formations. In order to bring them all into

this one category arbitrary rotations of the optie cup have been assumed; yet

even these movements of the optie vesicle and cup do not suffice to explain all the

cases. (See also H. Virchow, 1901, and Hippel, 1903.)

The optic anlagen during their development undergo some
more or less important changes of position, among which may
be recognized certain ones that are associated with changes in

the anlagen of the brain ; these changes are more especially corre-

lated with the vertex bend of the brain and need not be further

considered here. In addition there are also changes which may be

regarded as peculiar to the optic anlagen, although they also may
be induced by the connection of the anlagen with the brain. At
first the eyes are directed laterally, but with the development of

the face they move medially—and this is especially marked in man
—so that the optic axes make with one another a gradually

diminishing angle. According to KoUmann (1898), the angle in

the sixth week of development is 90°. Dedekind (1909) finds that

the optic nerve of an embryo of 19 mm. vertex-breech length and

12 mm. head length forms an angle with the median plane of about

65°, while in the fully developed condition this angle is decidedly

less, only about 38° or 40°. In addition to this change of position

several authors have described a rotation of the anlage of the bulb

around its long axis. Vossius (1883) has placed the amount of

this rotation at about 90°, basing his estimate on the facts, first,

that the point of entrance of the blood-vessels into the optic nerve

is at first below and in the median line, whereas in the adult indi-

vidual it is situated more laterally; secondly, that the m. rectus

superior comes to lie beneath the m. levator palpebrse superioris,

although it is originally lateral to it ; and, thirdly, that the bundles

of nerve-fibres in the optic nerve pursue a spiral course.

Deyl (1896) has shown that the conclusions of Vossius are

not tenable. The investigations of Strahl (1898) and Henckel

(1898) have shown that Deyl's criticisms of the results of Vossius
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were entirely justified, but they also showed that in younger stages

than had been studied by Vossius and Deyl—that is to say, before

the third month—a rotation through about 45° occurred._ Origin-

ally the fissure in the distal portion of the optic nerve lies in the

lower inner quadrant, but later the point of entrance of the a. cen-

tralis retinae is situated exactly or almost exactly in the under

surface. After the third month no further alteration in the posi-

tion of the point of entrance of this artery can be observed. A
movement of the m. levator palpebrse superioris over the medial

border of the m. rectus superior does, it is true, take place to a cer-

tain extent, but it has nothing to do with a rotation of the bulb.

Even the rotation in the earliest stages has quite recently been

disproved by Dedekind (1908).

The development of the lens has been followed by C. Eabl

(1898, 1899, 1900) throughout the entire vertebrate series. Of

mammals he studied especially the rabbit, although the pig was

Fig. 174.—Lens of a human embryo of from 30 Fig. 175.—Section through the lens of a human
to 31 days. X 130. (After C. Rabl, from Froriep embryo of 12.5 mm. greatest length. (Hochstet-

in Hertwig's Handbuch, p. 226, Fig. 213.) ter's embryo Mai, Normentafel of Keibel and Elze,

Plate 56.) From a drawing kindly furnished by
Professor Hochstetter. X 130.

also used for later stages ; human embryos were also investigated,

and additional details as to these are furnished by the Normentafel
of Keibel and Elze (1908). The earlier stages of development
of the human lens are very similar to those in the rabbit. In an
embryo of 4 mm. (Normentafel, Plate 10), the anlage of the lens

is already recognizable as a thickened epithelial plate (Fig. 162)

;

in an embryo of 4.9 mm. greatest length (Normentafel, Plate 14)

there is a distinct lens plate (Fig. 163), and this is seen to be
slightly concave in Fig. 164 (from the embryo of Normentafel 13).

Figs. 166 a and b (from Normentafel 20) show a rather deep lens

pit, the concavity being greater ventrally than dorsally. At the

bottom of the pit are some cells, which have probably separated

from the remaining cells of the lens plate in a manner similar to

what was observed by Eabl in the rabbit. Fig. 167 a-c show the

commencement of the closure of the lens vesicle, which, in the

region where it has closed (Fig. 167c), has a triangular form.

Figs. 168 a and b show a lens vesicle that has just closed. The
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closure does not take place at the centre, but more dorsally, and at

the point of closure a knob of cells projects into the lumen of the

vesicle, which also contains a number of degenerating cells.

Fig. 169 also shows degenerating cells in the lumen of the

vesicle, which has now separated from the ectoderm ; the proximal

wall of the vesicle has become thickened and its cells are preparing

to elongate into the lens fibres. A somewhat more developed stage

is shown in Fig. 173, and even in this degenerating cells occur

in the lumen. The lens shown under higher magnification in Fig.

174, taken from Eabl, is not quite so far advanced ; in this there is

Fig. 176.—A lens at the time of the formation of the lens sutures (end of the third month). The

right, upper quadrant has been removed. One sees the lens epithelium, its continuity with the lens fibres

at the equator.

seen in the lumen, in addition to some scattered cells, a mass of

them lying on the distal wall. Eabl suggests that these cells may
be an inheritance from remote ancestors and may have served in

anamniote ancestors to separate the lumen of the lens provision-

ally from the outer world, just as occurs to-day in the Selachians.

In a later stage of development the cells disappear ; they are no

longer to be seen in the stage shown in Fig. 175, which is taken

from a human embryo of 12.5 mm. greatest length. The section is

from the embryo from which the model shown in Fig. 172 was pre-

pared (Hochstetter's embryo Ma., Normentafel of Keibel and

Elze, Plate 56). In many mammals such cell proliferations are

much more abundant than in man and may fill the entire cavity of

the lens pit.
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The observations of C. Eabl (1898, 1899, 1900) and Herr

(1893) have shown that in human embryos, as in those of other

animals, the lens fibres after they have reached a certain length

(in man about 0.18 mm.) no longer increase by division, but only

grow in length. The cell multiplication which leads to the forma-

tion of additional lens fibres, and with it the occurrence of karyo-

kinetic figures, now becomes limited to the anlage of the lens

epithelium, and is found most active where this epithelium becomes

continuous with the lens fibre mass. In this region there occurs

as development proceeds a regular meridional arrangement of the

epithelial cells, by which rows of fibres are produced, which may

be termed the radial lamelte of the lens (Eabl, 1898, 1899, 1900).

Even in embryos of 15 and 17 mm. greatest length Tandler finds

the lens vesicle a solid structure (Normentafel of Keibel and Elze,

Plates 60 and 65). The nuclei of the lens fibres have already at

an earlier period arranged themselves in a curve convex toward

Y-'^-rsT - " '-f^^"

Fig. 177.—TranBition of the lena epithelium into the lens fibres, in a fetus at the beginning of the fourth

month. From a drawing kindly furnished by Professor Hochstetter. X 200.

the exterior (Figs. 174 and 175), and later these nuclei degenerate,

beginning at the centre. Soon after the separation of the lens

from the ectoderm a lens capsule ciji be recognized; in all proba-

bility this is formed in mammals and in man, as it has been shown
to be formed in reptiles and birds, from cells of the lens anlage

and not from mesoderm, which, however, comes into intimate rela-

tion with it as the tunica vasculosa lentis. At the end of the third

month the formation of the lens sutures begins; they owe their

existence to the peripheral fibres becoming longer than the central

ones. The proximal suture, which is placed horizontally, is the

first to appear, and then the distal one. This is represented in

Fig. 176. Fig. 177 shows the transition of the lens epithelium into

the lens fibres in a fetus at the beginning of the fourth month, after

a preparation by Hochstetter ; it will serve as a complement to Fig.

176, which is schematic. The lens sutures become transformed
in man into the lens stars, and first of all into triradiate stars,

such as are seen in the human lens from the fifth month of develop-

ment. Eabl (1900) has followed accurately in pig embryos the

conversion of the linear sutures into the triradiate stars.
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The lens is almost spherical in the third month, its proximo-
distal axis indeed slightly exceeding the equatorial diameter (Pro-
riep, 1905 ^). In an embryo of 19 mm. vertex-breech length Dede-
kind (1909) found the proportion of the sagittal to the equatorial

diameter to be 1 : 1.14. Other data concerning the growth and
modification in form of the lens will be given when the growth
of the eye as a whole is under consideration.^*

We may now consider the development of the vitreous body,
one of the most difficult problems of embryology. The account of

it given here is based on the results obtained by the numerous
workers'who have attacked the problem within recent years and
on my own observation, but at the same time I would point out

that I do not consider the question as definitely settled. For this

reason I shall add an account of some discordant views.

Both ectoderm and mesoderm appear to take part in the for-

mation of the vitreous body, the retinal layer of the optic cup

and the vasifactive mesoderm which enters the cavity of the optic

cup with the vessels through the chorioidal fissure and around the

edge of the lens; perhaps other mesodermal tissue also enters.

The portion of the tissue that is derived from the retinal layer of

the optic cup may be termed the primitive vitreous body. It

appears upon the inner surface of the lens as soon as the cavity

for the vitreous body begins to form between the lens and the

retinal layer. At first non-cellular vitreous tissue arises from

the whole extent of the retinal layer, but after the formation of the

pars cseca, and with the progressive differentiation of the retina

proper, the formation of this tissue ceases in the region of the

latter ; only in the region of the pars cseca does it continue to form

for some time, and from this region the fibres of the zona ciliaris

arise. In what relation the mesodermic vitreous tissue, which

begins to develop a little later than the ectodermic, stands to its

predecessor and, accordingly, how the definitive vitreous body is

formed, remains doubtful to me. Froriep (1905^, p. 244) says on

this point, "Both tissues appear to become most intimately united,

in such a way that a new tissue element, the definitive vitreous

body, is formed, the character of which is determined not by the

exceedingly delicate and perishable ectodermal portion, but by the

strongly-developed mesodermal constituent."

This would be a condition of great fundamental importance, a fact that was

correctly perceived by Szily (1904, 1908), who regards the formation of the

vitreous body merely as a special case of development of an embryonic supporting

tissue. According to him, throughout the entire body of the embryo a non-cellular,

fibrous supporting tissue is formed by the basal cells of all epithelial layers—no

" It may at least be mentioned here that in Amphibia the lens can be regenerated

from the epithelium of the iris. An historical review of the observations on this

point is given by Fischel (1909) in his work on the regeneration of the lens.
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matter from wMch of the germinal layers they may have been formed—giving off

fibrous processes which have aiisen from intercellular bridges or protoplasmic

processes. Later mesenchyme cells become associated with this non-cellular

supportive tissue and an intimate protoplasmic connection develops between them

and the fibres. In this way is formed the embryonic connective tissue with its

two components, the mesenchyme cells and the fibrillar matrix. From now on the

newly added cells take upon themselves the nutrition and growth of the fibres

arising from the original sources. The primitive vitreous body, according to

von Szily, is therefore formed not from the retina alone but from at least both

the retina and the lens. In exactly the same manner is formed, for example, the

tissue of the cornea. In this case also primitive fibrous connections are formed

between the distal wall of the lens and the ectoderm lying over it; just as

similar connections are made between the proximal wall of the lens and the

retinal layer of the optic cup, and the stroma tissue of the cornea is formed

by an association of mesenchyme cells with this primary fibrous substance. In

his account of the development of the vitreous body and cornea Bryce (1908) has

followed Szily, as has also V. Knape (1909), at least so far as the chick embryo

is concerned. It seems to me, however, that such an idea is confronted with

great difficulties, as, for instance, the relation between the cornea and the sclera.

Dryault (1904) gives a very different account of the genesis of the vitreous

body. Starting from the observations of Retzius (1894), he assumes the vitreous

body to be primitively mesodermal," but this becomes replaced by a secondary

ectodermal structure derived from the retinal layer of the optic cup. In this way

Cloquet's canal is formed, it being in reality not a canal at all, but the primary

mesodermal vitreous body with its vessels, forced to the axis of the eye. " In fact,

this cord represents the primitive vitreous body forced to the centre of the eye

by the development of the definitive vitreous body." The wall of Cloquet's canal

is the thickened layer of the secondary vitreous body that bounds the primary

body. This is the condition of affairs at the sixth month of fetal life; after birth

one finds no trace of the canal in man, the primary mesodermal vitreous body

having been completely replaced by the secondary one.

Lenhossek (1903) regards the entire vitreous body as a derivative of the

lens; but, on the other hand, the zonula fibres, according to him, are formed

quite independently of the vitreous body and may grow out from the pars

ciliaris of the retina. The hyaloid membrane has nothing to do with the vitreous

body genetically; it is formed from the retina.

The older teaching, to which some recent authors, such as Carini (1899),

Nussbaum (1900), and Spampani (1901), have returned, is to the effect that the

vitreous body is a mesodermal structure which grows into the cavity of the optic

cups through the chorioid fissure. That a mesodermal anlage of the vitreous body
is not invaginated into the optic cup by the lens was long ago shown by Kessler

(1877) and myself (1886, 1895), and this has been confirmed by all recent careful

invfistigations.

For further information on the question of the vitreous body
mention may be made of the works of the following authors, in

addition to those already cited: Tornatola (1897, 1898), C. Eabl
(1898, 1899, 1900, 1903), Fischel (1900), Addario (1902, 1904^5),
van Pee (1903), KoUiker (1903, 1904), Cirincione (1903'/.3, 1904).

Haemers (1903), Fuchs (1905), and Wolfrum (1907).
The vessels of the eye have an intimate connection with the

" Dryault, however, did not study the early stages in which this condition is

supposed to occur, and consequently begs the actual question.
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formation of the vitreous body, since man, like the mammals in

general, possesses in embryonic and fetal life an arteria lentis,

ramifying in the capsula vasculosa lentis and vasa hyaloidea
propria.^'' Fig. 178 represents the vitreous body, lens, and retina

of a human fetus of the sixth month, according to 0. Schultze. The
a. lentis, before it reaches the lens, divides into the branches pass-

ing to the tunica vasculosa lentis ; the distal portion of the capsula

vasculosa lentis (the so-called membi^ana pupillaris) has been re-

moved together with the iris. The retina is reflected and is

FiQ 178 Vitreou3 body, lens, and the reflected retina of a human fetus of the sixth month. No

vessels of the' vitreous body are to be seen except the arteria lentis. C, corpus ciUare. (After O. Schultze

18921, Plate II, Fig. 9.) For further description see text.

already vascularized up to the ora serrata, whereas in the third

month of fetal life no retinal vessels are to be observed ; the exist-

ence of a membrana vasculosa retinae, which will be considered

later, is denied by Versari (1903, 1909) for man. The vasa hya-

loidea propria have already disappeared; their degeneration be-

"I follow the nomenclature qf Froriep (1905°, p. 245), compare also H.

Vixehow (1901), and use the term A. hyaloidea in a broad sense. It includes the

following

:

C 1. Vessels of the ridge or shelf-like structures m
j^xial \

the suture of the optic cup.

A. hyaloidea
( 2. Arteria lentis.

I . , , ( 3. Vasa hyaloidea propria.
I Peripheral

| ^ ^^^.^^^ ^gg^^j^
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gins in the third month and proceeds from the periphery toward

the centre. Fig. 179 shows the distal part of the tunica vaseulosa

lentis of a human fetus of the eighth month, in which marginal

loops have already developed from the original uniform network.

The blood supply of the tunica vasculosa lentis is threefold: it

receives arterial blood from the proximal direction through the

arteria lentis, from the equator through vessels from the arteriae

hyaloidese proprise, and when these degenerate through the arteria

lentis, and from in front through the long ciliary arteries (by

means of the circulus iridis major). The venous return is entirely

by way of the chorioid and falls directly into the venae vorticosae.

Fig. 179.—Pupillary memorane of a human fetus of the eighth month, r, marginal loops. (After 0. Schultze

(1892), Plate I, Fig. 2.)

Accordingly the growth zone of the lens, its equator, is supplied

in a special manner ; in this region there is an exceedingly delicate

network of exceptionally fine capillaries, which receives its blood

from all three arterial supplies.

The earliest stages in the development of the eye-vessels are not yet sufficiently

known, notwithstanding the work of Versari (1900 ', 1900", 1903, 1909) and
Dedekind (1909). Tor the rabbit there exists a very thorough study by Fuchs
(1905). According to him, the arteria hyaloidea arises as a blind bud from a

circular vessel situated at the margin of the optic cup. This primary hyaloid

artery enters the ventral portion of the cavity of the optic cup from the caudal

side and forces a connection with the vessels of the choriocapillaris in the medial
end of the chorioid fissure; the secondary hyaloid artery so formed unites later

with the arteria ophthalmiea interna. The arteria hyaloidea of the rabbit is,

consequently, a complex vessel. The earliest development of the retinal vessels

in man has been described by Versari (1903, 1904), but the description that

follows here is based on the accounts given for mammals. Kessler (1877) has

shown for the rat, and 0. Schultze (1892) for the pig, the ox, and other mammals,
that the retinal vessels arise independently of the arteria hyaloidea and ramify
independently in the retina from the point of entrance of the optic nerve.

The observations of Voll (1892) agree with those of Schultze; he shows
that mesoderm cells penetrate into the optic bulb with the arteria hyaloidea and
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foim a swelling in the depressed centre of the papilla of the optie nerve, from
which they spread oiit over the vitreous surface of the retina. Thus the membrana
vasculosa retmae is formed and this is soon vascularized from the papilla. In
addition to the works mentioned, that of H. Virehow (1901) may also be consulted.

The development of the human retinal vessels differs, accord-
ing toVersari (1903, 1904), from what has been described in mam-
mals in several particulars. The cellular cushion of mesoderm
that occupies the place of the later excavation on the papilla of
the optic nerve does not extend out over the edges of the papilla

Fia. 180.—The arteries of the base of the skuU and of the eye in a human embryo of 22 mm. From an
injected preparation, b., art. basilaris; c. a., art. cerebral, ant.; c. c. n. and c. c. (., art. ciliaris oomm. nasal,
and temp.; c. »., art. carotia intern.; c. i. r. a., art. carotis intern, ram. ant.; c. m., art. cerebral, media; c. p.,
art. cerebral, profunda; A., art. hyaloidea; o., art. ophthalmica; r. p., ramus communicans posterior
(After Versari, 1900.)

upon the surface of the retina, but spreads out beneath the layer of
nerve-fibres, so that from the beginning the vessels lie in the sub-
stance of the retina and there is no distinct membrana vasculosa
retinse. The beginnings of the retinal vessels are not extensions

of cilio-retinal arteries and retino-ciliary veins, but buds from
the arteria hyaloidea and the two primitive veins of the optic nerve.
In fetuses of 36 cm. the vessels have reached the inner reticular
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layer, and in those of 42 cm. the inner granular and even the

outer reticular layer.

Some figures taken from Versari (1900 ^ 1903) will give a

better idea of the relations that have been described and will

serve as a complement to the text. Pig. 180 shows the injected

vessels at the base of the skull in an embryo of 22 mm. vertex-

breech length. From the a. earotis interna (c.i.) there arises on
either side the a. ophthalmica, and each of these divides into a
nasal and a temporal a. ciliaris communis (c. c. n. and c. c. t.) ; the

nasal a. ciliaris communis gives off the a. hyaloidea (h.). In many
cases the a. hyaloidea arises at the point of division of the a.

ophthalmica. From the arteriae ciliares communes very fine

branches are given off which supply the vascular network of the

chorioid, but this is not well shown in the figure. At this time the

FiQ. 181.—The vessels of the right eye of a 5 cm. human etus. From an injected preparation, c. I.,

art. eiliar. post, long.; c. p., art. ciliar. post, breves; o., continuation of the art. ophthalmica. The remaining
letters have the same significance as in Fig. 180. (After Versari, 1900^.)

majority of the vessels for the chorioid arise from arteriae ciliares

communes during their course within the wall of the bulb, from
the portion which later becomes the arteriae ciliares posteriores
longse. Occasional branches are also given off before the arterise
ciliares communes enter the territory of the bulb ; thus even before
a. hyaloidea there is given off from the a. ciliaris communis nasalis
a small branch, which is to be regarded as an a. ciliaris posterior
brevis. While fine branches pass to the chorioid from the arterise
ciliares posteriores long« in many mammals, even in the adults,
they are no longer to be found in human fetuses of 5 cm. The
vessels of the right eye of such a fetus are shown in Fig. 181.
From the a. ophthalmica (o.) arise the two arteriae ciliares com-
munes, a nasal (c. c. n.) and a temporal {c.c.i.), and from the nasal
the arteria hyaloidea [h.) arises; the arteriae ciliares longse give
off the arteriae ciliares posteriores breves {cp.) and are then to
be termed throughout their further course the arteriae ciliares pos-
teriores longae {c.l.) ; o. is the peripheral continuation of the



DEVELOPMENT OP THE SENSE-ORGANS. 239

a. ophtlialmica. Fig. 182 shows a sagittal section through the
point of entrance of the optic nerve into the hnlh in a 7 cm. fetus.
The arteria hyaloidea (h.) is cut longitudinally; where, as the art.

Fig. 182.—Sagittal section through the point of entrance of the optic nerve in a human fetus of 7 cm,
H., vitreous body; A., art. hyaloidea; W., cellular swelling in which the retinal vessels are beginning to form.
(After Versari, 1903.)

lentis, it enters the substance of the vitreous body it is surrounded

by a swelling composed of cells, and in this later the retinal vessels

will begin to develop. Even in a fetus of 10 cm. these vessels, as

Fig. 183.—-Injected preparation of the eye vessels of a 10 cm. fetus, c. p., principal stem of the art.

ciliares post.; h., art. hyaloidea; r., retina; v. c. r., vena centralis retinae; v, v., veins surrounding the art.

hyaloidea from which the vena centralis retinse arises.

such, have not yet begun to form, as may be seen from Fig. 183

;

yet Versari was able to find, in the substance of the swelling which

surrounds the a. hyaloidea in the region of the papilla of the optic

nerve, some cell-cords, two of which were in connection with the

wall of the a. hyaloidea. Attention should also be directed to the
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small venous vessels in the optic nerve and especially in the

neighborhood of the a. hyaloidea (v. v.). From these the vena

centralis retinae {v. c. r.) develops. In the substance of the vitreous

body the companion veins of the a. hyaloidea, which here be-

comes the a. lentis, are completely wanting. Actual retinal ves-

sels, permeable to blood, were first found by Versari m fetuses

of 12 cm.; they are shown in Fig. 184 {a. r. and v. r.). Thea

hyaloidea seems to be dilated in a spindle-like manner at the point

of origin of the retinal arteries (a. r.), and from this point onward

it may be termed the a. lentis. The development of the v. cen-

tralis retinse has made considerable progress; Fig. 185 shows the

appearance it presents in sections. The figure is reconstructed

from some sagittal sections through the eye of a fetus of 13 cm.

;

FiQ. 184.—Injected preparation of the eye vessels of a 12 om. fetua. a. r. and v. r., arteriae and vencB

retinse; the remaining letters as in Fig. 183. (After Versari, 1903.)

the veins {v. r.) are represented as black and the arteries {h., a. I.,

a. r.) as gray. Fig. 186 a-c represent sections through the injected

retina of fetuses of 19 cm., 36 cm., and 42 cm. One may perceive

from these how the retinal vessels penetrate more and more
deeply.

Greater or smaller remnants of the embryonic vessels occa-

sionally persist in man; they are inhibition structures and may
have a practical importance. Compare on this point Hippel (1900)

and Bruckner (1907).

We come now to a consideration of the differentiations which

the optic cup and its individual parts undergo during the further

course of development. The outer (proximal) layer of the optic

cup becomes transformed into the pigment epithelium of the retina.

The pigment makes its appearance in embryos of from 7 to 9 mm.
greatest length (compare Normentafel, Plates 29-43), and first

of all in the region of the pupillary border, whence it extends
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backward towards the optic stalk.i^ The retinal layer becomes dif-
ferentiated into the pars optica and the pars caeca, this latter again
giving rise to the pars ciliaris and the pars iridica.

The pars optica is separated from the pars caeca by an ora

""^S5

'Vi;

Fia. 185.—-Section through the point of entrance of the a. hyaioidea into the optic bulb of a fetus of
13 cm., reconstructed from several sagittal sections, a. I., art. lentis; a. r., retinal artery; H., vitreous body;
A., art. hyaioidea; W., swelling around the point of entrance of the a. hyaioidea, in which the retinal vessels
have been formed. (After Versari, 1903.)

Fig. 186 a-c.—Sections through injected retinse; to the right the layer of nerve-fibres, to the left the
outer layer which gives rise to the rods and cones. One sees the gradual penetration of the vessels. Fig. 186a

:

Sagittal section of the retina in the neighborhood of the optic papilla, from a fetus of 19 cm. Fig. 186b:
A similar section from the posterior hemisphere of the bulb of a fetus of 36 cm. Fig. lS6c: A section similar

to the preceding for a fetus of 42 cm. (After Yersari, 1903.)

"According to Ucke (1891), the pigment extends into the optic stalk in

embryos of the chick and sheep, and 0. Lange (1908, p. 12) has reported the same
thing for man.

Vol. II.—16
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serrata even in the fetus, and 0. Schon (1905 i- 2) in denying the

existence of an ora in the new-born child is undoubtedly incorrect,

as the observations of 0. Schultze (1902) and others have shown.i»

The separation is associated with the formation of the ciliary body

and its ciliary processes. In the fourth month of development

the margin of the retina lies at the ciliary margin of the iris, but

Iris

Retina

Fio 187 Iris and corpus ciliare of a fetus in the second half of the fourth month. (After O. Sehultie

(1902), Plate I, Fig. 5.)

the more the ciliary body with its processes enlarges, the more the

margin of the retina retreats proximally, and, since the retinal

layer does not keep pace with the ciliary body in the increase of

its surface, there results a corresponding thinning of the layer.

The degree of development of the ora serrata also varies greatly

in the fetus. Fig. 187 shows the iris, the corpus ciliare, and the

Retina

Fig. 188.—Iris and corpus ciliare from a prematurely born fetus of the eighth month. (After O. Schultze

(1902), Plate I, Fig. 6.)

distal edge of the retina, its ora serrata, of a fetus in the second

half of the fourth month. An unusually strong development of

the teeth of the ora serrata is shown in Fig. 188, from an eight

months' fetus prematurely born; almost all the teeth extend

through the entire breadth of the orbiculus ciliaris. Streaks of pig-

ment, in which the pigment layer of the retina is thickened to

form ridge-like structures and which very usually extend from

"Quite recently 0. Lange (3908. p. 20) seems to have returned to Sehon's

view, but certainly without sufficient reason.
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the tips of the teeth of the era serrata into the orbiculus ciliaris,

are relics of the greater thickness which the retina originally pos-

sessed throughout the entire region of the orbiculus; the streaks

vary greatly in their development in different individuals.

The pars optica of the retina differentiates in a proximo-
distal direction, the maculo-papiUary region being the first to

develop completely. Sections through the retina of an eight

weeks' embryo still present, according to Chiewitz (1887), a purely

epithelial character, except for the layer of nerve-fibres. Two
principal layers of nuclei are separated by a clearer intermediate

zone, in which more scattered nuclei (spongioblast nuclei) occur.

At two and one-half months before birth all the layers of the

retina are complete. An intermediate granular layer first appears

in a five months ' fetus at the spot where the macula lutea will later

form, and in the same region the first cones appear at a slightly

earlier date (17 weeks ^°). The fovea centralis begins to form after

the sixth month and is present in fetuses of seven and a half or

eight months. During its formation the outer fibre layer develops

in the outer granular layer and the transitory radial fibre layer,

which later disappears but is still present in the nine months'

fetus, appears in the inner granular layer between the spongio-

blasts and its other elements, the layer being traversed obliquely

by the elongated and diverging radial fibres. The layer of multi-

polar ganglion-cells at its first formation consists of about seven

tiers of cells, but as the entire layer becomes increased in surface

extent its elements separate to form a single layer, the original

condition persisting only in the macula lutea.

The fovea centralis has, contrary to earlier opinions, nothing

to do with the chorioidal fissure. Its formation begins in the

seventh month and proceeds from the inner toward the outer

layers (Chiewitz, 1887). Its appearance is preceded by a thicken-

ing of the corresponding region, so that the concavity is a second-

ary formation. Chiewitz suggests that individual variations in

the behavior of the cerebral layer at the bottom of the fovea may
be due to persistence of an earlier or later stage of embryonic

development.

The histological differentiation of the retina has been more thoroughly

followed by Ramon y Cajal (1896) in the cat, dog, rabbit, calf, and mouse. Fig.

189 represents a section through the retina of a new-bom cat, in which the

differentiation is taking place. The multipolar cells are the first to develop;

these next form their axis-cylinder processes and then the dendrites, these latter

at first extending out on all sides, though later only the ascending (distal) ones

persist, the others atrophying. At an early date those bipolar cells that are

destined to become rod cells can be distinguished from those that will form cone

""According to Falchi (1888*^), the rods have begun to form in a fetus of

21.3 cm.
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cells. Both first produce the proximal process (unipolar stage) which comes

into connection with the membrana limitans externa, but the cone cells have a

greater amount of protoplasm and consequently stain more darkly with Golgi's

silver method. The distal processes arise later; they develop to various degrees

and may occasionally extend almost to the zone of multipolar cells. The nuclei

of the cone cells finally approach the membrana limitans externa and then their

proximal (descending) processes all extend to the same level. Rod and cone

cells are peculiar structures that can be classified neither as nerve- nor neuroglia-

eells. Finally the rods and cones develop. The horizontal cells at first give off

processes in all directions, but later their cell bodies become smaller and the

dendrites spread out in a single plane, that of the outer reticular layer, their

axis-cylinder processes at the same time increasing in length. The Miillerian

cells correspond to the glia-cells of the rest of the central nervous system; they

differentiate at an early stage and traverse the retina from the lamina limitans

interna to the lamina limitans externa. Their nuclei are at first scattered

through the entire thickness of the retina, with the exception of the layer of

multipolar ganglion-cells, but later they assemble in the inner granular layer.

At times two nuclei may be found in many of the cells, a condition which Ramon
regards as an indication of cell multiplication.

Pigment is formed in the pars caca of the retina, the pigment

extending over the margin of the optic cup into it and reaching

finally the region of the corpus ciliare. Up to the end of the

seventh month Szily (1902 ^' ^) finds between the two layers, where

they pass into one another, a cavity, which he regards as a circular

sinus. With the disappearance of this sinus the anterior epithelial

layer sinks into the concavity of the margin of the optic cup. In

a fetus of 10 cm. the outer layer of the cup is pigmented only up
lo the region of the peripheral border of the circular sinus. From
here outward the pigment diminishes in amount and is continued

over the edge of the cup into the inner lamella only as a few gran-

ules. At the middle of the fifth month it has reached to about the

middle of the iris; during the latter portion of intra-uterine life

it reaches the region of the ciliary processes, but does not actually

extend into these even in the new-born child.

The most noteworthy point in the development of the eye,

and one that is full of significance for histogenesis in general, is

the fact that the musculus sphincter and the musculus dilator

pupillse take their origin from the iris portion of the outer (proxi-

mal) layer of the optic cup. These muscles are therefore formed
from ectodermal epithelial cells. This mode of development of

the dilatator was first recognized by Grynfeltt (1898^ '2) in the

rabbit, in which it begins to occur at 14 days after birth; later

Nussbaum (1900) noted its occurrence in birds and mammals
(mouse). Similar results have also been obtained in man. Ac-
cording to Heerfordt (1901^), the formation of the muscle-cells

begins in the 24-30 week of fetal life. The nuclei withdraw from
the outer ends of the cells, and the non-nucleated, strongly pig-

mented portions of the cells fuse to form a diffusely pigmented
lamella, whose protoplasm retains its continuity with the nucleated
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portions of the cells. Then the non-nucleated portions arrange
themselves radially, and fibres, also directed radially, appear in

them and later arrange themselves in bundles. The pigment col-

FlG. 189.—Section through the retina of a new-born cat. a and 02, epithelial cells with two nuclei;

epithelial cell with peripheral nucleus; c, epithelial cell of the ordinary type, the nucleus lying at about
the middle of the retina; d, embryonic cone cell in the unipolar stage; e, rod cell in the corresponding stage;

/, rod cell with a deeply seated cell body; g, cone cell in the transition stage; h, amacrine cell; i, ganglion
cells; 7, displaced amacrine cells; k, embryonic cone cell whose cell body lies near the outer reticular layer;

*2, a similar rod cell. (After Ramon y Cajal (1896). Plate XII, Fig. 1.)

R. s.

Sph. A

rjJ^^^i—^W
A. B.

P.m

_C. ,

IQ. 190. Margin of the optic cup of a fetus of 10 cm. J. E., inner epithelial layer; A. E., outer epi-

thelial layer of the optic cup; B. s., circular sinus; Sph. A., anlage of the sphincter; P. m., pupillary mem-

brane; C. c, corpus oiliare; C, cornea. (After Szily, 19021.)

lects in the nucleated portions of the cells, and each of the fibres

then stands in connection with a pigmented, nucleated portion of a

cell which lies on the proximal side of the fibre and with it forms

a typical, epithelial, smooth muscle-cell. The development of the

musculus sphincter pupillse has been followed in man by Szily

(1902 1' 2) and Herzog (1902). Szily finds its earliest anlage in a
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fetus of 10 cm. in a very slight aggregation of irregularly placed

epithelial nuclei at the margin of the optic cup (Fig. 190). The
corresponding cells grow towards the ciliary body as a lamella-like

process, and an elongation of them becomes noticeable very early.

The pigment, which even at first was but sparingly developed.

R.„.

Sph.

P. m.

Istr.

A.E.

Fio. 191.—Radial section through the anlage of the iris o£ a 10.2 cm. fetus. I. E., inner, A. E.. outer
epithelial layer of the optic cup; R.s., circular sinus; Sph., sphincter; Istr., stroma of the ir s; P.m.,
pupillary membrane. (After Szily, 1902 )

later vanishes almost completely. In fetuses of eight and nine

months the relations with the dilatator have developed, and even

in the new-born child the muscular sphincter is still in intimate

connection with the epithelium at the pupillary margin. Figs.

191, 192, and 193 show some stages in the development, after Szily.

The optic nerve develops from the stalk of the optic cup, this,

however, giving rise only to the neuroglial scaffolding, the nerve

.1. E. I. E. \

Fig. 192.—Kadial section through the anlage of the iris of a fetus of 24 cm. /. E., inner epithelial

layer; A. E., outer epithelial layer: R s , circular sinus; Sph. Sphincter; Tstr., stroma of the iris; P.m.,
pupillary membrane. (After Szily, 19021.)

fibres arising for the most part from the multipolar cells of the

ganglion retinae and therefore growing centripetally ; in addition

there is a much smaller number of centrifugal fibres, which have
their terminations in the retina. I first (1889) called attention

to the fact that in reptilian embryos the first optic-nerve fibres

grew from the retina centrally; then His (1890) arrived at the
same result for man and Froriep (1891) confirmed it for Selach-
ians. As the result of numerous observations, this condition seems
to me to be general. The existence of nerve-fibres in the distal

portion of the optic nerve is noted as occurring in an embryo
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of 15.5 mm. vertex-breecli length in the Normentafel of Keibel and
Elze (Plate 61) ; in an embryo of 17 mm. greatest length they

have reached the recessns opticus, although in another of 20 mm.
greatest length they are still remote from that point (Plate 65).

For a detailed account the Normentafel may be consulted, and it

.I.E.

- A.E.

Pep. Istr. Oil.

Sph.

Fig. 193.—Radial section through the sphincter region of the anlage of the iris of a new-born fetus.

/..E., inner epitheliallayer: ^. ^., outer epitheliallayer; >SipA., sphincter; Dii., dilator; Psp., pigment spur;

Istr., stroma of the iris.

is also shown there how the lumen of the optic stalk gradually

becomes obliterated. Pigs. 194 and 195 show sections through the

optic nerve of a mouse embryo of 12 days, the section represented

in Fig. 194 being proximal to that shown in Fig. 195. A connec-

FlG. 194.—Section through the optic nerve of a mouse embryo of 12 days. (Alter Kriickmann, 1906.)

tive-tissue scaffolding is later added to the neuroglial one ( Jacobi,

1905, Kriickmann, 1906).

The chorioid, together with the corpus ciliare, the musculus

ciliaris, the iris, and the sclera, develop from the dense mesodermal

tissue that surrounds the optic cup. Somewhat less simple is the

development of the cornea. Its mesodermal foundation must first

penetrate between the distal surface of the lens and the ectoderm,

and in this tissue the anterior chamber of the eye, which separates
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the corneal anlage from the distal layer of the capsula vasculosa

lentis, is formed. Mention has already been made (p. 233) of the

special view as to the development of the cornea and connective

tissue in general advocated by Szily (1904, 1908). The vessels of

the ehorioid and of the choriocapillaris develop without any com-

/ f/

^"^'V^

^^

W'. '^^^

Fig. 195.—Sectiou through the optic nerve of a mouse embryo of 12 days; the section is diata. to that
shown in Fig. 194. The lettering in both figures has the following meaning; a., epithelial cells, the so-called

primitive glia; b., the beginning of the vacuolization and extension phenomena in the protoplasm of the
glia cells as a result of the penetration of neurofibrillse; A., cells of the primary glia in which the neurofibrils

(n.) first appear near the limitans superficialis (L. fi.) ; L. s., limitans superficialis of the optic nerve; n.,

neurofibrillse; O., lumen of the optic stalk. (After Krtickmann, Plate IX, Fig. 8.)

plications from the abundant vascular supply which, even at an
early stage, surrounds the optic cup.

The musculus ciliaris undoubtedly develops from the mesen-
chyme tissue which is arranged in a lamellate manner around the

Fig. 196.—Section through the anterior part of the bulbus oculi of an embryo of 23 mm. vertex-breech
length (embryo Ti, from the collection of the first anatomical Institute in Vienna; Normentafel of Keibel and
Elze, Plate 79). i. K., anterior chamber. X80. (From a drawing kindly furnished by Professor Tandler)

.

optic cup (Herzog, 1902). In the region of the sclera this mesen-

chyme secretes collagen substance and separates into the fibrillar

sclera tissue and the stroma of the ehorioid which is destitute

of collagen, with the exception of what is contained in the walls of

the blood-vessels. The conversion of the lamellated mesenchyme
tissue into smooth muscle tissue is associated with the preservation
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of the form of the cell body as well as of the nucleus and with the
persistence of the protoplasmatic characters of the cell body,
whereby the nucleus and cell body undergo a variable increase in
size. At the same time the cells assume a closer arrangement
and become more densely aggregated in the line of the pull of the
later muscle. The first formation of the ciliary muscle is found
in fetuses of 12 cm. and its development is completed in the seventh
or eighth month.

In the sixth month the lamellate mesenchyme tissue of the
uvea becomes looser by the development in it of numerous blood-
vessels

; as a result the layered mesenchyme tissue within the layer
occupied by the large vessels assumes what Herzog (1902) has
termed a "reticular formation," its cells becoming stellate pig-
ment-cells. External and internal to the vessels, those of the
choriocapillaris excepted, the tissue retains its lamellate arrange-
ment and differentiates into cells which Herzog regards as endo-
thelial, into flat cells which form sheets, and into a peculiar kind of
cells of doubtful character but which Herzog regards as rudimen-
tary muscle-cells.

The description which follows, of the development of the
anterior chamber and of the structures in the angle of the chamber,
is based essentially on the observations of Seefelder and "Wolfrum
(1906), but the work of Gabrielides (1895 ^> 2), Jeannulatos
(1896^2), and Fritz (1906) may also be mentioned. In the Nor-
mentafel of Keibel and Elze, on Plate 79, the existence of an
anterior and posterior chamber is shown in an embryo of 23 mm.
vertex-breech length (Tandler), and Plate 84 shows them in an
embryo of 26 mm. greatest length. Fig. 196 represents a section

through the anterior part of the bulbus oculi of the embryo figured

in Plate 79 of the Normentafel. I am indebted to the kindness of

Professor Tandler for the drawing. The anterior chamber {v. K.)

is plainly recognizable in the figure ; when, therefore, Seefelder and
Wolfrum recognize Descemet's endothelium in a fetus of 53 mm.
and Descemet's membrane in one of 70 mm., but fail to perceive any
indication of the chamber, it must be supposed that the latter

must again become for a time indistinct and that these authors

have not really observed its first formation. At the end of the

fourth month Descemet's membrane is formed throughout its en-

tire width and the sinus of Schlemm is indicated. At the end of the

fifth month the ciliary processes ^^ are recognizable and also the

sclerocorneal network that fills the outer portion of the chamber

'^ Szily (1902
', p. 168) notes that the formation of the ciliary processes is

not limited exclusively to the region of the ciliary body in the emhryo, but

also takes place in the region of the primitive anlage of the iris, relying for

proof of this in a section through the iris of a 19 em. fetus, which he reproduces

in his fig. 3.
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where it abuts in the sclera, but the ligamentum pectinatum

iridis, situated more internally, is not yet visible. According to

Seefelder and Wolfrum, the first indication of the anterior cham-

ber is to be seen at this time as a circular cleft in the region of

the pupillary border of the iris. At the beginning of the sixth

month the ligamentum pectinatum is also formed. In the middle

of the same month the portion of the anterior chamber in front of

the distal pole of the lens can be detected, but it is as yet narrow.

At the beginning of the seventh month the scleral swelling be-

comes evident and the sinus of Schlemm becomes wider. In the

eighth month the chamber becomes noticeably deeper and at places

the formation of the ligamentum pectinatum pushes its way,

wedge-like, between the longitudinal and circular bundles of the

ciliary muscle. In the ninth month the membrana pupillaris, to-

gether with the capsula vasculosa lentis, has disappeared and the

ligamentum pectinatum has become smaller. In the new-born child

remains of the ligamentum pectinatum are still present and the

angle of the chamber is, as a rule, acute. As regards the cornea

I would note that in embryonic and fetal life it is not vascularized,

as was formerly sometimes supposed (Hirsch, 1906).

The eyelids make their appearance in embryos of about 20 mm.
greatest length (compare Normentafel, Plates 67, 68, 70, and 71).

In the description of their development I follow Ask (1907, 1908)

for the most part, but would make mention also of the observations

of Contino (1908).

The lid margins are already completely fused in a fetus of

.33 mm., the e]iithelial fusion extending from the sides towards
the middle of the palpebral fissure. In later «tages it involves

not only the actual margins of the lids but also the neighboring
portions of the epidermis and extends both nasally and temporally
far beyond the corresponding palpebral angles (Schweigger-Seidel,
1866). The separation of the lids is accompanied by a process of

cornification (compare also Seller [1890] for the dog and Nuss-
baum [1900] for the mouse), which first affects the intermediate
cells most distant from the basement membrane. It extends not
only from the outside (front), but also from the cornified wall cells

of the hair canals of the eyelashes, from those of the hairs develop-
ing within the zone of fusion and from the corresponding cavities

at the mouths of the sebaceous glands of the lids; finally it also

begins independently at the innermost part of the zone of fusion,
where the formation of a deep groove lined with epithelium of the
epidermis type precedes the complete separation of the lids.

The development of the cilia resembles that of the other body
hairs; the ciliary sudoriparous glands (Moll's glands) arise as
outpouchings of the basal cells on the anterior sides of the anlage
of the cilia, immediately in front of the anlagen of the ciliary
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sebaceous glands. The tarsal glands arise from the epithelium of
the innermost (most posterior) portions of the fused margins of
the lids, as epithelial buds (Konigstein, 1884). The glands of the
upper lid exceed those of the lower in length only after the middle
of embryonic life. The first anlage of the tarsus appears some
what early as an aggregation of mesoderm cells in the posterior
portions of the lids, but it obtains its definitive character only after
the further development of the tarsal glands.

The carimcula lacrimalis takes its origin from the lower lid,

whose most nasally situated tarsal glands and ciliary anlagen are
separated from those of the rest of the lid by the opening of the

lower lachrymal canal, which at first is situated relatively some dis-

tance laterally. This portion of the lid becomes pushed nasally

and deeply to form the carunculi, and the connecting folds of the

lower fornix are the result of the covering in of the caruncle.

Only exceptionally do anlagen of ciliary sudoriparous glands de-

velop in the caruncula. The nictitating membrane appears soon

Fig. 198

Figs. 197 and 198.—Explanation in the text. In both these figures the lids which are actually fused are

shown separated. (After Ask, 1907.)

after the lids and is quite independent of the caruncula, which
forms only much later. It is relatively larger during certain

stages of fetal life than it is later, and it seems regularly to develop

a rudimentary gland. Fig. 197 shows the relation of the openings

of the lachrymal canals on the upper and lower lid of a fetus of

40 mm. ; the position of the future tarsal glands, which are lacking

at this stage, is represented diagrammatically. Fig. 198 shows the

openings of the lachrymal canals and the grouping of the tarsal

glands in a fetus of 19 cm. ; the anlage of the caruncle is separating

from the lower lid. Fig. 199 shows a model of the eyelids of the

right eye in a fetus of 25 cm., seen from the inside; the anlage

of the caruncula is distinctly separated from the lower lid.

Keibel and Elze found the earliest anlagen of the lachrymal

glands in embryos of from 22 to 26 mm. (Normentafel, Plates 80,

82, 83, 84), as knob-like ingrowths from the conjunctival epithelium.

Their further development has recently been thoroughly studied
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by Speciale-Cirincione (19081^)==^ He finds the gland at a some-

what later stage than Keibel and Elze, in a fetus of 32 mm., about

the 70th dav of development. Five or six ectodermal ingrowths of

Fio. 199.—Explanation in the text. (After Ask, 1906.)

the conjunctival epithelium form very quickly one after the other

in less than a day. Their position is shown in Fig. 200. They

are situated in the upper part of the outer conjunctival fornix at

the point where the conjunctiva of the lid passes over into the

fornix. The anlagen are at first knob-like, but become quickly

(in the course of a few hours) transformed into club-shaped struc-

Fig. 200.—Reconstruction of tlie conjunctival sac and tlie lachrymal gland of a fetus of 32 mm. (sitting

height probably) seen from the outer surface. Aea., external ancle; Corn., cornea; Ecpi., ectoderm of the

conjunctiva of the lower lid; Ecps., ectoderm of the conjunctiva of the upper lid; Fa., external fornix; Fi„

internal fornix; Gpi-«, epidermis (ectoderm) buds arising from the upper external angles of the fornix and

representing an early stage in the development of the lachrymal gland; Gpi is club-shaped, (?P2—4 are small

knobs, (Jp6-6, are slight outgrowths; Mpi., margin of lower lid; Mpa., margin of upper lid; Sc, sclera. X 25

(After Speciale-Cirincione, 1908=.)

tures ; these grow exclusively in length and in a few days are con-

verted into epithelial cords destitute of a lumen. The first branch-

ings of the five or six first formed primordial cords are observed

in fetuses of 30 mm. ; in those of from 40 mm. to 60 mm. additional

anlagen appear, which begin to branch in fetuses of 54 mm. In

fetuses of 38 mm. the division of the lachrymal gland into an

orbital and a palpebral portion by a laterally directed expansion

of the tendon of the levator and by Tenon's capsule has begun, and

" While these pages were being printed there appeared the careful paper of

Ask (1910), in which, in addition to the development of the lachrymal gland proper,

that of the conjunctival accessory glands (glands of Krause and Wolfring) is

also described. The comparative anatomical relations are also considered.
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it becomes completed in fetuses of 60 mm. The orbital part is
formed exclusively by tbe portions of the first five or six primor-
dial cords which lie on the far side of the interglandular septum;
the palpebral portion, by branches given off before the cords
perforate the interglandular septum and by the buds and branches
of the later-formed primordial cords. Fig. 201 shows these rela-
tions. In the cords, which are at first solid and are formed of
large, polyhedric .cells with round nuclei and homogeneous proto-
plasm, a lumen is formed in fetuses of 50 mm. by the breaking down
of the central elements, and after the appearance of the lumen one
can plainly distinguish, according to Speciale-Cirincione, two
layers, the layer of the secreting cells and that of the basal cells.

Rt.
Mig.

Rt. Gs. Gp2
I
Gpi Pep. Sc. Ops Bcv.

Rt. Gt. Rt. Gps
I
PGp.

PGp.

FiQ. 201.—Reconstruction of the lachrymal gland of a fetus of 50 mm. (probably sitting height). Six
aniagen (primordial cords) traverse the interglandular membrane (Mig.) and, together with their branches,
form the orbital portion of the lachrymal gland. Other aniagen do not reach the interglandular membrane
(Mig.) ; they form the palpebral portion of the gland, together with branches given off from the cords intended
for the orbital portion, before they perforate the interglandular membrane. Gpi, a primordial cord with
branches only at its orbital end: GD2-3, cyUndricai primordial cords richly branched at their orbital ends
and giving off buds from their portions which traverse the hd; Gpi, primordial cord which divides into two
secondary cords in the palpebral portion of the gland, the branches of these lying in the orbital portion:
Gs., secondary cords; (?i., tertiary cords; Ecp., epithelium of the palpebral conjunctiva; Mig., interglandular
membrane ("lateral expansions of the levator"); Pep., branched primordial cords belonging to the palpebral
portion of the gland; POp., primordial buds belonging to the palpebral portion of the gland; Rt., terminal
branches: iSfc, sclera. X25, (After Speciale-Cirincione, 19082.)

The accessory conjunctival lachrymal glands are formed, accord-

ing to Falchi (1905), in a fetus of 31 cm. In the new-born child

the lachrymal gland has not yet reached the height of its develop-

ment, having only one-quarter to one-third the size of the adult

gland (Kirsehstein, 1894) and differing also in the appearance of

its cells (Axenfeld, 1899 ^^) ; that it actually is without function at

this time has been correctly denied (De Wecker, 1899, Baratz,

1902). Groez (1908) has quite recently reinvestigated the lach-

rymal gland at different ages and in general confirms the results

of Kirsehstein (1894). From the first year onward there is a

gradual change in the histological structure of the gland. "The

^ Compare also Schinner in Grafe-Samiseh. Handbuch der gesamten Augen-

heilkunde, 2d edition.
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height of the glandular epithelium becomes gradually less and

the lumen becomes correspondingly wider, and at a more advanced

age the gland assumes quite an altered appearance, owing to a

strong increase of the interstitial connective tissue. With advanc-

ing age a distinct involution of the gland occurs."

The mode of formation of the lachrymal passages, the ductus

nasolacrimalis, the saccus lacrimalis, and the lachrymal canals

are also quite clearly understood in man (Fleischer, 1906, and

Matys, 1906). As Born (1879, 1883) and his pupil Legal (1881,

1883) showed for the Sauropsida and Mammals, so too in man
the ductus nasolacrimalis arises as a solid epithelial bud, which

grows down freely through the mesoderm to the nasal cavity from

the conjunctival portion of the lacrimo-nasal groove. Consequently

the lachrymal canals do not represent the original connection of

the anlage with the conjunctival epithelium, but this original con-

nection is lost ; the canals bud out from the still solid ductus lacri-

malis and secondarily acquire their connection with the margins

of the lids.

Accounts of the conditions in mammals, in which the processes are essentially

the same as in man, have heen furnished by Fleischer (1906) for the pig and

rabbit and by Matys (1905) for the marmot ( Spermophilus citillus) and the

pig. In the apes, according to my own observations (1906'), the processes take •

place as in man. Thus, in a jMacacus cynomolg-us of 13.5 mm. greatest length

(Plate 14) the solid ductus nasolacrimalis, whose distal end is still far from
the nasal cavity, has lost its connection with the ectoderm at its orbital end and

divides there to form the anlagen of the two lachrymal- canals (compare also

Plates 17, 18, 20, 21, 22). In an embryo of Nasalis larvatus of 25.2 mm. greatest

length (Plate 23) the ductus nasolacrimales do not quite reach the epithelium of

the nasal cavities, the lachrymal canals have reached the epithelium but have

not yet fused with it. Slightly less developed is a Semnopithecus maurus of 26

man. greatest length (Plate 24).

Early anlagen of the ductus nasolacrimales in embryos be-

tween 9 mm. and 11 mm. greatest length are shown in the Normen-
tafel of Keibel and Elze in Plates 47, 48, and 49. In the embryo
shown in Plate 84 (26 mm. greatest length) neither have the ductus

nasolacrimales quite reached the epithelium of the nasal cavities

nor the lachrymal canals that of the margins of the lids. Accord-
ing to Cosmettatos (1898), the lachrymal passages acquire a lumen
in the third month of fetal life. It appears first in the upper por-

tion and then proceeds from above downward, and is completed
shortly before birth. According to Monesi (1904), the opening at

the lower end of the duct is formed by the medial wall becoming
broken through, and the groove which frequently occurs below
the opening is thus explained as the lateral wall of the portion so

opened.

No satisfactory account as yet exists as to the development in

man of the muscles that move the bulbus oculi.
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This is true with regard to the mammals, in general, notwithstanding the
workof Coming (1899) on the rabbit and of Renter (1897) on the pig. The
question of the development of the eye-museles is associated with the difficult

problem of the metamerism of the head. In general, following van Wijhe (1882 '),
the oculomotor musculature

—

i.e., the musculus rectus superior, inferior, and
internus and the musculus obliquus inferior—is supposed to be derived from the

first head metamere, the musculus obliquus superior, supplied by the trochlearis,

from the second, and the musculus rectus extemus, supplied by the abduoens, from
the third. In reptilia and birds the oculomotor musculature arises from the wall of
the head cavity, which, however, does not always reach a complete development.
In Laeerta the head cavities are formed in embryos with one or two primitive

somites from the entoderm at the anterior end of the chorda. This anlage forms
a cell mass extending laterally on either side and possessing only a cleft-like

cavity or indeed none whatever; for a considerable time it remains connected

with the tissue from which it is formed by a cord of cells (the intermediate cell

cord). Similar conditions have also been observed in mammals (the rabbit) by
Coming (1899) and in birds (the duck) by Rex (1897). Later a lumen, which

soon becomes miieh enlarged, appears in each of the lateral masses, and while

the intermediate cord degenerates, the epithelial walls of the head cavity give rise

to the oculomotor musculature. At its dorsal and ventral portions a slight out-

pouching appears, from which a proliferation of epithelial cells takes place, and

there is thus formed a dorsal and a ventral muscle anlage. These separate com-

pletely from the epithelium of the walls of the head cavities and grow toward

their final points of origin and insertion, that is to say, toward the anterior end

of the chorda and toward the bulbus. The walls of the head cavity take no

essential part in the formation of the mesenchjone, but those portions that are not

used in the formation of the muscles persist in the midst of the ingrowing

mesenchyme and are to be recognized at a relatively late period as cords or bars

of epithelial cells. The branches of the oculomotor nerve lie at first on the surfaces

of the muscle anlagen that are turned toward the bulbus. The musculus rectus

extemus arises in Laeerta from a mass of cells, whose epithelial arrangement

indicates their derivation from a head cavity. The anlage lies at first on the

lateral and posterior wall of the oculomotor cavity, and the musculus obliquus

superior arises from the dorsal portion of the anlage which grows out above

the bulbus. It separates from the parent tissue and secondarily grows to its later

points of origin and insertion.

Renter's investigations began, unfortunately, with a somewhat advanced stage,

with a pig embryo of 22 days. Such an embryo already shows the anlage of

the eye musculature with the corresponding nerves, while nothing is yet to be

seen of the mandibular musculature. The anlage has the form of a somewhat

thick, stalked demilune, the abducens nerve passing to the stalk from behind; the

oculomotor passes to the anlage from above, and the trochlearis somewhat later

becomes connected with the uppermost point of the demilune. The two limbs

of the demiltme surround the optic stalk. In the further course of development

the anlage of the musculature wanders forward toward the optic nerve and loses

its posterior limb (stalk), which is pushed forward by the anlage of the neigh-

boring vena jugularis. The two remaining limbs unite to form a ring, which gradu-

ally assumes a cup-like form and surrounds the anlage of the eye. Sheet-like

anlagen, corresponding to the later muscles, now grow toward the bulbus, the

recti and obliqui forming first. The separation of the individual muscles proceeds

from the bulbus toward the apex of the orbit, the connective tissue which occurs be-

tween the various forward extensions penetrating the muscle mass and bringing

about its division. Before this is completed, however, the musculus retractor bulbi

separates from the anlage of the musculi recti and, as the last of the eye muscles,

the levator palpebrse superioris arises from the medial border of the rectus superior.

Corning (1899, p. 65) has criticised Renter's results, on the ground that he derives
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all the muscles from a common anlage. I cannot here discuss the very compli-

cated problems connected with these muscles which yet await solution, but would

mention for reference, in addition to the works already cited, those of van Wijhe
(1882'), Miss Piatt (1891, 1897), C. K. Hoffmann (1896, 1897), Neal (1897,

1898), Sewertzoff (1895, 1898), Oppel (1890), and Coming (1900). Attention

may also be called to the work of 'Nussbaum (1896, 1899, 1900), who, on the basis

of the law of nerve and muscle growth discovered by himself, concludes that the

musculus obliquus superior of the mammals is not quite equivalent to that of the

lower vertebrates, but contains an additional element. If the portion of a nerve

between its central origin and the point of entrance into the muscle be termed its

extramuscular portion, and its ramifications within the muscle its intramuscular

portion, then the intramuscular portion wUl show the direction of growth of the

striated muscle-fibres. We can in this manner recognize the portion of the

muscle that has been formed after the union of the nerve with the muscle. The
points of entrance of the ner\'es into the four recti muscles lie in the mammals
and in man near the optic foramen on the inner surfaces of the muscles; in the

ease of the obliquus superior the nerve enters the outer surface near the optic

foramen, and the nerve reaches the obliquus inferior only about the middle of the

muscle belly. It may therefore be supposed that the recti and the superior

oblique muscle gradually approach the corneal margin during embryonic growth.

Nnssbaum has been able to show this in various mammals. The obliquus superior,

like the musculi recti, grows from the back part of the orbit toward the bulb, and
its terminal tendon gradually passes from the anterior into the posterior portion

of the bulbus oculi.

Zimmermann (1898) has described in man structures wMcli
are perhaps to be regarded as the remains of a head cavity. In

an embryo of 3.5 mm. nape length there were several (on the right

three, on the left seven) clearly defined, small, completely closed

vesicles, whose walls were formed of epithelium-like cells, situated

near the epithelium of the mouth cavity, lateral to the internal

carotid artery and Eathke's pouch, and somewhat behind the eye
vesicle, in a region where the mesoderm was slightly richer in cells

than elsewhere. Henckel's observations (1898) show that the
musculus levator palpebrse superioris is still lacking in embryos
of 20 mm. ; it separates from the musculus rectus superior, prob-
ably from its medial border; in fetuses of 60 mm. it lies medial
tc that muscle and in those of 75 mm. it overlaps its medial edge.
At the end of the fourth month it has acquired its definitive posi-

tion above the superior rectus.

In conclusion some statements may be made concerning the
growth of the eye and the eye of the new-born child, this latter
having a quite different structure from that of the adult (Merkel
and Orr, 1892). The portion from the entrance of the optic nerve
to the fovea centralis is completely formed at this time, but the
more anterior portions of the bulbus lag decidedly behind in their
growth. The cornea, it is true, is relatively large (compare also
Greef, 1892), but, on the other hand, the ciliary body is small and
must grow much more rapidly than the cornea in order to attain
its definitive size. The lens enlarges only in its equatorial diame-
ter, its axis actually becoming smaller. The region of most dis-
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tinct vision remains stationary, but the medial portion of the bulb
enlarges in general more than the lateral, and the cornea and lens
are accordingly pushed laterally until their central points, which
were at first situated medially, come to lie in the optic axis that
passes through the fovea centralis. The physiological excavation
of the papilla is present in the new-born child (compare also Hip-
pel, 1898). Fig. 202 gives a representation of the points men-
tioned

;
it shows a diagrammatic section of the eye of a new-born

child enlarged five diameters. The contours of the adult eye.

Fig. 202.—Schematic section of the eye of a new-born child, enlarged five times. The contours of an
adult eye, when lens is accommodated for near vision, have been reduced to the size oi that of the new-born
hild and are represented in red. (After Merkel and Orr, 1892.)

whose lens is accommodated for near vision, have been reduced

to the size of the eye of the new-born and are represented in red.

To the right a ciliary process is shown, to the left a depression be-

tween two ciliary processes. According to Hippel, the wall-like

thickened margin of the fovea centralis is not yet formed in the

new-born child and the shining reflection at the periphery of the

fovea is not seen with the ophthalmoscope, but in children of four

weeks a thickening can be perceived. The fibres of the optic nerve

are never myelinated at birth, but become so at about the tenth

week after birth.^* Weiss (1894, 1895, 1897) found that the eye

'^Held (1896) showed that in animals born with the eyes closed the stimulus

of light hastened the development of the myelination.

Vol. 11.-17
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after birth increased in weight 3.25 fold, while the entire weight

of the body increased 21 times. The increase in the volume of the

eye is about 3.29 times. The correspondence of the increase of

the eye with that of the brain, which is about 3.76 times, is striking,

and the growth of the eye and that of the brain are completed

earlier than that of the rest of the body. Of the diameters of the

eye the vertical (with reference to the position of the eye in the

body) is that which increases most rapidly, while the sagittal one,

which is the greatest at birth, shows the least increase; as a result,

the shape of the eye becomes almost spherical in children of nine

years, and later the vertical diameter exceeds the sagittal. As
may be seen from the relations of the eye muscles, the sclera grows

almost equally in both its distal and proximal portions. For fur-

ther data concerning the growth of the eye, in addition to the

authors already mentioned, the following may be consulted : Dieck-

mann (1896), Duclos (1895), Halben (1900), O. Lange (1901),

Baratz (1902), and Hippel (18982).
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THE DEVELOPMENT OF THE EAR.

The ear of mammals and of man consists of the actual sense-

organ, the inner ear (labyrinth and cochlea), and the sonnd-con-
dncting apparatus, the middle and outer ear. In addition to its

function in hearing, which belongs only to the cochlea, the inner
ear also serves for the perception of the condition of equilibrium.

The epithelial lining of the inner ear comes from the ectoderm,
that of the middle ear from the entoderm, and that of the outer
ear again from the ectoderm.

The inner ear of the mammals and of man in its early stages
of development resembles exactly the corresponding organs of

invertebrates, yet it is not correct to derive it directly from these.

The sound-conducting apparatus has been developed within the
vertebrate stem, after an aquatic mode of life had been exchanged
for one that was amphibious or terrestrial.
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The Inner Ear.—The anlage of the auditory organ has been
frequently regarded as serially homologous with the anlage of
the olfactory organ, the lens, and the epibranchial sense-organs
or placodes (compare p. 129 and 182) ; but this question will not be
considered here. The anlage of the auditory organ, like that of
the olfactory organ and lens, first appears as a plate of thickened
ectoderm, which may be termed the auditory plate, and it occurs
in this condition in an embryo of about nine pairs of mesodermic
somites (Normentafel of Keibel and Elze, Plate 4). In an embryo

'Fig. -203.—A., optic anlage; G. ac,''"ganglion

acusticum; Hpl., auditory plate; iV., neuromeres.

X 25. (After Keibelland Elze, Normentafel,|Fig. 6a.)

Fig. 204.

—

G. ac.y ganglion acusticum; G. iT.,

;lion trigemini; Mh., mid-brain; SN. and SN.,
third and fifth neuromeres; ^V. /., nervua facialis;

Oil., auditory vesicle. X 30. (From Keibel and
Elze, Normentafel, Fig. 9c.)

of thirteen or fourteen pairs of somites (Normentafel, Plate 6)

these thickened areas of ectoderm become slightly depressed, as

is shown in Fig. 203, and the auditory plate begins its transforma-

tion into the auditory pit. As may be seen from Fig. Vr of the

Normentafel, these depressed areas lie dorsal to the second bran-

chial grooves. The auditory pits now deepen rather rapidly, so

that in an embryo of 2.5 mm. which had twenty-three pairs of

somites (Normentafel, Plate 7) they are almost closed. When the

closure is complete the auditory vesicles still remain for a time

in connection with the ectoderm by a short, solid cord of cells,

and even when this has disappeared one may still recognize its

point of attachment in the ectoderm and in the auditory vesicle,

which has now become almost spherical (Normentafel, Plates 8-11

and 13-20). When thus formed the auditory vesicle is in relation

medially to the medullary canal in the region of the fifth neuromere

and laterally to the ectoderm (Fig. 204), from which it becomes

separated by mesoderm almost immediately after its closure.
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Very early, in some cases even while it is still in connection with

the ectoderm (Normentafel, 13), the recessus labyrinthi, which

later becomes the ductus and sacccus endolymphaticus ,
is formed.

Fig. 205 a-d shows fonr successive sections through the right audi-

tory sac, and the anlage of the recessus labyrinthi can already

be recognized in Fig. 205a. It arises in man, as in other mammals

and in birds, in immediate relation with the point of closure of

the auditory vesicle, and is therefore comparable to the ductus

endolymphaticus of the Selachians.

Even although this homology is no longer clearly shown in the development

of the reptiUa, yet I can see no reason for doubting the equivalence of this

structure throughout the entire vertebrate series. For a discussion of this ques-

tion compare Keibel (1899), Krause (1901'), Peter (1901), and Alexander

(1901).

Fig. 205 a-d.—-}JV., BN., BN. fourth, fifth, and sixth neuromeres.

Normentafel, Figs. 11 b-e.)

X 30. (From Keibel and Elze,

Later the point of origin of the recessus labyrinthi or ductus

endolymphaticus becomes transferred from the dorsal to the

medial wall of the auditory vesicle by a portion of the lateral wall

of the vesicle growing upward between the ductus and the body

wall. At a rather early period a portion of the extremity of the

ductus becomes enlarged to form the saccus endolymphaticus, yet

this structure does not represent the actual extremity of the re-

cessus, for, as Tandler ^^ has described and as I also have found,

this is drawn out into a thread-like structure that later disappears.

The further development of the auditory vesicle in man has been

described by W. His, junior (1899), and by Streeter (1906-1907)

;

for its development in mammals the works of Krause (1890),

Alexander (1900), and Denis (1902) maybe consulted.

Fig. 206 shows the left auditory vesicle of an embryo of 6.9

mm. (age, according to His, about four weeks) seen from the outer

surface. From the dorsal, broader portion of the vesicle the

semicircular canals are differentiating and from the narrower ven-

tral portion the anlage of the cochlea. The semicircular canals

arise as pouches, the anterior and posterior canals from a pouch
which forms from the dorsal border of the vesicle, and the external

'In the Normentafel of Keibel and Elze, Plates 55 and 65.
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canal, somewliat later, from another poncli that is directed later-

ally. The dorsal pouch becomes divided by a slight notch into

an anterior and a posterior portion, and then the borders of the

three pouches now formed become thickened, while the two epithe-

lial layers at the centre of each come together and fuse, the

epithelial plates thus formed later degenerating and their places

being taken by mesoderm. The broadened margins of the pouches,

whose lumina are of course in communication with the cavity of

the auditory vesicle, are the anlagen of the semicircular canals;

of these the anterior is the first to be completed, then the posterior,

and the external is the last. Prom the ventral end of the vesicle

the cochlear anlage grows out.

Fig. 207 a and b show the vesicle of an embryo of 11 mm.

Fig. 206.—Left auditory vesicle of a liuman
embryo of 6.9 mm. nape length (age about 4 weeks)

.

Seen from the outer surface. X 25. 1, vestibular

portion: at a and b the vertical semicircular canals

are indicated as low folds; B, cochlear portion; S,

recessus labyrinthi (aquseductus vestibuh, ductus

endolymphatious) . (After His, Jun., Arch, fiir Anat.

und Physiol., Anat. Abth. Suppl., 1889, Plate 1,

Fig. 4.)

Fig. 207 a and b.—Left anlage of the labyrinth
of an 11 mm. human embryo seen from the lateral

surface (a) and from behind (b). X25. (After

Streeter, American Journ. of Anat., vol. 6,' 1906.)

seen from the lateral surface (Fig. 207a) and from behind (Fig.

207b). In the anterior part of the upper pouch a perforation has

already formed in the epithelial plate, and at the notch of the

upper pouch the crus commune of the anterior and posterior canals

is forming. In Fig.. 208 the canals are formed, the anlage of the

cochlea has commenced to coil and is quite distinctly separated

from the saccular portion of the labyrinth above. The separation

of the sacculus and utriculus is also recognizable, although it is not

yet very pronounced ; it is formed as a fold which grows in from

the lateral surface towards the point of origin of the ductus endo-

lymphaticus. Fig. 209 shows a model of the membranous laby-

rinth of a 30 mm. fetus seen from the median surface. Except

for the separation of the sacculus and utriculus, which is still far

from complete, the definitive conditions are almost reached. The
fold that separates the utriculus and sacculus grows deeply into

the origin of the ductus endolymphaticus and divides it in such

a manner that the ductus remains in communication with both
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structures. Some diagrams will render this process more readily

understood. The first of these (Fig. 210a) represents a frontal

section through the head of an embryo, the anlage of the labyrinth

being cut on either side of the brain in such a way that the ductus

endolymphaticus, the anterior part of the upper pouch, the lateral

pouch, and the anlage of the cochlea have come into the plane

of the section; that the cochlea should do so is actually not pos-

sible, since at a very early stage it no longer lies in a single plane.

FiQ. 208.—Anlage o£ the left labyrinth of a 20
mm. human embryo seen from the lateral surface.

X25. N.V., nervus vestibularis; N.C.^ nervus
cochlearis. (From Streeter, The American Journ,
of Anat., vol. 6,31906.)

Fia. 209.—Anlage of the left labyrinth of a 30
mm. human embryo seen from the medial surface.
X25. N. C, nervus cochlearis; iV.T., nervus vesti-
bularis. (From Streeter, The American Journal of
Anat., vol. 6, 1906.)

In Fig. 210b the marginal portions of the anterior and lateral
pouches are broader, and the central portions have come closer
together ; the cochlea has begun to separate and the fold that will
separate the sacculus and utriculus has commenced to form. In
Fig. 210c the marginal portions of the anterior and external
pouches persist as semicircular canals, the epithelial plates which
originally united them with the utriculus being indicated by broken
lines, the canalis reuniens is fully formed and the separation
of sacculus and utriculus is complete, so that the ductus endo-
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lymphaticus communicates with eacli of these cavities only by
a narrow canal.

The histological differentiation of the epithelium in the anlagen
of the special sensory areas of the ear follows immediately upon
the ingrowth of nerves into them, so that it would seem to be

provoked by this ingrowth (E. Krause, 1901, in Hertwig's Hand-
buch, vol. 2, part 2, p. 108). The epithelium of the auditory vesicle

is at first one-layered, and even later the arrangement of its nuclei

in several strata is not necessarily evidence that it has become

Fia. 210 a-c.—Diagrams of the developmeut of the labyrinth: a represents a frontal section through
the head of an embryo, cutting both labyrinths; b and c represent the further transformations of one
labyrinth. For further description see text. /. Bg., v. o. Bg,, anlagen of the lateral and anterior semi-
circular canals; C , anlage of the cochlea; D. e., ductus endolymphaticus (recessus labyrinthi, recessus

vestibuli); Sc, sacculus; S. e., saccus endolymphaticus; I. T., v, o, T,, lateral and'anterior upper pouches
{predecessors of the semicircular canals).

many-layered. The differentiation of the epithelium is most pro-

nounced in the cochlea, proceeding in this organ from the basal

coil to the apex. The originally cylindrical cavity of the cochlea

becomes triangular, and on its basal wall two epithelial swellings

appear, a larger one towards the axis of the organ and a smaller

one situated more laterally. The cells of the larger swelling

secrete the membrana tectoria,^^ Siebenmann observing that in

"^'According to Rickenbaeher (1901), the marginal zone is secondarily secreted

from the smaller epithelial swelling in the guinea-pig. Discordant results have

also been obtained in the guinea-pig by Czinner and Hammerschlag (1898).
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an embryo of 4.5 cm. its formation begins in the uppermost coil.

Then the greater part of its cells undergo a diminution m height,

so that they separate from the membrana tectoria and the sulcus

spiraUs intemus is formed; from this swelling, however, as Van

der Stricht (1908) has shown in a bat (Vesperugo noctula), the

inner auditorv and inner supporting cells are formed (Fig. 211).

Fig. 211.—Kadial section through the cochlear canal of a new-born child, from a preparation kindly

supplied by Professor R. Krause, of Berlin. X150. Reissner's membrane "was defective and is represented

only diagrammatically where it was lacking. E., larger, e., smaller epithelial swelling; M. 6., membrana
basilaris; M. t., membrana tectoria; R.. Reissner's membrane; St. v., stria vascularis; V. sp.^ vasspirale.

While referring the reader to the original paper for the literature of the

question and for details, it may nevertheless be noted that in Vesperugo noctula

the membrana reticularis of the eristse and maculae acusticse is not actually a

eutieular formation, but rather a system of protective ridges. As to the partici-

pation of the larger and smaller epithelial swellings in the formation of the

elements of the organ of Corti, there are formed

I. From the larger swelling:

J. A row of inner auditory cells.

2. A row of inner supporting cells.

II. From the smaller swelling:

1. A row of inner rod cells.

2. A row of outer rod cells.

3. Three rows of outer auditory cells.

4. Three rows of Deiters's cells.

5. Hensen's cells.

Later there occurs a pushing of the cells from the periphery toward the axis.

The inner rod cells form from the beginning a cell row uninterrupted by any
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other cell, while the outer ones, on the contrary, are commingled with the outer
sensory cells; this condition explains the numerical difference between the outer
and inner rod cells in the adult.

The development of the stria vascularis is as yet uncertain; Eetzius supposed
that its epithelium became vascularized, while others contend that the elements
lying between the blood-vessels are connective-tissue cells and others believe them
to be of mixed origin."

The epithelial sense-organ becomes enclosed within a mem-
branous and a bony capsule. The mesenchymatous tissue in its

neighborhood condenses and becomes converted first of all into
cartilage, which, however, does not extend quite to the epithelium,
being separated from it by a layer of connective tissue, which,
while thin on the outer surfaces of the semicircular canals and
cochlea, is elsewhere well developed. Around the semicircular
canals, the utriculus, and sacculus this tissue soon separates into

three layers,—a perichondrial layer, a dense membranous layer
resting directly upon the epithelium, and an intermediate loose

mesenchyme, which is usually described as mucous tissue. In the
cochlea special conditions obtain. Its modiolus and lamina are
not preformed in cartilage, the dense connective tissue which
appears in the regions of these structures at a relatively late

period ossifying directly; the tissue, however, which encloses the

cochlear canal behaves like that which surrounds the semicircular

canals. The transverse section of the cochlear canal from being
circular becomes triangular, the anlage of the lamina spiralis being
attached to its inner angle. Upon its outer side there lies only a

relatively thin sheet of dense connective tissue, while on the other

two sides, on the upper one, which becomes the epithelium of

Reissner's membrane, and on the lower, from which the organ of

Corti is formed, and also on the modiolus and the anlage of the

lamina spiralis, the mesenchyme becomes divided into three layers

as described above. The spaces occupied by the loose mesenchyme
are converted by the disappearance of that tissue—Bottcher

(1869) speaks of a fatty degeneration—into the perilymphatic

spaces, in the case of the cochlea into the scala vestibuli and the

scala tympani. This transformation begins in the vestibular re-

gion, where the space first formed is termed the cisterna vestibuli.

Some strands of the tissue persist in connection with the semicir-

cular canals, and probably serve to maintain them in their proper

position. In the cochlea the formation of the sealse proceeds from
the base towards the tip.

It may be noted that, according to Gaupp (1907, p. 88.1), the ear capsule of

the mammals and of man cannot be regarded as exactly homologous with that of

the amphibia and fishes, Gaupp says :
" Several peculiarities in the configura-

tion of the labyrinth region in the amniotes, especially in mammals, become intelli-

"" Compare Merkel (1893), who cites the older literature, Leimgruber (1903),

and Shambaugh (1906).
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gible in the supposition that the ductus coehlearis during its development

penetrates into the lateral part of the base of the ehordal portion of the skull

and transforms this original solid portion of the skeleton into a part of the

' ear capsule.' " The ear capsule of the mammals is accordingly equivalent to the'

ear capsule of the amphibia plus an additional part derived from what was

originally a portion of the base of the skull.

For accoTints of the ossification of the ear capsule one may-

consult Vrolik (1873) and Siehenmann (1897) ; for the postemhry.-

onic growth of the labyrinth Alexander (1902) and Sato (1903).

The development of the n. acusticus and its ganglia is closely

related to that of the labyrinth, and in the description of it given

here I shall follow the account given by Streeter (1906-1907),

which differs from that of His, junior (1889), in showing a closer

relation of the ramus saceuli and of the ramus ampullae posterioris

to the utricular and ampullary branches and a greater inde-

pendence of the n. coehlearis. The acustico-facialis ganglion is

originally a single cell mass lying in front of the anlage of the

auditory vesicle, but later it forces its way between that structure

and the lateral wall of the anlage of the brain. At a rather

early period the geniculate ganglion of the facialis separates from
the outer side of the cell mass, nerve-fibres from which have

already penetrated the central nervous system. After the separa-

tion of this ganglion one can distinguish in the acoustic ganglion a

pars superior and a pars inferior, and from each of these (in an
embryo of 7 mm.) a nerve passes towards the auditory vesicle

(Fig. 212). In an embryo of 9 mm. the ganglion cochleae becomes
distinct at the lower border of the ganglion complex and one sees

fibres growing from it towards the brain (Fig. 213 a and b), and
a second twig, the ramus saceuli, has arisen from the pars in-

ferior. Figs. 214 a and b and Figs. 215 a and b, after Streeter

(1906-1907), show the further separation of the ganglion cochleae

in embryos of 20 and 30 mm. greatest length.

The development of the middle ear in man has been made clear

by the thorough investigations of Hammar (1902).^* Three
periods may be recognized in the development: 1, the period of

the primary tympanic cavity (formation period, Hammar), be-

ginning in the first month (embryo of 3 mm.) and lasting into the

seventh week (embryo of 18.5 mm.); 2, the period of the tubo-

tympanic canal (Hammar 's separation period), ending in the be-

ginning of the third month (embryo of 24 mm.) ; and 3, the trans-
foi-mation period, in which the tubotympanic canal is transformed
into the definitive tympanic cavity and the tuba auditiva; this last
period is not completed at birth, but is continued into postfetal life.

A dorsal prolongation of the first pharyngeal groove forms at an

""Of older works on mammals that of Piersol (1888), who studied the
rabbit, may be mentioned.
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early period, and takes the form of a flat pouch, whose tip and
outer wall are at first in contact with the ectoderm of the first

branchial groove, although in the fifth week they become separated

n.vest.
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Fia 212-215b.—The differentiation of the left ganglion aoustioum into the ganglion vestibulare and

the E cochleare and the development of its branches; the g. vestibulare is finely stippled and the g. cochleare

coarsely. Figs. 213a, 214a, and 215a are views from the medial surface and Figs. 212, 213b, 214b, and

21Sb from the lateral. ' (After Streeter, 1906-1907.)

Vol. II.—18
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from it by mesenchyme growing in between in the dorsoventral

direction (Fig. 216, Dors. I).

The tip of the dorsal prolongation is the anlage of the anterior

recess of the tympanic membrane; from it the tubotympanic

groove {U. R.) extends orally to the pharynx, and aborally is

the groove for the tensor tympani (T.R.), this latter groove ex-

tending medially to the root of the second visceral arch into the

posterior tympanic groove and through this into a dorsal pro-

longation of the second pharyngeal groove {Dors. II). Between

the tubotympanic and the tensor grooves the roof of the pharynx

Fig. 216.—-Pharynx of an 8 mm. (nape-length) human embryo seen from the dorsal surface, the chorda,

aorta, and branchial arch arteries having been removed. The anlage of the tympanic cavity and tuba is

represented by a yellowish color. X 28. The following explanations of the lettering serve also for Figs.

217, 218, and 219 a and b. Amb., incus; CochL, cochlea; D. nl., ductus nasolacrimalis ; Dors. I, II, III,

dorsal prolongations of the 1st, 2d, and 3d pharyngeal grooves; F. conch., fossa conchse; Ggl. VII, IXy X.
ganglion of the facialis, glossopharyngeus, and vagus; GgpL, plate of ihe external auditory meatus; Ham.,
malleus; Hgr., manubrium mallei; ht. R., posterior tympanic groove; Hyp., hypophysis; Hyp. St., stalk

of hjrpophysis; Impr. cochl., impressio cochlearis; Meek., Meckel's cartilage; N., nasal cavity; Org. I, II, III,

1st, 2d, and 3d branchial cleft organs; Par., parotid gland; Pfk., tympanic eminence; pr. bv., processus brevis

mallei; pr. Qg. primary auditory meatus; pr. P., primary tympanic cavity; pr. Zl., primary dental ridge;

R., Reichert's cartilage; Recant, recessus membranfe tympani anterior; Rf-c. post., recessus membranie
tympani posterior; T. R., groove for the tensor tympani; tt. R., tubotympanic groove; tub. R., tubal groove;

vt. R., anterior tympanic groove. (After Hammar, Arch, fiir mikr. Anat., vol. 59, 1902.)

is depressed by the auditory vesicle (impressio cochlearis, Impr.

cocJiL).

The dorsal prolongation of the first pharyngeal groove (to-

gether with its various parts, such as the tubotympanic groove, the

tensor tympani groove, and the anterior tympanic pouch), the pos-

terior tympanic groove, and the portion of the impressio cochlearis

which at first lies medial to these structures, form the primary tym-
panic cavity; its area is represented in Fig. 216 by a yellowish color.

The ventral part of the first pharyngeal groove, into which the

tympanic cavity is at first prolonged, soon atrophies completely.

"When the first pharyngeal and branchial grooves become sepa-

rated, the primary tympanic cavity is forced by the thickening

basis cranii from its upright wing-like position into a horizontal
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one (Fig. 217). The tubotympanic and posterior tympanic
grooves increase in height and thereby the tubotympanic groove

becomes divided by a knee-shaped bend into a very short tubal

and a much longer anterior tympanic groove, while the posterior

recess of the tympanic membrane {Rec. post.) becomes formed at

the oral end of the posterior tympanic groove. Between the an-

terior and posterior recesses of the membrana tympani lies the

blastema of the tendon of the tensor tympani, producing a notch,

the incisura tensoris tympani {T.E.). Behind the incisura the

lateral wall of the tympanic cavity is pushed inwards by the anlage

Par

Dors, U
pr. Gg.

Fig 217—Pharynx and the neighboring parts of a human embryo of 18.5 mm. (nape-length) seen

from the dorsal surface. X21. The lettering as in Fig. 216. (After Hammar, Arch, fur mikr. Anat.,

vol. 59, 1902.)

of the manubrium mallei, forming the impressio manubrii. '

'
This

impression lies aboral to the point of contact of the first branchial

groove and the first pharyngeal pouch; the manubrium mallei

consequently projects," according to Hammar, "into the tissue of

what will later be the second arch." It must, however, grow into

this secondarily, since, as will be seen later, it belongs genetically

to the first branchial arch.

The tuhott/mpanic canal is formed from the primary tympanic

cavity by a constriction which takes place in an aboral-oral direc-

tion, and it is on this account that Hammar speaks of a period

of separation. The beginning and end of this period are shown in
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Fig. 218 and Fig. 219 a and b. The constriction begins at the

boundary between the aboral end of the posterior tympanic groove

and the dorsal prolongation of the second pharyngeal groove, and

is produced by a.proliferation of the tissue of the second branchial

arch. By it the elongated, slit-like pharyngeal opening of the

primary "tympanic cavity is gradually shortened, and, finally, the

tubotympanic canal forms a triangular, prismatic tube, slightly

enlarged towards its posterior blind end and directed laterodorsally

and aborally from its entrance into the pharynx. Its anterior

tubal portion, which the tubal groove has helped to form, is at

first quite short. During the transformation period, which now

tub. R

S. bucc

Bee. poat.

Fig. 218.-—Pharynx of a human embryo of 20.5 mm. (nape-length) seen from the dorsal surface. X 21.

* (as in Figs. 219 a and b) at the knee-shaped bend where the tubal part of the tubo-tympanic canal meets
the much longer tympanic portion, which is directed laterally and aborally; **, boundary between the

primary tympanic cavity and the rest of the second pharyngeal pouch {Dors. 11). For explanation of the

lettering see Fig. 216. (After Haramar, Arch, fttr mikr. Anat., vol. 59, 1902.)|

succeeds, the tubotympanic canal assumes a flattened, slightly

spiral form; it stands at first with its walls almost horizontal;

but becomes directed along the outer surface of cartilaginous ear

capsule, which is increasing in length, so that from the third

to the fifth month it has an almost vertical position. In the sixth

month the os petrosum rotates around its long axis towards the

outer side, the cupola of the cochlea becoming depressed, and
a temporary depression of the tympanic cavity is thereby pro-

duced, so that its walls again assume an almost horizontal posi-

tion. In the seventh month the cavity gradually returns to the

half-upright position, which it still retains at birth.

The tuba grows rapidly in length, and on the formation of its

cartilage (in the fourth month, according to Siebenmann, 1897)
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its lumen becomes slit-like. In the third month (fetus of 50 mm.)
the lumen of the tympanic cavity disappears for the most part by

/''. CO nek.

Fig. 219a.—Pharynx and right external auditory meatus of a human embryo of 24 mm. (nape-length)

seen from the dorsal surface. X21. For explanation of the lettering see Fig. 216. (After Hammar, Arch,

fur mikr. Anat., vol. 59, 1902.)

its epithelial surfaces coming into contact, but it is again com-

pletely restored at the beginning of the fourth month (fetus of

90 mm.) and persists from that time onward, although it becomes

F. conch. Amb. Rec. ant. Ham.

-Cochl.

Meek.

Ggpl.

Fig. 219b.—The same with the cartilaginous labyrinth, the malleus and incus, and Meckel's and

Eeichert's cartilages seen from the oral surface. X21. For explanation of the lettering see Fig. 216.

(After Hammar, Arch, fiir mikr. Anat., vol. 59, 1902.)

very narrow in the sixth month, owing to the depression of the

cavity which then takes place. Concerning the further develop-

ment of the tympanic cavity the following may be said.^" To-

"""I shall use the terms lateral, medial, anterior, posterior, upper, and lower

in the sense in which they are ordinarily used in connection with the fuUy

developed tympanic cavity.
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wards the end of fetal life tlie posterior (more rarely the anterior)

recess of the tympanic membrane gives off a process, which ex-

tends upwards from the processus brevis of the malleus on the

lateral wall of the tympanic cavity; this forms Prussak's space.

The enlargement and further development of the tympanic cavity

is associated with the presence of a submucous, peritympanic

areolar tissue, which makes its appearance in the third or fourth

month and is fully formed in the sixth or seventh. It forms two

masses, the tympanic and the epitympanic areolar tissues. The
tj'mpanic tissue appears first on the inner wall of the cavity and

later on the lower and posterior walls, but is lacking over the sum-

mit of the promontory. The epitympanic tissue lies above the

cavity; in the seventh month it surrounds only the aditus and does

not correspond in its dimensions with the later extent of the

tympanic cavity, but a growth of it takes place commensurate
with this extension. Furthermore the extension of the tympanic

cavity in the later fetal months does not take place gradually and
continuously, but to a certain extent discontinuously, a phenome-
non thai finds its explanation in the fact that a breaking down of

the areolar tissue to form cavities filled with fluid takes place at

intervals and with the absorption of the fluid the tympanic cavity

seems suddenly to extend into the region thus prepared for it.

Imbedded in this areolar tissue are originally the auditory

ossicles, the chorda tympani, muscle tendons, and ligamentous
connective tissue, and, as the tympanic cavity enlarges, all these

structures become inclosed in folds of its mucous membrane.
Ilammar (1902) has followed the development of each of these

folds, but I can only refer to his investigations here. In addition

to the typical and constant folds, whose origin has just been ex-

plained, others also occur which are simple reduplications of the

•mucous membrane and as such are very variable and frequently
quite transitory. According to the statement in the majorHy of

text-books (KoUiker, 1879, Minot, 1894, 0. Schultze, 1894, KoU-
mann, 1898, Tourneux, 1st ed. 1898, Bryce, 1908), the areolar
tissue disappears only after birth, the tympanic cavity at that
time almost or completely lacking a lumen. Frequently, too, the
disappearance of the tissue has been brought into direct causal
relationship with the occurrence of respiration and this idea has
gained some forensic importance. Wendt (1893) says: "1. When
in^ a mature or nearly mature fetus or in a new-born child the
thickening of the mucous membrane of the tympanic caAdty is

found to be still completely existent, an energetic respiration,
intra-uterine or post partum, has not yet occurred. " "2. When the
mucous membrane of the tympanic cavity is found degenerated
or without macroscopic enlargement in a fetus or a new-born child,

a strong respiration, intra-uterine or post partum, has taken
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place. '

' Consequently he holds that the investigation of the tym-
panic cavity (the ear test) is capable "of replacing the lung test

within certain limits." Among more recent authors Aschoff
(1897, p. 295) and Siebenmann (1897) have pronounced against
this view and the conditions have been more fully elucidated by
Hammar (1902).

Pneumatic cells are to be found at the close of fetal life in

process of formation, especially from the upper squamosal portion
of the cavity and, to a lesser extent, from the petrous portion and
from the posterior and lower parts of the actual tympanic cavity.

The development of the auditory ossicles seemed to have
been finally settled, after long discussion,^" by the observations

of Baumgarten (1892), Dreyfuss (1893), Zondek (1895), Heget-
schweiler (1898), and especially of Broman (1898, 1899), when
Fuchs (1905) again unsettled the whole matter.

I shall give here, in the first place, Broman 's account. Ac-
cording to him, the dense mesodermal blastema masses of the first

and second visceral arches are each divided in their proximal
parts into a lateral and a medial portion by the trigeminus and
facialis respectively. From the first arch are formed the malleus,

incus, and Meckel's cartilage, the incus from the proximal part of

the lateral blastema, and the malleus and Meckel's cartilage from
the distal part of the medial blastema; the distal part of the lat-

eral blastema is largely used in the formation of the outer ear.

From the second arch are formed the stapes and Eeichert's

cartilage, both coming from the medial blastema and being origin-

ally connected by a bridge, which Broman terms the interhyal.

From the proximal part of the lateral blastema of the second arch

is formed the laterohyal (Broman)—the intercalare of Dreyfuss

—

which later fuses with the capsule of the labyrinth ; the distal part

of this blastema takes part in the formation of the outer ear.

Broman believes that he has proved that skeletal parts of different

origin have also their own prechondral nuclei ; in the region where

two such nuclei come into relation with one another there will

be at least transitorily a disk of blastema ("intermediate disk").

These conditions are found in the anlagen of the auditory ossicles.

Considering first of all the incus, its anlage unites with the laby-

rinth capsule while still in the blastemic stage and again becomes

distinctly separated from it only as it passes into the prechondral

stage. The previously established connection with the anlage of

the stapes becomes the crus longum and from the intermediate

disk the articulation develops ; the posterior part of the blastema

forms the crus breve. In general the incus acquires its definitive

form while still in the prechondral stage, only the processus

""For the important morphological questions connected with this problem

and for the historical development of the discussion see E. Gaupp (1899).
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lenticularis forms later, after the beginning of ossification. This

begins at a single spot in the upper part of the crus longnm and

extends finally into the processus lenticularis, which, since it

possesses no ossification centre of its own, cannot be regarded as

an epiphysis.

The malleus shares a prechondral nucleus with Meckel's carti-

lage; it is separated from the incus by an intermediate disk, in

whose place a joint will form at a somewhat late date,^^ Schmidt

(1903) finding the first indication of a joint cavity in a fetus of

9.6 cm. vertex-breech length. In the cartilage stage it is still

united with Meckel's cartilage and only becomes separated from

it at the commencement of ossification. This takes place from a

single centre, situated in the neck. The so-called processus an-

terior (Folii) is not formed by it; it is a membrane bone that

unites with the rest of the malleus at a late period (in the sixth

fetal month, according to Dreyfuss, 1893, p. 652).

The blastema of the stapes is perforated by the stapedial

artery, and in the earlier stages of its development it is known,

on account of its form, as the annulus stapedialis. Both it and
Reichert's cartilage have their own prechondral cartilage; the

interhyal, situated between the stapes and Reichert's cartilage,

never reaches the prechondral stage, but the laterohyal has its

own prechondral nucleus. Up to the second half of the third

month of embryonic life the stapes remains ring-shaped, but at

that time it begins to assume its definitive form, and at the end

of the third month the stapedial artery also, as a rule, disappears.

The capsule of the labyrinth takes no part in the formation of

the fooi^plate of the stapes. The precartilage in the vestibular

fenestra of the human embryo does not, it is true, become directly

transformed into connective tissue, as it does in the rabbit and
guinea-pig, but becomes transitorily true embryonic cartilage

(Dreyfuss, 1893), and finally becomes converted into a thin layer

of connective tissue, which does not differ from the perichondrium
of the fossa of the fenestra. The precartilage of the cochlear

fenestra is transformed directly into connective tissue in man also.

The centre of ossification for the stapes is situated usually in

its base.

The connection of Reichert's cartilage with the capsule of the

labyrinth is formed by the laterohyal. The malleus and incus

consequently belong to the first visceral arch and the stapes to

the second ; the labyrinth capsule does not take part in the forma-
tion of the stapes, as it does in that of the functionally correspond-
ing skeletal structure of the amphibia.

Quite different are the results obtained by Fuchs (1905) from

" Concerning the mode of articulation and the manner in which the articula-

tions develop, very discrepant statements exist. Compare Schmidt (1903).
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a study of tlie rabbit. He denies any primary ontogenetic relation
between the anlage of the stapes and that of the hyoid cartilage

;

the entire stapes is formed from the capsule of the labyrinth.
The connection of the malleus-incus anlage with the cartilage of
the first arch is also secondary.—Since fundamental differences in
the developmental processes in man and the rabbit are excluded,
there is here an irreconcilable contradiction. It may be remarked
that, according to my experience, there is great difficulty in tracing
back a skeletal structure to the early prechondral stages,^^ and
it carries with it the dangers of subjective interpretations. In my
opinion, however, one may for the present accept the old view of
Eeichert that the malleus and incus are formed from the first

\dsceral arch and the stapes from the second, for the topographical
evidence upon which Fuchs bases his conclusions does not seem
to be free from objection; Siebenmann (1894), who regards the
discussion over the origin of the ossicles from the first or second
visceral arch as quite superfluous, and contends that each of these
structures, as well as Meckel's and Eeichert 's cartilages, is a quite
independent element, disregards too much the importance of com-
parative anatomy for his position to be seriously discussed.

It may finally be remarked that at birth the auditory ossicles

have already reached their definitive size (Urbantschitsch, 1876).

Nevertheless they later increase in weight, with the exception of

the stapes, which has already attained its definite weight in the

eight months fetus (Eitelberg, 1884, Bistrzycki and von Kosta-
necki, 1891).

Concerning the muscles of the middle ear only a few remarks
are necessary. The tensor tympani has made its appearance at

the end of the second month (Broman, 1899), and is connected at

its distal end with the tensor veli palatini, a connection which is

dissolved at the end of the third month, although it may per-

sist throughout life (Schwalbe, 1887, p. 506).^^ The stapedius

arises at the middle of the third month. According to C. Eabl
(1887), it seems to form a genetic group with the m. stylohyoideus

and the posterior belly of the digastric.^* The muscle is sur-

rounded by a membrane of connective tissue, which later ossifies

(Broman, 1899, Dreyfuss, 1893) to form the eminentia pyramidalis.

The cartilage of the tuba auditiva is formed in the fourth

^''This naturally holds true also in the estimate of Broman's statements

concerning these stages.
°° According to Killian (1890), the tensor tympani is derived from the

m. pterygoideus and with this ultimately from the m. adductor mandibulee of the

Selachians. A thorough description of its development in the pig has been

given by Eschweiler (1904).

"Killian (1890) derives the stapedius from the m. depressor maxillae inferioris

of the Selachians.
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month. (Krause, 19012) . Zuckerkandl (1906) found no trace of it

in a human fetus of 5.1 cm. It has no relations to the visceral

skeleton.

A classic account of the development of the human auricle or

pinna was given by His (1885), and to it additions have been made

by Gradenigo (1888) and especially by G. Schwalbe (1889i'2,S

1895, 1897). Mention should also be made of the recent investi-

gations by Henneberg (1908), for, although they did not include

human embryos in their scope, yet they yielded such uniform re-

sults in forms as widely separated as the rat and rabbit on the one

hand and the pig on the other, that a far-reaching importance

Fig. 220.—Cranial end of a human embryo at the beginning of the second month, with the auricular

hillocks. X 12. c, Schwalbe's free auricular fold. (After Schwalbe, from Bardeleben's Handbuch, vol.

5, 2, p. 127, Fig. 12.)

may be credited to them. In this connection, finally, the observa-

tions of Baum and Dobers (1905) on the pig and sheep may be

mentioned.

The region surrounding the first branchial groove develops in

sucb a way that three elevations or hillocks (auditory hillocks,

auricular hillocks, coUiculi branchial es) are formed on the man-
dibular arch and three more on the hyoid arch. They are num-
bered in Fig. 220 from the ventral toward the dorsal extremity

of the mandibular arch and in the contrary direction on the hyoid.

Behind the three hyoid hillocks the free auricular fold is

formed, according to Schwalbe quite independently, as a fold of the
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integument similar to what occurs in the formation of the eyelids

;

it is identical with the structure which His termed the cauda helicis

and Gradenigo the helix hyoidalis. Later a slight swelling

appears over the dorsal end of the first branchial groove; it

unites caudally with the free auricular fold ; apically it fuses with

the third hillock and then extends ventrally to in front of the begin-

ning of the second. The investigation of the further history of

these structures is unusually difficult, and I give herewith, after

Embryological
term.

His
(man)

.

Gradenigo
(man and
mammals)

.

1. Mandibular
j

hillocks:

Hillock No. 1 . .
I Tragus.

.

Hillock No.
2..J

Helix ...

I

Hillock No. 3 . .
I HeUx . . .

Schwalbe
(man)

.

2. Hyoidal
hillocks:

Hillock No. 4.. Anthelix

.

Depressed b e -

neath. the sur-
face

(Proc. infer, hel.

mand.) crus heli-

cis

(Proc. sup. hel.

mand.) degener-
ates

(Proc. sup. hel.

hyoid.) crus inf.

anthelicis in part

Tragus

.

Hillock No. 5..' Antitragus (Proc. inf. hel.

hyoid.) degener-
!

ates

Hillock No. 6.,

3. Helix hyoida-
lis (Gradeni-
go) , free au-
r i c u 1 a r fold
(Schwalbe),
cauda helicis

(His)

4' Helix mandi-
bularis (Gra-
denigo)

I

Lobulus
I

auriculffi

Helix

neath
face

be-
the sur-

Helix and anti- Helix postenor
tragus (posterior he-

lix fold), lobu-
lus auriculae

Crus helicis ....

Part of helix as-

cendens (an-
terior)

Crus inf. anthe-
licis

Crista antheli-

cis inf. ?

Antitragus

.

He'ix and tragus.

Baum and
Dobers

(pig and sheep).

Tragus - . Tragus

Henneberg
(rat, rabbit,
and pig).

Crus helicis, ant-
helix

Helix ascendens .

.

Cranial plica long

Anthelix, middle
plica longitudi-
nalis, tip of auri-

cle

Caudal plica long.;

wiiich later dis-

appears; anti-
tragus?

The remaimng
parts of the
auricle; antitra-

gus

Anterior helix
j

j

fold (part of

I

the helix as-
\

I
cendens)

Crus helicis* part
of helix

Helix

Part of scapha,
crus anthel. sup.

Part of scapha,
crus anthel. inf.

Part of scapha,anti-
tragus, plica anti-

tragica = crista

anthel. inf.

Schwalbe and Henneberg, a synoptical table of the results obtained

by different investigators.

I have not been able to get a clear picture from the investi-

gation of the human embryos at my disposal, but it seems certain

that the tragus is developed from the first auricular hillock and the

antitragus from the sixth, and that the auricular lobe is a later

formation that has nothing to do with the hillocks. According to

Schwalbe, the point of union of the secondary swelling with the

free auricular fold marks the point of the satyr tubercle; Darwin's
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tubercle is formed almost at the middle point of the border of the

free auricular fold. A folding over of the posterior border of the

auricle, which is so pronounced in mammals and leads to tem-

porary epithelial adhesions, is to be observed in the human ear at

the beginning of the third month; the \mfolding takes place m
the course of the third month, and the partially covered anthelix

again becomes visible. Three angles then become evident on the

posterior border, which is not yet curved in upon itself :
an upper

one, the apical angle which corresponds to the satyr tubercle, a

posterior one, corresponding to Darwin's tubercle, and a lower

posterior one (Fig. 221 a and b).

In the fourth month there is formed on the lateral surface of

the free auricular fold between the helix ascendens and the pos-

terior edge of the auricles a system of folds, first described by

Schwalbe (1897) and consisting of five swellings separated "by

shallow grooves (Fig. 222). The swellings correspond to the

longitudinal ridges of many mammalia, but they have already dis-

a b
Fig. 221 a and b.—Left auricle of a sixth

month's human fetus, ac, base of the auricle; c,

tip of the auricle: &t apical tubercle; d, lower pos-

terior angle, incisura auria posterior; a f g e, hil-

lock region; a b c d g ft free auricular fold. (After

Schwalbe,' from Bardeleben's Handbuoh, vol. Vs,

p. 130. Fig. 13 a and b.)

Fig. 222.—Left auricle of a human fetus of

the fourth month. X 2. The five transitory trans-

verse folds are developed; they correspond lo the

longitudinal ridges of the ears of long-eared ani-

mals. (After Schwalbe, from Bardeleben's Hand-
buch, vol. V2, p. 130, Fig. 14.)

appeared in the human ear in the fifth month. In the fifth and

sixth months the auricle has the shapes that Schwalbe has charac-

terized as the Macacus and Cercopithecus forms. As to the

growth relations of the auricle one may consult Schwalbe in Bar-

deleben's Handbuch (1897).

The auricular cartilage in man, according to Miinch (1897),

is an independent formation and remains independent; it shows
no relations to the hyoid cartilage during its development. The
auricular muscles are derived from the platysma (Ruge, 1887).^-'

Turning now to the development of the external meatus, we
must return to a stage in which the first branchial groove is at

the height of its development, the auricular hillocks having just

appeared. In such a stage one may, with Kastschenko (1887^'^),

recognize in man also an upper, middle, and lower auricular

"Dobers (190.3-1904) holds that in the pig and sheep the muscles of the

posterior portion of the auricle are not derived from the platysma.
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groove; the upper one in. man is, however, merely indicated and
corresponds to the point at which the facialis organ (the first

visceral cleft organ of Hammar) has formed, and only at this

point does the entoderm of the first pharyngeal ponch come into

contact with the ectoderm of the branchial groove. This contact

is soon lost and the upper auricular groove disappears without
leaving a trace. The middle and lower auricular grooves become
cut off ventrally by the union of the first and sixth auricular hil-

locks, between which the incisura intertragica persists, and form
the fossa angnlaris (His). The transformation of this fossa angu-

laris into the cavity of the auricle is associated with the trans-

formation of the auricular hillocks and the formation of the

auricle, concerning which, as has been already pointed out, the

results are not quite concordant. From the ventral part of the

fossa, dorsal to the incisura intertragica, the primary meatus,

according to Hammar, grows inwards in the latter half of the sec-

ond month as a slight, funnel-shaped canal. In opposition to

Moldenhauer (1877) and Urbantschitsch (1877), Hammar ex-

pressly states that it is not formed and elongated by a thickening

of the tissue surrounding it. In the fourth and fifth month the

lumen of the primary meatus is temporarily occluded in its inner

portion by the thickening of its epitrichial layer. This closure,

however, disappears with the occurrence of the eornification of

the epidermis, and the meatus again becomes provided throughout

its entire length with a lumen, which persists until birth, and
only towards the end of fetal life is more or less narrowed by the

vernix caseosa. In the beginning of the third month the meatal

plate (lamina epithelialis meatus), which is essentially a pro-

longation of the lower wall of the primary meatus, grows inwards

and soon reaches the outer end of the tympanic canal (Fig. 219

a and b), and then pushes its way inwards and downwards along

the lower wall of the tympanic cavity. The portion of the plate

that is in relation with the lower outer portion of the wall of the

tympanic cavity becomes rounded and is to be distinguished as

the tympanic portion from the part that is more lateral in posi-

tion. In the seventh month a splitting of the plate occurs and

the lunien so formed becomes continuous laterally with that of the

primary external meatus, the definitive or secondary meatus being

thus formed. The lumen of the tympanic portion of the meatal

plate forms the reeessus meatus. In general the region of the

primary meatus corresponds to the cartilaginous portion of the

adult passage, but in the roof it extends also into the region of

the osseous meatus. The structural differences of the integument

in different portions of the definitive meatus stand in relation to

its manner of development. The development of hairs and glands

is limited to the region of the primary meatus, while the part de-
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rived from meatal plate (with, the exception of the tympanic

membrane) has the lower surface of the epidermis ribbed and

possesses no hairs or glands. At birth the recessus meatus has

almost acquired its defiaitive size, the postfetal growth effecting

for the most part the remaining parts of the meatus.

Concerning the development of the tympanic membrane Ham-
mar (1902) states that from the beginning the inner end of the

primary meatus is pushed downwards and outwards by a rounded

elevation, the tuberculum membranse tympani. As the primary
meatus grows inwards this tubercle is also carried inwards, and
when the primary meatus and the tympanic cavity have come to

lie opposite each other it becomes the primary tympanic mem-
brarie, into which the manubrium and processus brevis of the

malleus have now grown. Later, by a thinning and modification

of its connective tissue, it becomes the definitive tympanic mem-
brane. In a fetus of 4.3 cm. vertex-breech length Dreyfuss (1893)

was already able to distinguish three layers in it, one correspond-

ing to the subcutaneous tissue, a second, the membrana propria,

which stands in intimate relations to the annulus tympanicus, and
a third, the submucous tissue of the tympanic cavity. That these

three layers are present from the beginning and that the middle
one is to be regarded merely as an unossified portion of the an-

nulus tympanicus cannot, assuredly, be accepted. The membrane
obtains a free outer surface only after the splitting of the meatal
plate has taken place.^" The pars flaccida is formed in the last

month of fetal life. In the fifth month a short ridge is formed at

the anterior part of the boundary between the tympanic and non-
tympanic portions of the meatal plate, above and in front of the
processus brevis of the malleus. On the splitting of the meatal
plate in the seventh month, this ridge becomes converted into a
groove open to the meatus, the terminal groove, and against the
floor of this groove Prussak's space, formed from the tympanic
cavity, applies itself in the tenth month and so forms the pars
flaccida. Concerning the growth relations of the meatus one may
consult Schwalbe (1897, p. 171) and Symington (1885, 1889).

Much has been written concerning differences in the form of
the external ear, on account of attention having been directed to
them from the psychiatric and criminalistic stand-points. Their
importance in these respects has certainly been greatly over-
estimated. Occasionally fetal ear forms are to be observed in
adults, and these may be regarded as inhibitions of development
(compare, in addition to Schwalbe, 1895, 1897, Schaffer, 1892).

Dreyfuss (1893) gives an account of the manner in which the special
relations of the manubrium mallei and tympanic membrane are brought about.
The work of Draispul (1890) is rather inconclusive.
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A cleft wMcli traverses the lower portion of tlie pinna between
the tragus and antitragus has had a certain importance assigned

to it in connection with the question of the inheritance of trauma-

tisms. It was supposed that in such ears the ear lobe was divided

because the mother's ear lobe had been divided by an ear-ring.

Careful studies showed (His, 1889, Israel, 1890, Eohrer, 1894, von
Swiecicki, 1890) that the cleft did not really lie in the region of

the ear lobe, but between the anlagen of the tragus and antitragus

and that at all events the phenomenon was to be regarded as an
inhibition of development, the first and sixth auricular hillocks

remaining more or less widely separated.

Fistula3 auris congenitse seem to me to be referable to inhibi-

tions of development in the region of the dorsal part of the first

branchial groove (upper auricular groove, facialis organ). Gra-

denigo (1893) explains them as an insufficient closure of the

furrow between the crus prsetragicum—corresponding to the spina

helicis (scutulum)—and tragus, and His (1889) refers them to an
insufficient fusion of the furrow between the crus helicis and
supratragicum (prgetragicum of G-radenigo). Schwalbe (1889^,

1889^) believes many of the anterior auricular appendages to be

abnormally developed spinse helicinae (scutula) separated from the

main cartilage, and the same view has been expressed by Gra-

denigo (1893).

For accounts of malformations of the human auricle one may
consult, in addition, Moldenhauer (1892), Piel (1904), and Alex-

ander (1904).
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THE DEVELOPMENT OF THE INTESTINAL TRACT
AND RESPIRATORY ORGANS.

By otto grosser, Peagub; FREDERIC T. LEWIS, Haevaed Univeesitt;

AND J. PLAYFAIR McMURRICH, University or Toronto.

INTRODUCTION.

By FREDERIC T. LEWIS.

Formation of the Intestines from the Umbilical Vesicle.—In
the youngest human embryos which have yet been obtained, the
entoderm forms the lining of a more or less spherical sac, which
the early anatomists named the umbilical vesicle {vesicula umbili-
calis). The vesicle enlarges with the growth of the embryo, and
during the second month it is a conspicuous object. At birth it is

still present.

It was observed at birth by Hoboken, in 1675, as a granule of oval shape,

white, about the size of a hemp-seed, with indurated contents. It was probably
the umbUieal vesicle which Diemerbroeck found in an embryo of the sixth week,

and described in 1672 as a sac, the size of a smaU hazel-nut, filled with clear fluid.

But the first satisfactory description of this structure in a human embryo is

credited to Albinus, who published an excellent drawing of it in 1754, and referred

to it as the vesicula ad .umbilicum parvuli embryonis. The vesicle was lodged

between the amnion and chorion near the distal end of the umbilical cord, and a

slender thread-like prolongation extended from it, through the cord, to the body
of the embryo. Beyond this point Albinus did not foUow it for fear of damaging
his specimen.

At the beginning of the nineteenth century the umbilical vesicle was recog-

nized as a constant structure in young human embryos and its significance was
being discussed (Lobstein, 1802). Wrisberg had shown that blood-vessels passed

from it into the mesentery of the embryo. Oken believed that the embryo was
nourished through the umbilical vesicle, and in 1806 he published a notable

treatise, in which he declared that the following propositions would be proved

vfdth absolute certainty:

(1) The intestines of embryos originally do not lie in the abdominal cavity,

but arise from a vesicle, situated outside of the amnion, called the vesicula

umbiUcalis in man, and the tunica erythroides in other animals.

(2) The intestines do not lie in the vesicle as in a sac, but they are a prolonga-

tion of it, as the duodenum is a prolongation of the stomach. The prolongation

splits into an anterior and a posterior intestine, both of which pass through the

umbilical cord into the abdominal cavity, one part going to the anus, the other to the

stomach.

291
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(3) The stalk of the vesicle, between the splitting of the intestine and the

vesicle, becomes obliterated after some weeks, closing and becoming cut off like an

mnbilical artery; it appears at first as the caecum, and later also as the vermiform

process, so that at this place there is no continuity in the iatestines but an angular

splicing with a valve.

(4) The intestines now begin to draw back toward the umbilicus and finally

enter the abdominal cavity, so that all embryos necessarily have the so-called

umbilical hernia.

These propositions were defended by Kieser in 1810, who published an inter-

esting figure of the intestines of a three months' human embryo, a reduced copy

of which is shown in Kg. 223. He found that the coils of the intestine were

lodged in the umbilical cord and not in the abdominal cavity. He was uncertain

whether the intestinal tube continued across the insertion of the stalk of the

lunbilical vesicle, but, influenced by Oken, he wrote, "It appears as if the ends

Fig. 223.—Kieser's figure, reduced and re-lettered, showing the umbilical cord of a human embryo
of three months, the intestines within it, the cord of the umbilical vesicle (a), and the vesicle itself (6);

c, lower part of stomach; d, coil of the gastric portion of the intestine which has a blunt end at e; f. anal

part of the intestine, also with a blunt end; g, "cord of the mnbihcal vesicle as it surrounds the two ends
of the intestine like a funnel; " h, vena omphalo-mesenterica; i, arteria omphalo-mesenterica.

of the two parts of the intestine were here still divided." The gastric portion is

represented as ending in a knob-like expansion, which is in contact with the blunt

end of the anal half of the intestine and with the cord of the umbUieal vesicle, at

a place where later the caecum and vermiform process wiU appear. The eord

of the vesicle is a prolongation of the mesentery, in which both the blood-vessels

and the tube connecting the vesicle with the intestine have become obliterated.

In Oken's chapter entitled " Proof that all mammals possess an intestinal

vesicle and that the intestines arise from it," he says, " I could easily extend this

proof over the classes of egg-laying animals." The human umbilical vesicle had
already been compared with the yolk-sac of birds, and in 1768 Caspar Friedrich

Wolff had published his fundamental studies upon the development of the intestine

in the chick. He found that the primitive intestinal cavity is in the dorsal part

of the yolk. From this cavity he saw a slender prolongation, which admitted a fine

needle, grow forward to make the stomach and OBSophag^us. This prolongation is
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called the fore-gut. Somewhat later in the development of the chick, Wolff saw
a similar prolongation grow backward to make the rectum, and this is the hind-gut.

Between the two is the mid^gut, open below toward the yolk, and becoming rela-

tively small as the fore-gut and hind-gut lengthen, partly at its expense. Thus
"Wolff saw in the chick what Oken later conjectured for man, and what has since

been actually observed, namely that the intestine arises by the outgrowth of fore-

gut and hind-gut respectively, from the dorsal part of the cavity of the yolk-sac.

Separation of the Intestines from the Yolk-sac.—The term
yolk-sac, sacculus vitellinus, since it is applicable both to lower
animals and to man, has largely replaced the term umbilical vesicle.

The name mid-gut, although in common use, may well be aban-
doned. The fore-gut can then be sharply defined as that portion
of the intestine anterior to the attachment of the yolk-sac, and
the hind-gut as the part which is posterior. The attachment of the

yolk-sac, broad at first, becomes reduced to a slender stalk, the

base of which may remain as a diverticulum of the intestine.

Oken wrongly supposed that a portion of the yolk-stalk persists as the vermi-

form process. This error was corrected by Meckel (1812) in a most thorough

manner. An out-pocketing of the human small intestine, usually about an inch in

length but sometimes several times as long, had frequently been observed. It

was generally found opposite the mesenteric attachment, about three feet from
the beginning of the large intestine. Sometimes it was turned toward the mesen-

tery. Its walls included all of the layers which enter into the formation of the

intestinal tube, with which its lumen was in free communication. Meckel regarded

the opinion of Pabrieius, that such diverticula arise from the pressure of sub-

stances within the intestinal canal, as improbable. He saw the diverticulum several

times in children at birth, once in an embryo of six months and twice at three

months. Since it is a congenital structure, essentially constant in position, Meckel

sought to explain it through the normal development of the intestinal tract, and

concluded as follows :
" Even into the third month of embryonic life a small

elevation remains in the lower part of the small intestine as a trace of the former

connection (with the yolk-sac), and if this is retained beyond this time it appears

as a blind appendage." Meckel found one abnormal case in which it remained

as an open duet extending from the intestine to the umbilicus, accompanied by its

vessels which were still pervious. He saw cases also in which the obliterated vessels

formed cords extending from the diverticulum of the intestine across the abdominal

cavity to the umbilicus. Such cords have frequently been observed, and, as Meckel

recorded, they may lead to adhesions and intestinal obstruction. The diverticulum

was found not only in man but in other mammals. Cuvier had seen it in birds, and

Meckel concluded that it was a constant structure in ducks and geese, in which,

moreover, its genesis from the yolk-sac could be clearly demonstrated. Thus the

true embryonic interpretation of the diverticulum ilei was clearly established by

Meckel. He found also that " the vermiform process appears first as a little

knob which gradually enlarges considerably." " I saw it arise thus in the human
embryo, as Wolff had seen the caeca in the chick, where previously no trace of

them could be identified." This conclusion is in accord with later observations.

The Allantois.—Several human embryos have been obtained

which are so young that neither the fore-gut nor the hind-gut has

begun to grow out from the cavity of the yolk-sac. In most of

these, however, the tubular entodermal outgrowth known as the
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allantois is present. The allantois grows out from the posterior

portion of the yolk-sac near its dorsal surface. When the hmd-gut

pushes out, the allantois is carried with it, so that then it empties

into the terminal part of the hind-gut, which is called the cloaca.

In the horse, cow, and pig the distal portion of the allantois dilates enormously,

forming a somewhat cylindrical vesicle, so attached to its stalk that the entire

allantois is T-shaped. At certain stages the terminal vesicle is many times the size

ot the embryo. Thus, with an embryo goat of eighteen days Haller found an

allantoic sac two feet long, whereas the embryo itself measured less than two

inches (twenty lines). The allantoic sac is found between the amnion and the

chorion, to which it may be adherent.

The part of the allantois near the intestine, which develops

through subdivision of the cloaca, is commonly called the allantoic

stalk. Its formation will be fully considered in the chapter on the

urogenital tract.^ A part of the allantoic stalk expands to form

the bladder. Between the apex of the bladder and the allantoic

sac, the allantois remains slender and is known as the urachus.

The urachus extends from the bladder into the umbilical cord.

The allantois has been known for centuries. According to Fabricius ab

Aquapendente (1600), "The membrane is called aUavToeiST)^ because it is similar

to itMag, that is, sausage. But it must not be understood that it resembles any-

thing filled with chopped meat, with which sausage skins are usually filled (for

it contains only urine), but because its form seems similar to a sort of intestine

from which sausages are generally made ; hence, it is called allantoic, that is, intes-

tinal, by Galen and early writers. According to Suidas, aA?.a.g seems generally to

be used in the sense of evrepov, although this too cannot be denied, that in such

membranes, along with urine, particles like chopped meat or sausage are sometimes

found."

The solid particles referred to may be the hippomanes found in the allantois

of the horse, and said to be known to Aristotle (Bonnet, 1907, p. 194).

Many attempts were made to find an allantois in human embryos, but at the

beginning of the nineteenth century no agreement had been reached. Hale in 1701

had announced " The Human Allantois discover"d," but. according to Oken and

Velpeau, it was probably an amnion which he described. Lobstein declared that

the human yolk-sac was the allantois. "Who will not be. entirely in doubt," Oken
wrote in 1806, " when one finds that writers have described as allantois the most

heterogeneous things which were ever seen ? " It soon became established, however,

that in human embryos a slender urachus extends from the bladder into the

umbUical cord, accompanied by the umbilical arteries. Velpeau, in 1834, thought

that after the urachus had passed the whole length of the cord it became lost in

a porous tissue between the amnion and the chorion, and that this tissue repre-

sented the allantoic sac. Von Baer, in 1837, declared that what was found between

the amnion and the chorion had been somewhat rashly interpreted as the allantois.

" The true allantois it certainly is not."

Allantoic vesicles continued to be reported for many years, until finally the

fundamental relations of the human allantois were established by His. He wrote

as follows (1885, p. 222): "I designate as body-stalk [pedunculus abdominalis]

that thick cord which in very young embryos forms a connection between the

' See also page 322.
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embryo
_
and the chorion. . . . The main portion of the body-stalk is loose

connective tissue with a few smooth mnscle-cells ; its dorsal surface has an ecto-
dermal covering, and the ventral half surrounds the allantoic duct and the two
umbilical arteries running with it. ... A vesicular or even only a free allantois
has never been found in human embryos, and the slender duct in the body-stalk,
the allantoic duct as I have formerly named it, is indeed only a very rudimentary
representative of the structure which is so large in many mammals."

Although, the human allantois may be described as rudimen-
tary because of its small size, it is nevertheless differentiated very
early. Keibel and Elze (1908, p. 152) have recorded that it

appears in man and the apes before any segments have formed.

It arises somewhat later in Tarsius, but still before there are any segments.
It first appears in pigs of four or five pairs of segments, in rabbits of about
eleven pairs, and in chicks of more than twenty pairs.

In the first human embryo which is now to be described, the
body-stalk will be seen connecting the yolk-sac with the chorion.

Into this stalk in the second specimen the allantois has grown out,

thus forming the first subdivision of the entodermal tract.

THE EARLY DEVELOPMENT OF THE ENTODERMAL TRACT
AND THE FORMATION OF ITS SUBDIVISIONS.

By FREDERIC T. LEWIS.

Peters's Embryo. Yolk-sac.—It has been inferred from com-
parative studies that the human entodermal tract arises as a solid

mass of cells, and diagrams of this hypothetical stage have been

published by Keibel, Schlater, and others. In the youngest

embryos which have been observed, however, the entodermal cells

surround a cavity. This is the condition in an embryo obtained by
Peters (1899) at the autopsy of a suicide who had taken caustic

potash one month after her last eatamenia. Bryce and Teacher

(1908) estimate the age of this embryo as 131/2 to 14% days. It is

generally conceded to be the youngest properly preserved human
embryo yet described. The embryo extended through nineteen

10 iJ. sections, and was cut '

' obliquely to the longitudinal axis.
'

'

A drawing of only one section was published, and this is repro-

duced in Fig. 224. The cavity of the yolk-sac contains round

masses of coagulum. It is bounded by a layer of entodermal cells

which are not everywhere distinct. The entoderm in this section

appears to be completely surrounded by mesoderm, which forms

the outer layer of the wall of the yolk-sac. A strand of mesoderm
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extends from the yolk-sac to the chorion, bounding a space desig-

nated 8p in the figure.^

Dorsal to the yolk-sac is the amniotic cavity, bounded above

by a thin layer of amniotic ectoderm and below by the very

thick embryonic shield, also ectoderm. According to von Spee,

who studied Peters 's specimen (Peters, 1899), "It is impossible to

speak of an isolated body-stalk which connects the embryo with

the chorion, because almost the whole embryonic formation seems

imbedded in a thickening of the chorionic mesoderm. Whether

the first sm^l beginning of an entodermal diverticulum (allantoic

duct) has already started to grow out from the caudal end, and

FiQ. 224.—Obliquely longitudinal section of Peters's embryo. (After Peters.) Cav. am. (cavum

amnii), amniotic cavity; jS. v. (aacculus vitellinus), yolk-sac; Ent., entoderm, and Mes., mesoderm of the

yolk-aac; Mea. ch., mesoderm of the chorion; Sp., "cleft in the exocoelom"(?).

appears in the form of a ring of epithelioid cells arranged about a

lumen (in section 11, etc.), remains to me entirely uncertain."

Keibel has modelled Peters's embryo from outline drawings

made upon wax plates by Selenka. He failed to find an allantois,

but records that the outer surface of the yolk-sac is uneven as if

blood and vessels had begun to develop in its mesoderm (Keibel

and Elze, 1908). It will be noted that von Spee does not state

definitely that Peters's specimen has no allantois. In describing

another very young embryo he had recorded that "as compared
with the embryonic shield, the allantois is remarkably long, and

ought therefore to appear very early" (1896, p. 9).

' Grosser, who has examined the specimen, thinks that this space may be the

beginning of the cavity of the chorion, and that elsewhere the chorion is filled with

loose tissue. Zentralblatt fiir Physiol., Bd. 22, Nr. 1.
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Two other embryos, both removed from the uterus by curetting
within a month after the last catamenia, may have no allantois.
In one of these "an allantoic duct of the yolk-sac does not stand
out clearly" (Beneke, 1904), and in the other "the body-stalk
consists only of mesodermal cells" (Jung, 1908). Neither of these
accounts, however, is convincing in regard to the absence of the
allantois, for in the first case the statement is indefinite, and in
the second the allantois is not specifically mentioned.

Herzog's Embryo. Yolk-sac and Allantois.—Uerzog (1909)
has recently described an embryo obtained at the autopsy of a
woman who had been struck over the heart by the shaft of a swiftly

'' Me&ch.

m
^ Cam.

• «•!,••*%'«
Mesy

Fig. 225.—Longitudinal section of Herzog's embryo. X 215 diam. (After Herzog.) Mes.ch.,
mesoderm of the chorion; P. a. (pedunculus abdominalis), body-stalk; All., aJlantois ; Cam., amniotic
cavity; Ed., ectoderm of the embryonic shield; M. pr., membrana prima, to which some cells are adherent;
S. v., yolk-sac; Mea., mesoderm.

moving carriage and almost instantly killed. The specimen is

unquestionably normal, and is well preserved histologically, but
it has suffered considerable mechanical injury, partly after being

mounted. After Herzog had published and described accurate

figures of twenty-two successive sections (7/* thick), including all

of the embryo except a portion of the yolk-sac, he deposited the

specimen in the flarvard Collection. For the privilege of study-

ing further and modelling this embryo, the writer is under great

obligation to Dr. Herzog.

The plane of section is nearly longitudinal. In the section

shown in Fig. 225 the allantois is found extending through the
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body-stalk toward the chorion. The entoderm of the yolk-sac is

seen below, extending toward the allantois, but the connection

between the two has been destroyed. It presumably occurred in

this section. The ectoderm bounding the amniotic cavity consists

of a thin layer above, for the most part broken away in this section,

and the thick ectoderm of the embryonic shield below, which is

broken into two pieces. The .shield is bent upon itself,_ and the

depression shown in the figure is transverse to the axis of the

embryo. Between the ectoderm of the shield and the entoderm

of the yolk-sac there is a structureless membrane such as Hensen

(1875) observed in the rabbit and called the membrana prima. It is

the detached basement membrane of the ectoderm of the embryonic

shield, and was noted by von Spee in Peters 's specimen. A layer

of mesoderm passes over the ventral surface of the yolk-sac, and

Fig. 226.—Longitudinal section of Herzog's embryo, separated by twelve 7 1^ sections from Fig. 3.

X216 diam. (After Herzog.) Ect., a mass of ectoderm bounding the amniotic cavity on the left side of

the embryo. Ent., entoderm, and Afes., mesoderm of the yolk-sac S. v.

anteriorly (to the left of the figure) it is in relation with the ecto-

derm of the shield. It does not extend between the ectoderm of

the shield and the yolk-sac, and in this respect Herzog's embryo
differs from Peters 's specimen as described by von Spee. In

Fig. 225 the yolk-sac is cut tangentially, but it is evident that

toward the allantois its cells are cuboidal. The allantois consists

of similar cells and contains a lumen. Over the greater part of

the yolk-sac, however, the entoderm forms a very thin layer

resembling endothelium, precisely as recorded by Beneke. In the

most ventral portion there are occasional cuboidal cells with
large round nuclei and protoplasm which projects above the gen-

eral level into the cavity of the yolk-sac. The mesoderm of the

yolk-sac is also very thin, and shows neither vessels nor distinct

blood islands (see Fig. 226).
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A reconstruction of Herzog's embryo, cut through at right
angles with the plane of section, is shown in Fig. 227. The model
will be more readily understood in comparison with a similar view
of a somewhat older embryo. Fig. 228. In both cases the amniotic
cavity sends a prolongation, torn in Herzog's specimen, toward

Fig. 227.—Wax reconstruction of Herzog's em-
bryo. The plane of section is transverse to the axis

of the embryo. XlOO diam. All., allautois; Cam.,
amniotic cavity; Ch., chorion; M.pr., membrana
prima; P.a., body-stalk; S. v., yolk-sac; V.ch. (viUi

choriales), chorionic villi.

Fig. 228.—Wax reconstruction of Minot's

embryo, showing the part corresponding with
that drawn in Fig. 227. X50 diam. L.pr.

(linea primitiva), primitive streak; Mea., meso-
derm. Other abbreviations as in Fig. 227.

the chorion; and in both the amniotic cavity is asymmetrical,

extending farther toward the left of the embryo (which is on the

right of the figure). In Herzog's specimen the prolongation of

the amniotic cavity toward the left is at first tubular; it is then

reduced to a solid clump of cells, lodged between the entoderm
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and mesoderm of the yolk-sac, and closely applied to the latter

(see Fig. 226).

The body-stalk contains the allantois, which is apparently

disintegrated near its tip. The terminal sections, however, are

well preserved, and the extremity of the allantois is probably

recurved. The body-stalk contains also rings of cells, some of

them very near the surface. It is not certain that these represent

blood-vessels—which would be the first to appear in the embryo—

as Herzog interpreted them, and yet it is clear from later stages

that the blood-vessels in the body-stalk arise very early. Jung

has carefully described similar rings in the body-stalk of his

specimen. There are occasional clefts in the mesoderm of the

chorion in Herzog 's embryo, but they are of doubtful significance.

As seen in the reconstruction, a strand of mesoderm extends

between the yolk-sac and chorion much as in Peters 's specimen.

Von Spee's Embryo "v.n."—ln 1896 von Spee published a

notable contribution to human embryology, to which reference has

already been made. In it he describes an embryo, designated

"v. H.," which has heretofore been placed next to Peters 's speci-

men, but which seems older than Herzog 's for the following

reasons. The axis of the embryo is said to be represented by a

primitive groove (not well defined, however) which is absent in

Herzog's embryo; the mesoderm extends between the ectoderm

and the yolk-sac, reaching the median line; the entoderm of the

yolk-sac is not flat, but is cuboidal throughout; the mesoderm of

the ventral portion of the yolk-sac is thrown into elevations by

the blood islands within it. The age of "v. H.," obtained through

abortion following influenza five weeks after the end of the last

catamenia, has been estimated as 17 to 18 days.

Minot's Embryo. The Primitive Knot.—Hensen (1875), in

describing the primitive streak of the rabbit, stated that anteriorly

it developed a disk-shaped termination, which he designated as a

"knot." He found that the layer of entoderm could be stripped

from the embryo except at the knot, where it tore. There the

ectoderm and entoderm are intimately blended. This primitive

knot (often called Hensen 's knot) is shown in the reconstruction

of a human embryo in Fig. 229. It is possible that it is repre-

sented in one section of Herzog's embryo (Fig. 11 of his publica-

tion), but von Spee did not find it in "v. H." Toward the allan-

tois from the primitive knot, as seen in Fig. 229, the primitive

groove is found, along which the mesoderm fuses with the ecto-

derm, as shown in the cross section. Fig. 228. Anterior to the

primitive knot the thick ectoderm forms the medullary plate, but

the medullary groove has not yet appeared. Beneath the medul-

lary plate the mesoderm extends from side to side across the
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median line. These conditions are noted as determining the stage
of development of this specimen.*

The entodermal tract in this embryo still consists of only two
parts, the yolk-sac and allantois. As compared with Herzog's

Fig. 229.—Wax reconstruction of Minot's embryo, showing a median sagittal section. X60 diam
i422., allantois; Cam., amniotic cavity; CA., chorion; I/.med. (lamina medullaris), medullary plate; N.pr.
(nodulus primitivus), primitive knot; P.a., body-stalk; S.pr. (sulcus primitivus), primitive groove; S.v .

yolk-sac; V.ch., chorionic villi.

specimen, the allantois has increased in length from about 0.12

' The specimen, in the form of an intact chorionic vesicle already hardened and

in alcohol, was placed at the writer's disposal by Professor Minot, and it may be

referred to as Minot's embryo. A full account of it is in preparation, justified by
its superb preservation.
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to 0.20 nun. It is slightly expanded distally but is not recurved.

There is a minute lumen, and the structure connects with the yolk-

sac by a small funnel-shaped enlargement. The yolk-sac has

grown more rapidly than the allantois, its transverse diameter

having increased approximately from 0.25 to 0.75 mm. In the

ventral portion of the yolk-sac the entoderm now consists of

cuboidal cells, and the mesoderm has been curiously transformed,

as shown in Fig. 230. The cells are large and extensively vacuo-

lated, so that the protoplasm in places is reduced to strands. The

nuclei are large, round, and pale, each containing a very delicate

chromatic reticulum and often a single conspicuous knot of chro-

Mes

End.

J

Coag. '3.

•J.ti-

FiQ. 230.—A portion of the ventral wall of the yolk-sac of Minot's embryo (Harvard Collection, Series

825, Section 18). X280 diam. Co., coagnlum in the yolk-sac; Coag., coagulum in the chorionic cavity;

End., endothelium lining a blood-vessel containing five blood-corpuscles, one of which shows a vesicular

nucleus; EtU., entoderm, and Mes., mesoderm of the yolk-sac.

matin. Among these mesodermal cells blood-vessels have
appeared, liaed by true endothelium. They contain blood-cor-

puscles, characterized by finely reticular protoplasm, ill-defined

cell-membranes, and nuclei which may be round, with distinct

chromatin granules, or irregularly shrunken and deeply stained.

Sometimes a corpuscle is closely applied to the endothelium as if

arising from it.

In a very few places the entoderm of the ventral surface of

the yolk-sac sends a prolongation into the mesoderm. In one
case the outgrowth is solid, in another it contains a cavity in its

outer part, and in a third a detached entodermal cyst is found near
the surface of the mesoderm. These appear to be chance irregu-
larities in the expansion of the yolk-sac.

There is granular coagulum within the yolk-sac, and also in

the chorionic cavity, but there are no globular formations as in
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Peters 's specimen. Eternod examined the yolk-sac of a young
human embryo (the age is not stated) removed by operation and
still living. He states (1906, p. 256), "The very transparent
liquid, which fully distended the yolk-sac, had a beautiful golden-

yellow color comparable with that of the yolk in the eggs of

salmon or trout. Under the influence of light, in a few moments,
the color clouded and faded, becoming opalescent." In sections

of very young human embryos he found entodermal cells project-

ing into the yolk-sac or detached and floating within it. In the

Minot specimen it is very difficult to find a floating cell, but in

embryos less well preserved they occur frequently. To what
extent the contents of the human yolk-sac has a nutritive function

is wholly undetermined.

In the Minot embryo the lining of the yolk-sac is a simple

layer throughout (it is obliquely cut in Fig. 230). In the dorsal

half of the sac the entodermal cells are quite flat. The mesoderm
also becomes a thin layer, and the blood-vessels are very small.

Apparently those in the yolk-sac do not pass into the body-stalk,

which, however, contains numerous vessels. There are also many
spaces in the chorion, especially near its lower surface, which are

probably true vessels. Frequently these contain strands of darkly

staining cells, suggesting collapsed endothelium. Similarly in

the slightly older Frassi embryo there are "vessels on the yolk-

sac, in the body-stalk, and the adjacent chorion; no vessels in the

embryo proper." From the study of the specimens thus far con-

sidered it appears that the yolk-sac is not the only source of blood-

vessels, but that they arise also in the body-stalk and chorion.

Recently Dandy has reached this conclusion from the study of an

older embryo.
Von Spee's "Gle." Neurenteric Canal. Chordal Plate.

Beginning of the Fore-gut.—At a slightly later stage than that

just described, a canal develops through the primitive knojt, by
which the cavity of the amnion communicates with that of the yolk-

sac. This neurenteric canal has not formed in Minot 's embryo,

and in the Frassi embryo an aperture could not be demonstrated.

Beneke recorded a neurenteric canal in his younger specimen, but

his account is not convincing.

Von Spee, however, found a very large canal in an embryo
designated "Gle" (1889). The specimen was obtained by spon-

taneous abortion five weeks after the end of the last catamenia,

and Bryce and Teacher estimate its age as 19-20 days. A dia-

grammatic median section of the embryo is shown in Fig. 231, A.

Before the embryo was sectioned it was made transparent with

turpentine. In the position of the primitive knot (that is, between

the anterior end of the primitive groove and the posterior end of

the medullary groove) a ring-shaped elevation was seen, 0.13 mm.
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in diameter, pierced by a central aperture 0.02 mm. wide. In the

series this opening was found in four sections, one of which is

shown in Fig. 231, B. It will be seen that at the neurenteric canal

the ectoderm is continuous with the entoderm. The mesoderm does

not form any part of its wall.

Eternod (1899) has recorded two other cases of open neuren-

teric canals, one in an embryo very much like "Gle," measuring

1.3 mm., the other in an older specimen, measuring 2.11 mm.
The entoderm lining the yolk-sac in "Gle" resembles that in

the Minot embryo, except that just beneath the medullary groove

Fig. 231.—Sections of von Spec's embryo "Gle." A, median sagittal section from a model; B, trans-

verse section through the neurenteric canal, Cn.; C, portion of a transverse section showing the chordal

plate. L.ch. (After von Spee.) F.g., "fore-gut;" S. med. (sulcus medullaris), medullary groove. Other
abbreviations as in preceding figures.

it exhibits a plate of low columnar cells (Fig. 231, C). This

chordal plate gives rise to the notochord and perhaps to a portion

of the intestinal epithelium. It begins at the anterior margin of

the primitive knot, with which it is continuous. It extends forward

as far as the yolk-sac is in contact with the medullary plate. In

the anterior part of the embryo there is a slight forward prolonga-

tion of the yolk-sac, which is the beginning of the fore-gut (Fig.

231, A). The heart is developing in the fold of mesoderm just

beneath it. At the opposite end of the embryo the allantois takes

a somewhat zigzag course in the body-stalk. Certain portions of
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tlie mesoderm of the body-stalk, as stated by von Spee, are very
rich in spaces, some of which have a smooth lining of flat cells

Fig. 232.—^Wax reconstruction of Mall's Seriea 391, showing a median sagittal section of the embryo.

X50 diam. All., allantois; A. um., arteria umbilicalis; C am., amniotic cavity; Ch., chorion; Cor, heart;

F.g., "fore-gut;" H.g., "hind-gut;" L.ch., chordal plate; L.pr., primitive streak; N.pr., primitive knot;
5. Tried, (siilcus medullaris), medullary groove; St., stomodseum; S. v., yolk-sac; V. um., vena imabilicalis.

like those of embryonic endothelium. The hind-gut has not yet

appeared.

Vol. II.~20
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Mall's Series 391. Formation of the Hind-gut.—In the Mall

collection there is an embryo with, seven pairs of somites, meas-

uring about 2 mm. in length, which has recently been described

by Dandy. It was obtained through abortion, mechanically in-

duced, and its age is estimated at about 24 days. Fig. 232 is from
a model of the embryo, and shows a median longitudinal section.*

The back bends sharply downward toward the cavity of the yolk-

sac. Such flexures occur frequently, but not invariably, in embryos
of about this age, and are probably due to imperfect preservation.

"The fore-gut is present in thirty-two sections representing a

length of 320 microns." It ends blindly in front, and, according
to Dandy, it is separated by mesoderm from the ectodermal depres-

sion (or stomodseum) which gives rise to the mouth. The presence
of intervening mesoderm is, however, difficult to make out, since

the tissues are somewhat fragmented in this region. The fore-

FiQ. 233.—Sections showing the separation of the notochord from the digestive tract. A, from Mall's
Series 391, X360 diam.; B, section in the region of the first pair of somites, and C, In the caudal region, of
Low's embryo. (B and C after Low.) Ch. (chorda), notochord; Ent., entoderm of the digestive tract;
L. cA., chordal plate; *S. med.^ medullary groove.

gut shows a lateral expansion, which is the first pharyngeal pouch.
Beneath the fore-gut the heart is well developed.

"The hind-gut is a blind pouch 120 microns in length by sec-
tions, but on account of the dorsal kink of the embryo the actual
length is somewhat greater." It does not come in contact with
the ectoderm so as to form a cloacal membrane (where the anus
will later appear), but the bend in the embryo may possibly have
caused the separation of the layers. In the decidedly younger
Frassi specimen the beginning of the cloacal membrane is said to
be present. In Mall's embryo the allantois arises from the ventral
surface of the hind-gut and passes into the body-stalk, accompanied
by very large umbilical vessels. The allantois has a knob-like
branch. The distal end of the allantois is apparently detached.
In both portions a narrow lumen is found.

The chordal plate (Fig. 233, A), extending along the mid-
dorsal line of the yolk-sac, is more sharply defined than in "Gle."

* Through the kindness of Professor Mall, the writer has been permitted to
study this embryo and prepare a figure to correspond with that of the Minot
specimen. This work has been greatly facilitated by Mr. Dandy's publication.
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In an embryo of 13-14 somites, described by Low (1908), the
chordal plate is still a portion of the wall of the yolk-sac ante-
riorly (Fig. 233, J5), but it has completely separated from it pos-
teriorly (Fig. 233, C. See also KoUmann, 1890). In older embryos
it is detached throughout, and the further history of the notochord,
or chorda dorsalis, will be found in the chapter on the development
of the skeletal system.

The Cloacal Membrane, Caudal Intestine, and the Later His-
tory of the Primitive Knot.—ln the Mall specimen the chordal

S.med.—

..med.

Fig. 234.—^Median sagittal sections through the region of the primitive knot. All X75 diam. A,
Etemod's embryo with 8 pairs of somites (after Eternod); B, sketch of the "Kroemer-Pfannenstiel" em-
bryo, based upon sections published by Keibel and Elze; C, Bremer's 4 mm. embryo; Z), distal portion
of the tail of a 7.5 mm. specimen. All., allantois; Can. med. (canalis medullaris), medullary tube; C. ch.,

chordal canal; C, n., neurenteric canal; Ch., chorda; Int. cau., intestinima caudale; L. ch., chordal plate;

L. pr., primitive streak; Mem. cl., membrana cloacahs; Neu. p., posterior neuropore, the last part of the
medullary groove to close; ^. pr., primitive knot; S. med., medullary groove; x, extension of the primitive
streak (?) beyond the cloacal membrane.

plate ends posteriorly in a rounded knot of tissue in connection

with the ectoderm. This is clearly the primitive knot, posterior

to which is the primitive streak. There is no neurenteric canal.

This region in a similar embryo (2.1 mm. long, with eight pairs

of somites) has been figured by Eternod (1906 ^), as seen in Fig.

234, A. The neurenteric canal is still present and leads anteriorly

into a chordal canal, the floor of which is formed by detached cells,

and the roof of which is the chordal plate. Such a chordal canal
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in human embryos has apparently not been found by other observ-

ers. Posterior to the neurenteric canal the primitive streak ex-

tends to the cloacal membrane, which is "composed of a mass

of epithelial cells." In an embryo of 5 to 6 pairs of somites, of

which Keibel and Elze have published a series of sections, it is

possible that the relations are as shown in Fig. 234, B. The dorsal

and ventral openings of the neurenteric canal can be found, but

the middle part is not pervious. The primitive streak extends to

the cloacal membrane, which is described as "the thickened ecto-

derm applied to the thickened entoderm." Thus the primitive

streak passes around from the dorsal to the ventral side of the

embryo.
Keibel and Elze believe that the primitive streak extends

beyond the cloacal membrane along the body-stalk, for in several

sections the ectoderm covering the body-stalk shows a local thick-

ening which is nearly in contact with the allantoic duct.^ The occa-

sional occurrence of a bladder opening freely along the ventral

body wall {exstrophia vesica) may be connected with this relation.

It seems probable, however, that the thickened epithelium along

the body-stalk is due to a prolongation of the cloacal membrane

in the urogenital area, and that it is not a part of the true primi-

tive streak. The primitive streak is formed by a fusion of ecto-

derm and mesoderm, but the cloacal membrane is a fusion of ecto-

derm and entoderm. According to Keibel, however (1896), the

cloacal membrane should be regarded as a modified part of the

primitive streak, and exstrophia vesicae represents a persistent

portion of the blastopore.

In an older embryo, measuring 4 mm. (Fig. 234, C), the posi-

tion of the primitive knot can still be located. There the noto-

chord ends and the primitive streak begins. It wUl be observed

that the hind-gut has extended beyond the cloacal membrane into

the tail. This prolongation is named the caudal (or postanal)

intestine.

The tip of the tail of a 7.5 mm. embryo is shown in Fig. 234, D.

It is still possible to recognize the primitive knot, which at this

stage is commonly called the "tail-bud." The notochord ter-

minates in this bud; the caudal intestine fuses with it ventrally,

the extremity of the medullary tube dorsally, and the mesoderm
laterally. In the 2.11 mm. specimen described by Eternod (Fig.

234, A) there is a short prolongation of the chordal canal beyond
the neurenteric canal, but there is apparently no other evidence

that the notochord ever extends beyond the primitive knot. In a

2.1 mm. specimen described by Mall the obliterated neurenteric

" It may be noted that His described the medullary groove as extending along

the body-stalk. Anatomie mensehlicher Embryonen, iii, p. 224.
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canal, represented by a solid cord of cells, is said to communicate
•with tlie medullary tube (1897, p. 419). "The location is opposite

the twelfth muscle plate, or in the neighborhood of what will later

be the position of the first rib." But the location is also at the

posterior end of .-the notochord which will later be near the tip

of the tail. It seems probable that if a neurenteric canal should

persist it would be found opening externally beyond the limit of

the spinal cord and its filum terminate, in the coccygeal region.'

Marwedel (1901) has described a case whicli may be interpreted as a neuren-

teric canal leading into the detached end of the caudal intestine. A child thirteen

days old was found to have a sac, 6 cm. long, lined with mucous membrane similar

to that of the large intestine and surrounded by muscle coats, opening to the

surface between what were " evidently the eorrma sacralia of the lowest sacral

vertebra." The sac had no connection with the rectum or anus.

It should be noted that congenital cysts and sinuses in the coccygeal region are

frequent (MaUory, 1892), but they are ectodermal structures, and the persistence

of a neurenteric canal has not yet been satisfactorily demonstrated.

The Pharyngeal Membrane and the Prce-oral Intestine.—In
describing Mall's specimen with seven pairs of somites, it was

Fig. 235.—^The pharyngeal membrane as figured by His. X37 diam. A, embryo "Lg," 2.15 mm.;

B, embryo "BB," 3.2 mm. Ch., chorda; C.med., medullary tube; Mem. ph., membrama pharyngea; Ph.,

pharynx ("fore-gut"); R-, Eathke's pocket (anterior lobe of the hypophysis); S., Seessel's pocket; iS<.,

stomodEeum.

stated that the anterior end of the fore-gut comes in contact with

an ectodermal pouch called the stomodseum or buccal sinus. There

the ectoderm unites with the entoderm to form the pharyngeal

(or buccopharyngeal) membrane. This membrane is clearly shown

in an embryo 2.15 mm. long, as figured by His (Fig. 235, A). The

digestive tract at this stage has no anterior opening. Just in

front of the pharyngeal membrane the ectoderm forms a pocket

extending toward the base of the brain. Although this pocket

is now generally called the hypophysis, or more precisely the.

anterior lobe of the hypophysis, it is often referred to embryo-

logically as Eathke's pocket.

In 1838 Rathke described it as follows : " Tor a long time I have observed

in several animals ... a small irregularly rounded depression which belongs

' Professor Mall now regards this embryo of 2.1 mm. as pathological.
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to the mucous membrane of the mouth, of which it is clearly a thin-walled out-

pocketing. . . . Finally I saw that this depression represents the first step in

the formation of the pituitary gland" (p. 482). The animals studied included

sheep and pig embryos.

On the entodermal side of the pharyngeal membrane a much

smaller pocket bulges toward the brain.

This was discovered by Seessel in the chick (1877). He wrote: "Shortly

after the hypophyseal pocket has become distinctly formed, on about the fourth

day, near and under it a second pocket-like outgrowth of the intestinal layer is

seen. ... Its length compared with that of the hypophysis is as 1 :
5."

Although His considered that both pockets were represented

in the 2.15 mm. embryo, they are better defined in a specimen

measuring 3.2 mm. (Fig. 235, B). The pharyngeal membrane has

largely disappeared. "As the remains of it, there is only the

prominence inserted between Eathke's pocket and Seessel 's acces-

sory pocket."

In sheep embryos von Kupffer (1894) found a solid entodermal outgrowth

extending forward from Seessel's pocket, closely connected with the notochord.

Later this mass of cells becomes detached and appears as an appendage of the

notochord. It was interpreted as a rudimentary prae-oral intestine. Bonnet (1901)

identified a similar structure, but with a lumen, in a dog embryo with sixteen pairs

of segments, and Zimmermann (1899) found three sharply defined little cavities

near Eathke's pocket in a human embryo of 3.5 mm. These cavities may have

been derived from a prae-oral intestine; they are at present the only evidence of

such a structure in human embryos.

Thompson's Embryo. Early Stages of the Thyreoid Gland,

Lungs, and Liver.—An embryo 2.5 mm. long, with 23 pairs of

somites, has been modelled by Thompson (1907). The entodermal

tract is shown in Fig. 236, in which the embryo is arbitrarily

placed in an upright position, with its ventral surface toward the

left of the figure. The yolk-sac has been cut away. It was con-

nected with the intestine by a somewhat constricted neck, called

the vitelline duct, a part of which is shown in the figure. In ventral

view the connection between the duct and the intestine would
appear as an elongated opening near the middle of the straight

intestinal tube.

The pharynx is separated from the mouth by the pharyngeal
membrane, which is already perforated. There is no trace of

Eathke's pocket. Four pharyngeal pouches are present, but they
are not indicated in the figure. In the median line, connected with
the floor of the pharynx, there is a small, hollow, rounded diver-

ticulmn, which is the beginning of the thyreoid gland. In earlier

stages it has a less constricted neck, as found by Low (1908) in a
specimen with 13 or 14 pairs of somites. Posterior to the pharyn-
geal pouches the entodermal tube suddenly narrows. It becomes
compressed laterally so that it has a cleft-like lumen. In this
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portion of the entodermal tract, a short distance beyond the fourth

pharyngeal pouches, the lungs are indicated by a pair of lateral

outgrowths (Thompson), and perhaps by the ventral swelling

which is shown in Thompson's figure but not labelled/ Begin-

ning with the region where the lung outgrowths are found, and
extending backward as far as the liver-bud, the epithelium is

markedly thickened.

The liver-bud is a median ventral knob-like outgrowth of the

Mem. ph.

-

Gl. th..-

Fio 236 Graphic reconstruction of an embryo with 23 paired somites, showing a median sagittal

section of the digestive tract. X40 diam. (After Thompson.) AK., aUantois; CJ., cloaca; C. per. cavum

pericardii- Div. hep. (diverticulum hepaticum), Uver bud; D.v., ductus vitelhnus; Ol.th., glandula thy-

reoidea- Mem. cl., membrana oloacalis; Mem. ph., pharyngeal membrane; PA.,«;pharynx; Sept. tr., septum

traasversum.

digestive tube, extending into the septum transversum, which is

the layer of mesoderm between the pericardial cavity and the

vitelline duct. The hepatic bud contains a cavity which commu-

nicates freely with the alimentary canal. There is no trace of

the pancreas.

'AceordiBg to Grosser, the pulmonary area in this embryo has been errone-

ously regarded as the gastric portion of the intestine by Thompson and also by

Keibel and Elze (Normentafel, Embryo Nr. 7). In Thompson's embryo the

stomach has not yet developed. Compare with Grosser's description of the devel-

opment of the lungs at the end of this chapter.
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Beyond the vitelline duct is the hind-gut, with a rounded

lumen. It expands at the cloaca, where it joins the allantois, and

extends a short distance into the tail. The allantois is a small

tubular structure with two marked dilatations and, at its distal

end, "a small swelling bent upon itself."

Separation of the (Esophagus from the Trachea.—In an

embryo which has the general shape of Thompson's specimen, but

which is somewhat more advanced (Bremer, 1906), the lungs and

trachea form a pear-shaped mass attached to the ventral border

of the oesophagus. The lower portion of the mass, which bulges

toward either side, represents the division of the trachea into the

bronchi. Its cavity is still in free communication with that of the

oesophagus. The trachea will become separated from the oesopha-

Fig. 237.—Wax model from Bremer's 4 mm. embryo, showing the

"lung-bud," Pul., and the adjacent part of the CESophagus. X175
diam. Sept., tracheo-cesophageal septimi; Sul., lateral oesophageal

groove.

Fio. 238.—Abnormal com-
mimication between the oeso-

phagus, Oea., and the trachea,

Tt. The upper portion of the
oesophagus, Oe., ends blindly

below. (After Keith.)

gus by the down-growth of the lung-bud and the upward extension

of the notch between the lung-bud and the oesophagus. The notch

extends upward following a fusion of the lateral walls of the

fore-gut, which begins from below (His, 1885, p. 17-18). The
approximation of the lateral walls to form the tracheo-cesophageal

septum is seen at the top of Fig. 237.

In the most common anomaly of the oesophagus, which must
arise at the stage under consideration, the oesophagus is trans-

versely divided into two parts. The upper portion ends blindly

below, and the lower portion arises from the trachea near its

bifurcation (Fig. 238), or even from a bronchus, into which its

lumen opens.

This malformation is detected soon after birth, since milk cannot enter the

stomach. Happich (1905) has tabulated the records of 59 cases. Sometimes the
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two portions of the oesophagus are connected by a strand containing smooth
muscle-fibres, but " it is entirely unknown whether there is any remnant 'of epithe-

lium in the interval." No epithelial connection has been recorded. Although this

complex anomaly is common, a simple communication between oesophagus and
trachea, when these are otherwise normal, is extremely rare. Forssner (1907) and
Giffhorn (1908) have discussed the origin of the divided oesophagus and explained

it with diagrams.

To produce the common form of the anomaly the lower portion of the tracheo-

oesophageal septum must fail to develop, thus leaving the oesophagus in com-
munication with the lower part of the trachea. In the model shown in Fig. 237

there is externally, on either side of the oesophagus, an oblique depression in the

epithelium with a corresponding internal elevation. It is so situated that if the

walls of the oesophagus should coalesce along this groove a ventral portion would

be cut off, communicating freely with the trachea near its bifurcation. The groove

does not reach the dorsal border of the oesophagus, but extends downward toward

the liver. However, the part of the oesophagus dorsal to this groove has a narrower

lumen than the ventral part; to produce the anomaly, this portion must become

occluded. Apparently the lateral oesophageal groove, which seems correlated with

the shape of the adjacent body-cavity, has not been previously described.

It has been thought that the closure of the oesophagus in the anomaly is due

to the pressure of neighboring arteries, particularly the right dorsal aorta, and

several cases have been found associated with the low origin of the right subclavian

artery. Keith (1906) reported four cases, in three of which this abnormal artery

was present and crossed to the right side between the two parts of the oesophagus.

In the 4 mm. embryo, however, which is close to the stage in which the anomaly

must arise, the arteries are not near this portion of the oesophagus. In the embryo

of 4.9 mm . shown in Fig. 239 the separation of the oesophagus and trachea has

proceeded so far that the anomaly could hardly develop.

The furtlier history of the anterior portion of the digestive

tract, iacluding the mouth, pharynx, trachea, and lungs, will be

presented by McMurrich and Grosser in separate sections of this

chapter.

Ingalls's Embryo. The Formation of the Stomach and Pan-

creas.—Ingalls (1907) described an embryo measuring 4.9 mm.,

the digestive tract of which is shown in Fig. 239. Eathbe's pocket

is present; nothing is said of Seessel's pocket. The pharyngeal

membrane has entirely disappeared. The thyreoid gland is still

connected with the pharynx, as in Thompson's specimen. The

trachea is quite separate from the oesophagus.

'
' The oesophagus is a tube, circular in cross section, which has

thinner walls and is much narrower than the ventrally placed

trachea. In the region of the fourth cervical segment it becomes

gradually larger, its walls thicken, and at the same time it becomes

flattened laterally. Thus it forms the stomach, and the digestive

tube then assumes an oblique position, with its ventral border

turned somewhat to the right and its dorsal border correspondingly

to the left. ... At its caudal end, where it passes over into

the duodenum, the stomach again becomes very narrow." (P.

549-550.)
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At this stage, as shown in the figure, the stomach is a well-

defined spindle-shaped enlargement of the fore-gut.

The liver has become very large. From the knob-like diver-

ticulum, such as was seen in Thompson's specimen, a great mass

of anastomosing cords of cells has grown out, invading the septum

transversum. In a cross section of the embryo this mass is

Fig. 239.—^The digestive tract of an embryo of 4.9 mm., sliown in median sagittal section. X24
diam. (After Ingalls.) AH., allantois; Div. hep., diverticulum hepaticum; D. v., ductus vitellinue; D. W,
(ductus Wolffi), Wolffian duct; Ga. Cgaster, ventriculus), stomach; Gl. th., glandula thyreoidea; Hep.,

medial surface of the right lobe of the liver (hepar); Int. cau., intestiniun caudale; Mem. cl., membrana
cloacalis; Patic. rf.,!pancreas dorsale; Parui. v., pancreas ventrale; R., Rathke's pocket; Tr., trachea,

U-shaped, and the stomach and duodenum are lodged in the

hollow of the U. In sagittal section, as in the figure, the part of

the mass which crosses the median line has been cut through. It

is shown in section. The inner surface of the right lobe of the

liver has also been drawn.
The pancreas of the adult arises in the embryo as two separate

organs, namely the dorsal pancreas and the ventral pancreas. In
Ingalls 's specimen, between the stomach and the common bile-duct.
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the dorsal surface of the duodeniim presents a thick-walled out-

pocketing, which is the beginning of the dorsal "pancreas. The
ventral pancreas grows downward from the lower side of the

hepatic diverticulum, at its junction with the intestine. It is adher-

ent to the wall of the intestine. It contains a minute lumen, not
shown in the figure, which appears to communicate with the hepatic
diverticulum. (A more detailed account of the development of the

liver and pancreas will be found in subsequent sections of this

chapter.)

The connection between the yolk-sac and the intestine in

Ingalls's specimen is a slender vitelline duct, lined with a single

layer of large cuboidal or cylindrical cells. The intestine bends
ventrally toward its junction with the duct, and beyond this point

is becomes much smaller. It then enlarges toward the cloaca and
continues with a relatively large lumen into the tail. Toward
the tip of the tail its wall becomes irregular in thickness.

The cloacal membrane does not consist of thickened ecto-

derm applied to thickened entoderm, as in a younger specimen

already described. On the contrary, the ectodermal layer is here

so thin that in places it can scarcely be recognized. The ento-

dermal layer is also thinner than in the lateral walls of the cloaca.

Keibel (1896) found the ectoderm of the cloacal membrane thinner

than the entoderm in a 3 mm. specimen. At 4.2 mm. the layers

were indistinguishable, and in discussing later stages he wrote,
'

' The question, how much ectoderm and how much entoderm take

part in the formation of the cloacal plate, must remain undecided. '

'

In Ingalls 's specimen the allantois shows two small expansions

near its distal end. Proximally the allantois joins the cloaca,

which is being gradually subdivided, in the cranio-caudal direction,

by the growth of the cloacal septimi. The Wolffian ducts empty
into the ventral part of the cloaca, one on either side, and, although

they are not of entodermal origin, they have been included in the

accompanying figures.

Embryo of 7.5 mm. Detachment of the Yolk-sac. Origin of

the CcBCum and Vermiform Process.—The entodermal tract in an

embryo measuring 7.5 mm. is shown in Fig. 240. Rathke's pocket

still has a broad connection with the oral cavity, but the thyreoid

gland has become detached. The oesophagus is much longer than

in Ingalls's specimen. It becomes gradually smaller toward the

stomach and then enlarges, but there is no definite boundary

between stomach and oesophagus. The epithelial portion of the

stomach is flattened laterally, and is so placed that its left side

faces somewhat ventrally and its right side dorsally. The stomach

passes gradually into the duodenum, the diameter of which is

considerably greater than that of the distal part of the small

intestine.
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The liver consists of a large mass of anastomosing cords of

cells, connected with the hepatic diverticulum by a short thick

stem which represents the hepatic duct. Distal to the hepatic duct

the diverticulum gives rise to the gall-bladder and cystic duct.

Proximal to the hepatic duct it forms the common bile-duct (ductus

choledochus) , and it connects with the ventral pancreas just before

Xnt- can.

Mem. d.

Fia. 240.—The digestive tract of an embryo of 7.5 mm. (Harvard Colleotion, Series 256). X 16 diam.
In addition to the structures lettered as in Fig. 239, the following are shown. Oea., oesophagus; Pr. ver.,
a dilatation of the lower limb of the intestinal loop, which gives rise to the processus vermiformis and the
Officum and which marks the boundary between the small intestine above and the large intestine below:
KM. fel. (vesica fellea), gall-bladder.

pancreas is more sharplyjoining the duodenum. The dorsal
defined than in Ingalls's specimen.

_

The slight bend of the intestinal tube toward the vitelline duct,
which is seen at 4.9 mm., has increased and now forms the impor-
tant primary intestinal loop. The vitelline duct has become
detached from the bend of this loop, and is separated from it by a
considerable interval. It lies in a prolongation of the mesentery
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wMcli, together witli its contents, is called tlie yolk-stalk. The
fused vitelline veins lie in a portion of the stalk which has become
separated from the rest, forming the upper subdivision shown in

the figure.

The detachment of the vitelline duct usually occurs at about
this stage. A similar condition has been figured by Elze (1907)
in an embryo of "about 7 ram." and by Mall (1891) in a 7 mm.
specimen. But sometimes the vitelline duct, reduced to a strand
of epithelial cells, retains its connection with the intestine much
longer. Keibel and Elze (1908) recorded its presence in an embryo
of 12.4 mm. and Thyng has found 'it in a specimen measuring
13.6 mm. In about 2 per cent, of adults, according to several tabu-

lations, a persistent pouch of the intestine, 3 to 9 cm. long, marks
the place where the . vitelline duct formerly opened into it. This
diverticulum ilei of Meckel has already been described, and the

pathological importance of persistent remnants of the yolk-stalk

has been noted (p. 293). The further history of the detached vitel-

line duct, which extends through the umbilical cord, and of the

yolk-sac, which is lodged between the amnion and chorion at the

distal end of the cord, may be found in vol. i, p. 173-174. The
account of the yolk-sac as a portion of the digestive tract may be

concluded with the following note concerning its entodermal layer.

In Bremer's 4 mm. specimen and in a 4 mm. embryo figured by
Keibel and Elze, th* entoderm presents nimierous solid outgrowths

and hollow outpocketings (Fig. 241, A). Toward the cavity of

the yolk-sac the entoderm has a wavy outline. The gland-like

structures were described by von Spee as follows (1896 ^)

:

"Such glands arise as little outpocketings of the entodermal

lining of the distal pole of the yolk-sac, but they rapidly become
elongated sacs, which branch dichotomously, and soon develop

expanded club-like or vesicular end-pieces. They extend through

almost the entire thickness of the wall of the yolk-sac, but their

blind ends remain separated from the body-cavity by a single layer

of the mesoderm. The glands are lined by a single layer of pris-

matic entodermal cells, the protoplasm of which contains many
fine vacuoles, and, especially in later stages, an increasing quan-

tity of fat drops blackening with osmium."

In an embryo measuring 9.4 mm. (Fig. 241, B) these gland-

like structures are found all over the yolk-sac. Most of them are

closed cysts with walls of varying thickness. Occasionally dis-

tinct branching is seen. Von Spee believed that the yolk-sac in

its glandular stage is an active organ comparable physiologically

with the liver. Other investigators have questioned the glandular

nature of the yolk-sac tubules, and Meyer (1904) states that, in

spite of the large amount of material at his disposal, he is unable

to reach any satisfactory conclusion as to the meaning of these
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tubules. Tlie entodermal cells of the yolk-sac have been found to

contain granules which yield a typical mucin reaction (Jordan,

1907), and bundles of filaments which stain with iron hsematoxylin

(Branca, 1908). According to Branca, the superficial cells are

provided with terminal bars, and, except within the glands, some

of them show distinct cilia or brush borders. Jordan (1910) failed

to find terminal bars or cilia. They do not appear in the speci-

mens shown in Fig. 241, but the appearance which Branca de-

scribed as a brush border is sometimes clearly seen. In later

stages the epithelium lining the yolk-sac becomes stratified, and

the diverticula and intra-epithelial cysts disappear. Thus, in an

embryo of 23 mm. (Fig. 241, C) the epithelium consists of vacuo-

lated degenerating cells. Subsequently these are lost, and the

wall of the yolk-sac is then merely "a dense wavy layer of fibrous

connective tissue.
'

' In this condition it is found at birth.

In the posterior half of the primary intestinal loop in the

7.5 mm. embryo (Fig. 240), there is an abrupt enlargement of the

entodermal tube, which marks the boundary between small and

large intestine. The expansion does not affect the dorsal border

of the intestine, but is wholly a ventral bulging. The cavity of

the large intestine extends slightly forward into the ventral swell-

ing, so that in one section at this point there is a double lumen:

the enlargement is therefore already a shallow pouch. This struct-

ure is generally considered to be the beginning of the ccecum.

Keibel and Elze (1908) have noted that the ca3cum is indicated in

embryos measuring from 6.25 to 7.0 mm. But Tarenetzky (1881)

described this enlargement as the processus vermiformis. "At
this stage ... a caecum is not present." He found that an

actual caecum first appeared in an embryo of 65 mm. A distinction

between the caecum and the vermiform process in young human
embryos is not easily made, and Toldt (1894) is probably correct

in referring to the primary enlargement as the common origin of

both. This question is further discussed on page 328.

In the 7.5 mm. specimen the large intestine curves forward
to join the allantois at the cloaca. There is still no external open-
ing. The caudal intestine, which in Ingalls's specimen had a wide
lumen, is reduced to a strand of cells. Toward the tip of the tail

a minute lumen is distinctly seen, ending in a terminal expansion
(Fig. 234, D). In an embryo of 9.4 mm. (Fig. 242) the caudal
intestine has disappeared, except for an isolated nodule of epithe-

lium. Keibel and Elze have shown that it usually disappears at

about this stage, but they found remnants of it in one specimen
measuring 11.5 mm.

Embryo of 9.4 mm. Torsion of the Primary Loop of Intes-

tine.—The intestinal tube in the 9.4 mm. embryo (Fig. 242) differs

from that of the preceding stage chiefly through the disappearance
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of the yolk-stalk and the torsion of the intestinal loop. (The con-
siderable changes in the course of the bile-ducts will be described
in a separate section.) The torsion of the intestine occurs, in a
general way, as follows. The large intestine at first forms part
of the posterior half of the intestinal loop, and the loop is in the
median plane. Then the loop becomes rotated so that its plane
is transverse. The anterior half is then on the right, and the pos-
terior half on the left. Further rotation causes the posterior
half to become anterior. In side view the large intestine then
crosses the small intestine, as seen in Fig. 242. At a considerably
later stage the torsion is completed by the migration of the caecum

Fig. 241.—Sections of the wall of the yolk-sac. X115 diam. A, embryo of 4 mm. (Harvard Col-

lection, Series 714); B, embryo of 9.4 mm. (Harvard Collection, Series 529); C, embryo of 23.0 mm. (Har-
vard Collection, Series 192). Developing "glands," Gl., are shown in A. They have become cystic ia B.
In C the yolk-sac is degenerating, and the "glands" have disappeared.

to the right side of the body and down toward the pelvis. When
this has occurred, the large intestine passes from right to left,

ventral to the upper part of the small intestine ; it then descends

to the rectum on the left of the small intestine.

In an interesting case of " imperfect torsion of the intestinal loop " reported

by Reid (1908), the embryonic tTvisting evidently did not occur. In a man over

sixty years of age he found that the eeeeum was within the pelvis, a little to the

right of the median line. The ascending colon passed gradually to the left, and

most of it, together with all of the transverse and descending colon, was on the

left side of the body. The small intestine was wholly on the right side, and was

not crossed by the large intestine. Similar eases have been described by Faraboeuf
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(1885), Descomps (1909), and others. A reversal of the intestinal torsion, which

would cause the colon to pass under the small intestine, has apparently never been

seen.

Embryo of 22.8 mm. The Normal Umbilical Hernia.—
Since 1817, when Meckel published an account of the " formation of the

intestinal canal of mammals and particularly of man," it has been well known
that, at a certain stage, " the greatest part of the intestinal canal is found within

Fia. 242.—The digestive tract of an embryo of 9.4 mm. (Harvard CoUection, Series 1005). X13 diam.
The lettering is the same as in Figs. 239 and 240.

the umbUical cord." It had been discovered previously. Meckel observed it in
the goat, sheep, cow, pig, rabbit, and man. He says, " Through a very pleasant
comcidence Oken and I, at the same time ajid quite independently of one another,
expressed the opinion that in a very early embryonic stage this position of the
intestme is normal." According to His (1885), "the underlying cause of the
ventral extension of the intestine is doubtless to be sought in its connection with
the yolk-sac. ... As long as the yolk-stalk is present it is attached to the
end o± the loop extending through the umbilicus." But Mall (1898) states that
before the intestme begins to enter the cord its connection with the duct is
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severed." Since the liver grows downward and crowds upon the rapidly elon-

gating intestine, Mall considers that " the intestine must escape if it has a chance,

and the ccelomic space within the cord naturally receives it."

The loop of intestine begins to enter tlie cord in embryos of

about 10 mm.; at 22.8 mm. (Fig. 243) the umbilical hernia is well

Hy.-

Mem an.

'nt.rec.

Fig. 243.-The digestive tract of an embryo of 22.8 mm. (Harvard Collection Series f^l). X 6 di^

mr»vm hv F P Johnlon ) In addition to the structures lettered as m previous figures the followmg are

to™ X^ fu^to o the stomach; Hem. umb., coils of intestine within the umbilical cord formmg

the^biUcThernia; Hy., anterior lobe of the hypophysis,-the detached end of Rathke's pocket, Int. rec,

intestinum rectum; Mem. an., membrana anaUs; Or. u.-g., onficium urogenitale.

developed.* It will be seen that the large intestine presents no

"The reconstruction of the 22.8 mm. embryo (Fig. 243), which has not been

previously published, is the work of Mr. F. P. Johnson, and the writer is much

indebted to him for permission to use it.

Vol. II.—21
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well-marked convolutions, but that there are several bends in the

course of the small intestine. This is due to the relatively rapid

growth of the anterior half of the original loop. According to

Mall (1898), there are six primary loops of the small mtestme,

first indicated in embryos of about 17 mm., and recognizable, m
spite of secondary coUs, even in the adult. The first loop encircles

the head of the pancreas. The third loop is concave below and

occurs where the small intestine passes through the narrow umbil-

ical outlet. It is clearly shown in Fig. 243. Loop 2 is between 1

and 3, forming together with 3 an S-shaped curve. The other

loops are not so easily defined, but all coils between the cajcum

and the place of attachment of the yolk-stalk are included in

loop 6.

Mall considers that these coils in the umbilical cord are so fixed that it is not

difficult to recognize the various loops after their return to the abdominal cavity.

In the adult he finds that loops 2 and 3 make two distinct groups of coils in the

left hypochondrium, loop 2 communicating with the duodenum. " After this the

intestine passes through the umbilical region to the right side of the body (loop 4).

Then the intestine recrosses the median line to make a few convolutions in the

left iliac fossa (5), after which it fills the pelvis and lower part of the abdominal

cavity between the psoas muscles (6)." He concludes that "the va,rious loops of

the adult intestine, as well as their position, are already marked in embryos of

five weeks, and the position of the convolutions in the adult is as definite as the

convolutions of the brain."

Separation of the Intestine from the Allantois.-—In embryos

of the stage of Ingalls's specimen (Fig. 239) the cloaca is elon-

gated anteroposterior] y, and the Wolffian ducts empty into its

ventral portion. Later this ventral portion is split off from the

dorsal part, apparently by the down-growth of the connective

tissue between the allantois and rectum. The portion of the allan-

tois ^ below the Wolffian ducts, since both the urinary and genital

passages open into it, is then called the urogenital sinus.

In the 9.4 mm. embryo (Fig. 242) the urogenital sinus has

been formed, but the cloaca still remains as a broad connection

between the allantoic and intestinal tracts. By further down-
growth of the connective tissue, this connection becomes reduced

to a slender passage called the cloacal duct. Finally the walls

of the duct coalesce and the communication between the intestine

and the allantois is obliterated. The connective tissue between the

rectum and the urogenital sinus, where it reaches the ectoderm,

constitutes the primitive perineum.
In Keibel and Elze's tables, a cloacal duct is recorded in

embryos from 11 to 12.5 mm. At 15 mm. the "cloaca is still not

' It is clearly a matter of definition whether the portion which is added to the

allantois by the subdivision of the cloaca should thereafter be called allantois

(see Chap. XIX).
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fully divided." At 15.5 mm. the "cloaca is just divided, but the
epithelia of the urogenital sinus and of the rectum still connect ; a
mesodermal perineum is not yet formed." Fig. 244, A, from a
specimen measuring 18.1 mm., presents this condition. The cloacal
membrane is now subdivided into the urogenital membrane ven-
trally and the anal membrane dorsally. The mesodermal primi-
tive perineum is about to form, but the urogenital sinus and the
rectum are apparently still connected by entoderm. At 22.8 mm.
(Fig. 243) the primitive perineum is well developed. It is found
at the bottom of a median sagittal ectodermal groove, known as
the ectodermal cloaca. The anal membrane is also at the bottom
of an ectodermal depression which may be regarded as a part of
the ectodermal cloaca, but which is termed the proctodceum or anal
pit. When the edges of the ectodermal cloaca coalesce in the
perineal region, so as to form a raphe, the permanent perineum is

produced.

B
Sph.in. °P"-^^- Am.rec.

C

Fig. 244..—Median sagittal sections to show the separation of the rectum from the urogenital sinus.

A, embryo of 18.1 mm. (Harvard Collection, Series 1129), X30 diam.; B, embryo of 22 mm. (Harvard
Collection, Series 851), X25 diam.; C, embryo of 32 mm. (Harvard Collection, Series 292), X12 diam.
Am, rec, ampulla recti; An., anus; Mctti, an., membrana analis; Mem. u.-g., membrana urogenitalis; Muse,
tunica muscularis (including inner circular and outer longitudinal layers); Or. u.~g., orificium urogenitale;

Per., perineum; Pr., proctodeeum; Rec, rectum; S-ph. ex., M. sphincter ani extemus; Sph. int., M. sphincter

ani intemus; S. «.-i/.,'_sinus urogenitahs; x, terminal bulbous enlargement of the rectum.

The urogenital tract acquires an external opening before the

anal membrane is perforated, and this has occurred in the 22.8 mm.
specimen. The further history of the allantois and urogenital

tract wiU be found in Chapter XIX.
The Formation of the Anus.—A sagittal section through the

rectum and proctodaeum of a 22 mm. embryo is shown in Fig.

244, B. Just before the rectum reaches the anal membrane it forms

a bulbous enlargement, seen also in Fig. 243 and in embryos of

17.5 and 18.5 mm. drawn by Keibel. In these specimens the cir-

cular and longitudinal muscle layers of the rectum are easily

recognized. The terminal swelling of the rectum extends beyond

the muscle layers, as recorded by Keibel (1896) m a beautifully
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illustrated and fundamental description of tlie development of the

human urogenital tract. In a 29 mm. specimen he described the

musculature as follows (cf. Fig. 244, B and C)

:

"The circular muscle layer ends very abruptly at the level

of the little caudal swelling of the intestine, and already it may

be referred to as the beginning of the M. sphincter ani internus.
^

"The outer longitudinal layer of the intestinal musculature is

arranged differently. It ends at the same level, but no sharp

caudal limit can be recognized. The M. sphincter ani externus is

clearly indicated and is relatively quite large. The cranial border

of this muscle is found where the musculature of the intestine

ends, therefore at the level of the little caudal entodermal enlarge-

ment. The M. sphincter ani externus is separated from the epithe-

lium of the intestine by a rather thin layer of connective tissue,

which is continuous with the connective tissue surrounding the

intestine further cranially, and also with the longitudinal layer of

the muscularis, from which strands of cells may be followed

into it."

In a 32 mm. specimen (Fig. 244, C) the anal membrane has

disappeared. Along the dorsal wall of the anal canal there is a

slight indication of the terminal bulbous enlargement, but it seems

clear that it is a transient structure. It is probable that the elon-

gated swelling above it gives rise to the rectal ampulla of the

adult.

Otis (1905) has studied the external configuration of the

embryonic anus, and has found that the development of the exter-

nal sphincter produces characteristic elevations. In embryos of

21-23 mm. there is a pair of external elevations, one on either side

of the anal pit. At 26 mm. these have united dorsal to the anus,

thus forming a single crescentic mound. The horns of the crescent

grow forward toward the perineum and finally meet, so that the

mound encircles the anus.

Malformations of the Anus.—The perforation of the anal

membrane normally takes place in embryos of about 30 mm. It

is accompanied by the formation of degenerative material staining

intensely with eosine, which blocks the outlet and makes the

determination of an aperture somewhat difficult. In the Harvard
Collection there are embryos measuring 22 mm., 22.8 mm., and
29 mm. in which perforation has occurred, and specimens of

22.8 mm. and 30 mm. in which the anus seems still impervious.
Keibel and Elze's series of seven embryos measuring from 22
to 26 mm. includes only one (22.5 mm.) in which the anus is open.
A persistence of the anal membrane until birth has been assumed
to account for eases of atresia ani, in which the rectum ends blindly
below, and the anus is represented merely by a slight depression in

the skin. In these cases, however, the epithelial connection between
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the rectum and anal pit has been lost, so that an invasion of the

anal membrane by connective tissue must have taken place. In
other cases, known as atresia recti, the anal canal is present but

it leads into a blind sac of intestine.

In this connection the obliteration of the lumen of the rectum, observed by
Keibel in an embryo measuring 11.5 mtm., is of interest. He found that " the

epithelium of the lower portion of the intestine blocked the lumen at two small

places," but since similar conditions were not observed in other specimens he con-

cluded that " this may well be only a chance and meaningless adhesion " (1896,

p. 79). Although this observation in human embryos remains unique, Lewis (1903)

has recorded a similar condition in pig and rabbit embryos, and it occurs more

extensively in birds (Minot, 1900). It has been suggested that its function is to

prevent the passage of the excretion of the WolflSan bodies back into the intestine.

After the cloacal duct has become obliterated, it is not needed for this purpose,

• and in these later stages it is not found. It is possible that atresia recti may be

due to the persistence of such an occlusion, with invasion by connective tissue.

Less common than the simple imperforate anus or imper-

forate rectum are cases in which the cloacal duct persists, forming

Fig. 245.—Abnormal position of the anus in a child. K natural size. (After Mackenzie.) Am. rec,

ampulla recti ; La.mi. labium minus; Ur., urethra; Va., vagina.

a slender passage from the rectum to the raphe of the perineum,

scrotum, or under side of the penis, or to the prostatic urethra

or bladder. In the female such a fistula may open along the peri-

neal raphe or into the vestibule of the vagina.

An interesting series of diagrams of these cases was published by Stieda

(1903). The fistula may exist with a normal anus, but more frequently it is

associated vsdth an imperforate condition. Of the many cases reported two examples

may be cited.

Reichel (1888) received a patient 25 years of age who complained of involun-

tary discharge of fasces through the vagina, beginning after her marriage three

years before. The anal canal was found to be normal ; the perineum was extremely

short and the vestibule strikingly deep; the labia were normal. A canal, lined

with mucous membrane, was found leading from the rectum to the vestibule directly

below the hymen. After discussing the possibility of mechanical injury, etc.,

Reichel concludes that the abnormal communication between the rectum and the
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vestibule was present as a slender fistula from birth, and that it was dilated follow-

ing coitus. Such a condition would arise in an embryo of about 12 mm. provided

that the perineal tissue should encircle the cloacal duct instead of obliterating it.

In 1906 Mackenzie reported the case shown in Fig. 245. The patient died

at the age of 1 year and 11 months, having suffered from alternating attacks

of diarrhoea and constipation since birth. Robinson described the condition as

follows :
" The anal passage runs, not in the normal direction, downwards and

backwards, but downwards and forwards, and the anal orifice opens into a chamber

common to it, the vagina, and the urethra; that is, the anal passage opens, not on

the surface behind the genito-urinary chamber, but into a cloaca."

It may be considered that the anal canal in this ease, although provided with

well-marked anal columns (of Morgagni), corresponds with the slender fistula in

Reiehel's case, and that the normal anal outlet is not represented. This is Robin-

son's interpretation. He says, " The entodermal cloacal chamber has never been

separated into two parts : it has opened into the anterior part of the external

cloacal depression, and the posterior part of that depression, if it existed, has

disappeared, no trace of a proctodeal opening being discoverable." It seems

possible, however, that the entodermal cloaca has been completely divided but that

the primitive perineum has persisted. Thus by an imperfect development of the

perineum the normal anal opening is displaced forward. Robinson rejects this

interpretation.

Embryo of 42 mm. Return of the Intestines to the Abdominal
Cavity.—According to Mall (1895), the return of the intestines

from the umbilical cord into the body must take place very rapidly,

for in embryos of 40 mm. the intestine is either in the cord or in

the abdominal cavity. He found no intermediate stages. Mall
was unable to determine the cause of the return, but he showed
that the abdominal walls do not bulge forward so as to include
the cavity of the cord within the abdomen. The intestines slip

back through a rather small aperture, and the cavity in the cord is

then obliterated. From a study of pig embryos Mall suggested
that the increase of loops within the abdominal cavity, and their
rotation, may draw upon the loops in the cord. The enlargement
of the umbilical arteries on the under side of the hernia may also
exert a favorable pressure. As seen in the reconstruction of a
42 mm. embryo (Fig. 246), the return has taken place, but the
abdominal cavity still extends into the cord.^"

Development of the Caecum and Vermiform Process. The
first appearance of the intestinal enlargement which is to produce
the vermiform process has already been described. In the embryo
of 7.5 mm. it is an entodermal swelling on the lower side of the
caudal limb of the intestinal loop. After the torsion of the loop
it may still project from the lower side of the intestine, as shown
in the 9.4 mm. specimen (Fig. 242) and in a 13.8 mm. embryo

'° In a " Supplementary Note on the Development of the Human Intestine

"

Mall (1899) described a human embryo of 32 mm. "in which the intestine is in
the act of returning from the coelom of the cord to the peritoneal cavity." The
intestine is said to be " sucked back " to fill the space made by the enlargement
of the abdominal cavity.
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figured by His, But in a specimen measuring 12.5 mm. His has
drawn it as projecting from the upper side of the intestine, and

Fio. 246.—The digestive tract of an embryo of 42 mm. (Harvard Collection Series 838). X4 diam. The
lettering is Mke that in previous figures with the addition of Vea. ur. (vesica urinaria), bladder.

it has been similarly figured by Keibel and Elze in an embryo of

14 mm. Mall found it projecting laterally in a 17 mm. specimen.
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In all these cases, however, the apex of the projection is directed

ventrally (that is, toward the small intestine). With the forma-

tion of the umbilical hernia, the vermiform process enters the

cavity of the cord (Fig. 243). Later it is withdrawn into the abdo-

men and comes to lie against the under side of the liver.

Four stages in the development of the vermiform process are

shown in Fig. 247, two of which are drawn from models and two

from dissections. All are viewed from the median side. Fig.

247, A, shows the simple arrangement at 9.4 mm. To produce the

condition shown in B the tip of the vermiform process must be

brought toward the large intestine. Thus a U-shaped bend would

result, and this U should then be twisted upon the small intestine

Val.co.

Fia. 247.—Models {A and B) and dissections (C and D) to show the development of the vermi^rm
process. A, embryo of 9.4 mm. (Harvard Collection, Series 1006), X50 diam.; 5, embryo of 42 mm.
(Harvard Collection, Series 838), X20 diam.; C, embryo of 95 mm., X3.S diam.; D, embryo of 218 mm.,
X3.6 diam. Cae.^ cfficum; Co,, colon; /Z., ileum (small intestine); Me., mesenteriolum; Mea., mesentery;
Pr. ver., processus vermiformis; Val. co., valvula coli, represented by two slight vertical swellintcs between
which is the outlet of the ileum.

SO that its extremities extend dorsally, with the vermiform process

on the right side of the colon. In Fig. 247, B, from the 42 mm.
embryo, a window has been cut in the round bend made by the

vermiform process and the colon, so that the outlet of the ileum is

exposed. The ileum empties into the large intestine in the con-

cavity of the bend.

Tarenetzky (1881) has described very similar relations in a 33 mm. embryo
as follows:

" The processus vermiformis has assumed an elongated form ; it is no longer
parallel with the ileum but forms a right angle with it. It has taken a position
toward the right and obliquely above and in front of the terminal part of the
ileum, so that its tip is already directed somewhat toward the colon. In this

manner it forms also a right angle with the colon. The knee-shaped bend at the
passage of the vermiform process into the colon is not expanded, so that at this

stage no true csBcum is present. The tip of the vermiEorm process is completely
free. Along its base and middle piece there is attached a well-defined peritoneal
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fold, which arises from the adjacent ventral right plate of the mesenterium commune-
This fold is new, and represents the mesenteriolum of the vermiform process, the
chief vessels to which are contained in it."

The mesenteriolum is shown in Fig. 247, B, and, as Tarenetzky
recorded, a dilatation to indicate the csecum is not well defined.

It has already been noted that Tarenetzky first recognized the
csecum in embryos of 65 mm. Toldt (1894) describes a clearer

separation between the csecum and vermiform process in a "7
weeks" embryo than his figures indicate. In his drawing of a
50 mm. specimen the caecum can scarcely be distinguished. The
demarcation evidently forms very gradually and at a late stage.

According to Toldt, the taeniae of the caecum are present at birth,

and the haustra of the caecum develop in the first half year, the
smallest of them, situated nearest the vermiform process, appear-
ing first; but the caecum does not acquire the characteristic adult
form until the third or fourth year.

It was shown by Toldt that the bending of the vermiform
process and caecum upon the colon gives rise to the valves of the

colon. Until this bend occurs there is no indication of the valves.

As a result of the bend, the end of the small intestine, where it is

caught in the angle, becomes flattened by the adjacent walls of the

colon and csecum respectively. At 42 mm. (Fig. 247, B) the aper-

ture is still nearly round, but as the U-shaped bend becomes
angular the flatteniag will result. This explanation accounts for

the two lips of the valve, the labium inferius being toward the

csecum, and the labium superius toward the colon. In the last

fetal months and especially after birth, the relatively great expan-

sion of the large intestine, as compared with the ileum, causes the

vailves to increase in size. In this process the bulging colon and
csecum still further invest the end of the ileum and adhere to it.

In case the embryonic bend is not highly developed, imperfect

valves may arise by the expansion of the large intestine. Toldt

recorded several such cases.

Recently Parsons (1907) has reported the case of an elderly man in whom
the csecum formed a straight continuation of the colon, and there was no valve

whatever. He considers that the U-shaped bend had never formed in that indi-

vidual. Smith (1903) described a case in which a vermiform process was present

but there was a " complete absence of a properly constituted csecum " and no trace

of the valvula coli.

The stage of the bend represented in Fig. 247, B, is therefore

a critical one. In a 95 mm. embryo. Fig. 247, G, the vermiform

process is still in contact with the liver, and the U-shaped bend

is well marked, but the descent of the csecum toward the pelvis has

begun. At 218 mm. (Fig. 247, D) the vermiform process has taken

its final position. In this case it is coiled so as to make 11/2

revolutions.
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Form and Position of the Stomach.—At first the stomacli lies

approximately in the median sagittal plane. It is then a flattened

expansion of the digestive tube, with dorsal and ventral borders

and right and left surfaces. Gradually it rotates so that its left

side becomes ventral and its right side correspondingly dorsal.

At the same time the dorsal border is turned to the left and the

ventral border to the right. The upper portion of the stomach is

displaced to the left side of the body, and the borders thus become

curvatures, which are concave toward the right. The original

dorsal border forms the greater curvature, and the ventral border

becomes the lesser curvature. These changes in position are

usually described in connection with the development of the mesen-

teries. They are best shown in ventral views of the embryo. It

may be noted, however, that in the 7.5 mm. embryo the rotation

of the stomach has partly occurred, so that the original dorso-

ventral axis forms an angle of 20° with the median plane; in the

22.8 mm. specimen the angle has increased to 55° ; and in the

45 mm. embryo it is 75° in the pyloric half of the stomach. The
cardiac end has not rotated so much, and at 45 mm. its angle is 40°.

Thus the pyloric part of the stomach is twisted across the body
from left to right.

The descent of the stomach has been described by Jackson
(1909) as follows: In the 11 mm. embryo the cardia lies opposite

the 3d or 4th thoracic segment, and the pylorus opposite the 7th

or 8th. In the 17 mm. embryo the two ends of the stomach seem
to have reached approximately their permanent positions, the

cardia opposite the 10th thoracic vertebra and the pylorus oppo-
site the 1st or 2d lumbar vertebra.

The descent is accompanied by a great elongation of the

oesophagus. In a 9.4 mm. specimen the oesophagus measures
1.8 mm. At this proportion it should measure 4.3 nun. in an
embryo of 22.8 mm., but its actual length is found to be 8 mm.
In Jackson's paper the relations of the stomach to the adjacent
viscera in early embryos have been considered.

The most notable external feature in the early development
of the stomach is^the formation of the fundus, which occurs in

the manner described by Keith and Jones (1902). According to

these authors, the fundus of the human stomach is developed, not
as a general expansion of the gastric part of the fore-gut, but in
the form of a localized outgrowth or diverticulum at the cardiac
end of the greater curvature (dorsal border). In its manner of
origin it has much in common with the caecum and vermiform
process. They find that the outgrowth is best marked in embryos
of the third and fourth month. After these months the diver-
ticulum is not so well defined, since it expands and merges with
the body of the stomach. The gradual development of the fundus
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as a conical diverticulum is shown in the embryos of 9.4, 22.8, and
42 mm. (Figs. 242, 243, and 246).

A very similar diverticulum was observed in pig embryos of 12 mm. by Lewis,

who considered that it was characteristic of the pig and gave rise to the well-

marked pouch attached to the fundus of the adult. Strecker (1908) has recently

called attention to a human stomach described by Luschka " in which the transition

from the oesophagus to the stomach took place gradually, and beyond this the

fundus possessed a conical appendage directed upward and backward, thereby, to

a certain extent, resembling the form of a pig's stomach."

In addition to the dilated corpus and the conical fundus, the

embryonic stomach presents a third subdivision,—the tubular pars
pylorica. As seen in three models of the stomach, from embryos
of 16, 19, and 19.3 mm. respectively, this pyloric portion extends

toward the right and slightly upward, to the pylorus. In every

case the position of the pylorus is indicated by a local dilatation

of the epithelial tube, such as is shown in Thyng's model from a

13.6 mm. specimen (Fig. 285, A, p. 392). The junction between the

corpus and the pars pylorica, measured along the lesser curvature,

occurs midway between the pylorus and the cardia. At the place

of junction there is an angular bend in the lesser curvature

{incisura angularis) and an abrupt change in the diameter of the

tube.

Another subdivision of the human stomach is that which

Luschka (1863) described as the cardiac antrum. Sometimes in

the adult a bulbous enlargement is found at the junction of the

oesophagus and stomach, and this is the region of the special form

of glands known as cardiac glands. Strecker has studied this area,

and concludes that sometimes a "Vormagen" can be recog-nized,

but in other cases it is totally absent.

In the 22.8 mm. specimen, as seen in Fig. 243, such a sub-

division is suggested, but the formation of a distinct cardiac

antrum in early human embryos has never been demonstrated.

The further development of the oral cavity and its organs,

and of the oesophagus, stomach, and intestine, with their folds and

glands, will be considered in the following sections.

The embryology of the branchial region and respiratory sys-

tem will form the concluding part of the chapter.
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THE MOUTH AND ITS ORGANS.

By J. PLAYFAIR McMURRICH, Toronto.

The Mouth.—The examination of a hnman embryo a little

over 2 mm. in length will reveal upon the ventral surface imme-
diately in front of the yolk-sac a rounded elevation, the heart, and
in front of this a somewhat pentagonal depression, the oral sinus,

the anterior boundary of which is formed by the projecting frontal

extremity of the brain, while the remaining sides are formed by the

maxillary and mandibular processes of the first branchial arch (Fig.

248). The mandibular processes separate the sinus from the ante-

rior surface of the pericardium, and their union in the middle line is

Fig. 248.—Ventral view of the anterior por-

tion of an embryo of 2.15 mm., from a reconstruc-

tion. (His.) Ft., frontal process; H., heart; Mx.,
maxillary process; il/an., mandibular process; Os.,

oral sinus.

Fig. 249.—Median longitudinal section of a rab-

bit embryo. (After Keibel.) Ch, chorda; Ekt, ecto-

derm; En, endoderm; H, heart; Rp, Kathke's pouch;

Ph, pharynx; Pm, pharyngeal membrane; v.H, fope-

brain.

marked by a groove, which forms the posterior angle of the sinus.

The remaining angles are paired, the posterior ones being the

angles between the maxillary and mandibular processes of either

side, while the anterior ones are formed by the ventral ends of

grooves which separate the maxillary process of either side from

the frontal process. The floor of the sinus is formed by a thin

pharyngeal membrane (Fig. 249, Pm), which separates it from

the pharyngeal cavity and is lined upon its outer surface by ecto-

derm and upon its inner surface by endoderm, the two layers,

indeed, being in contact throughout the entire extent of the mem-

brane, no mesoderm intervening. Immediately anterior to the

membrane a pocket-like evagination of the ectoderm toward the

base of the brain occurs, forming what is known as Rathke's pouch
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(Fig. 249, Rp), destined to form the anterior lobe of the hypoph-

ysis cerebri.

The oral sinus, however, does not correspond to the definitive

mouth, which includes also a portion of the embryonic pharynx.

Shortly after the stage just described (2.15 mm.), the pharyngeal

membrane ruptures and disappears, with the exception of a part

of its anterior border, which persists for a time as a transverse

ridge upon the roof of the mouth, immediately posterior to

Eathke's pouch. Behind this ridge an evagination of the endoderm

toward the base of the brain takes place, forming what is known.

Fig. 250.—Median longitudinal section through the mouth region of an embryo chick of 5 days.

(After Seessel.) Ch, chorda; H, Rathke's pouch; G, brain; M, mouth; iV, Seessel's pouch; P, pharynx;
In, infundibulum; Mn, mandibular process.

from its discoverer (Seessel, 1877), as Seessel's pouch, (Fig. 250),

a structure whose significance is uncertain.

Seessel's pouch has been described (Nussbaum, 1896) as elongating in embryos

of the dog until it came into contact with the hypophyseal downgrowth of the

brain, whereupon its lumen disappeared and it eventually fragmented, into a

number of portions, the uppermost of which remained in connection with the hypo-

physis and became part of it.

By the disappearance of the pharyngeal membrane the oral

sinus becomes continuous with the embryonic pharynx, and the

anterior part of the digestive tract is placed in commanication with
the exterior ; the grooves, however, which separate the medial ends
of the maxillary processes from the frontal process still maintain
the open communication between the mouth cavity and the nasal

pits. Later, the region of the frontal lobe which forms the anterior

boundary of the oral sinus becomes a flat or slightly concave sur-

face, whose lateral, thickened margins form the medial walls of

the nasal fossae and terminate posteriorly in rounded elevations,

the processus globulares (Fig. 251). In embryos of 8 mm. the

nasal fossa are still open to the mouth, but later the posterior
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border of the lateral wall of eaeh fossa approaches the correspond-
ing processus globularis and eventually unites with it, the foss«
thus becoming converted into pits completely shut off from the
mouth (Hochstetter, 1892). Still later the medial ends of the
maxillary processes also unite with the processus globulares, these
gradually approach each other until they meet in the median line,

and the anterior boundary of the mouth is completed, consisting
of the processus globulares medially, and laterally of the right
and left maxillary processes. At this stage the floor of the nasal
pits is separated from the mouth cavity merely by a thin mem-
brane, the hucGonasal memhrane, formed of the nasal epithelium
in contact with that of the roof of the mouth cavity, and in embryos
of 15. 5 mm. this membrane breaks through and the nasal and oral

Fig. 251.—Face of human embryo of 8 mm.
(After His.) mrcp., maxillary process; np., nasal pit;

pg., processus globularis; os., oral sinus.

Fig. 252.—Roof of tbe mouth of human em-
bryo showing the formation of the primary labial

grooves. (After His.) Ig., primary labial groove;
mp.. maxillary process; pg., processus globularis.

cavities are again in communication, but the communications, the

primitive choance, are now behind the maxillary processes.

Several abnormalities may arise in connection with the development of the

oral sinus, the most frequent of which is harelip, consisting in a cleft extending

through the upper lip slightly lateral to the middle line on either one or both sides

and placing the vestibulum oris in communication with nasal pits. This finds its

morphological explanation in a failure of the maxillary processes to unite with the

processus globulares, whereby the original connection of the nasal pits with the oral

sinus is retained. Other abnormalities of less frequent occurrence are dependent

upon the imperfect or excessive development- of the connection between the maxil-

lary and mandibular processes from which the cheeks are developed, imperfection

in this respect producing an abnormal broadening of the rima oris (macrostomia)

,

and excess to its abnormal diminution (microstomia) or even to its suppression

(astomia). Inhibition of the development of the mandibular processes may also

occur, the two failing to meet in the median line and thus producing a more or less

pronounced defect of the lower portion of the face (aprosopia).

The Formation of the Lips and Cheeks.—Shortly after the

fusion of the maxillary processes with the processus globulares is

effected, a slight groove makes its appearance on the free border

of the frontal process and eventually extends laterally on the

Vol. II.—22
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maxillary processes. These are the primary labial grooves (Fig.

252), and are due to a downgrowth into the subjacent mesoderm of

the epithelium covering the structures concerned. In embryos

about 4 cm. in length a disintegration of the central cells of the

downgrowths occurs, the result being a deepening of the grooves

to form the secondary labial grooves (Bild, 1902), which separate

the lips from the alveolar portions of the various processes (Fig.

254) and themselves form the vestibulum oris. The portion of

the upper labial groove which forms on the processus globulares

is at first partly interrupted in the median line by an antero-

posterior furrow, which corresponds to the line of union of the two
processus globulares. In some mammals, as for instance the

rabbit, this furrow persists throughout life as a deep median slit

in the upper lip, but in man it becomes almost obliterated and is

represented in the adult only by the philtrum. The labial groove,

however, does not extend as deeply into the tissue of the frontal

lobe in the region of the furrow as it does more laterally, and there

is consequently formed in the median line a slight fold lying in

the sagittal plane and extending between the lip and the alveolar

portion of the jaw, the frenulum labii superioris. Its development
is associated with the occurrence of the intermaxillary suture, and
a similar frenulum labii inferioris is formed opposite the inter-

mandibular suture.

At the angle of the mouth the upper and lower primary labial

grooves become continuous, and the epithelial downgrowths are

here directed laterally and dorsally. By the disintegration of
the eentral cells of the downgrowths in these regions the buccal
cavities are formed, separating the alveolar portions of the max-
illary and mandibular processes from the cheeks. The buccal
cavities are thus merely lateral extensions of the labial grooves
and the structure of the lips and cheeks is identical, both being
formed in these early stages of an external epidermal layer and
an internal mucous layer, these two meeting at the angles and
margins of the mouth, and between the two a layer of mesenchyme.
It is not until after the beginning of the second month of develop-
ment that muscular tissue begins to make its appearance in the
mesenchyme layer, wandering into it from the region of the second
branchial arch and bringing with it branches of the facial nerve
(see Vol. I, p. 513).

The condition in which the epidermal and mucous layers meet
at the margins of the mouth does not, however, persist, but the
mucous layer becomes everted to form the red portions of the lips,

its meeting with the epidermal layer being some distance away
from the actual rima oris. At birth, as was first pointed out by
Luschka (1863), the red portion of the lip consists of two parts,
an external pars glabra, whose surface is quite smooth, and a more
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proximal pars villosa, covered with numerous minute villosities
whieh contain blood-vessels and may in some cases reach a length
of 1 mm. (Fig. 253, A). These villosities, which also occur upon
the mucosa of each cheek along a band extending from the angle
of the mouth almost to the back of the buccal cavity (Fig. 253, B),
make their appearance during the fourth month and are fully
developed at the seventh month (Stieda, 1889) ; they disappear
during the first weeks of extra-uterine life, but even in the adult
the area occupied by the pars villosa can be distinguished by the

FiQ. 253.—A, the lips of a new-born child, showing the villosities and the tubercle; B, the distribution of

the villosities upon the vestibulum oris. (After Ramm.) a, opening of the parotid duct.

papillse of its corium being more scattered and more irregular in

height than those of the region representing the pars glabra. In

addition to this differentiation of the red portions of the lips, there

is in the upper lip, from the third month until shortly after birth, a

well-marked tubercle, situated in the median line below the phil-

trum, from which it is separated by a portion of the pars glabra

about 1 mm. in breadth (Fig. 253, B). At birth the tubercle is

from 5 to 6 mm. broad and has a height of about 4 mm., and it bears

along its median line a whitish raphe, continuous below with the

frenulum. It is formed entirely from the pars villosa.
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As stated, both the tubercle and the villosities of the pars villosa usually dis-

appear during the first few weeks after birth, but indications of the tubercle are

frequently to be seen even in the adult, and occasionally the pars villosa remains

distinctly recognizable apart from its histological peculiarities, as a roughened

projecting area of the red of the lip, separated from the pars glabra by a distinct

groove. Such a condition forms what is termed a double lip.

The Formation of the Palate.—Tlie mouth cavity formed as

described in the preceding pages does not, however, correspond

with that of the adult, its roof being formed by the base of the

skull, so that it includes portions of what will later be the nasal

cavity as well as the mouth cavity proper. The separation of these

two cavities is brought about by the formation of the palate, which

takes place as follows : At the time of the formation of the labial

grooves the maxillary processes have a triangular shape in trans-

verse section, one of the angles being directed medially. As devel-

opment proceeds, this angle enlarges to form a plate-like fold

(Fig. 254, p), which projects downward toward the floor of the

mouth, between the lateral surface of the tongue and the alveolar

Fig. 254.—Roof of the mouth of a human embryo showiug tho formation of the palate. (After His.)

dr., dental ridge; Ig., secondary labial groove; mp., maxillary' process; p., palate; pg., processus globularis;

ph., pharynx; Rp., Rathke's pouch.

portion of the maxillary process. In these early stages the long

axis of the tongue is directed almost vertically and its dorsal

surface is still in contact with the base of the skull, but later, with

the enlargement of the arch formed by the two mandibular proc-

esses, the tongue sinks down between these processes, its tip at the

same time becoming bent downwards. By these changes the tongue
is withdrawn from between the two palatal plates, and they grad-

ually bend upward so that their free borders are directed medially

instead of toward the floor of the mouth. Exactly how this change
is effected has been a matter of discussion. His (1901) believed

the withdrawal of the tongue from between the two palatal plates

to be due to muscular action, and, with Dursy (1869), supposed the

palatal processes were simply bent upward to their final horizontal

position. Polzl (1905), however, opposed both these ideas, main-
taining that the withdrawal of the tongue was due to changes in

the proportions of the parts entering into the formation of the face

and that the change of the palatal processes was due to a change
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in the direction of their growth and not a mere process of bending
upward, basing this latter conclusion on the fact that the palatine
nerve, which can be traced into the processes while they still have
a vertical position, does not change its course in later stages.
Schorr (1908) dissents from this conclusion, and finds that the
change is really due to a bending up of the processes, a lively

proliferation of the tissue on the oral surface of the processes
taking place in the angle between them and the alveolar portion of
the jaw (Fig. 255, A and B), so that this angle becomes gradually
increased. He finds that the palatine nerve lies lateral to the
region in which the proliferation takes place, a fact which explains
its retention of its original vertical course ; its branches, however,
which are directed medially, approach more nearly a horizontal
direction as older embryos are esamined.

The palatal processes are entirely confined to the maxillary
processes, not extending upon the processus globulares (Fig. 254),

Fig. 255.—Frontal section through the palatine process of a pig embryo o£ 24 mm. (A) and of 25 mm.
(B). (After Schorr.) a., art. palatina; x., proUferating mesenchyme over AW., the angle between the
palatine and alveolar processes; xx., proliferating mesenchyme over the dental ridge.

and when they have assumed their horizontal position their free

borders are closer together anteriorly than posteriorly, owing to

the curvature of the maxillary processes. As the palatal processes

increase in breadth in the further course of development, their

free borders gradually approach each other and eventually unite,

at first anteriorly, the fusion later extending backwards. The
mouth cavity proper thus becomes separated from the nasal cavi-

ties, these latter now opening posteriorly into the pharynx by the

secondary or definitive choanae, which thus owe their existence to

the development of the palate. Furthermore the development of

the palate brings about the delimitation of the mouth cavity from
the definitive pharynx by the formation of the arcus pharyngo-

palatini, these being the backward prolongation of the palatal

processes upon the lateral walls of the pharynx. They pass down-
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ward and backward upon the pharyngeal wall almost in the line

of the third branchial arches, the arcus glossopalatini and the

sinus tonsillares being formed respectively by the second branchial

arch and the second branchial grooves.

The palatal processes are thus derived entirely from the maxil-

lary processes, and anteriorly, in the median line, there projects

backward between them the lower border of the frontal process.

With this the palatal processes eventually fuse, but at the meeting

point in the median line there remains upon the oral surface a

depression known as the incisive fossa. Furthermore, the fusion

is not perfectly complete; the epithelia on both surfaces become

perfectly continuous, but the intervening mesenchyme does not, a

strip of epithelium extending through it from the fossa incisiya,

upwards, backwards, and somewhat laterally, in the line of fusion

Fig. 256.—Palate of (A) a human embryo of 5.5 cm. and of (B) a new-bom child showing the palata

ridges. (After Gegenbam'.) o, alveolar process; p., incisive papilla; pm, velum palati; r., medianlraphe;

u, uvula.

of each palatal process with the corresponding processus globu-

laris. The cells of the epithelial strip break down so that a lumen
is formed in it, placing the mouth and nasal cavities again in com-

munication anteriorly by what are known as the incisive canals

{canals of Stenson). These usually become obliterated during

further development, but occasionally they persist until adult life.

Toward the close of the second month of development ossifica-

tion begins to extend into the mesenchyme of the palatal processes

from the alveolar processes, and the hard palate becomes readily

distinguishable from the velum palati ; but for a considerable time,

up to at least about the middle of the third month, the palate con-

tinues to show a distinct median raphe (Fig. 256, A), this indi-

cating the line of fusion of the two palatal processes and ter-

minating anteriorly in the incisive papilla. The uvula also remains
distinctly notched for a considerable period (Fig. 256, A), an indi-

cation that it is really a bilateral structure and not, as it appears
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in the adult, a median unpaired organ. On either side of the
median raphe on the hard palate from five to seven almost trans-

verse ridges appear (Fig. 256, A), which represent the palatal

ridges occurring in the lower mammals. These ridges later develop
minute fringe-like processes on their posterior borders, but at

the same time they begin to undergo degeneration, the posterior

ones breaking up into rows of papillae, while the regularity of the

anterior ones is disturbed by the formation of cross branches. At
birth (Fig. 256, B) the fringe-like processes have almost disap-

peared, as has also the posterior ridge, and the anterior ones have
become very irregular. In this condition they persist throughout
childhood, but in adult life they become still more reduced and
may eventually disappear altogether.

Inhibition of the development of the palatal processes occasionally occurs,

resulting in a failure of their fusion in the middle line, the defect constituting what

is known as cleft palate. This may vary considerably in its extent, being limited

in some cases to the velum palati, in others appearing as a perforation of the

palate in the median Hne, and in others again involving the hard palate as well

as the velum palati. In these last cases the cleft cannot continue forward in the

median line beyond the anterior extremities of the maxillary processes, since it

there meets with the unpaired frontal process, but it may be continued along the

line of union of the maxillary and frontal processes on one or both sides, in which

case it will usually be associated with harelip.

The Tongue.—The tongue in the amniote vertebrates consists

of two portions, quite distinct in their origin and represented in

the adult by the body of the tongue anteriorly and the root pos-

teriorly, the two being separated by a V-shaped groove, the sulcws

terminalis. An examination of the floor of the mouth of an embryo

of 5 mm. (Fig. 257) shows a rhomboidal depression in the median

line between the ventral ends of the first and second branchial

arches, and from this there projects dorsally a rounded tubercle,

the tuberculum impar of His. Immediately behind this is a deep

evagination of the epithelium, which is the median thyreoid evagi-

nation, and behind this again is a transverse elevation formed by

the ventral ends of the second and third branchial arches, the

copula. Since the apex of the V-shaped sulcus terminalis corre-

sponds with the foramen caecum, and since this is the remains of

the median thyreoid evagination, it would seem that the anterior

portion of the tongue is formed from the region between the first

and second branchial arches. It was held by His that it was formed

by the enlargement of the tuberculum impar, although as early as

1869 Dursy had described the body of the tongue as having a

paired origin, a condition more recently described as occurring in

the pig by Born and in man by Kallius and by Hammar (1901).

In embryos of 7.5 mm. a swelling appears in the anterior part of

the mouth on each side of the median line (Fig. 258, t), and the
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two increase in size untU they occupy the greater part of the inter-

val between the lower ends of the first and second branchial arches,

becoming separated from the former by an alveololingual groove.

The two swellings eventually meet in the median line to form the

main mass of the body of the tongue, the amount to which the

tuberculum impar participates being probably small, Hammar,

indeed, maintaining that it is merely a traasitory structure and

takes no part at all in the formation of the tongue.

Immediately behind the median thyreoid evagination the lower

ends of the second and third branchial arches join to form a median

elevation, the copula (Fig. 258, cop), on the floor of the mouth, and

from the anterior portion of this, together with the neighboring

portions of the second arch, the root of the tongue develops. His

Fig. 257.—Floor of the mouth and pharynx of

an embryo of 5 mm. (After His.) i^., furcula; ilfn.,

mandibular arch; Ti., tuberculum impar; II-V, the

branchial arches. The thyreoid evagination is in-

dicated by a dotted line.

Fig. 258.—Floor of the mouth and pharynx
of an embryo of 7.5 mm. (From a reconstruc-

tion.) cop., copula; F., furcula; t., anlage of the

body of the tongue; Ti., tuberculum impar; I-III

,

branchial arches.

believed that the third arch also took part, but recent observers

either limit extensively the participation of this arch or exclude it

altogether.

It must be remembered, however, that the tongue is a complex

of mucous membrane and muscle tissue, and the statements given

above indicate only the regions from which the mucosa is derived

in the earlier stages of development. The origin of the muscu-
lature has not yet been thoroughly studied in the human embryo,

but the fact that it is- for the most part innervated by the hypo-

glossus is indication of its derivation from postbranchial myo-
tomes. When first identifiable the various muscles have already

reached the branchial region, so that His assigned the hyoglossus

to the third arch, but it is probable that it had already undergone
a considerable forward migration before it became recognizable.

Indeed, even after it is distinctly differentiated its distribution in

the tongue is materially extended, and there is reason for sup-

posing that practically the whole of the tongue musculature under-
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goes an extensive migration from the postbrancMal region, push-
ing forward beneath the mncous membrane of the floor of the
pharynx and month nntil it occupies the elevations on the floor of
the mouth mentioned above. During this migration it invades in
succession the territories of the various branchial arches, and
consequently the mucosa of the fully developed tongue is supplied
by the nerves corresponding to these arches, that is to say, by
the trigeminus and facialis anteriorly and by the glossopharyngeus
and vagus 'posteriorly (Fig. 258).

If this view of the development of the tongue musculature be
correct, it would seem that a more extensive area of the oropharyn-
geal mucosa is involved in the formation of the tongue than that
associated with the elevations usually regarded as its origins.

These undoubtedly represent the first indications of the organ, but
with the later elaboration and in-

crease in bulk of its musculature
other portions of the mucosa be-

come involved, the complicated
innervation being thus produced.

It is hardly accurate, therefore,

to regard the mucosa of the

tongue as being the product of

the first and second branchial

arches alone, even though its first

indications are confined to them.
Phylogenetically the copular por-

tion of the tongue seems to be the

older, being the only part present

in the fishes. In the amphibia
also it constitutes the main mass
of the tongue, but anterior to it a

glandular fold of the mucosa is

formed on the floor of the mouth
immediately behind the mandibu-
lar arch, and in later larval stages

this unites with the copular

portion representing the body of the amniote tongue. This in its

origin is, therefore, essentially a glandular portion of the tongue,

with which muscle-fibres, separated from the geniohyoideus,

become associated ; but in the higher forms its glandular character

becomes subordinated and its muscle-fibres iacrease in number to

form the genioglossus. The hyoglossus is probably a derivative

of the geniohyoideus, and the intrinsic musculature is apparently

derived from these two primary muscles, the transversus linguge

and the vertical fibres from the genioglossus (Fig. 261, GrGrl) and
the longitudinalis from the hyoglossus (Kallius).

Fig. 259.—Diagram of the distribution of the
sensory nerves of the tongue. (After Zander.) The
area supplied by the fifth (and seventh) nerve is

indicated by the transverse lines, that supplied by
the ninth nerve by the oblique lines, and that sup-
plied by the tenth nerve by the small circles.
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The fungiform papillae have become evident in embryos of

50 mm. as elevations of the submucous tissue which project

upward into the epithelium, this frequently undergoing prolifera-

tion over the elevations so as to produce finger-like papillae, which
are, however, merely temporary structures. The filiform papillae

are at first indistinguishable from the fungiform, only becoming
recognizable in embryos of 64 mm. In embryos of 100 mm. taste-

buds begin to make their appearance upon the fungiform papillae,

and somewhat later, about the beginning of the fifth month, both
varieties begin to project above the general surface of the tongue,
owing to the degeneration of the superficial layers of the epithe-

lium in the intervals between the papillae. The development of
the taste-buds on the fungiformes continues during the later fetal

months, and at birth, as well as for some time after, the buds are
greatly in excess of the number present in the adult, their subse-

"TTty
Fig. 260.—Diagrams illustrating the development of the vallate papilte. (After Graberg.)

quent reduction in number being associated with the change in
the nature of the food of the child occurring at the time of wean-
ing (Stahr).

The vallate papillae are represented in embryos of 90 nun. by
two epithelial ridges, situated toward the posterior portion of the
tongue and inclined toward one another in a V-shaped manner,
the apex of the V practically corresponding with the mouth of the
median thyreoid evagination. From these ridges downgrowthg
of the epithelium take place into the subjacent submucosa, each
downgrowth having the form of a hollow truncated cone whose
base is continuous with the mucosa and whose centre is occupied
by a portion of the submucosa, which thus becomes surrounded by
a solid wall of epithelial cells (Fig. 260, A). During the fourth
month lateral outgrowths take place from the deeper edges of
the wall, and at about the same time clefts begin to appear in its
substance (Fig. 260, B) ; these increase in size and eventually open
to the surface a trench, lined by epithelium, thus surrounding a
papilla (Fig. 260, C). The lateral outgrowths from the deeper
edges of the downgrowths also become hollow by the degeneration
of their central cells and form the glands of Ebner, and during
the development taste-buds differentiate from the basal layers of
the epithelium. These make their appearance quite early in the
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development of the papillae, being recognizable even in a fetus of
three months (Qraberg), and increase in number as development
proceeds, being formed not only on the sides of the papillae but also
on their free horizontal surfaces, those in the latter situations,
however, for tho most part disappearing after birth. The devel-
opment of the individual papillae is subject to considerable varia-
tion both in number and time, and, as a rule, is not completed until

after birth. The foliate papillae appear much later than the other
varieties, being indistinguishable in embryos of four and a half
and five months although quite distinct in those of seven months
(Tuckerman).

Anomalies of the tongue which may be assigned to interferences with the

normal processes of development are not of frequent occurrence. A condition of
diglossia has, however, been described, in which the anterior portion of the organ
is divided throughout the greater or lesser portion of its extent, producing what
might be spoken of as a forked tongue. This is especially interesting as indicating

the development of the body of the tongue mainly from two primary anlagen,

rather than from a single median structure such as the tuberculum impar.

The Salivary Glands.—Of the glands of the mouth the most
important are the salivary glands,—that is to say, the parotid, the

submaxillary, the sublingual, and the alveololingual. The first

three of these are individual glands, formed from a single epithelial

outgrowth and having in the adult condition a single duct opening
into the mouth cavity, that for the sublingual being known in

anatomy as the ductus sublingualis major (duct of Bartholin).

The alveololingual glands, on the contrary, consist of a group of

glands each of which is provided with its own duct, and they are

generally associated with the sublingual gland proper as the

glandula sublingualis, a structure which, however, is not com-
parable morphologically to one of the other salivary glands, but

rather to a group of them.

The first of the salivary glands to appear in the embryo is

the parotid, which has been detected in an embryo of 8 mm. as a
furrow in the floor of the alveolobuccal groove in the neighborhood

of the angle of the mouth (Hammar). At first quite small, the

furrow gradually elongates, and before the embryo has reached

a length of 17 mm. it separates from the epithelium and forms

a tubular structure lying beneath the epithelium of the alveolo-

buccal groove and opening into the mouth cavity at a point which
corresponds with the anterior end of the original furrow. Mesen-
chymatous tissue gradually forces its way between the tube and the

alveolobuccal epithelium, and the tube, increasing in length, pushes

its way back over the masseter muscle to the neighborhood of the

external ear. As it comes into this region the tube or duct, as it

may be called, begins to branch at its posterior extremity, the
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branches being at first solid outgrowths from the wall of the duct,

and, as these increase in number and si^e and become surrounded

by a mesenchymatous capsule, the gland assumes the position and

general form of the adult structure. The accessory parotid gland

arises as an outgrowth from the duct as it passes aver the masseter

muscle, and its further development is similar to that of the main
gland.

The account given above of the origin of the gland is based on the recent

observations of Hammar, and these differ in some respects from those of earlier

investigators (His, Chievitz), who first perceived the gland in embryos of seven

and a half or eight weeks' development and describe it as formed from a solid

outgrowth from the alveolobuccal epithelium. It is worthy of note that the gland

is primarily lateral to the internal carotid artery, the posterior facial vein, and

the facial nerve, and although these structures may eventually become more or

less surrounded by its alveoli, yet their position is always medial to the principal

ducts of the gland.

In embryos of the twelfth week Chievitz observed a branch arising from the

parotid duct just where it crossed the anterior border of the masseter muscle and
passing deeply to come into relation with the internal pterygoid, where it ended

blindly in a small enlargement. The same structure was also observed in an embryo
of ten weeks, but in this case it had lost its connection with the parotid duct, and
the same condition may be observed in embryos of nine weeks or even earlier.

What its significance may be is at present uncertain, but the possibility of its

being the origin of cystic growths in the cheek is perhaps worthy of mention.

The submaxillary gland appears in embryos of the sixth week
(13.2 mm.) as a ridge-like thickening of the epithelium of the
alveololingual groove, the anterior end of the thickening lying
some distance behind the frenulum linguse. The ridge later sepa-
rates from the epithelium from behind forward, and the solid cord
so formed grows downward and backward toward the submaxillary
region, its enlarged terminal portion branching to form the gland
proper, while the remainder of the ridge becomes the duct (Fig.
261, SMx) and gradually shifts its anterior connection with the
epithelium forward until it reaches the adult position. During this
development the duct acquires its lumen, although the buds which
form the alveoli of the gland remain solid until a much later period.

The sublingual and alveololingual glands develop in a manner
very similar to the submaxillary. They appear as solid down-
growths of the epithelium of the alveololingual groove (Fig. 261,
SL), the sublingual beginning to form at about the eighth week
immediately lateral to the anterior termination of the submaxillary
duct, and the alveololinguals somewhat later and posterior to the
larger sublinguals. Frequently, however, the sublinguals do not
appear (Chievitz), the so-called sublingual gland of the adult then
being formed entirely by the alveololinguals, and these also seem
to be variable in number, Chievitz finding from 11 to 13 on the
two sides in an embryo of the twelfth week, while in one of 40 mm.
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I have found 11 on the left side and 9 on the right, the left side

also possessing a sublingual gland although it was absent on the
right side.

The histogenetic development of the salivary glands is not
completed until some time after birth, probably not until after

the child is weaned. The canalization of the solid anlagen of the

glands proceeds peripherally, and so long as the terminal branches
remain solid they have the power of producing additional buds.

When, however, the lumen is formed in a bud and it becomes an
alveolus, its power of budding is lost, and the further increase in

the size of the gland is due to the development of the investing

connective tissue and to an increase in the size of the alveoli

already present. The specific characters of the cells also become

I.Al.

Man.

Fig. 261.—Transverse section of the lower jaw and tongue of an embryo of about 20 mm. D, digas-

tricus; G.C?^., genioglossus; GH., geniohyoideus; /.AZ., inferior alveolar nerve; Man., mandibular ossification;

Mh., Meckel's cartilage; My., mylobyoideus; SL., sublingual gland; S.Mx., submaxillary duct; T., tongue.

evident only after the canalization of the alveoli, mucin cells

becoming distinguishable in the alveololingual glands of embryos
of the 16th week and acinus cells in the parotids of those of five

months. The demilune cells of Gianuzzi are developed from the

cells lining the alveoli and are only secondarily overgrown by the

mucous cells.

Anomalies of the salivary glands are of rather infrequent occurrence; a case

of inhibition of the growth of the parotid has, however, been described, the gland

being entirely confined to the buccal region, no trace of it occurring behind the

masseter muscle.

The Teeth.—^At about the time when the primary labial

grooves are formed—that is to say, in embryos of about 11 mm.

—
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a ridge-like thickening of the epithelium appears upon what will be

the alveolar portions of the maxillary and mandibular processes

and also extends upon the portion of the upper jaw formed from

the processus globulares (Fig. 253). These ridges are parallel

with and immediately posterior (medial) to the labial grooves,

and in later stages they penetrate more deeply into the mesen-

chyme in a somewhat oblique direction, so that they seem almost

to be derivatives of the epithelium of the labial grooves (Fig.

262, A) . From the deeper surface of each of these dental ridges

a series of papillas project more deeply into the mesenchyme, and

in embryos of 40 mm. the deeper surface of each papilla has become
concave and the concavity is Occupied by a mass of condensed

mesenchyme, the mesenchyme papilla, the epithelial and mesen-

chyme papillae together constituting a dental papilla (Fig. 262, B).

The number of papillae so formed is normally ten in each jaw, one

Fig. 262.—Section through the dental ridge of the lower jaw of embryos of (A) 17 mm. and (B) 40
mm. (After Rose.) LF. and LFL., labial groove; Pp., dental papilla; UK., lower jaw; uL., lower lip;

ZL. dental ridge.

corresponding to each tooth of the milk dentition, and as they

proceed in their development they gradually separate from the

dental ridge, which, on its part, becomes prolonged backward in

the mesenchyme beyond the point at which the papilla for the

second molar of the milk dentition is formed. Three additional

papillae appear on each side on these prolongations of the ridges,

representing the permanent molars, that for the second molar
forming, however, only in the sixth week after birth and that for

the third molar not until the fifth year. As the papillae for the

milk dentition separate from the dental ridges these begin to

degenerate, becoming converted into a network of epithelial tra-

beculae (Fig. 263), except along their lingual border, where a con-
tinuous cord persists ; from this a second series of papillae arises,

from which the permanent teeth, which replace the milk dentition,

are formed. As the papillae for these teeth separate from the

cord, it finally undergoes degeneration and, with the other remains
of the dental ridges, eventually disappears, except for fragments
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of either the cord or the trabeculse which may persist imbedded in
the surrounding mesenchyme and are known as epithelial pearls.

In each dental papilla two different structures are concerned,
a mesenchyme papilla, from which the tooth pulp and dentine are
formed, and an epithelial papilla, which invests the mesenchyme
papilla like a cap and gives origin to the enamel, whence it is

spoken of, in its later stages, as the enamel-organ. Nerves and
blood-vessels make their way into the mesenchyme papilla, and
certain of its cells arrange themselves in a single continuous layer
over its surface and assume a columnar form, constituting the
odontoblasts (Fig. 264, Od) by which the dentine is manufactured.
This material appears to be formed by the transformation of a

Fig. 263.—^Reconstruction of the dental ridge and a papilla of an embryo of 30 cm. (After Hose.)
2>, dentine; S, enamel ; Zl, cord-like remnant of the dental ridge which gives rise to the papillae of the
permanent teeth; Ms, oral mucous membrane; ET, epithelial -trabeculse representing the original- dental
ridge; Sp, enamel pulp.

portion of the protoplasm of the odontoblasts into a gelatinous

substance, which later becomes fibrillar and in which lime salts

are eventually deposited. These deposits are at first in the form
of spherical concretions, but later the interstices become filled up,

numerous minute dentinal tubules, branching at their outer ends,

traversing the matrix from within outwards and containing slender

prolongations of the unaltered protoplasm of the odontoblasts,

whose growth during the active period of dentine formation com-

pensates for the loss of substance entailed in the formation of

the matrix.

This account of the formation of the dentine follows essentially the results

of von Ebner. Recently von Korff has maintained that the dentine has a double

origin, the first indication of it being bundles of connective-tissue fibrils, which

are formed by the pulp cells of the mesenchyme papilla and extend outward

between the odontoblasts. These latter structures produce the interflbrillar sub-

stance of the dentine and secrete the lime salts which are deposited in this. While
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these results of von Korff bear the stamp of probability, it seems advisable to

await their further confirmation before adopting them in their entirety.

The dentine is formed from the outer ends of the odonto-

blasts and therefore lies immediately internal to the pi^oducts of

the enamel-organ. This differentiates (Fig. 264) into an outer

epithelial layer consisting of more or

^„„, . , - „ -^^ jggg flattened cells, beneath which is a

mass of tissue composed of stellate cells

widely separated by the distention

of the intercellular spaces, so that the

tissue has a spongy appearance. This

is the enamel-pulp, and internal to it

is a single layer of large columnar cells,

the amelohlasts, which are the active ele-

ments in the production of the enamel.

The inner cells of the enamel-pulp are

usually more closely aggregated than the

rest, and form an epithelial-like layer

external to the ameloblasts, which is

termed the intermediate layer. As in

the case of the odontoblasts the amelo-

blasts persist throughout the entire for-

mation of the enamel, each cell produc-
ing one of the enamel-prisms. The first

indication of the enamel is a delicate

cuticular membrane covering the inner

extremities of the ameloblasts, and to

this succeeds the formation of a series

of homogeneous columns, one corre-

sponding to each ameloblast. Later the

homogeneous material differentiates into

bundles of fibrils, the enamel processes

(processes of Tomes), imbedded in a
homogeneous matrix, and, finally, the
calcification of the columns ensues, this

process being, according to some ob-

servers a calcification of the enamel
processes, while others hold it to be a
deposit of lime salts in the matrix
surrounding the fibres. Even before the

formation of the enamel is completed
the degeneration of the enamel-organ begins, blood capillaries
making their way through the outer epithelial layer into the
enamel-pulp, which gradually becomes indistinguishable from the
surrounding mesenchyme, and finally the layer of ameloblasts

I (
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m I' \-
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Fig. 264.—yectioa through a de-
veloping molar tooth of Didelphys.
(After Rose.) C, connective tissue; D,
calcified, and Z)i, imcalcified dentine;
K, wall of dental alveolus; Od, odonto-
blasts; P, pulp rells; *S, enamel; &Ea,
outer epithelial layer of the enamel-
organ; S.E.i, ameloblasts; S.P., en-
amel-pulp; Str.i, intermediate layer of
enamel-organ; T, Tomes's processes of
the ameloblasts.
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breaks up into fragments, some of which are usually to be found
around the roots of the teeth even in the adult.

The cement which covers the dentine of the roots of the teeth

is formed from the surrounding mesenchyme by a process identical

with that by which membrane bone is formed.
As the teeth increase in size they gradually approach the sur-

face of the alveolar processes and eventually break through the

gum, not, however, at a point in the line of the original down-
growth of the dental ridge, but posterior to this, the first teeth to

erupt being usually the median incisors, which make their appear-

ance during the last half of the first year after birth. The remain-

FiQ. 265.—Skull of a S-year-old child showing the milk and permanent dentitions. (After Sobotta.)

cp., permanent canine; ip., permanent incisor; Tntn., milk molars; mp.I, first permanent molar; mp.II, second

permanent molar; pmp., pennanent premolar.

rag teeth of the milk dentition appear in succession up to about

the middle of the third year. Shortly after their appearance,

however, these teeth begin to undergo absorption, this being asso-

ciated with the continued growth of the permanent teeth (Fig. 265).

The milk-teeth lose their shiny appearance, their pulp dies, and

an absorption of their roots occurs, beginning at the side in con-

tact with the corresponding permanent tooth and being associated

with the appearance of osteoclasts similar to those producing the

absorption of ordinary bone. Their alveoli also undergo absorp-

tion, and finally their attachments become so feeble that the teeth

are readily pulled or broken away.

The exact period of eruption of the various teeth varies con-

VoL. 11.-23
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siderably according to racial, climatic, and nutritive conditions,

but the usual sequence is somewhat as follows

:

THE MILK DENTITION.

Median incisors 6th to 8th month

Lateral incisors 8th to 12th month

First molars 12th to 16th month

Camnes . . ;
17th to 20th month

Second molars 20th to 24th month

THE PERMANENT DENTITION.

First molars 7th year

Median incisors 8th year

Lateral incisors 9th year

First premolars 10th year

Second premolars 11th year

^^"""^^^
^ 13th to 14th year

Second molars

Third molars 17th to 40th year

Anomalies are not infrequent in connection with the development of the teeth,

leading sometimes to a diminution and sometimes to an excess of the normal number.

A case of total congenital absence of the teeth has been observed, and also cases

in which there had apparently been a defect of the enamel-organ leading to the

development of nidimentary teeth lacking enamel. The fusion of two neighboring

tooth germs may also occur, as well as the reverse, that is to say, a splitting of a

tooth germ so that an accessory tooth or indeed a number of small teeth may be

present in the place of one of the normal teeth. More remarkable are the instances

of heterotopy which occur, due apparently to the existence of aberrant processes

of the dental ridges extending into regions beyond the alveolar processes. Thus,

incisor teeth have been observed to form in the nasal cavity, in the maxillary sinus,

and even in the orbit, and molars have developed upon the hard palate. Numerous
cases of supernumerary dentitions have also been recorded, one or more teeth

being replaced more than once. Many of these cases have been supposed to be
really the belated development of the normal permanent tooth, but some do not
seem referable to this condition, and must be regarded as due to the persistence in

an active condition of portions of the dental ridge or to the awakening to func-
tional activity of some of the epithelial pearls which are remnants of it.
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THE DEVELOPMENT OF THE (ESOPHAGUS.

Bt FREDERIC T. LEWIS.

Early Development.—The oesophagus in the 4.0 mm. Bremer
embryo (Fig. 266) is an epithelial tube which is greatly flattened

laterally. Its lumen is a well-defined dorso-ventral cleft. In most
places the epithelium shows two rows of somewhat elongated,

nuclei, and the row next the lumen exhibits numerous mitotic

figures. In the upper part of the oesophagus, at the place where
its lateral walls meet dorsally, the epithelium has only one row
of nuclei, but the ventral border is expanded and has three or four

rows. This thickened portion, however, belongs with the respira-

tory tract, which has not yet been separated from the oesophagus.

The mesenchyma around the oesophagus is an undifferentiated

layer with crowded nuclei and many mitotic figures. Below the
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lung-bud, on either side, the mesenchyma is closely connected with

the adjacent coelomic epithelium, from which it is being produced.

There is no histological demarcation between the oesophagus and

pharynx above or the oesophagus and stomach below.

Fig. 266,—Wax model from Bremer's 4 mm. embryo, showing the "lung-bud," Pul., and the adjacent part

of the cesophagus. X 175.diam. Se-pi.^ tracheo-cesophageal septum; Sul., lateral oesophageal groove.

The Epithelial Tube.—In older embryos, as Forssner recorded

(1907), the oesophagus becomes "not only relatively but absolutely

smaller in cross section, and the lumen is reduced to a fraction of

its former size. " In an embryo of 7.5 mm. the most slender portion

of the oesophagus has a cross section about one-third as large as

in the 4 mm. embryo, and a lumen one-twentieth as large, yet the

length of the oesophagus has increased from less than 0.5 mm. to

1.5 mm. The lower portion of the oesophagus remains flattened

laterally, but the upper part has become a round tube which is

entirely separate from the trachea. It tapers from the larynx
downward, and the lumen becomes minute. The epithelium has
3-4 rows of nuclei above, and is quite like the lining of the pharynx.
In the narrowest part of the oesophagus there are but two rows.

Mitotic figures are seen ahnost exclusively in the layer of cells

bordering upon the lumen.

In four embryos measuring from 8.4 to 16 mm. the epithelial

.tube of the oesophagus is shaped as follows : At its laryngeal end
it is crescentic, with the concavity of the crescent directed toward
the trachea. On its way to the stomach it first becomes round and
then transversely elliptical. Near the level of the bifurcation of

the trachea it is again round and finally it becomes dorso-ventrally

elliptical. In this shape it merges with the stomach. In all of

these specimens the lumen is pervious throughout, but it contains

a reticular coagulum. The epithelium shows from two to four rows
of nuclei. Schridde (1907 and 1908) states that in embryos meas-
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Tiring from 4 to 35 mm. the esophageal epithelium has only two
layers, although in thick sections (7-10 /x) the number may appear
greater. In a 13 mm. embryo he finds that " in a striking manner,
the nuclei of both layers are in the upper ends of the cells, toward
the lumen," and this condition was figured by Schatfer in 1904.

Jahrmaerker (1906) has described two 8 mm. embryos in which
the oesophageal epithelium is composed of two layers of tall cells,

with a narrow zone free from nuclei along both the basal and free

borders. He finds similar conditions in embryos of 14 and 16 mm.
A basal zone free from nuclei is shown in Fig. 267, A, but in this

section the nuclei are crowded toward the free surface, forming a

darkly staining band. Jahrmaerker, in describing embryos of 17

and 18 mm., states that the superficial layer of the epithelium is

more deeply stained than the basal layer, but he does not attribute

this to a crowding of the nuclei. At 10 mm., as in the smaller

embryos, mitotic figures were frequent in the inner layer. In the

older specimens no figures were preserved.

Vacuoles in the Epithelium.—In human embryos of about

20 mm., large vacuoles occur in the oesophageal epithelium, so that

in cross section the oesophagus may appear to have two or three

lumina. This was noted by 0. Schultze in 1897. Kreuter (1905)

studied the vacuoles, and concluded that they were associated with

an epithelial proliferation which led to a temporary occlusion of

the oesophagus. He had previously studied the solid oesophagus

of various vertebrates, following Balfour and others. Forssner

(1907) showed by means of a model that the main lumen of the

human oesophagus is not obliterated.

In an embryo of 22.7 mm. Forssner found " an uninterrupted open central

lumen with a mass of cavities on either side of it, some of which communibate

with the main lumen and others do not; some of them are much smaller and

others considerably larger than the lumen itself. These formations may be found

scattered along the entire oesophagus (22.7 mm.) ; sometimes only below (20 mm.),

sometimes only above (;50.5 mm.). In the 31 mm. embryo the wall of the oesopha-

gus, as compared with the main lumen, is considerably thinner than before. The

epithelium is several layered; it shows none of the cavity formations just

described and the Imnen is everywhere undivided. That this process in the

a*ophagus has the result of enlarging the lumen appears probable."

Schridde (1908) likewise failed to find an occlusion at any

stage.

He denies the presence of vacuoles in the following conclusion :
" All these

facts go to show that vacuoles never occur in the oesophagus. On the contrary,

epithelial bridges are clearly present, having arisen by epithelial proliferation in

circumscribed places."

The structures in question are shown in Fig. 267, B. Here

the central lumen of the oesophagus is bounded by a compact dark

zone of nuclei, thus differing from the accessory cavities. C and
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T) in Fig. 267 represent' successive sections from a 22.8 mm.

embryo. In G there are two accessory cavities with compact

linings, and the one on the left communicates with the general

lumen in D. The oesophagus of these embryos has been modelled

by F. P. Johnson in a study of the development of the intestinal

mucous membrane." His work affords an independent confirma-

tion of Forssner's conclusions, and shows that Schridde was in

error in denying the presence of vacuoles.

Fig. 267.—Transverae sections of the epithelial tube of the oesophagus. X 160 diam. A, embryo
of 16 mm. (Harvard Collection, Series 1322). B, 19 mm. (Harvard Collection, Series 819). C and D,

successive sections from an embryo of 22.8 mm. (Harvard Collection, Series 871).

Vacuoles have been found in embryos of 14.5 mm. (Keibel

and Elze), but they are sometimes absent in those of 18.5 mm.
(Forssner). They acquire a maximum development in specimens

of about 20 mm. In a 30 mm. embryo there are occasional vacuoles

in the upper part of the oesophagus. In a 42 mm. specimen some
small intercellular cavities are found, but there are no character-

istic vacuoles.

In discussing the origin of the vacuoles, Kreuter has said

correctly that "we have no ground for believing that there is a

degeneration of cells, but must conclude that it involves through-

out only vital processes. ... A degeneration of cells followed

by resorption is nowhere demonstrable." Forssner suggests that

" The work of Mr. Jolinson, which was undertaken in connection with this

eliapter, has recently been published in the Amer. Joum. of Anat., vol. 10, p. 521-

561, 1910.
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there are two sorts of vacuoles, those due to the accuimilatioii of

intereellialar fluid and those due to an active moving apart of the

cells. The cavities in the CESophagus seem to belong to the latter

class. It is possible that their formation is associated with the

transfer of mitotic activity from the inner to the outer row of

cells. A centre of mitosis in the outer layer would account for the

local bulging of the epithelium. It is clear that a transfer of

mitotic activity from the inner to the outer layer must take place

in the embryo, but at what stage this happens is not known. It is

generally agreed that the result of the vacuole formation is the

enlargement of the lumen.

Fig 268 —Models showing the epitheUal tube of the oesophagus cut longitudinaUy. X 120 diam

.

(After F. P. Johnson.) A. embryo of 19 mm. (Harvard Collection, Series 819). B. 22.8 mm. (Harvard

Collection, Series 871).

Folds.—In cross sections of the oesophagus in embryos_ of

about 10 mm., the lumen presents a clear-cut, round or elliptical

outline. In older embryos, owing to the formation of broad folds,

in which the mesenchymal layer takes part, the lumen becomes

irregularly crescentic, tri-radiate, or shaped like a "G-reek cross"

(Fig. 269). The fusion of the vacuoles with the central lumen

contributes to the irregularity of the shapes presented. Notwith-

standing the secondary folds, however, the early form of the oeso-

phageal tube may be recognized even in 30 mm. specimens. The loiig

axis, which is transverse above, becomes dorso-ventral below. This

arrangement suggestedtoKreuter that the lower part of the oesoph-

agus shared in the rotation of the stomach, but he concluded that
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"meclianical considerations are against this idea." Johnson has

described a dorsal and a ventral fold in the middle part of the

oesophagus of a 42 mm. embryo, which become left and right

respectively as the stomach is neared. The main trunks of the

vagus nerves, which are lateral in the upper part of the oesophagus,

become dorsal and ventral below, where, however, they are involved

in a coarse plexus. This relation lends support to the idea that

the epithelial tube may rotate, but to demonstrate this a more

Fig. 269.—Models showing the development of the epithelial folds in the middle portion of the

oesophagus. X 90 diam. (After F. P. Johnson.) .4, embryo of 37 mm. (Harvard Collection Series 820).

B, 42 mm. (Harvard Collection, Series 838). C, 120 mm.

critical study is required. The primary folds in the oesophagus

appear to be definitely situated, but those which come later vary
in different embryos.

Ciliated Cells.-—In 1876 Neumann recorded that in embryos of

from 18 to 32 weeks the oesophagus is lined with stratified ciliated

epithelium, which, however, is interrupted in many places by non-

ciliated areas. He states that by isolating the cells through
maceration in Miiller's fluid, he obtained all sorts of transition
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forms between ciliated columnar epithelium and flat epithelium.
In a later publication (1897) he has figured the isolated cells, and
has shown that the cilia are associated with distinct basal bodies.
The smallest embryo in which the cilia have been found measures
44 mm., and its age is estimated at "about 69-70 days" by Jahr-
maerker, and at "10-11 weeks" by Schridde, both of whom
described this specimen. Schaffer failed to find cilia in a twelve
weeks' embryo. They are apparently absent in a specimen of
42 mm. in the Harvard Collection, but are abundant at 55 mm.
Cilia are still present at birth according to several observers, but
in the specimens examined by Jahrmaerker and Schridde none
were found. Fig. 270 is from the oesophagus of a negro child at
birth, in which ciliated cells are abundant.

Fig. 270.—Section of the oesophageal epitheUiim at birth. X 600 diam.

The ciliated cells arise simultaneously in various parts of the

CESophagus at a time when the epithelium is two-layered. They
appear to belong with the superficial layer, but Schaffer (1904)
has found that some of them may be traced through the entire

epithelium to the basement membrane. Jahrmaerker nevertheless

considers that the ciliated cells belong with the outer layer, in

which some cells become ciliated and others do not. He finds that

both forms of cells have finely granular, darkly stained protoplasm.

In the 44 mm. embryo, according to Jahrmaerker, the free surface of many
uon-ciliated eohimnar cells, generally in small groups or bordering upon the

ciliated areas, shows a distinct dark border, which seems to indicate a transition

to the ciliated form.

Schridde (1907), by using Unna's Wasserblau-Orcein, found that the ciliated

cells have a dark-blue, finely granular protoplasm, and stand out distinctly from

the clear columnar cells. Hei writes :
" The discovery of ciliated cells extending

to the basement membrane seems to me to be of special significance. In my opinion

it is therefore certain that the ciliated cells are not derivatives of the upper layer.

. . . We must rather consider that these elements are formed from the basal

cells."

However, Schridde has neither figured nor described any darkly stained

cell which has not reached the free surface, such as would be expected if certain

basal cells were pushing outward.
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For a time the number of ciliated cells increases. Thus the ciliated areas

in a 99 mm. embryo are more extensive than at 55 mm., as shown in models made
by Johnson. The epithelium becomes 3-5 layered, but even in five-layered

epithelium, according to Schridde, ciliated cells may sometimes be traced to the

basement membrane. Ultimately their basal processes are lost and the ciliated

cells appear crowded between adjacent vesicular cells. They are more deeply

stained than before, which has been attributed both to compression and to degen-

eration. It is agreed by Schaffer, Jahrmaerkej-, and Schridde that the ciliated

cells are desquamated, together with the outer non-ciliated cells, and in well-

preserved specimens they may be found free in the lumen of the oesophagus. It

appears improbable that they lose their cilia and become vesicular cells, as Neumann
originally maintained. He seems to have observed various shapes of ciliated

cells, rather than transition forms.

Non-ciliated Cells.—Schridde has described the differentiation

of the non-ciliated cells as follows: In a 100 mm. specimen (16
weeks) the epithelium appears 4-5 layered, and is composed of
clear, polyhedral cells. The lowest layer likewise consists of clear

cells, which almost throughout are cuboidal or low columnar in
form. In a slightly older specimen, under low magnification, the
basal layer appears darkly stained. With an immersion lens, the
protoplasm of the dark cells is seen to contain interlacing fibrils.

The "fibre-cells" are pushed outward, gradually displacing the
clear cells. In embryos between 195 and 240 mm. they are found
in all of the layers, but some of the earlier generation of clear cells

are retained at birth, and they were seen in a child of three days.
Intercellular spaces bridged by fibrils were first found in a child
at birth. Keratohyalin granules do not appear in the superficial
cells until some time after birth.

Schridde finds the number of layers in the epithelium to be 8-10 in a thirty-
six weeks' embryo, 9-10 at birth, and 12-15 three days after birth. In the
specimen from which Fig. 270 wa^ drawn, the number of layers is from 3 to 7,
and this accords with Riickert's statement (1904) that the flat epithelial covering
of the oesophagus at birth is very thin, sometimes consisting of only two layers.
The outermost cells, moreover, are not greatly flattened.

In the lower part of the oesophagus at birth, Strecker (1908') found numer-
ous irregular clefts in the epithelium, so disposed that sometimes the intervening
cells appeared as pointed epithelial papiUas. In the oesophagus of a child of 13
months he reports true epithelial papillae with connective-tissue cores. "These
are occasionally pointed, but generally they are conical, suggesting in their shape
the papilla fungiformes of the tongue." The portion of the oesophagus in which
they occur, he regards as belonging with the cardiac antrum or " Vormagen."

Olands.—-Small groups of secreting cells, which represent the
earliest gland formations in the oesophagus, may be found in
embryos of about 78 mm. (3 months) . An imperfect series of such
a specimen in the Harvard Collection is sufficient to show that
these areas are present both at the upper and lower ends of the
oesophagus.

Schaffer (1904) described such cells in a 4 months' embryo as follows:
"With low magnification a well-defined, small, lighter group of cells was seen
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in the epithelium of the lateral pocket of the oesophagus, at the level of the third
or fourth tracheal cartilage. With higher magnification I found the typical,
several-rowed ciliated epithelium . . . interrupted by a group of clear, remark-
ably tall columnar cells, arranged in a single layer which bulged slightly above
the epithelial surface. The number of these cells, in the cross section, was about
ten. Their nuclei, placed well toward th^ base, formed a row which bulged
somewhat toward the underlying tissue. In their finer structure the cells accorded
fully with the account which d'Hardivillier (1897) has given of the prismatic
gland-cells in a 7 months' embryo. The cells appeared as if empty; only their
walls stood out clearly. Their upper ends lacked not only the cilia but the border
of basal bodies."

Schridde (1907) found a similar group of five very tall columnar cells in the
lateral pocket of an embryo of 105-110 mm. (16-17 weeks). They were at the
level of the cricoid cartilage. In regard to their structure he states :

" The upper
end of these cells was filled with an elongated oval plug, distinctly red-stained,

and presenting a well-defined honey-comb structure. That these plugs were of

mucus was shown by Unna's stain, which I am convinced offers a good reaction

for mucus, and also by staining with mucicarmin."

Fig. 271.—Section through a group of mucous cells near the cardiac end of the oesophagus of an embryo
of 240 mm. X 600 diam.

At the lower end of the oesophagus, as seen in older embryos (120 mm. and

240 mm.), such cells are very abundant. Some of them occur in small groups,

such as Schaffer and Schridde described (Fig. 271). The secretion, as indicated

by the vacuolated protoplasm, nearly fills the cells, so that the nuclei at the basal

ends appear compressed. Terminal bars, or intercellular cement lines, are seen

at the free surface. These groups of cells are usually, but not invariably, bounded

by ciliated epithelium. In the 240 mm. specimen the secreting cells often cover

considerable areas which have been evaginated so as to form branching glands

(Fig. 272). Usually several short tubules open into a broad cavity, which in

turn connects with the central lumen of the oesophagus. The cavities are lined in

part with stratified epithelium, and in part with the simple glandular epithelium

which may form a portion of the lining of the oesophagus around the outlet of

the gland.

A longitudinal section through the junction of the ossophagus and stomach

at 120 mm. shows that the irregular climips of secreting tubules gradually give

place to a succession of quite uniform pits. As the distance from the oesophageal

epithelium increases, the tubules become less and less branched (Bensley, 1902).

The irregular forms, which occur both in the oesophagus and the cardiac end of

the stomach, are the cardiac glands. The simple tubes, occurring further within

the stomach, are gastric pits.

At birth the upper group of cardiac glands in the oesophagus may have the

simple character which has been described, but as found in the adult they have

undergone further development.
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They were present in 70 per cent, of the cases examined by Schaffer, being

found in the lateral folds of the oesophagus between the cricoid and fifth tracheal

cartilages, frequently on both sides. They may appear maeroscopically as erosions

about ] mm. in diameter. (The largest area which Schridde observed was

23.5 X 9 mm.) The glands discharge through a dilated duct Imed with simple

columnar epithelium, which is said to open at the top of a connective-tissue papilla.

Tubules of a new sort have grown out from the gland; they consist of cells with

round nuclei, and may produce a serous secretion. Certain of the tubules are

provided with parietal cells and chief or zymogenic cells, so that the glands

resemble those of the stomach. Schridde in 1904 described such areas as "islands

of gastric mucosa," and considered that they were remnants of entoderm isolated

by the downgrowth of the ectodermal layer (stratified epithelium) from the

mouth,—an error which led to prolonged discussion. E. Schwalbe (1905) has

found resemblances between the epithelium of the cardiac glands and that of the

intestine, even in the production of cells resembling Paneth's cells.

Fig. 272.—Model of a superficial gland from the cardiac end of the cesophagus at 240 mm. X 120

diam. (After F. P. Johnson.) The extent of the glandular epithehum is indicated by the ruled surface;

the unruled area is occupied by squamous epithelium.

The lower group of cardiac glands of the cesophagus is usually limited to a

zone from 1 to 4 mm. wide, situated at the entrance to the stomach. The glands

vary in their development. Those which Strecker figured from a twelve weeks'

child are simpler in form than the one shown in Fig. 272, from an embryo of

240 mm. They consist of tall glandular cells forming a simple epithelium. Later,

as in the upper group, new tubules develop which may contain chief and parietal

cells. The duets are usually distended and cystic. Between the upper and lower

groups cardiac glands are rarely found, but Eberth (1897) has recorded a small

area in the beginning of the lower half of the oesophagus in a man 25 years old.

The cardiac glands of tlie oesophagus have been named by
Hewlett (1901) the superficial glands (glandulae cesophageae super-

ficiales). They do not extend through the musciilaris mucosae.

The deep glands, which have their secreting portion in the sub-

mucosa, arise later.

They are apparently indicated in the 240 mm. embryo by short rounded
downgTowths of stratified epithelium. At this stage there is no evidence of

secretory activity. At birth, as shown in Johnson's model (Fig. 273), these glands

are somewhat tortuous tubes. Some of them show expanded terminal portions

and others have begun to branch. Occasionally, as on the right of Fig. 273, a

gland is found in which the terminal secretory portion has not yet developed. The
lower portion of the ducts is lined generally with low two-layered epithelium, but in

some places only a single layer is found. As the duct approaches the surface, its

outer cells become somewhat elongated and they are seen to be continuous with the
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"basal layer of the stratified surface epithelium. The secreting portion consists of
typical mucous cells. They are not as slender as those in the cardiac glands, and
the part occupied by secretion is more homogeneous. They yield the staining
reactions for mucus more readily than the cells of the cardiac glands, the difference
iDcing so great that the mucous nature of the latter has been questioned. In the
adult the^ deep glands are said to open between connective-tissue papillae, whereas
the cardiac glands open at their summits. This distinction seems arbitrary,
especially since the papillse arise after the glands are present.

Fig. 273.—Model showing three deep oesophageal glands at birth. X 90 diam. (After F. P. Johnson.)

The Outer Layers.—In the oesophagus, as elsewhere in the

digestive tube, it is well known that the circular muscle layer is

the first of the outer coats to be differentiated.

At 10 mm. it is represented by a concentric layer of myoblasts, separated

from the epithelium by a broad band of undifferentiated mesenchyma. The
circular muscle is so far outside of the epithelium that it is undisturbed by the

epithelial folds and pockets which arise in later stages. In the 10 mm. embryo
there are numerous branches of the vagus nerves, some of them associated with

groups of cells with crowded nuclei, found just outside of the circular muscle.

These represent the myenteric plexus. Occasionally at this stage similar groups

of cells appear along the inner border of the muscularis, and these give rise to

the plexus suhmucosus.

At 12.5 mm. Keibel and Elze note that the cEsophagus shows a circular, but

no longitudinal, muscle layer. At 17 mm. they find a strong circular layer, with

the longitudinal layer only indicated. Kreuter finds that the circular muscle is

already differentiated in the fifth week (9 nun.), but the longitudinal muscle first

appears in the eighth week. Happich states that, although the circular muscle

in a four months' embryo has attained a considerable strength, the longitudinal

muscle is indicated only by very weak fibres. Schridde, on the contrary, finds that

both layers are clearly marked at 12.4 mm., and at 21 mm. the longitudinal

miL'!culature is everjrwhere well developed. It is possible that Schridde mistook the

conspicuous layer of nerves, found just outside of the circular muscle at 12 mm.,

for the longitudinal muscle. These nerves, with the undifferentiated ganglion-

cells, form a nearly continuous layer.

The longitudinal muscle is perhaps indicated at 30 mm., but

at 42 mm. it is thinner and less conspicuous than the layer of

nerves which separates it from the circular muscle. At 55 mm. it

is present as a definite layer.
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The muscularis mucosae is not found in the 55 nun. embryo.

At 78 mm. it is not distinct at the upper end of the oesophagus, but

it is very definite below. At 91 mm. it is a -well-developed layer

of longitudinal fibres equalling the tunica propria in breadth, and

thrown into folds corresponding with those of the epithelium.

The development of the striated muscle of the human oesopha-

gus has not been satisfactorily studied. The oesophageal smooth

muscle layers at first extend to the larynx, where they contrast

sharply with the striated fibres of the inferior pharyngeal con-

strictor. There is no evidence of a downgrowth of these fibres

upon the oesophagus.

In pig embryos, according to McGill (1910), the-smooth and striated muscle-

fibres of the oesophagus have a common origin in the mesenchymal syncytium.

"Until the cross striations appear in the flbrillae of the striated muscle, both

developing tissues look preeisely alike." Cross striations were first observed in

pigs of 13 mm., but " only a 'few flbrillse become striated before the embryo reaches

a length of 30 mm."

In cross sections of the upper part of the human oesophagus at

78 mm. the longitudinal fibres are triangular or polygonal, with

peripheral nuclei, and they show coarse myofibrils, but the circular

fibres do not appear to be striated. Striated circular fibres are

distinct at 120 mm. It is probable that these are "a further

differentiation of smooth muscle" (McGill).

The musculature of the upper half of the oesophagus in the adult consists

chiefly of striated fibres, but Klein (1868) has concluded that smooth muscle in

the longitudinal layer begins in the upper quarter. Once in an adult he found

that the circular layer, 1 cm. below the upper end of the oesophagus, consisted

chiefly of smooth muscle. In another case he found that the ventral part of the

longitudinal layer at the upper end of the second quarter consisted chiefly of smooth

fibres, but that further dovm the striated fibres increased so that the relation was
reversed. He found no striated fibres in the lower half of the oesophagus. Coakley,

however (1892), has described striated fibres intermingled vrith the non-striated in

both coats of the diaphragmatic portion of the oesophagus. The majority were in

the inner circular layer. He considers that the pillars of the diaphragm are the

source of these fibres.

The layer of mesenchyma between the circular muscle and
the epithelium in the 10 mm. embryo is quite free from blood-

vessels. Vessels have entered it at 14.5 mm., and at 16 mm.
they form a distinct plexus. Beginning at about 30 mm. the inner
portion of the mesenchymal layer becomes gradually denser, due
to an abundance of nuclei. Thus the tunica propria, consisting of
reticular tissue, is slowly differentiated from the fibrous connec-
tive tissue of the submucosa. At birth the propria contains
abundant blood-vessels, and apparently lymphatic vessels are
present also. No lymph nodules were seen in the sections

examined. In the oesophagus of a child Klein (1868) found that
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the reticulum contained "more or less numerous round cells
similar to lymphocytes, " but he speaks of nodules only in the adult.
The nodules of the oesophagus apparently develop later than those
of the stomach and intestine.

As already noted, papillae of the tunica propria are absent at
birth, but in cross sections the basal border of the epithelium
presents a slightly wavy outline. Since Strecker finds that in
longitudinal sections the basal line is usually straight, he considers
that the elevations are ridges and not papillae. He finds that the
oesophagus passes through three stages of development: 1, in
which the tunica propria has a smooth contour ; 2, in which it has
formed ridges; 3, in %hich there are conical papillae upon the
ridges. At birth the human oesophagus is in the second stage.

In a child of 12 months all the later characteristics are present.

Anomalies of the (Esophagus.—In a previous section the anomaly of the

CBSophagus in which the upper segment ends blindly below and the lower segment
arises from the trachea has been discussed (p. 312). It was stated that it must
originate in embryos of about 4 mm. This has beeto confirmed by finding the

anomaly well developed in an embryo of 18.1 mm. in the Harvard Collection. In
this specimen there is no trace of epithelial connection betweeii the two parts of
the oesophagus. Ribbert (1902) has interpreted traction diverticula as a modifica-

tion, or partial development, of this anomaly. In these cases the ventral wall of

the (Esophagus, near the level of the bifurcation of the trachea, presents a funnel-

shaped diverticulum with its apex directed obliquely upward toward the trachea.

The epithelial pocket may penetrate the muscle coat, and from its apex a strand

of vascular connective tissue generally extends toward the wall of the trachea.

The inflammatory conditions which are often found associated with the pocket are

regarded by Ribbert as secondary. Although he states that traction diverticula

occur chiefly in older people, he believes that in the great majority of cases they

have an embryological origin. He considers that there is a defective development

of the oesophageal wall at the place where in more radical cases the tracheo-

oasophageal fistula occurs.

An examination of the embryos in the Harvard Collection fails to show

such a defect. However, Happich (1905) has recorded that in embryos from

8 or 9 mm. to 3 or 4 months, the entire musculature on the ventral side of the

oesophagus is thinner than on the dorsal side, as far down as the bifurcation of

the trachea. Below the trachea this distinction is wholly lacking. At birth the

ventral musculature is slightly weaker than the dorsal, but the difference is almost

imperceptible. It is clear, however, that such a thinning cannot account for the

anomaly in question, since it extends the whole length of the trachea and disappears

at birth. In addition to the general thinning, Happich has found that the circular

muscle, in embryos of 3 or 4 months, is completely interrupted in small areas

extending through one or two sections. " These places can readily be distinguished

from those through which a vessel penetrates the wall." Schridde (1908) found

a larger defect, extending through five sections, in that part of the longitudinal

muscle layer which is toward the trachea. This, however, was in a 13 mm. embryo,

which is a stage when the longitudinal muscle is not ordinarily recognizable.

Riebold (1903 and 1908) believes that the embryological interpretation of

traction diverticula is not justified, and he adheres to the older idea that they are

pathological. He cites the literature to show that Ribbert's theory has not met

with general acceptance, and states that "up to the present time not a single

ease of traction diverticulum has been found at birth." Lymphadenitis, with
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adhesions of the gland to the trachea and a spread of the inflammation aiong

vessels to the oesophagus, is believed to produce a dense scar which draws upon

the oesophageal tube, and, as a result of the motions in swallowing, the divertic-

ulum is drawn out. Diverticula may occur wherever a vessel penetrates the

muscle, and therefore below the trachea. They may be multiple, and they are not

always ventral.

Embryologically it is probable that if the trachea and oesophagus have

separated normally at 4-5 mm., the muscle layers which arise at 9-12 mm.wiU

show no local defect at the place of the former separation. Unless the diverticula

are primarily epithelial, they are presumably not congenital.

Pulsion diverticula occur on the dorsal wall of the oesophagus, at its junction

with the pharynx, where the tube is narrowest and the muscle' coat thinnest

(Riebold). They apparently have no embryological significance. Diverticula occur

also in other parts of the oesophagus. Some of these are evidently of inflammatory

origin. D'Hardivillier has asked whether the islands of simple epithelium do not

offer places of lesser resistance which would lead to diverticula, and it has been

pointed out that pulsion diverticula and these thin areas both occur at the upper

end of the oesophagus. Apparently, however, there is no relation between them.

The irregularities in the oasophageal epithelium in embryos of 18-22 mm.

have been supposed to give rise to the eases of atresia and stenosis, and possibly

to diverticula, but direct evidence is lacking. Atresia of the cesophagus is abnormal

in embryos of all stages. Many records of oesophageal anomalies have been

gathered by Happich, Kreuter, and Forssner, who have discussed them embryo-

logically.

THE DEVELOPMENT OF THE STOMACH.

By FREDERIC T. LEWIS.

Early Development.—Remak (1855) described the intestinal wall of ver-

tebrates as composed primarily of two layers,—^the gland-layer (Darmdriisenblatt)

and the fibre-layer (Darmfaserplatte). The former gives rise to the epithelium

and glands, and the latter produces the remaining layers. Schenk (1868), from

a study of chick embryos, concluded that Remak had overlooked a third layer,

which develops downward from the mesodermic somites and extends between the

gland-layer and the fibre-layer. He found that this third layer was clearly

connected with the somites, but was separate from the adjacent layers. Therefore

he concluded that Remak's fibre-layer produced only the lining of the peritoneal

cavity. Schenk's interpretation was rejected by KoUiker (1879, p. 850) and by

Maurer (1906). Maurer finds that in all vertebrates the embryonic intestinal wall

(including that of the stomach) consists at first of two layers,—the entodermal

epithelium and the mesodermal epithelium. The latter, in the Amniota, becomes

stratified, and for some time it may exceed the delicate entoderm in thickness. It

produces mesenchymal ceUs, which form a third layer situated between the two
primary epithelia.

The mesodermal epithelium covering the digestive tube is called the splanchno-

pleure by Maurer, but, as pointed out by Minot (1901), this usage is incorrect,

since the term was introduced by Foster to designate the entire intestinal wall.

His (1865) proposed the name endothelium in the following passage (here some-

what abbreviated)

:

" "We are accustomed to designate the layers of cells which cover the serous

and vascular cavities as epithelia. But all the layers of cells which line the cavities

within the middle germ layer have so much in common, and from the time of their

first appearance differ so materially from those derived from the two peripheral
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germ layere, that it would be well to distinguish them by a special term,—either to
contrast them, as false epithelia, with the true, or to name them endothelia, thus
expressing their relation to the inner surfaces of the body."

The term endothelium, as proposed by His, is itself' too extensive, since it

includes both the epithelium lining the vessels and that which lines the body cavities.

These epithelia, although similar in the adult, are very distinct embryologically.
Accordingly Minot (1892) uses the term mesotJielium for the mesodermal cells

bounding the body cavities, and applies endothelium to the vascular system. Thus
the nomenclature has become complex. The layer covering the intestine is perhaps
best referred to as the ccelomic or peritoneal epithelium.

The two-layered stage of the stomach is seen in the 4 mm.
Bremer embryo. Here the fore-gut presents a dorso-ventral cleft-

like lumen, both in the oesophageal and gastric regions. The thick
ccelomic epithelium is in direct relation with the ventral part of
the sides of the fore-gut, as far anteriorly as the lung-bud. Thus
laterally the gastric region is iu the primary two-layered stage,

but dorsally and ventrally, and to some extent on the sides, the
entodermal epithelium is bounded by mesenchyma. The mesen-
chyma appears to be derived chiefly from the ccelomic epithelium,

yet it is possible that some has grown down from the somites. In
this specimen there is no difference between the oesophageal and
gastric epithelium.

In a 10 mm. embryo the gastric epithelium is distinctly thicker

than that of the oesophagus, and its nuclei are more elongated. In
the sections examined, the nuclei form four or five overlapping
rows, but the true number of cell layers is probably less. Jahr-
maerker finds that at 8 mm. the gastric epithelium is 2-3 layered,

with tall columnar basal cells, whereas both the oesophageal and
intestinal epithelia have only two layers. In the 12 mm. embryo
he attributes the greater thickness of the gastric epithelium, as

compared with that of the oesophagus or intestine, to the tall basal

cells which are found in the stomach.

Vessels and Nerves.-—The general relations of the stomach in

the 10 mm. embryo are shown in Fig. 274. At the oesophageal end,

the vagus nerves occupy dorsal and ventral positions. Their

bundles of fibres are associated with small clumps of cells with

crowded nuclei. The dense layer of mesenchyma, indicating the

circular muscle, which is distinct along the oesophagus, gradually

disappears at the cardia.

In this region a vessel leaves the stomach and passes through the lesser

omentum to enter the ductus venosus (Fig. 274, A). This vein was first described

by Broman (1903) as follows:
" In human embryos 5-16 mm. long, there are always one, two, or several

branches of the ductus venosus passing through the lesser omentum to the meso-

dermal wall of the stomach, where they form a thick plexus. The branches of the

coeliac artery connecting with this plexus appear to be relatively insignificant, at

least in the earlier stages. In older embryos I have sought in vain for the branches

of the ductus venosus, and may therefore believe that they have degenerated."

Vol. II.—24
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The coeliac artery is seen leaving the aorta in Fig. 274, C.

Its branch, the left gastric artery, lies at the root of the great

omentum, along which it ascends to the cardiac end of the stomach.

The hepatic branch of the coeliac artery is seen beside the portal

vein. Subsequently branches of the portal vein and hepatic artery

extend to the pylorus and along the greater curvature, thus

forming the right gastro-epiploic vessels. In the 10 mm. embryo

these appear to be indicated by minute twigs. In a 22.8 mm.

Ao. N.sym.

4P '"Im

Fig. 274.—Sections of the stomach of a 10 mm. embryo (Harvard Collection, Series 1000). A, through

the cardia. B, through the fundus. C, through the pylorus. A.coel., coeliac artery; A.g.s., left gastric

artery; A.hep., hepatic artery; A.Ken., splenic artery; Ao., aorta; B.om., omental bursa; C.W., WolfBan

body ; D.ch., common bile-duct ; D.v., ductus venosus ; F.ep., foramen epiploicum ; N.sym., sympathetic

nerve ; O.ma., greater omentum ; O.mi., lesser omentum ; Pul., lung ; Va., vagus nerve ; V.p., portal vein
;

V.S., left suprarenal vein.

Specimen the portal vein communicates with the left suprarenal

vein by a vessel which receives branches from the stomach, fol-

lowing the course of the left gastric artery. This communicating
vein corresponds with the coronary vein of the adult, by forming
an anastomosis between the portal and cardinal systems along

the lesser curvature of the stomach.

In the 10 mm. embryo the dorsal and ventral trunks of the

vagus nerves unite to form a large ganglionated plexus on the

right side of the stomach, nearly in the median plane of the body
(Fig. 274, B). A similar arrangement was found in embryos of

9.4 and 14 mm. There are no distinct nerves along the greater

curvature, and there is no indication of the muscle layer. In older

embryos (14.5 mm.) the sympathetic nerves communicate with this

ganglionic mass, but in the 10 mm. embryo the connection could

not be demonstrated. The sympathetic nerves are seen extending
forward on either side of the aorta, ventral to which they form a
cosliac plexus. From the latter, in older embryos, bundles of

fibres extend to the stomach along the dorsal mesentery, following
the path shown in Fig. 274, B.
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Kuntz (1909) has recently published a similar description of the nerves in
pig embryos. In 12 mm. specimens he found a vagus plexus around the oesophagus,
and "vagus fibres which are still accompanied by numerous cells may now be
traced along the lesser curvature of the stomach." There are still no fibrous
connections between the coeliac plexus and the plexuses in the digestive tube. In
16 mm. embryos fibrous connections havei become established.

There is another path by which sympathetic fibres may enter
the stomach. They may extend from the coeliac ganglion to the
pylorus, following the gastric branches of the hepatic artery (Fig.

274, C). His, jun. (1897), has figured a section of a 9.1 mm.
embryo which shows sympathetic nerves passing to the stomach
along this course. In describing a 10.2 mm. embryo he speaks of a
branch of the cojliac plexus which is lost in the mesoderm -of the

pylorus, and, as shown in his reconstruction, it does not anastomose
with the vagTis. In the specimens in the Harvard Collection the

pyloric branches of the sympathetic cannot be identified at such
an early stage. It appears rather as if the gastric plexus first

extends downward to the pylorus and duodenum, and is then joined

by such sympathetic branches as His described. These are distinct

in a 30 mm. embryo.
Epithelium and Gastric Glands.—In the 10 mm. embryo the

free surface of the epithelium is somewhat wavy, whereas the basal

surface is nearly smooth. In 16 and 19 mm. specimens the

epithelium exhibits occasional vacuoles and a few scattered pits.

The vacuoles are small, and, like the pits, they do not cause the

basement membrane to bulge. Sometimes the pits expand laterally

within the epithelium so that they are flask-shaped. These struc-

tures bear a certain resemblance to the oesophageal vacuoles and
the intestinal diverticula to be described later.

Elze (1909) has noted that in the stomach of ape embryos (Nasalis larvatus)

there are several epithelial buds and diverticula which have the same appearance

as the early stages of those found in the intestine.

At 22.8 mm. a few vacuoles are still present. The intra-

epithelial pits have become numerous. As seen in Fig. 275, A,

they are produced by the varying height and characteristic

arrangement of cells in an epithelium which has nearly smooth

surfaces. In places the epithelium is clearly simple, but elsewhere

it may show several rows of nuclei and is perhaps stratified. In a

42 mm. embryo the epithelium is more definitely simple, and the

pits form rounded swellings along its mesenchymal surface.

This characteristic stage has been figured by Toldt (1881) in an embryo of

the tenth week. It was not seen by Laskowsky (1868), who considered that the

gastric glands were produced by the growth of the mesenchymal layer, rather than

by epithelial proliferation. His view was accepted by Schenk (1874, p. 117) and

others, but Toldt, who considered the pits to be a part of the glands, correctly

concluded that "the first formation of the glands is a process which takes place

exclusively in the epithelial layer."
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At 55 mm. the pits still project but slightly below the general

level of the basement membrane. The epithelial cells between

adjacent pits, in positions corresponding with x in Fig. 275, A,

have become greatly compressed below, so that the basal portions

of a group of these cells resemble a clump of connective-tissue

fibres. In all later stages the epithelial cells along the free surface

and the adjacent portions of the sides of the pits may exhibit

Fig. 275. -Sections of the gastric epithelium. X 330 diam. A, from an embryo of 22.8 mm. (Harvard
Collection, Series 871). 5, from an embryo of 120 mm.

slender basal prolongations ; they have been described by Baginsky

(1882) in a 7 months' embryo, and by Fischl (1891) at birth. In

the 55 nim. embryo the outer portions of these cells are clear,

suggesting a mucous transformation. This is true of the cells on
the sides of the pits, but at the bottom of the pits the protoplasm
toward the lumen is coarsely granular.

At 99 mm. there are distinct mesenchymal elevations between
the pits. At the bottom of the pits there are small, nearly solid

buds of granular cells, which represent the beginning of the glands

])roper.
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The conditions at 120 nun. are shown in Fig. 275, B. The
glands at the base of the pits already exhibit two sorts of cells,

differing from one another in their affinity for eosin. The eosino-

philic cells occur chiefly at the blind ends of the glands. Very
generally they border upon the lumen. In later stages the eosino-

philic cells are peripheral in position and are called parietal cells

(delomorphous cells). The non-eosinophilic cells represent the

chief or adelomorphous cells of later stages. Between the gland
and the pit there may be a constriction, as seen in Fig. 275, B.
The surface epithelium and that lining the pits is a simple
columnar layer, containing mucous cells in various stages of devel-

opment, but apparently all covered by distinct top plates. Gen-
erally the nuclei are elliptical, but occasionally a cell is seen with
its nucleus flattened in the basal protoplasm. The basal protoplasm
is sometimes eosinophilic, and groups of cells of the parietal type
may be found in direct relation with the surface epithelium (as

on the right of Fig. 275, B). These seem to represent new gland

buds. There are also non-eosinophilic basal cells—the Ersatzzellen

of Ebstein (1870)—^which presumably develop into new columnar
cells. In young embryos Toldt found these basal cells so abundant
that in poorly preserved specimens they may easily give the

impression of a stratified epithelium, whereas at birth they are

relatively infrequent.

The form of the pits and glands in the 120 mm. embryo is

shown in a model made by Johnson, the upper and under surfaces

of which are shown in Figs. 276 and 277 respectively. The gastric

pits are seen to be clefts rather than tubules, and the intervening

tissue may be considered to form imperfectly separated villi. The
pits are separated from one another below by irregular ridges of

mesenchyma.

Brand (1877) states that in embryos of two and three montlis the stomach

contains numerous villi, and KoUiker (1879) regards the mesenchymal projections

between the pits as " villi." Of their later development he says :
" In the fourth

month the formation of glands has begun in the mucosa, while between the meso-

dermal villi, which have become longer, low inter-villi and ridges have grown up,

marking out spaces like a honeycomb, into which the epithelium sends hollow

cylindrical processes." Sewall (1879) found that in the sheep "from the first the

mesodermal outgrowths are not papilliform, but take place along continuous lines

of greater or less extent, giving rise to ridges which intersect in aU directions."

Toldt (1881) likewise found, in cat embryos, ridge-like elevations of mesoderm,

but he states that it is not to be questioned that in stomachs of human embryos

from the third to the fifth month, especially in the pyloric region, villus-like

elevations occur, and even true elongated villi. Baginsky (1882) states that " the

surface of the gastric fundus in a 4 months' embryo has an exquisite vUlous

appearance." In later stages he finds that the surface becomes gradually smoother

as the villus-like elevations disappear. Strecker (1908') describes an exceptional

stomach at birth (?) showing typical villi in the cardiac region.
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A mesodermal origin for certain epithelial and gland cells

has been considered possible by several investigators. Thus,

Ebstein thought that the basal cells may proceed directly from the

blood-vessels, and Toldt recorded certain appearances suggesting

Fig. 276.—Model of the gastric epithelium at 120 mm., showing the free surface.

F. P. Johnson.)
X 120 diam. (After

that in young stages mesodermal cells wander into the epithelium.

Sewall (1879) and more recently Strecker (19082) ];^a,ve described

the gastric glands as mesodermal.

Sewall (1879) concluded that in sheep embryos only the early generations of

chief and parietal cells are formed from the primitive gland cells, and that the

later generations arise in the mesenchyma. The parietal cells appear first in the
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FiQ. 277.—Model of the gastric epithelium at 120 mm., showing the basal surface.

F. P. Johnson.)
X 120 diam. (After

deep parts of the gland (in embryos of about 140 mm.). In later stages he

concluded that new parietal cells were produced by the differentiation of the

surrounding " mesoblast corpuscles," and that, from the parietal cells so formed,

new chief cells developed to replace those broken down in the process of secretion.

Physiologically he found that extracts of the stomach of the sheep, " even some
time before term, showed a considerable proteolytic power." This function appears

to coincide with the specialization of the chief cells. The fluid in the embryonic
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stomach was found to be neutral, even after the differentiation of the parietal

cells. It yielded an abundant precipitate of mucus.
Toldt (1881) rejected Sewall's conclusion coneerpiag the mesodermal origin

of parietal cells, and described the development of the human gastric glands as

follows

:

" In the fourth and fifth months and also in the beginning of the sixth,

parietal cells and their developmental stages are found only at the blind ends of

the glands. Beginning with the middle of the sixth month they increase consid-

erably in number and are found everywhere along the sides of the glands, yet

they are stUl in the row of chief cells and therefore border upon the gland lumen.

Not earlier than about the middle of the eighth month could I find regularly a con-

siderable number of parietal cells situated on the outer side of the chief cells. At
birth and in the first weeks following, this is almost always the case along the sides

of the glands, but near and at the base the lumen is still bounded largely by parietal

cells which are not fully developed. In children of four or five years all transitions

from chief to parietal cells are constantly present in abundance, but later, when
the growth of the glands takes place only very slowly, they are seldom found."

According to Toldt the cMef cells also develop from those which form the

walls of the primitive gland. " These cells, differing from the later characteristic

chief cells by their cuboidal or polygonal form, their delicate outUne, their affinity

for eosin, and the strikingly large size of their nuclei, gradually assume the tsrpieal

form. ... In man this transformation is completed toward the end of the

fifth and in the beginning of the sixth month." Chemical tests showed that pepsin

was present in the gastric mucosa in the last half of the sixth month, " long before

it passed over into the secretion."

Strecker (1908^) examined the stomach at birth, and found conditions which

have generally been ascribed to post-mortem disintegration, such as the absence of

colmnnar epithelium on the free surface, the presence of detached gland cells in

cavities bounded by the tunica propria, and even a superficial layer of fibrin. All

these he regards as normal, and states that " unquestionably the large gland cells

appear distributed more or less irregularly in the tissue without any typical

arrangement. They seem to be lodged in a well-marked reticular tissue, the meshes

of which they fill. . .
." He described the embryonic development of these

glands as follows:

The primitive glands are purely epithelial, but in embryos of 100 mm. another

sort of gland formation is seen taking place in the tunica propria. " The propria

at this stage is not a connective-tissue layer, but an epithelioid organ." It contains

many free nuclei {Bildungskerne) , which produce protoplasmic bodies and form

groups of cells, thus giving rise to glands. " Both the chief and parietal cells arise

from the same source, namely the Bildimgskerne." The Bildungskerne form

autogeneously in the original mesenchymal plate of the intestine, and Strecker

names them " mesenchymal-epithelioid corpuscles." Not only are free nuclei found

in the propria, but there are also non-nucleated masses of protoplasm. Nuclei

wander into these, thus' giving rise to giant cells. The multi-nucleate cells are

generally found at the base of the glands. Portions of them become split off, so

that they produce cell material for the gland tube. Strecker states that a true

mitotic division in embryological preparations of the gastric glands has never been

found by any investigator, but Salvioli (1891) has recorded abundant mitotic

figures in rabbit embryos and has made a special study of their location.

From the fact that Strecker found the non-epithelial origin of

glands beginning in 100 mm. specimens, it is probable that the

"purely epithelial glands" are the gastric pits, and those arising

in the propria are the glands proper. Although, owing to tan-
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gential sections, parietal cells often appear isolated in the tunica

propria, the conclusion of Sewall and Strecker concerning their

mesodermal origin may be confidently rejected. The glands arise

as further downgrowths of the pits. In the stomach, as in both
small and large intestine, there are at first irregular coarse depres-

sions (pits and intervillous spaces), from the bottom of which
glands extend downward. The cells of the pits and villi are

characteristically clear, whereas those at the depths of the glands

are granular and deeply staining. The transition between the

two is not abrupt, as shown in Fig. 275, B.

Fig. 278.—Models of the gastric pits and glands, A, at 240 mm.; B, at birth. X 80 diam. (After F. P.
Johnson.)

As compared with the pits, the glands steadily increase in
length. In a 240 mm. embryo they occupy the basal third of the
mucosa

;
at birth they form nearly half of this layer, and therefore

nearly equal the pits. They have branched repeatedly and have
increased greatly in number. Their form is shown in Fig, 278,
A and B, from models made by Johnson.
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Their multiplication has been described by Toldt. He estimated that the
total number of gland outlets in the stomach of an eight months' embryo is

128,912; at birth, 268,770; and at ten years, 2,828,560. In the three stomachs
referred to, the number of outlets per square millimeter is nearly constant, aver-
aging 56, 51, and 56 respectively. In studying the way in which the glands
multiplied, Toldt failed to find primitive stages of gland development among the
differentiated glands, but gastric pits were often observed to he partly divided,

and he "sees no objection to regarding these divided pits as forerunners of the
complete division of the glands."

This method of multiplication would cause a reduction in the number of
glands opening into each pit, and some reduction was found to occur. The average
number of glands emptying into a pit in the last months of embryonic development
is 7; at ten years, 6; at fifteen years, 5; and in the adult, 3. During this period
Toldt found, however, that the number of gland tubules in the stomach had
increased from 930,000 to 25,179,000, which means that many new tubules have
been formed. These arise through lateral sprouts of glands already present.

Toldt says that " It may be noted that these hollow sprouts are generally seen to

develop at places along the gland wall where one or more parietal cells are situated,

and that these pass over into the new gland body."

Epithelium and Glands at Birth.—Fischl describes tlie gastric

epithelium at birth, as a "moderately high columnar epithelium

with basal nuclei, appearing somewhat lower on the ridges than
in the pits; moreover the nuclei in these two places differ, since

they appear more elliptical and deeply stained on the ridges, but
in the pits they are rounded and decidedly paler." Except that

the cells on the ridges seem taller than in the pits, these observa-

tions have been verified. The cells exhibit distinct terminal bars.

Those lining the pits are producing and discharging mucus, which
fills the lumen and spreads over the free surface. The cells bor-

dering upon the free surface contain a more granular protoplasm,

and according to Toldt they sometimes give no indication of the

formation of mucus.

Disse (1905), by the use of a mucin stain, found that "the true surface

epithelium contains only here and there an isolated mucous cell, but chiefly

consists of cells containing no trace of mucus." He concludes that, although in some

places the mucous layer is well developed in embryos at term, there are other

places in the same stomach where mucus is whoUy lacking or forms an interrupted

layer. Reyher (1904) and Von der Leyen (1905) have found that the mucous

layer is continuous. It is possible that the surface cells with granular protoplasm

are those which have previously discharged mucus (see Tig. 275, B).

Fischl was unable to find mitotic figures among the epithelial

cells, but Ascoli (1900) has declared that at birth they may be

found in large numbers, in cells containing mucus.

Neumann (187P) repeatedly found well-developed ciliated cells among the

epitheliaLeoHs of the' embryonic stomach. (The age of the embryos is not definitely

stated.) Baginsky /(1882) described the gastric contents of a 7 months' embryo

as alkaline and cwitaining, together with epidermal .cells which were probably

swallowed with the amniotic fluid, small ciliated cells, generally isolated. In the

specimens in the Harvard Collection no ciliated cells were found.
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The glands at birth appear distinctly broader, shorter, and

more widely separated than in the adult, as noted by Fischl. In

seven cases, all from the first half of the first year, he found the

parietal cells only partially differentiated, and represented by

rounded, rather small cells, often situated near the gland lumen,

and never pushing out into the tunica propria. At the end of the

second year, he states that they show no essential difference in

staining, form, and arrangement from those of the adult, although

they are less abundant.

Fischl's difficulty in demonstrating the parietal cells at birth has not been

shared by others, Kalopothakes (1894) having reported them as " perfect " in a

six months' embryo; but it is doubtless true that neither they nor the chief cells

are fully differentiated until after birth.

Cardiac and Pyloric Glands.

The early writers grouped the cardiac and pyloric glajids together and named

them the mucous glands of the stomach. Thus, Toldt (1881) states that these

glands are " quite alike in form and structure," and Strecker has recently noted

the " striking similarity" between them. The cardiac glands have apparently been

more thoroughly studied than the pyloric, and the literature concerning them has

been reviewed by Bensley (1902) and Strecker (1908").

Embryologically the pyloric region very early differs from

the remainder of the stomach. In a 42 mm. embryo the pits are

deeper and more irregular toward the pylorus, where there is an

abrupt transition to the characteristic villi of the duodenum, and
this is true of all later stages. At 240 mm. the epithelium of the

duodenum is a darkly staining granular layer frequently inter-

rupted by clear globular goblet-cells. The pyloric epithelium is

a uniform layer of clear columnar cells filled with secretion, thus

resembling the epithelium which lines the gastric pits. In the

pyloric region the pits are very deep and they coalesce with one

another laterally so that the intervening tissue forms long irregular

villi. These have been described by Toldt, Baginsky, and others,

but apparently they have not been modelled.

In early stages the entire lining of the pyloric glands is like

the surface epithelium. This condition is found in an embryo of

120 mm., and Baginsky has recorded it at 4 months. At 7 months,
however, he found, in addition to such glands, others which showed,
toward their bases, darker, finely granular cells staining clearly

with eosin. In an embryo of 240 mm. there are occasional basal

eosinophilic cells which resemble parietal cells. Toldt, however,
in twenty stomachs from older embryos and children under five

years, failed to find any parietal cells associated with the pyloric

glands.

The cardiac glands of the oesophagus have already been
described (p. 362). They are groups of short tubules lined with
a columnar epithelium resembling that of the pyloric glands.
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Passing from tlie cesophagus intollie stomacli, the cardiac glands
become more elongated and more compactly arranged. Their
epithelium gradually blends with that of the gastric pits. In the
transition the cells become somewhat shorter and stain less
brightly with orange G. At the same time gastric glands appear
at the base of the pits, and the number of their parietal cells

increases. Toldt considered that there is a sharp distinction
between the cardiac and the gastric glands, inasmuch as the cells

from which they arise are of very different sorts, but there is

undoubtedly a gradual transition between them. In man, however,
there is no embryological evidence in favor of Bensley's conclu-
sion that "the cardiac glands are decadent or retrogressive struc-

tures derived from the fundus glands by the disappearance of
their more highly specialized constituents." On the contrary, the
cardiac glands are differentiated very early. They can be recog-
nized in a 91 mm. embryo, in which there are still no chief or
parietal cells.^^

The Outer Layers.-—^In 10 mni. embryos the gastric wall con-

sists of three layers,—^entodermal epithelium, mesenchyma, and
peritoneal epithelium. At 16 mm. there is a condensed zone of
mesenchyma indicating the circular layer of muscle. It is best
defined along the lesser curvature, but it can be identified over
the greater portion of the stomach. A uniform layer of mesen-
chyma extends between the muscle layer and the entoderm. It

already contains a plexus of blood-vessels. The nerves and
ganglia have spread from the lesser to the greater curvature.

They are chiefly outside of the muscularis. At 22.8 mm. there is

a slight condensation of the mesenchyma toward the entodermal

epithelium, indicating the beginning of the tunica propria. The
circular muscle layer is complete, and shows a slight thickening

toward the pylorus. A prolonged gradual thickening of this layer,

followed by an abrupt thinning at the duodenum, is distinct at

37 mm. and in all later stages. At 37 mm. large lymphatic vessels

are seen in the mesentery along the lesser curvature, but appar-

ently they do not penetrate the muscularis. This is true also at

42 mm. At 55 mm. there is a dense tunica propria ; no muscularis

mucosje; a submucosa containing blood-vessels and occasional

nerves • toward the muscularis; a single layer of circular muscle.

^ The histogenesis of the gastric glands in the pig has recently been studied

by Kirk (1910). He finds that the parietal cells arise very early as epithelial

cells staining intensely with eosin, situated in the deeper parts of the glands. Kirk

confirms Toldt regarding the absence of these parietal cells from the pyloric glands.

He finds a very gradual transition between the gastric and cardiac glands, and

considers that the latter are retarded or regressive glands, following Bensley. But

he states that mucous differentiation occurs slightly earlier in the cardia than

in the fundus.
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outside of which nerves are numerous; and a relatively wide

serosa.

At 91 mm. the muscularis at the cardiac end of the stomach

shows a few inner longitudinal bundles. These are seen also at

120 mm. At this stage the outer longitudinal layer of the oesopha-

gus may be followed a short distance over the cardia, external to

the circular layer. The greater portion of the stomach has only

the circular layer. At 240 mm. an outer longitudinal layer is

distinct in the pyloric part of the stomach and it becomes thicker

toward the duodenum. Some of its bundles are continuous with

the longitudinal layer of the duodenum, but others turn into the

thick circular layer near the pylorus, forming the dilator pylori

(cf. Cunningham, 1908). At birth the thin outer longitudinal

layer, according to Fischl, is entirely absent in places, especially

along the greater curvature.

The muscularis mucosce, is indicated at 120 mm. At birth

Fischl finds it clearly divisible into an inner circular and an outer

longitudinal layer.

Lymphatic vessels appear in the submucosa in embryos of

214 and 240 mm. Lymph-nodules were found at birth in a consider-

able percentage of the cases examined by Fischl. They were
observed in aU parts of the stomach ; sometimes they were at the

base of the glands, and did not extend upward between the tubules.

The longitudinal folds of the stomach, which are often found in preseirved

specimens, appear to be quite irreg^ilar. Toldt has seen them formed by muscular

contraction in freshly opened embryonic stomachs of cats, and does not consider

them to be "specific formations of the mucosa." KoUiker (1879, p. 854) has

recorded the number of such longitudinal folds of the mucosa found in human
embryonic stomachs of different ages.

Anomalies of the Stomach.—Congenital pyloric stenosis is

essentially an excessive development of the circular musculature
of the pylorus. The other layers in this region, especially the

longitudinal layer, may be more or less hypertrophied, and the

folds of the mucous membrane are sometimes so highly developed
that they appear to obstruct the lumen.

There has been considerable discussion concerning the nature of this condi-

tion, the literature of which has been analyzed by Ibraham (1905) and Torkel

(1905). It appears to be established that the stenosis is not due to spastic

contraction of a normal pylorus, since the muscle layer is actually thickened. A
thickening through excessive physiological activity before birth has been suggested.

More probably the unknown conditions which normally induce the formation of
the sphincter muscle have, in these eases, led to an excessive development. Thus,
as Cunningham has recorded, the extremity of the pyloric canal protrudes into

the commencement of the duodenum, presenting a striking resemblance to the portio

vaginalis of the cervix uteri. In the full-term fetus the protrusion is more marked
than in the adult, and in eases of pyloric stenosis it is in all probability still more
pronounced. A similar explanation is advocated by Ibraham as according with
the relative frequency and remarkable uniformity of the cases observed and the

favorable clinical course which they often follow.
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Diverticula of the stomach are rare.

Kiiss (1905) has recorded a case in a man 61 years of age. Along the
greater curvature, 6 or 7 cm. from the pylorus, there was a small cavity lined
•with normal mucous membrane, vfhich penetrated the muscle layers, pushing a
few strands before it. Kiiss states that we are forced to accept a congenital origin
for this diverticulum, " perhaps at the expense of an aberrant outgrowth com-
parable with the evaginations of the duodenum which form biliary and pancreatic
diicts." Gardiner (1907) has reported a case of accessory pancreas in relation
with gastric diverticula, and he refers to Weichselbaum's similar case in which
a gastric diverticulum ended in a nodule of pancreatic tissue. According to Orr
(1907), W. F. Hamilton has described a stomach with a diverticulum 2 cm. broad
and 3 cm. deep, situated on the posterior wall of the cardiac end, near the
oesophagus.

The possible embryonic origin of such diverticula will be
discussed under anomalies of the small intestine.

It has long been known that stomachs in the adult are occa-

sionally divided more or less completely into two chambers (hour-
glass stomach), and it was generally believed that some of these

eases were congenital. It is now admitted, however, that the great
majority of them are due to local physiological contraction of the

gastric musculature. Delamare and Pieulafe (1906) described a
stomach at birth, which was bilocular, owing to a constriction in

the middle part of its corpus. They found that the circular muscle
was abnormally thick at the place of constriction, and they attrib-

uted this to hypertrophy and not to contraction. But Cunningham
(1908) concludes that the hour-glass stomach never arises as a
congenital deformity.

Quite distinct from the cases of physiological contraction are

those in which a large pars pylorica is separated by a permanent
constriction from the corpus. Gardiner (1907) described such a

stomach from a three-months child, in which there was a well-

developed accessory pancreas at the place of constriction. A very
similar condition is seen in a 19 mm. embryo in the Harvard
Collection. Such cases of "hour-glass stomach" must be dis-

tinguished from those which are phases of functional activity.

THE DEVELOPMENT OF THE SMALL INTESTINE.

By FREDERIC T. LEWIS.

The early stages in the histogenesis of the small intestine

are like those of the stomach, which have already been described.

The further differentiation of the epithelial tube proceeds as

follows

:

Vacuoles in the Duodenal Epithelium.—In embryos of 6.5 and

7 mm. the duodenum usually presents a well-defined round lumen,

bounded by a 2-3 layered epithelium. In slightly older embryos
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the epithelium proliferates, and vacuoles are formed withm it,

especially on the dorsal and right sides of the tube. Later the

proliferating epithelium bridges and subdivides the origmal lumen,

as seen in the section of a 10 mm. embryo, Fig. 279, A. Of the

three cavities found in this section, the upper one is a vacuole,

and the two lower ones are parts of the original lumen. In this

embryo there is still a continuous passage from the stomach to

the jejunum. The outer surface of the epithelial tube is gen-

erally smooth, but occasionally at this stage—more frequently in

somewhat older embryos—the masses of cells surrounding the

vacuoles produce local bulgings of the basement membrane. At

22.8 mm. (Fig. 279, B) the outpocketings are so numerous that the

epithelium appears folded, and mesenchyma has begun to extend

Fig. 279.—Cross sections of the duodenal epithelium. X 130 diam. A, at 10 mm. (Harvard CoUeo-

tdon, Series 1000). B, at 22.8 mm. (Harvard Collection, Series 871). C, at 30 mm. (Harvard Collection,

Series 913).

inward between the pockets or folds. In sections the vacuoles

cannot be distinguished from the main lumen. A model of the

duodenum of this embryo, made by F. P. Johnson, shows that the

passage from the stomach to the jejunum is completely blocked by
epithelial septa (Fig. 280). At 30 mm. (Fig. 279, C) the vacuoles

begin to become confluent so that a central lumen is re-established.

The projections between the vacuoles remain as the foundations

of villi.

Tandler (1900) was the first to recognize that the duodenal lumen, in embryos

from " 30 to 60 days," is normally "more or less completely " obliterated. In aji

8.5 mm. specimen he recorded a complete obliteration between the outlets of the

duct of the dorsal pancreas and the common bile-duct. At 14.5 mm., when the

proliferation is at its maximum, he found that the bile and pancreatic ducts

emptied into closed cavities, and that below them the duodenal epithelium formed
a solid cord of cells. Forssner (1907) likewise found that, in places, the lumen
was completely obliterated in embryos of 11.7, 14, and 22.7 mm.; and at 30.5 mm.
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he described transverse septa dividing the lumen into compartments. Other
embryos, of 18.5, 21, and 31 mm. respectively, showed no epithelial vacuoles or

occlusions. Sehridde (1908) failed to find a solid stage.

Tandler considered that the cause of the oeelusion was the resistance exerted

upon the expanding epithelium by the surrounding mesenchyma. He found that

the diameter of the mesodermal tube of the duodenum increased very slowly in

embryos from 7 to 15 mm., whereas from 15 to 20 mm. the increase is rapid.

Forssner has confirmed this observation, and thinks it " not improbable that purely

mechanical factors play a part in producing occlusions." Both Tandler and

Forssner have compared the vacuolization in the duodenum with that in the

oesophagus.

Vacuoles (Diverticula) in the Jejunum and Ileum.—The lower
portion of the small intestine never presents a subdivided lumen
such as is found in the duodenum, but its epithelium contains scat-

tered vacuoles, which develop in a very characteristic manner.
These vacuoles occur chiefly along the portion of the intestine

found within the umbilical cord, and they are situated along the

convex surface of the intestinal coils, opposite the mesenteric

attachment.

Fig. 280.—Model of the duodenum of a 22.8 mm. embryo (Harvard Collection, Series 871), seen in longi-

tudinal section. X 120 diam. (After F. P. Johnson.)

In an embryo of 14.5 mm. there are three of these structures, all of which

are near the bend of the primary loop of intestine. In a 16 mm. specimen seven

were counted, and at 22.8 mm. thirty-two were present.

The intestinal vacuoles are first indicated by a concentric

arrangement of the basal nuclei, and in this stage they have been

described as "buds" or "pearls." In the centre of such a bud a

small cavity can often be detected (Fig. 281, A). In later stages

the cavity communicates with the intestinal lumen, and the bud

forms a knob-like basal projection (Fig. 281, B). These projections

often have a somewhat constricted neck, and the overhanging

portion may become asymmetrical, extending aborally along the

intestine. Thus Fig. 281, G, is an aboral section of the diverticulum

shown in B. Four of the thirty-two diverticula in the 22.8 mm.

embryo project aborally. One diverticulum, longer than any of

the others, extends laterally so that its tip penetrates the dense

mesenchyma of the muscularis (Fig. 281, D). Usually they are in
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close relation with tlie epithelial layer, and they cause no disturb-

ance in the course of the circular muscle fibres. In older embryos

(Fig. 281, E and F) the folded appearance of the epithelium

renders the detection of the diverticula more difficult. It is prob-

able that, by the enlargeinent of their necks, some of them are

incorporated in the general epithelial layer. Others, however,

retain their identity. One of these was found and modelled by

F. P. Johnson in an embryo of 134 mm.,—a stage when the villi

are well developed and the intestinal glands are being formed

(Fig. 282). Some of the glands open into the base of the diver-

Fig. 281 .—Cross sections of the epithelial tube of the intestine, showing the development of diverticula

.

X 130 diam. A-D, from an embryo of 22.8 mm. (Harvard CoUeotion, Series 871). E and F, from an

embryo of 30 mm. (Harvard Collection, Series 913).

ticulum. Around it the mesenchyma is dense and suggests the

formation of lymphoid tissue. This is apparently the oldest

embryo in which such a structure has been found, and they are

not known to occur after birth.

The intestinal diverticula were described independently by Keibel (1905)

and Lewis and Thyng (1908). Keibel noted and figured the two stages in their

development (buds and diverticula) and recorded their presence in several

mammals, including man. Lewis and Thyng described similar structures, but

included with them certain more compact buds which occur chiefly on the dorsal

wall of the intestine in the lower duodenal region. These were found frequently

in the pig. In an 18.1 mm. human embryo there are two buds of this sort

situated on the dorsal wall of the intestine as it turns forward to enter the

umbilical cord. Lewis and Thyng compared the diverticula with somewhat similar

structures found along various epithelial tubes, such as the mammalian bile-ducts

and the large intestine in amphibia. They appear to be localized centres of cell

proliferation, which either arise in the outer layers of the intestine or are due to

the outward displacement of mitotic cells from the innermost layer. Thus mitotic
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figures appear to be limited to the inner layer and the diverticula, but their
distribution requires further study. Elze (1909) has stated that a sharp distinction
should be made between the dorsal diverticula of the upper intestine and the
ventral diverticula which arise later lower down. He was the first to record the
typical aboral growth of the latter. It is probable that the vacuoles of thte

oesophagus, stomach, duodenum, and intestine are comparable structures.

The Formation of Villi.—The development of villi begins in

the upper part of the small intestine and extends downward. In
the duodenum their formation is complicated by the presence of

Fig. 282.- -Model of the intestinal epithelium from an embryo of 134 mm., showing villi, glaads, and, in
the centre, a "flask-shaped gland." X 80 diam. (After F. P. Johnson.)

the epithelial proliferations described in the preceding section.

There, as seen in Fig. 279, B and C, the epithelial tube expands
by producing irregular outpocketings. Forssner (1907) agrees
with Tandler that the epithelium is invaded by mesenchymal
papillae, but the apparent invasion is probably due to irregularities

in the expansion of the epithelium. Such elevations as are seen

in Fig. 279, C, have been described both as folds and as villi.

According to Meckel (1817), the first elevations are longitudinal folds which

become gradually indented along their crests, and are thus broken apart into vUIi.

This interpretation has been defended by Berry (1900), who found folds, but no

villi, in a human embryo of 24 mm. At 28 mm. the folds, as seen in his reconstruc-

tions, show indications of transverse furrows, as if they were about to break up
into blocks or villi, and in later stages he found that villi had replaced the folds.

Forssner (1907) agrees with Meckel and Berry. Kolliker (1861), on the contrary,

states that the villi arise in the beginning of the third month as wart-like out-

growths of the mesenchjrmal layer, which push the epithelium before them and

become cylindrical. This was confirmed by Barth (1868). Brand (1877) found

scattered villi at one and a half months. Voig:t (1899), by means of reconstruc-

tions of pig embryos, found that depressions and furrows develop on the free

surface of the epithelium, marking out areas of greater diameter than the future

villi. These apparent epithelial elevations are due to the downgrowth of the

surrounding furrows. They are described by Voigt as the bases of the future villi.

Vol. II.—25
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Johnson (1910) states tliat villi begin to develop in 19 mm.

embryos. At 22.8 mm. lie describes isolated rounded elevations

occurring between the pylorus and the duodenal occlusion, and also

in the upper part of the jejunum. In a model (Fig. 283, A) he

has shown the transition from the villous portion of the jejunum

to the smooth part, and has found that the villi in this region

arise independently and not as subdivided folds. In the corre-

sponding portion of the intestine of a 24 mm. embryo, the villi

Fig, 283.— Models showing the development of villi in the upper portion of the jejunum. X 110
diam. (After F. P. Johnson.) A, from an embryo of 22.8 mm. (Harvard Collection, Series 871). B,
from an embryo of 24 mm. (Harvard Collection, Series 24).

are more numerous (Fig. 283, B). Although they are arranged in

five more or less definite longitudinal rows they do not appear as

subdivided folds. At 30 mm. villi are found throughout the upper
half of the intestine, but there are none in the ileum. The latter,

in cross section, generally shows a trifoliate or four-lobed lumen,

due to longitudinal folds of variable length. As this portion of

the intestine expands, these folds seem to be obliterated, but villi

arise at that time and it is possible that the villi in the ileum are

remnants of the folds. The definite relation between them described

by Meckel and Berry is not shown in Johnson's models. At 42
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mm. there are still a few distal coils of the ileum which are without
villi. According to Berry they do not extend to the colon at 80
mm., but are found throughout the small intestine at 130 mm.

During these and later stages the villi increase greatly in

length, but their diameter remains nearly constant. Many new villi

develop among the old ones, and the way in which they are formed
is shown in Fig. 279, C. At the bottom of an outpocketing a
secondary elevation appears, which increases in height with the

expansion of the epithelial tube. By relatively rapid growth these

elevations attain a length equal to that of the older villi.

Another explanation for the uniform height of the villi is given by Fusari

(1904). He finds that the distal ends of the older villi degenerate and are cast

off simultaneously, forming, with the mucus, a sort of membrane. This process
" is certainly repeated at least twice." These obsen'ations, however, have not been
confirmed, and the appearances are perhaps due to post-mortem degeneration.

At 55 mm. approximately 12 villi are seen in a cross section

of the middle portion of the intestine, and at 99 mm. there are 25.

Berry has estimated that in an 80 mm. embryo there are 50,000

villi in the entire intestine, and at 130 mm. the number has

increased to 330,000. He finds that fully developed villi and
young villi exist in the growing intestine side by side, and this

conclusion is well established by the reconstructions of Voigt,

Berry, and Johnson.
The epithelium covering the elevations in the 30 nun. embryo

is thinner and more definitely simple than that in the depressions.

At 55 mm. the epithelial cells of the villi are columnar, with

conspicuous cell walls and bulging top plates. The rounded nuclei

are somewhat below the middle of the cells, and the protoplasm

of the outer part is remarkably clear. In the hollows between

the villi the nuclei are more oval and the cells are more crowded.

The protoplasm is granular. Altogether the epithelium of the

depressions appears much darker than that of the villi. In both

regions, however, there are occasional dense triangular or saucer-

shaped nuclei, apparently belonging with goblet-cells. Sometimes

nuclei are seen displaced outward, but these do riot resemble the

wandering cells of later stages. Baginsky (1882) contrasted the

clear cells of the villi with the dense cells in the hollows between

them, as seen in the jejunum at 4 months, and he described the

depressions as the first stage in gland formation.

The Formation of the Intestinal Glands.—The intestinal

glands (of Lieberkiihn) develop gradually among the deeply

staining cells in the hollows between the villi, appearing first in

the duodenum. As the villi increase in number, the rounded

hollows between them give place to narrow clefts, along the base

of which knobs and short tubules extend downward. Glands in

the form of short tubules are present, near the pylorus, at 78 mm.
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At 91 mm. they occur in the middle part of the duodenum, but

below this, in the sections examined, they are still absent. They

are found in the middle portion of the small intestine at 120 mm.,

and their size at 134 mm. is shown in the model. Fig. 282.

Brand (1877) found no trace of the glands at 3 months, and states that they

first appear in the upper part of the small intestine in embryos of 3 1-2 months

(110 mm.?). He considered that they are epithelial pits due to the partial fusion

of the bases of adjacent villi. Barth (1868) had previously stated that they are

produced by the upward growth of the surrounding mesenchyma, but Kolliker

(1861) had described them as tubular downgrowths of the epithelium. Voigt

(1899), Hilton (1902), and Johnson (1910) agree with Kolliker.

New glands arise at first as independent buds at the base of

the villi, but the older glands branch dichotomously, as observed

by Baginsky in a 7 months ' embryo. Branched glands are frequent

at birth, and doubtless the branches subsequently become inde-

pendent glands. Thus the number of tubules increases through

bifurcation, as in the stomach.

Although the epithelium of the glands is darker and in early

stages taller than that of the villi, the transition is gradual. The
relation between them is similar to that which obtains, in the

stomach, between the gastric pits and glands. But in the stomach

the epithelium of the glands becomes more sharply differentiated

from that of the pits, whereas in the intestine the difference gradu-

ally disappears. At 240 mm. it is less marked than at 134 mm.
Goblet-cells are then found near the bottom of the glands, but

often the fundus is composed of darker, granular cells. This is

the condition at birth, when the glands have become approximately

one-fifth as long as the villi. It is possible that the dark granular

cells represent the cells of Paneth.

The Duodenal Glands.—^According to Brand, the duodenal

glands (of Brunner) develop from the intestinal glands, beginning

in embryos of 3j4 months, but Baginsky failed to find them at 4

months. In a 78 mm. embryo, near the pylorus, some of the intes-

tinal glands appear to be more tortuous than others and occasion-

ally show lateral bulgings near their blind ends. At 120 mm.,
which is before the appearance of the muscularis mucosae, certain

of them have grown almost to the circular muscle layer, where
they terminate in tubules composed of clear cells, entirely unlike

the dark cells at the fundus of the adjacent intestinal glands. A
longitudinal section through the stomach and duodenum at this

stage shows that these duodenal glands are quite close together

near the pylorus, hut further on in the duodenum they occur at

considerable intervals. At 240 mm., as shown in Johnson's model
(Fig. 284), the older glands have branched repeatedly. Certain

of the bifurcating intestinal glands in this model probably repre-

sent the young stages of the duodenal glands.
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The secretory cells of the duodenal glands stain a bright
yellow with orange G, and exhibit a delicate reticular structure.
Thus they resemble the cells of the pyloric glands, which develop
at about the same time, and of the cardiac glands, which arise

somewhat earlier. The duodenal glands have been regarded as an

Fig. 284.—ModeFsbowiag developing duodenal glands in an embryo of 240 mm. X 160 diam. (After

F. P. Jolinson.)

extension downward of the pyloric glands, but the considerable

morphological differences between them in early stages are against

this opinion. In the adult, parietal cells have been found in rela-

tion with both the pyloric and duodenal glands (Kaufmann, 1906),

but, as already noted, they have been found in the cardiac glands

of the oesophagus. They have not been seen in the duodenum of

the embryo.
Outer Layers.—As elsewhere in the digestive tract, the cir-

cular muscle layer is the first product of the surrounding mesen-
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chyma. In a 10 mm. embryo, in which this layer is distinct in

the oesophagus, but has not yet appeared in the stomach, it may be

identified in the duodenal region. Tandler, however, states that

it arises at 12.5 mm. In later stages it spreads down the small

intestine, and at 22.8 mm. it is present at the junction with the

colon. The mesenchyma within the muscle layer contains numerous

branches of the superior mesenteric vessels, but no lymphatics.

In the duodenal region ganglia are present, and they are found,

almost entirely, just outside of the muscle layer. They appear to

connect with sympathetic trunks which pass on the right side of

the pancreas and also below it. In these specimens it is impossible

to determine the lower limit of the vagus plexus, which, according

to Kuntz (1909), may invade the small intestine. The nerves to

the lower part of the small intestine appear somewhat later. At

42 mm. the ganglia are conspicuous, especially along the line of

mesenteric attachment.

The longitudinal muscle layer becomes distinct at about 75

mm. At 134 mm. no muscularis mucosce was seen, but it is present

at 187 mm. Apparently this layer appears first in the oesophagus,

then in the stomach, and later in the small intestine. Mall (1897

and 1898) inferred that peristalsis occurs in 130 mm. embryos,

since in several embryos of this stage he found that the meconium

had been propelled downward toward the csecum.

The tunica propria becomes gradually differentiated before

the muscularis mucosa3 has appeared. It is a dense layer of

mesenchyma at 99 mm. The lymphatic vessels, which in earlier

stages were present in the mesentery, are now found in the sub-

mucosa, but they cannot be seen in the propria. At 240 mm. both

solitary and aggregate nodules of lymphoid tissue have appeared
in the tunica propria. Their relation to the lymphatic vessels could

not be determined in the specimens studied. According to the

early observers, the lymphoid tissue arises from the epithelium,

and Betterer (1895 and 1897) has more recently defended this

interpretation. It was rightly rejected by Stohr (1889), who con-

cluded that "the lymph-nodules of the intestine arise in the tunica

propria, or in the adjacent parts of the submucosa, through mitotic

division of the round cells (leucocytes) which are found there."

Similarly Czermack (1893) has maintained that the Ijonphoid

tissue develops as a "condensation of the mesenchyma." Czermack
is probably correct in concluding that the lymphocytes arise in

genetic connection with the reticular tissue. The presence of

aggregate nodules (Peyer's patches) in the human intestine at six

months and later has been recorded by KoUiker (1861). At seven

months Baginslry (1882) recognized very distinctly the central

hTQphatic vessels within the villi of the duodenum.
The development of the circular folds (valvules conniventes)

requires further study. In the middle portion of the intestine at
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78 mm. (3 months?), as seen in longitudinal section, there are
frequent slight elevations of the submucosa, in which the muscu-
laris is not involved. These are so small that they displace upward
(in longitudinal sections) only five villi. In similar sections at 240
mm. there are about ten villi on either side of a fold.

Meckel (1817) stated that there was no trace of the circular folds until the
seventh month, when they appeared as slight elevations readily' obliterated on
stretching the intestine. At birth he found them still poorly developed. Delamare
(1903), on the contrary, states that at birth they are as numreous and relatively

as high as in the adult. According to Hilton, these folds are not found in apes,
but are peculiar to the human intestine.

Fischl (1903) has studied the elastic tissue of the intestine.

He finds that at birth there is no elastic tissue in the walls of the
intestine or stomach, except in connection with blood-vessels. It

begins to develop in the first weeks after birth.

Anomalies of the Small Intestine.—In addition to the imperfect
torsion of the intestinal loop and the presence of Meckel's diver-

ticulum ilei, which have been described in a previous section, the

congenital anomalies of the small intestine include atresia and
stenosis, diverticula, and cysts.

Tandler (1900) concluded that the embryological atresia of the duodenum
may sometimes persist and become congenital. He considered this a rare occur-

rence, since only two cases of intestinal occlusion were found among 111,541

children in Vienna, and nine cases among 150,000 in St. Petersburg. Altogether

more than a hundred eases of stenosis or atresia of the small intestine have been
described, and rather more than a third of these were found in the duodenum'.

Thus they are far more abundant in the duodenum than in any other equal length

of the intestinal tract. Kuliga (1903), who reviewed the literature, could not

decide between inflammatory and developmental causes for these conditions, but

Kreuter (1905) and Forssner (1907) both advocate the embryological origin.

The cases vary greatly in degree, and include perforate iris-like folds or

valves, complete membranes, and more or less extensive strictures and obliterations

of the epithelial tube. Sometimes the muscularis passes smoothly around the

blind ends of the divided intestine without extending from one to the other. Cases

like that of Preisich (1903), in which, in a boy 6 days old, two valve-like folds

were found in relation with the bile and pancreatic ducts, strikingly suggest the

conditions in embryos between 15 and 25 mm., and certain of the congenital

atresias and stenoses presumably arise at that stage." In other cases, discussed

by Forssner, meconium has been found below a complete atresia. This indicates

a late origin, possibly through the adhesion of valve-like folds. Moreover, atresia

is found in portions of the small intestine where obliteration of the lumen does

not normally occur. Such cases may represent the persistence of an abnormal

embryological condition. Forssner thinks it probable that exceptionally an epithe-

lial occlusion may be found in all parts of the embryonic intestine.

^ The 19 mm. embryo in the Harvard Collection, which has an abnormally

shaped stomach with an accessory pancreas, shows also a distinct local constriction

of the duodenal epithelium. There is an actual stenosis of the descending part

of the duodenal loop.
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Diverticula of the duodenum, especially near the outlets of the pancreatic

ducts, are relatively common. According to Jaeh (1899), who found but one

case in 200 bodies, Schiippel found seven instances in 45 bodies. They are

generally round sacs, opening into the duodenum by clear-cut, circular orifices.

Since they are not covered by the muscularis, but push their way through it, they

have been described as hernias of the mucous membrane, and as false diverticula,

in distinction from the true Meckel's diverticulum. The latter is covered by the

muscular coats. Jach believes that they are generally pulsion diverticula, produced

by the distention of the upper part of the duodenum following an obstruction

lower down. The obstruction may be a cicatricial contraction, or the pressure from

a displaced transverse colon. Their occurrence about the outlets of the bile and

pancreatic ducts has been attributed to a deficiency in the muscularis where the

ducts penetrate it. But Letulle (1899), who has described two cases, concludes

that they are undoubtedly of early embryonic origin. Lewis and Thyug (1908)

have stated that the diverticula observed in the embryo may possibly give rise to

those in the adult. In Fig. 285 their drawing of a model of a duodenal divertic-

FiG. 285.—Diverticula of the duodenum. A, in an embryo of 13.6 mm. (liarvard Collection, Series

839). X 65 diam. (From a model by F. W. Thyng.) B, in an adult. (After C. M. Jackson.) In B the

outline of the pancreas is dotted. Z). chol., common bile-duct; D. pane, d., duct of the dorsal pancreas;

Div., diverticulum ; St., stomach.

ulum from a 13.6 mm. embryo is placed beside Jackson's sketch of a large

diverticulum, 3.5 cm. deep, found in a man of 50 (Jackson, 1908), and the corre-

spondence in location is striking. It is possible that some of the duodenal

diverticula are congenital, although apparently no ease has yet been recorded at

birth (Fischer, 1901).

Occasionally a single diverticulum has been found in the jejunum or in the

ileum, but more often there are multiple diverticula. They occur usually in old

people, and differ from those of the embryo in their greater relative size and larger

number, in occurring only near the mesenteric attachment, and in their distribution

which includes the colon. Like the diverticula of the oesophagus, they have been

found ih relation with the blood-vessels, and have been attributed both to traction

by the vessels and to pulsion along the path of the veins as they cross the muscu-
lature to enter the mesentery. Hansemann (1896) has produced them experi-

mentally by distending the intestine with water. It is improbable, as stated by
Elze (1909), that there is any genetic connection between such structures and the

diverticula of the embryo.

Cysts derived from the intestine may be found at birth. Usually they are

correctly ascribed to a detached Meckel's diverticulum, even when found within

the mesentery (Hennig, 1880; Roth, 1881; Dittrich, 1885). These cysts are occa-
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sionally very large (22 cm. long). Their walls include all the layers of the
intestine and may contain aggregate nodules. The epithelium is sometimes smooth
and cjhated, but it may exhibit more or less perfect glands and villi. In one of
Roth's cases, there were two cysts in the abdomen and one in the thorax, and it is
stated that they may have arisen in loco from the duodenum and oesophagus. In
a pig embryo of 20 mm., Lewis and Thyng have figured a mesenteric cyst which
had become detached from the intestine in the lower duodenal region, and it is
possible that certain of the congenital intra-mesenteric cysts have a similar origin.
The relation of intestinal diverticula and cysts to an accessory pancreas will be
considered with the pancreas.

Several small oval cysts have been found by F. P. Johnson among the
duodenal villi of a 7 months' embryo. They appear to be distended with mucus,
derived from the small group of glands emptying into their basal portions. The
epithelium which lines the cysts is separated from the surface epithelium by a
thin layer of connective tissue. These structures resemble the cystic glands which
Stohr (1898) has figured in the vermiform process of a 5 months' embryo. The
closure of the neck of the flask-shaped gland shown in Fig. 282 would apparently
produce a similar structure.

THE DEVELOPMENT OF THE LARGE INTESTINE.

By FREDERIC T. LEWIS.

Early Development.—In a 10 mm. embryo the large intestine

consists of an epithelial tube, an undifferentiated layer of mesen-
chyma, and, except along the mesenteric attachment and near the

pelvic termination, a layer of peritoneal epithelium. The entodermal
epithelium shows usually two rows of nuclei. Mitotic figures are

limited to the row next -the lumen. The lumen is circular, and,

though minute in places, it is continuous throughout. There is a

marked local dilatation of the lumen in the region of the csecum,

and a gradual enlargement downward in the rectal portion. The
diameter of the colon is about equal to that of the lower portion of

the small intestine, but it is less than that of the duodenum, the

epithelium of which has begun to proliferate.

At 14.5 and 16 mm. the large intestine is still a round tube

with a well-defined lumen, gradually enlarging from the colon

toward the cloaca. At 22.8 mm. the lumen of the lower part of the

rectum has become elliptical and the long axis is transverse.

Passing upward the lumen gradually becomes circular. Near the

csecum the inner surface of the epithelium shows some irregulari-

ties due to the varying height of the cells. Here, in cross section,

the lumen is stellate or polygonal, but the circumference of the

epithelium is circular. Patzelt (1883) has described the same
condition in cat embryos of 25 and 33 mm.

In a 37 mm. embryo the lumen of the greater part of the

ascending colon is pentagonal, but the circumference is circular.

Toward the right (or hepatic) flexure the lumen becomes round,

and so continues into the descending colon. Then it assumes a
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three-lobed form (in places four-lobed), but the circumference

still remains nearly circular. After reaching the part of the

rectum with a long transverse axis, the lumen shows additional

lobes and the circumference becomes indented. Thus, in cross

section, the lower part of the rectum shows five or six folds.

The transverse colon at 42 mm. is shown in Fig. 286, A. The

cells at the bottom of the three outpocketings are lower than the

others, and show a characteristic pearl or bud-like arrangement,

suggesting the diverticula of the small intestine. They do not

produce local pockets, however, but elongated ridges. Toward

the rectum the epithelial irregularities are more marked. They

are shown in longitudinal section in Fig. 286, B and in cross section

in Fig. 286, C. Between the sheaf-like bundles of tall cells with

superficial nuclei, there are concentric groups of short ones with

Fig. 286.—The epithelium of the large intestine in a 42 mm. embryo (Harvard Collection, Series 838).

Xfil30 diam. A, crosB section of the transverse colon. B, . longitudinal section of the sigmoid colon.

C, cross section through the upper part of the rectum.

basal nuclei. The latter appear to be growing outward, and by

the shortening of the intervening cells the epithelium becomes

folded. Thus in C there are three folds, but the places where two

others will arise are clearly indicated, and lower down in the

rectum five or six folds are found.

There is no solid stage in the development of the large intes-

tine. The atresia described by Kreuter (1905)at the beginning of

the fifth week has not been found by Forssner (1907). There are

no diverticula. Small vacuoles are found at 37 mm. in connection

with the nests of low cells, and similar vacuoles have been observed
in the stomach, but these are never conspicuous as in the oesoph-

agus. The expansion of the epithelial tube occurs slowly, so that

at 37 and 42 mm. the large intestine is very much smaller than
the adjacent coils of the jejunum and ileum, in which villi are

conspicuously present.

Villi and Glands.—With the continued growth of the large

intestine the outpocketings bifurcate, and, as seen in cross sections,
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the number of elevations projecting toward the lumen increases.
In a section of the transverse colon at 55 mm. there are five or
six projections; at 73 mm. there are about ten; and at 99 mm. as
many as twenty. A model of the transverse colon at 99 mm. shows
that these elevations are true villi (Fig. 287). At their bases there
are irregular epithelial clefts and pockets which give rise to the
glands. The glands continue to grow downward, and they multiply
through bifurcation. The cells at the bottom of the depressions
are granular and dark, but the villi are covered with clear elon-

FiG. 287.- -Modei showing the villi of the transverse colon in an embryo of 99 mm.
F. P. Johnson.)

X 120 diam. (After

gated cells, apparently containing mucus. Patzelt found occasional

goblet-cells in a 75 mm. embryo, and he notes that the cuticular

border is distinct. The relation between the dark cells below and
the clear cells above is similar to that seen in the stomach and
small intestine.

Meckel in 1817 described the villi of the large intestine at 3 months as much
lower than those of the small intestine, but quite as numerous. In the fourth

month he found that they are not only considerably smaller, but less club-shaped

and more scattered. By the eighth month the villi have gradually given place to

very low, slightly indented longitudinal folds, which produce irregularities on the

inner surface of the intestine. KoUiker (1861) stated that at the fifth month the

viUi begin to fuse from their bases upward, around the gland outlets, and that

this process is completed in the seventh month. Brand (1877) described the

development of septa between the villi, beginning below and extending upward,

transforming the spaces between the villi into prolongations of the glands. At the

sixth month the tips of the villi are reached by the septa. Patzelt (1883) states

that he can confirm the observations of Kolliker and Brand regarding the disap-
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pearanee of the vilU. But Hilton (1902) has found that the vUli shorten and

disappear as the intestine enlarges, without forming outer portions of the glands.

This accords with Meckel's original description and is apparently correct. The

gradual disappearance, whereby the viUi become slight elevations, probably accounts

for the discrepancy in determining the time of their extinction (Meckel, dunng

the eighth month; KoUiker, in the seventh month; Brand, at the sixth month).

Even at 240 mm. the villi are quite low.

The Outer Layers.—In embryos of 14.5 and 16 mm. the

mesenchyma of the large intestine contains branches of the inferior

mesenteric vessels. The circular muscle layer, which is present at

this stage in the ileum, is still absent from the large intestine. It

appears first in the rectal region and spreads upward. Thus at

22.8 mm. it is present only in the lower part of the large intestine,

where it is in relation with branches of the pelvic sympathetic

ganglia. At 42 mm. it is found throughout the colon. The longi.

tudinal layer appears as a crescentic condensation along the

mesenteric attachment of the transverse colon at 75 mm. In the

transverse colon at 99 mm. the mesenteric taenia is still the most

prominent part of the longitudinal muscle, but the other two

tsenise are indicated. There is probably a thin layer of longi-

tudinal muscle in the intervals.between the tsenise. In the rectum

at this stage the longitudinal layer is well defined. At 187 mm.
the muscularis mucosce is distinct in the rectum, but is apparently

absent from the transverse colon. It is present there at 240 mm.
Lymphatic vessels are abundant along the mesenteric attach-

ment of the rectum in early stages (37 mm.). At 120 mm. the

lymphatic vessels in this region have extended into the submucosa,

and lymph-glands are developing outside of the muscularis. At
187 mm. lymphoid tissue is present in the propria of the rectum,

forming nodules and extending into the submucosa. Baginsky
found developing nodules in the submucosa of the colon at 4

months. At birth the nodules are abundant.

The transverse folds of the rectum are seen in longitudinal

sections at 120 mm. The haustra or sacculations of the colon,

according to Meckel, are not present until the end of the fifth

month and they first appear in the transverse colon. In this

region they are distinct at 240 mm. Corresponding with the

external indentation, which bounds the sacculation, there is a

prominent internal fold of the mucosa. The appendices epiploicce

were found by Baginsky at 4 months. Meckel had said that they

are distinct in the fifth month, although they contain quite as little

fat as the omentum.
The Vermiform Process.—At 16 mm. the vermiform process

is an epithelial tube surrounded by undifferentiated mesenchyma.
Its lumen is clear-cut and round. At 55 mm. the lumen has become
lobed, resembling that of the colon in earlier stages. The circular

muscle is present as a well-defined layer, but the longitudinal
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muscle has not yet appeared. At 120 mm. (about 4 months) villi

are present, and between them there are bifurcating glands or
pits. Brand (1877) found only villi at 3>4 months, but at 4>4
months the glands had appeared. Some of them showed "lateral
outpocketings" which Brand thought were perhaps concerned with
the later increase in the number of glands. At 120 mm. the tunica
propria, because of its crowded nuclei, is quite distinct from the
underlying submucosa, and the contrast between them is greater
than in the adjacent colon. At 140 mm. Stohr (1898) found small
"groups of leucocytes" close beside blood-vessels, not only in the
deep connective-tissue layer, but also within the villi. In the
tunica propria they form compact masses of cells which are the
beginnings of the nodules. At this early stage scattered leucocytes
wander into the epithelium which covers the tips of the villi.

In the fifth month (170 mm.?) Stohr has found that the mus-
cularis mucosce is indicated in the caecum but is absent from the
vermiform process. Villi are still present. The glands of the
vermiform process vary greatly in diameter and length, and some
of them extend almost to the circular muscle. At this stage Stohr
has described a degeneration of some of the glands, beginning
with a characteristic thickening of the connective tissue which
surrounds them. The goblet-cells at the neck of a degenerating
gland first become flattened, and then give place to a solid epithelial

strand. Later the strand ruptures, and the detached basal portion,

after becoming cystic, undergoes involution. The last remnants
of such a gland are small groups of epithelial cells, surrounded by
thick connective-tissue capsules. Stohr finds that degenerating
glands are relatively less numerous at six months, and he infers

that the degeneration may be limited to embryonic stages.

At 240 mm. both the muscularis mucosae and the longitudinal

muscle layer are present. The glands are branched and some of

them are long enough to cause a local bulging of the muscularis

mucosae. Occasionally they appear to penetrate it. In this

specimen detached glands were not found. The propria contains

diffuse lymphoid tissue and five nodules, of which the two most
highly developed are near the distal end of the vermiform process.

At birth the glands are still branched. The number of lymph-

nodules has increased, and five were seen in a single longitudinal

section of the distal third of a vermiform process 35 mm. long.

Berry and Lock (1906) have stated that the lymph-nodules increase

rapidly after birth, but these authors are in error in denying the

presence of lymph-nodules at term.

Anomalies of the Large Intestine.—It is generally agreed

that the sigmoid colon is relatively long and freely movable at

birth.
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Bourcaxt (1863) has determined its course and form in 150 eases. Frequently

in the adult the sigmoid colon is excessively long, forming two or three very large

coils. According to Frommer (1902), Curschmaan found an elongated colon in

15 of the 233 bodies which he examined, and he regarded it as a persistence of

the infantile condition. Concetti (1899) recognizes three types of congenital

cases, which cause habitual constipation: 1, those with simple elongation of the

descending and sigmoid colon; 2, cases in which, in addition to the elongation, the

colon is dilated and its walls hypertrophied ; 3, cases in which there is local

dilatation of the lowest part of the colon, above which there is apt to be a region

of compensatory hypertrophy. In the third group Concetti describes a case at

2 1-2 years, in which the longitudinal muscle was completely absent from the

portion of the colon just above the rectum, and the transverse muscle was thinner

than the muscularis mucosae. The emibryological factors which control the length

of the colon are unknown.

Stenosis and atresia are less frequent in the colon than in the

small intestine, but they present the same fornas. They occur

both as membranes and as complete interruptions of the intestinal

tube, with blind ends more or less widely separated (Forssner,

1907). In the large intestine of the embryo there is ordinarily no

occlusion such as occurs in the duodenum, and these cases are

essentially abnormal. The same is true of the doubling of the

caecum and colon described by Lockwood (1882).

Diverticula of the colon are frequent, but apparently they are

acquired late in life. Hansemann (1896) finds that they are not

limited to the mesenteric attachments, but may occur on the convex

side of the intestine, sometimes projecting into the appendices

epiploicse. Unlike the false diverticula of the small intestine with

which they are sometimes associated, he states that the outpocket-

ings of the colon often push the atrophic muscle before them and
are "true dilatation diverticula."

Hedinger (1904) has described a case of congenital diverticula

of the vermiform process. In the distal third of the vermiform
process of a new-born child there were numerous outpocketings,

which either only reached the muscularis or extended nearly

through it so as to produce an uneven serous surface. Hedinger
considers that in his case alone, the congenital origin of a divertic-

ulum of the digestive tube has been established.

Contents of the Intestine.-—^When the glands of the digestive

tract begin to secrete, their secretions together with desquamated
and disintegrating entodermal cells are found in the intestinal

tube. These become mixed with amniotic fluid, containing lanugo
hairs and fatty material from the vernix caseosa, which has been
swallowed. In early stages the fluid is yellowish in color, and at

birth it is still light colored in the upper part of the intestine.

Toward the rectum it gradually becomes dark brown or dark
green, and is known as meconium (a Greek term for the juice of

the poppy and for sepia). The color is due to bile pigments.
Schenk (1896) states that in embryos of four months the meconium
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appears as a bright yellow or pale greenish fluid, and that it fills

the entire large intestine in embryos of five months. In later
stages it becomes dark brown. But, according to Tourneux (1909)

,

it does not pass the valve of the colon in embryos of five and six

months; it is only from the seventh to the ninth month that it

passes into the large intestine, where it becomes greenish brown.
Bacteria are absent and there is no gas in the embryonic intestine.
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THE DEVELOPMENT OF THE LIVER.

By FREDERIC T. LEWIS.

Early Development of the Entodermal Portion.—In the
embryo of 2.5 mm. whicli Thompson described (Fig. 236, p. 311),
the liver is in a very early stage of development. It is a median
ventral outgrowth of the entodermal tube, with thick walls which
inclose a cavity in wide communication with the alimentary canal
(Thompson, 1908). The latter presents a groove-like ventral
border, but the liver appears as a well-defined cul-de-sac, the

external form of which is shown in Fig. 288, A and B. Brachet
(1896) and Swaen (1897) have described the liver as arising from
a longitudinal groove.

In the slightly older Bremer embryo (4 mm.), the median
hepatic diverticulum is still present, but there has been an exten-

sive proliferation of the cells in its anterior and ventral walls.

The proliferating cells have formed irregular masses and anas-

tomosing cords. In places the nuclei are peripheral, so that there

is a lightly staining protoplasmic core, but no lumen is present in

these outgrowths. Ventral and lateral views of a model of the

liver in this embryo are shown in Fig. 288, C and D. (A small

nodular outgrowth of the digestive tube, shown in the figure, and
a similar structure beyond the lower limit of the model, are not

connected with the liver.)

The 4.9 mm. embryo described by Ingalls (Fig. 239, p. 314)

is considerably older. The anastomising cords of hepatic cells

have formed a large crescentic mass. Fig. 289, A, with wings
extending backward on either side of the intestinal tube. This

mass connects with an outpocketing of the intestine, which corre-

sponds with the original hepatic diverticulum. Distally the diver-

ticulum shows a rounded subdivision, or outgrowth, which gives

rise to the gall-bladder and cystic duct. Toward the intestine, in

the angle between the diverticulum and the duodenum, the ventral

pancreas has developed.
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In an embryo of 7.5 mm. the liver is much larger (Fig. 240,

p. 316). The crescentic mass of anastomosing trabeculse joins

the elongated diverticulum by a short solid stem, the hepatic duct

(Fig. 289, B). The diverticulum has become tubular, thus giving

rise to the common bile-duct {ductus choledochus) .
Distally the

gall-bladder and cystic duct are represented by a cylindrical pro-

longation of the diverticulum, which is nearly solid.

Div. hep.

Div.hep.

B Div. hep.

Fig. 288.—A and B, ventral and lateral views of the liver of an embryo with 23 pairs of somites (2.5

mm.), from a model by Peter Thompson. X 55 (?) diam. C and D, ventral and lateral views of the liver

of a 4 mm. embryo, from a model by J. L. Bremer. X 135 diam. Div. hep., hepatic diverticulum; Tr.,

hepatic trabeculse.

Before mammalian embryos had been satisfactorily studied, it was known
that in the chick the liver arises from two outgrowths of the intestine, and
Bischoff (1845), Eemak (1855), and KoUiker (1861) believed that this would prove

generally true for mammals. Although His (1885) found only single outgrowths

in himaan embryos of 2-3 mm., Felix (1892) concluded that two are present. In

addition to the " cranial hepatic duct " or diverticulum he found, in a single

specimen, a " caudal groove " which he believed to be analogous with the posterior

hepatic outgrowth in the chick. The embryo which he studied had been injured

in the hepatic region. According to Felix, the caudal groove in man produces

the gall-bladder and cystic duct, together with some of the hepatic trabeculse, and
it fuses with the cranial portion. Swaen (1897), in an embryo of 3.8 mm., found
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the liver represented by a longitudinal groove, which forms a cul-de-sac anteriorly

and becomes gradually lower until it disappears posteriorly. Other writers have
described the cul-de-sac, or hepatic diverticulum, as consisting of an anterior pars
hepatica, which gives rise to the trabecute, and a posterior pars cystica, which
produces the gall-bladder (cf. Hammar, 1897). Thompson, following Maurer
(1906), applies these terms to portions of the diverticulum shown in Fig. 288, A
and B. Geraudel (1907), without describing young embryos, concludes that the

bUe-ducts and the hepatic trabeculse are genetically independent; the former arise

from the entoderm, emd the latter from the mesoderm. This has been discussed

and denied by Debeyre (1910). A bilaterally paired origin of the liver has been

described in some vertebrates, but has not been found in man.
Certain investigators, following His (1885), recognize an early compact stage

in the development of the liver, in which there are eipitheUal masses instead of

anastomosing trabecule. It has been discussed whether the trabeculse arise by
epithelial outgrowths or by the breaking up of the solid masses through the invasion

of mesenchymal tissue. The liver of the Bremer embryo is in the compact stage.

Vee.fel.

Pane. V.

Pane. d.

Div, hep.

Vea.fel.

D. cv't.

Pane,

Fio. 289.—A, lateral view of the liver and pancreas of a 4.9 mm. embryo, from a model by N. W.
Ingalls

'

X 65 diam. B, similar view of a model in which the hepatic trabecule are not included, from

a 7 5 nun. embryo. ModeUed by F. W. Thyng. X 50 diam. D. chol., common bUe-duct
;
D. cyst., cystic

duct ; D. hep., hepatic duct ; Div. hep., hepatic diverticulum ; Ga., stomach ; Pane, d., dorsal pancreas

;

Pane', v., ventrallpanoreas ; Tr., trabecule ; Ves. fel- (vesica fellea), gall-bladder ; x, aberrant duct.

Relation between the Entodermal Portion andl the Blood-

vessels.—Von Baer (1828) described the hepatic outgrowths in the

chick as arising in close relation with the veins. Similarly

Janosik (1887) observed that "in birds, through constant ramifica-

tion, new outgrowths form, which grow into the lumen of the

omphalomesenteric vein, pushing the endothelium before them."

But in a young human embryo he failed to find such an intimate

relation between the liver and the veins. Swaen,however (in 1897)

,

states that in human embryos "the cavities of these veins have

probably been invaded by the hepatic trabeculse and transformed

into vascular ramifications and capillary networks."

Bremer (1906) described the liver shown in Fig. 288, C and

D, as follows: "The liver cords are found to be growing into

m'esenchyma at a level ventral to the vitelline (or omphalomesen-
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teric) veins; in this same mesenchyma, however, we find branches

of the veins ramifying and forming plexuses, and in certain places

these plexuses come into intimate relation with the liver cords."

With further growth the places of contact rapidly increase.

As the trabeculfe ramify, new branches of the venous plexus extend

between and around them, so that the cords of liver-cells are closely

invested with endothelium. The process, therefore, is not a simple

invasion of the lumen of the veins by the trabeculse.

As the right and left wings of the liver extend dorsally, they

encounter respectively the main trunks of the right and left

omphalomesenteric veins, which are passing from the intestine to

the heart. The hepatic trabeculse surround these veins. The left

omphalomesenteric vein soon loses its identity within the hepatic

plexus, but the right vein remains as a distinct channel. These

I'iG. 290.—Semi-diagrammatio reconstnictiona of the veins of the liver (ventral views). (After Mall.

A, embryo of 4.5 mm.; B, 6.5 mm.; 0, 7 mm. d. v., ductus venosus; H, Uver; I-nt., intestine; t. u., reoessus

umbilicalis; v. h., hepatic vein; v. o-m. d., v. o-m. a., right and left omphalomesenteric veins; v. p., portal

vein; v. u., umbilical vein; v. u. d., v. u. a,, right and left umbihcal veins.

relations are shown in the diagram. Fig. 290, A, from an embryo
similar to Ingalls' specimen. (For a reconstruction of these veins,

see Ingalls, 1908.)

The further development of the large hepatic vessels may be

considered briefly, since details are supplied in Chapter XVIII.

In an embryo of 6.5 mm.. Fig. 290, B, the two omphalomesenteric

veins have produced a single vessel, which winds behind the intes-

tine to enter the liver, the entering portion being a persistent part

of the right vein. This is the portal vein of later stages. Within
the liver the right omphalomesenteric vein can be followed con-

tinuously, and the left through a plexiform network, to the

superior surface. Here a single vessel, the hepatic vein, conveys

the blood to the heart. The hepatic vein is essentially the per-

sistent outlet of the right omphalomesenteric vein.

Thus it will be seen that by intercrescence with the hepatic

trabeculse, the original omphalomesenteric veins have been resolved

into an afferent portal vein, which empties into a network of

branches, and an efferent hepatic vein, which drains these



DEVELOPMENT OF THE LIVER. 407

branches. This purely venous type of circulation has long been
described as a portal circulation. (In the liver it is the hepatic
portal system; in the Wolffian body, the renal portal, etc.) It has
also been described as a sinusoidal circulation (Minot, 1900;
Lewis, 1904).

In addition to the blood from the intestines, received through
the portal vein, the liver very early receives blood from the

placenta, through the left umbilical vein. The pair of umbilical

veins at first pass to the heart without entering the liver, but in

some 4 mm. embryos the left umbilical vein already sends out

branches which join the hepatic plexus. In the 6.5 mm. embryo.
Fig. 290, B, one of these branches has become the chief outlet for

the placental blood. At first the umbilical vein merges in the

general plexus, but later it forms a large channel across the inferior

portion of the liver (Fig. 290, C). Although it is a left vein, it

gradually moves toward the median line, and the gall-bladder,

which is morphologically median, is found on the right.

After birth, the portion of the umbilical vein extending from
the umbilicus to the liver becomes reduced to a fibrous cord,

—

the round ligament (lig. teres hepatis). In the adult, a large

branch of the portal vein within the liver extends toward this

ligament and ends blindly. Rex (1888) has described this blind

ending, as an appendage of the left branch of the portal vein, and

named it the recessus umbilicalis. Mall (1906) has applied this

term to a portion of the embryonic vessels, as indicated in Fig.

290, C. The vessel which appears as a continuation of the umbilical

vein, passing from the portal to the hepatic (in later stages to the

vena cava inferior), is the ductus venosus. Since the ductus

venosus and the umbilical vein appear on the under surface of the

liver, they will be further described with the surface markings.

As stated by Toldt and Zuckerkandl (1875), the capillaries

of the liver in early embryonic stages are considerably wider than

later, both absolutely and as compared with the glandular parts

which they surround. Minot (1892), in describing the embryonic

mammalian liver, noted that the "blood-channels are very large,"

and Schenk (1896) referred to the "lacunar vascularization" in

the liver of batrachians. In 1900 Minot proposed the term

sinusoids, in distinction from capillaries, for wide endothelial tubes

fitted closely against the cells of the organ in which they are

developed; those in the adult liver, which have become narrower,

he distinguished as capilliform sinusoids. The intimate relation

between the hepatic cells and the endothelium has long been known.

Thus Hering (1871) recorded that "the secreting cells of the liver

exhibit a peculiar arrangement, whereby there exists a much closer

and more extensive contact between them and the capillaries thg,n

in other glands." In describing this relation in the embryo, the
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perivascular tissue will be considered first, and then the cells

wMch occur within it.

Perivascular Tissue.—The gross relation between the blood-

vessels and the hepatic trabeculse in a 9.4 nun. embryo is shown in

the model, Fig. 308, p. 432. Along the upper surface of the model

the liver is seen in transverse section. The histological features

of such a section are shown in Fig. 291. In many places the

endothelium has become separated from the hepatic traheeulse,

thus producing a perivascular space. The space is bridged by

slender protoplasmic processes of the endothelial cells. These

processes, together with the peripheral protoplasm of .the endo-

thelial cells, are directly transformed into connective-tissue fibres

of a peculiar sort. Kon (1908) observed the transformation in

embrvos of four and five months, but MoUier (1909) declares that

Fig.' 291.—Section of the liver o£ a 7.5 mm. embryo (Harvard Collection, Series 256). X 120 diam.
BI.,lblood-forming cells; C Aep., cells of the hepatic trabeculae; Corp.^ nucleated blood-corpuscles; Endo.,

endothelium; V., branch of the portal vein.

it begins much earlier, since the fibres are clearly present at

30 mm." As compared with the adult, Maresch (1905) finds that

the fibres in embryonic livers are poorly developed, and that "not
until birth can an abundant supporting tissue be demonstrated."

The nature of the delicate felt-work of perivascular fibres found in the adult

has been discussed by Mall (1896) as follows: "Kupffer considers them to be

elastic, while Ewald and Kiihne consider them white fibrous. The fact that they

are digested by pancreatin and yield but little gelatine when boiled excludes both

views; and, since they seem to be identical with the reticulum of lymphatic glands,

spleen, and mucous membrane, I shall retain for them the name reticulum."

Usually they are regarded as delicate strands of white fibrous

tissue. Apart from the nuclei of the endothelium, no nuclei are

found in relation with the fibres, as noted by His (1860) and
abundantly confirmed.

" Mall found the network of fibrils in a pig embryo of 20 mm. Amer. Journ.

of Anat., vol i, p. 354, 1902.
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Perivascular spaces, bounded on one side by the capillary wall
and on the other directly by hepatic cells, with here and there a
connective-tissue fibre stretched across, were described by Biesia-
decki in 1867. He concluded that these spaces were preformed and
not due to imperfect fixation. Hering (1871) recognized that,

although the spaces are increased by shrinkage, they indicate a
structural peculiarity. MacGrillavry (1864) had injected these
spaces through the lymphatic vessels, and also through the bile-

ducts, but they do not normally open into either. They are inter-

fibrillar tissue spaces, and are quite distinct from lymphatic
vessels.

Blood-forming Cells.—In the liver of the 7.5 mm. embryo, in

addition to the flattened nuclei of the endothelium and the round,
coarsely granular nuclei of the hepatic trabeculse, there is a third
group consisting of small, darkly staining, and densely granular
forms, occasionally somewhat indented, situated between the
endothelium and the trabeculse (Fig. 291). Frequently they occur
in groups. The protoplasm surrounding them, in this specimen,
is scarcely perceptible.

Toldt and Zuckerkandl (1875) designated these as round cells, in contrast

with the cuboidal cells of the trabeeulae, and described them as follows

:

" These cells are distinctly round, variable in size, sharply outlined, very
finely granular, and clear; they never contain fat droplets, even when such are

present in considerable quantity in the cuboidal cells, nor do pigment granules

occur in them. The relatively large nucleus is generally distinctly outlined, yet

not with so refractive a contour as in the cuboidal cells. It is of quite homogeneous
consistency. Nucleoli are almost always visible, even fwo or three in a nucleus."

These cells were observed in a 10 weeks embryo and in all the older ones examined.
" Toward the end of embryonic life the number of the round cells, as compared
with the cuboidal cells, strikingly decreases, but they are still present at birth,

situated either singly in the wall of the gland tubes, or in groups by themselves,

surrounded only by a capillary mesh." " After birth their number diminishes very

rapidly, and even in the first weeks they seem to disappear entirely."

Toldt and Zuckerkandl mistook the round cells for young
hepatic cells. The fact that they were not dislodged from the

liver after the veins had been thoroughly washed out with salt

solution confirmed their opinion that they were not the developing

blood-corpuscles described by Kolliker. KoUiker (1846), from a

study of one human and several sheep embryos, had concluded

that "as the liver develops, the multiplication of corpuscles ceases

elsewhere in the blood, and in its place, probably because all of

the blood of the umbilical vein now flows into the liver, an active

formation of blood-cells occurs in the hepatic vessels." Kolliker 's

coromunication is followed by a letter from E. H. Weber, who states

that in the liver of the frog the corpuscles develop outside of the

vessels, to which they may gain entrance by local absorption of the

vessel wall. In 1874 Neumann described the corpuscles as occur-
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ring in nests between the hepatic cells in human embryos of 8-9

months, and he thought that they arose endogenously in the proto-

plasm of certain elongated cells (presumably endothelial). Schmidt

(1892) states that they arise through karyoMnetic division of the

endothelial cells and multiply by mitosis. Van der Stricht (1892)

concluded that the cells described by Toldt and Zuckerkandl were

young red blood-corpuscles. He observed that the capillary wall

becomes discontinuous at the places where these cells appear to be

imbedded in the trabeculse, and therefore he considered that they
_

came from the circulating blood.

In the perivascular spaces of the embryonic liver, not only

are red corpuscles produced, but also leucocytes and giant cells

such as are characteristic of red bone marrow. They are described

in connection with the blood (Chapter XVIII). In early stages

these cells are abimdant, but, according to Nattan-Larrier (1904),

after the fifth month giant cells and basophilic myelocytes are

very rare, and at birth the nucleated red corpuscles remain almost

exclusively. Lobenhoffer (1908) states that as blood formation

ia the liver diminishes, the capillary recesses become fewer and

smaller, disappearing in the eighth month, but at birth, in almost

every field, he found one or two blood-forming groups between the

hepatic cells. He agrees with Schmidt that "the cells of the

capillaries are capable of forming blood elements."

It is probable that the primitive blood-cells seen in the liver

of the 7.5 mm. embryo are derived from the endothelium, but their

possible origin from cells of the circulating blood must be consid-

ered (see Chapter XVIII).

In the adult, as shown by Kupffer (1876 and 1899), the endothelium is so

perforated that its cells have become stellate. Mollier (1909) considetrs that the

stellate condition is associated with blood formation and is most highly developed

in the embryo. He believes that the endothelial cells and the blood-corpuscles

both arise from a reticular syncytium, and, as the formation of corpuscles ceases,

the syncytium becomes a closed endothelium with perivascular fibres. This change

occurs first along the capillaries which are to become the main branches of the

portal vein.

The Gall-bladder, Ductus Cysticus and Ductus Choledochus.—
The solid stage of the gall-bladder, which occurs regularly in

young human embryos, is presumably acquired with the elongation

of the round diverticulum, such as is found at 4.9 mm. (Fig. 289,

A). Both the gall-bladder and the common bile-duct have been

recorded as solid in an embryo of 6.8 mm. (Piper, 1900) and in

another of 6.75 mm. (Keibel and Elze, 1908). These are the

youngest stages in which the solid condition has been observed.

At 7.5 mm. (Fig. 289, B) there is a lumen in the common bile-duct,

but the gall-bladder is impervious. Near the hepatic duct the

lumen is subdivded, appearing in cross sections as two or three
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minute pores. At 16 mm. there are irregular subdivisions near
the hepatic duct, and the distal part of the gall-bladder is solid,
but in both the cystic duct and the common bile-duct the lumen is

single and well defined. Occasionally the common bile-duct has a
double lumen in the midst of its course, as was noted at 14.5 and
at 22.8 mm. (Fig. 292, B). In these cases the two cavities unite
in a single lumen both proximally and distally.

As the gall-bladder expands it may present " intra-epithelial
cysts," as recorded by Keibel and Elze at 18 mm., or the lumen
may be bridged by epithelial strands, as in Fig. 292, A (29 mm.).
At this stage the greater part of the gall-bladder has a clear-cut
round lumen. Its wall shows two rows of oval nuclei, with mitotic
figures in the inner row (22.8 mm.). In a 42 mm. embryo the
tapering proximal part of the gall-bladder presents several
rounded outpocketings, resembling the intestinal diverticula, some-

^-ii'O]

• A B
Fig. 292.—A, section of the gall-bladder of a 29 mm. embryo (Harvard Collection, Series 914). X 180

diam. B section of the common bile-duct of a 22.8 mm. embryo (Harvard Collection, Series 871).
X 180 diam. C, epithelium of the gall-bladder, two weeks after birth. X 580 diam.

times sectioned so as to appear detached from the main tube.

Similar pockets are apparently more definite and abundant in the

sheep and pig than in man. The lining of the gall-bladder in a

78 mm. specimen shows numerous well-defined folds, such as are

characteristic of all later stages. The development of the folds

in the cystic duct, constituting the spiral valve, has apparently
not been studied.

The epithelium of the gall-bladder of a child two weeks old,

born prematurely at the seventh month, is simple and columnar,

with distinct cell walls ending in terminal bars (Fig. 292, C). A
broad clear border, or top plate, with radial striation, such as

Virchow (1857) described in the gall-bladder of adults and chil-

dren, could not be detected. The cells contain oval, pale, vesicular

nuclei, together with more elongated and darkly staining forms,

apparently due to compression. The dark nuclei may be scattered

among the others or may form considerable groups. Occasionally
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at the bottom of the depressions between the folds, a pearl-like

group of cells is seen (Fig. 292, C), suggesting the buds of the

intestine.

The developmnet of the "glands" of the bile-ducts has not been studied

embryologically. These structures are generally considered to be epithelial pockets

rather than true mucous glands. They formerly attracted much attention, cul-

minating in a thorough study of them by Eiess in 1863, for it had been supposed

by Henle (1861) that these glands' were the source of bile, and that the hepatic

trabeculss produced sugar. Riess states that they are most numerous in the hepatic

duct, less numerous in the upper part of the common bile-duct and lower part of

the cystic duct, and entirely absent from the lower part of the common bile-duct

and upper part of the cystic duct; probably there are none in the gall-bladder.

The largest of them are branched tubes with rounded terminations; the small

ones are simple pockets, which give place, in the smaller branches of the hepatic

duct, to rounded diverticula and swellings. Riess has noted that the glandular

appendages of the bUe-duets are much less developed in children than in adults,

and " in the earlier embryonic life they are perhaps wholly lacking."

The outer coats of the gall-bladder and cystic duct develop

as follows: At 7.5 nun. the epithelium is surrounded by a layer

of mesenchyma, and the entire structure is so imbedded in the

under surface of the liver that it causes only a slight swelling of

the peritoneal surface. Above and on the sides the mesenchyma
is in direct relation with the hepatic trabeculse, and it receives a

few prolongations of the venous capillaries. Below it is covered
by the peritoneal epithelium except on the left, where that layer

is reflected to the abdominal walls in connection with the falciform

ligament. In later stages the gall-bladder is separated from the

hepatic trabeculse on either side, and is attached to the liver only
along its upper surface.

At 16 mm. the mesenchyma surrounding the gall-bladder is

still undifferentiated, but at 22.8 mm.it forms two broad concentric

zones, of which the inner is darker and more compact than the
outer. At 29 mm. certain cells in the peripheral part of the dark
zone form a third layer, which is thin and somewhat interrupted.
As seen in later stages these cells are myoblasts, so that at 29 mm.
all three layers of the adult gall-bladder are indicated. These are
the mucosa, muscularis, and serosa. The layers become gradually
less distinct toward the hepatic duct.

The vessels and nerves of the gall-bladder are branches of
those seen at 10 mm. near the pyloric end of the stomach (Fig.
274, C, p. 370). Of these the hepatic artery is of special interest.

^

The Hepatic Artery.—At 10 mm. the hepatic branch of the
coeliac artery can be followed to the hepatic duct. Later it extends
along the hepatic and cystic ducts, but as the cystic branches
develop first, the hepatic artery appears primarily as the artery
of the_ gall-bladder. Thus, at 22.8 mm., the main stem lies in a
wing-like fold of the tunica serosa of the gall-bladder, and other
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brandies follow the attached border of the gall-bladder, lying close
to the hepatic trabecnlse. They connect with a capillary plexus in
the mesenchyma, which empties at various points into the venous
network among the adjacent trabeculse. The cystic vein of the
adult, which conveys the blood from the gall-bladder to the main
trunk of the portal vein, is a later formation. Therefore three
stages may be recognized in the development of the blood-vessels
of the gall-bladder: in the first, the capillaries from the portal
network extend into the mesenchyma around the gall-bladder; in

the second, they are joined by the arterial capillaries and become
efferent vessels; in the third, a single efferent vein, extending
along the cystic duct and emptying into the portal trunk, is

developed from the capillary system.

After the cystic branch of the hepatic artery has become
established, mesenchyma develops around the hepatic duct and its

ramifications, and branches of the hepatic artery appear in this

mesenchyma. They form capillary plexuses, especially around the

branches of the hepatic duct, and the blood passes from these

capillaries into the subdivisions of the portal vein found among
the adjacent trabeculae. Veins comparable with the cystic vein,

which collect the blood from the arterial capillaries and convey

it to the main branches of the portal vein, have been described

within the liver of the adult, but according to Mall (1906) they do

not exist.

Certain branches of the hepatic artery reach the surface of

the liver and ramify in the capsule. They either empty into the

portal network beneath the capsule, or are drained by " branches

of the hepatic vein which come to the surface of the liver and

spread out between the meshes of the arterial plexus " (Mall).

The Hepatic Duct.—At 9.4 mm. the hepatic duct is a short

stem connecting the great mass of hepatic trabeculae with the

common bile-duct (Fig. 308, p. 432). It is solid, or nearly so, in

this specimen, but in a 10 mm. embryo it contains a lumen. The

nuclei are crowded so that the duct stains deeply and contrasts

sharply with the trabeculae. Where it joins the trabeculae the

transition is so abrupt that it has led to the erroneous opinion that

the two tissues are of different origin.

Although the hepatic duct in man is a single stem, there are

certain mammals in which there are several ducts which pass from

the trabeculae to the cystic duct, or, in some species, to the gall-

bladder {cf. Eex, 1888). Eudimentary additional ducts are

common in human embryos. They may join the hepatic, cystic, or

common bile-duct, but usually they occur very near the junction

of the three. Thus, at 7.5 mm. (Fig. 289, B), on either side at this

junction, there is a solid knob which does not quite reach the

trabecule. In the same position there is a single outgrowth in
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the 9.4 mm. embryo and also in the 10 mm. specimen. An aberrant

duct with a Inmen empties into the proximal end of the cystic duct

at 14.5 mm., and the same embryo shows a detached nodule of

epithelium beside the common bile-duct. A detached nodule

containing a lumen was found at 16 mm. These structures may

represent outgrowths of the original diverticulum which have

contributed to the formation of the mass of trabeculae and are now

degenerating, or they may be abortive secondary ducts which have

never reached the trabeculae.

Within the liver of 9-10 mm. embryos the branches of the

hepatic duct usually cannot be traced far, but there is marked

variation in this respect. Frequently among the hepatic trabeculae

one or more very short ducts may be found which certainly do

not connect with other ducts. They may blend with the hepatic

trabeculse at one or both ends. These detached ducts are lined

with regular cuboidal or columnar epithelium and may show a

clear-cut lumen. Such ducts were noted in embryos measuring 8,

9.4, and 10.2 mm., and, according to Elze (1907), in those of 7 and

11 mm. Lewis (1903) found similar detached cysts in the liver of

a 12 mm. pig, and considered them to be cut off from the secondary

hepatic ducts. Whether they are detached portions of the hepatic

ducts is questionable. They may arise in situ by a transformation

of the cells of the hepatic trabeculae.

The Periportal Ducts.—In an embryo of 22.8 mm. (Fig. 293,

A) the spread of the bile-ducts along the main branches of the

portal vein has begun. The trabeculae form cords extending along

the surface of the periportal mesenchyma, and in them a lumen is

formed. In places the cells on the mesenchymal side of the lumen
are distinctly flatter than those toward the portal capillaries. As
seen in the figure, the trabecule connect freely with these ducts.

In a later stage (29 mm.. Fig. 293, B) the mesenchyma has

increased, so that it surrounds the ducts which were seen forming

along its surface. Their epithelium has become regularly cuboidal

or columnar. On the upper side of the vein in Fig. 293, B, the

ducts are in the earlier stage of development.

The periportal ducts clearly form a plexus. The larger ducts,

which have become surrounded by mesenchyma, are also plexiform,

although with the enlargement of the liver their anastomoses

become less numerous. However, the plexiform arrangement of

the main branches of the hepatic duct, which was clearly seen in a

single frontal section at 29 mm., persists throughout life, as has

long been known.
In the adult, Kiernan (1833) found that an injection of the

left branch of the hepatic duct returns by the right duct. "From
this experiment ... it appears that the right and left ducts

anastomose with each other." Hering (1871) stated that there is
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an anastomosis of the branches of the large ducts, and that the
smallest ones sometimes appear to anastomose around the vein
which they accompany (as stated by Eiess), "but this requires
further investigation." He described the connection between
these ducts and the trabeculsB as formed by canals "bounded on
one side by small epithelial cells and on the other by large hepatic
cells." These transitional ducts, sometimes called the "canals of
Hering," were observed in a child of 3 months.

Toldt and Zuckerkandl (1875) described them in an embryo of the tenth
week as follows :

" Those hepatic trabeeulse which are found in the immediate
vicinity of the relatively -sery large poital branches, almost without exception are

Fig. 293.—Sections showing the formation of the periportal ducts (D.peri-p.) around a branch of the
portal vein (V.p.). A, from an embryo of 22.8 mm. (Harvard Collection, Series 871); B, from an embryo
of 32 mm, (Harvard Collection, Series 913). X 185 diam.

perpendicular to the latter, so that in cross sections of a portal branch they show
a radial arrangement, and in longitudinal sections they appear in parallel rows.

They open into the ducts almost at right angles, and their cuboidal cells are inserted

directly into the flat epithelium of the ducts."

The Bile-capillaries. — In an embryo of the fourth week
KoUiker (1861) found the liver composed of solid trabeeulse.

Eemak (1855) had observed a similar condition in chick embryos,

and had named the solid cords of cells "hepatic cylinders."

Phisalix (1888), in describing a 10 mm. embryo, states that he agrees

with KoUiker that there is no lumen in the primitive hepatic

cylinders. This view is generally accepted. But Toldt and Zuck-

erkandl (1875) described the liver of an embryo of the fourth

week, in which the tubular structure appears most distinctly.

"That we have to do with tubes and not with solid cords of cells

can be shown both in cross sections and frequently in longitudinal

sections ; the lumen is always bounded by so sharp an outline that
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there is no question of an artificial separation of the cells." They

find that in the slender tubes the lumen is bounded by three or four

cells, in the larger tubes by still more.

Although in a 10 mm. embryo most of the trabeculse are solid,

there are some, scattered irregularly through the liver, which

show a very distinct lumen (Fig. 294, A). The lumen is larger

than that of the future bile-capillary and lacks the characteristic

cuticular border. It is bounded usually by five or six cells and

ends blindly in the adjoining sections. At 29 mm. the trabeculae

are extensively broken up by the nests of blood-cells, but those

which are least disturbed often show a lumen. At 37 mm. the

~^^^r^ii^ ^

Endo. ^-^^

Fig. 294.

—

A, hepatic trabecula containing a lumen. From a 10 mm. embryo (Harvard Collection,

Series 1000). X 1065 diam. B, bile-capillariea in a 44.3 mm. embryo (Harvard Collection, Series 1611).

X 1065 diam. Bl., blood-corpuscle ; C. hep,, hepatic cell ; Endo., endothelium ; Lum., lumen of a bile-

capillary.

lumen is more distinctly outlined, but it may still be bounded by
as many as six cells. In a 44 mm. embryo, bile-capillaries with

cuticular borders are abundant (Fig. 294, B). They occur in all

parts of the liver, but appear to be most numerous near the peri-

portal ducts, into which some of them empty. They extend axially

through the trabeculse, and where the latter branch, the capillaries

branch also. Usually they are separated from the venous endo-
thelium by an entire hepatic ceU, but, as seen in the figure, nests of

blood-cells sometimes approach very close to them.
Hendrickson (1898) studied the bile-capillaries with Golgi's

method, and found them extensively developed at 50 mm. (Fig.

295). In his preparations they are somewhat more abundant
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around the branches of the portal vein, but it could not be shown
that they develop peripherally from the periportal ducts. They
may arise within the trabeculse as blind tubes, which later anas-

tomose and join the ducts. In a Golgi preparation from an
embryo of 100 mm., Hendrickson found numerous polygonal
meshes made by the bile-capillaries. These may encircle a single

cell within a thick trabecula, or they may run through trabeculae

which anastomose at both ends. Short lateral branches are seen

in Hendrickson's preparations, but whether they represent axial

capillaries, either ending blindly or passing out of the plane of

section, or whether they are intercellular branches radiating from
the axial capillary toward the venous endothelium, was not

determined.

Fig. 295. Golgi preparation of the bile-capillaries in an embryo of 50 mm. X S3 diam.
(After Hendrickson.)

The number of hepatic cells bounding a bile-capillary is greater

in embryos than in the adult. The capillary of the adult is usually

a minute canal in the midst of the boundary between two adjacent

cells, but occasionally it is surrounded by three or four cells ; and

von Biesiadecki, the discoverer of the human bile-capillaries,

declared that five is the usual number,—rarely four. Von Bie-

siadecki studied only pathological specimens in which the bile-

capillaries were distended. Hering (1871) was unable to find any

capillaries bounded by five or more cells, either in the adult or

at birth. At birth, however, in contrast with the adult, he found

that the lumen of a bile-capillary is often surrounded by three or

four hepatic cells, thus resembling the condition in certain

amphibia. Toldt and Zuckerkandl (1875), who found three or

four cells bounding the capillaries in an embryo of the fourth

week, stated that in embryos of four to seven months the number

Vol. II.—27
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was "four to six or even raore," but they included in their count

the blood-cells lodged within the hepatic trabeculse. Toward the

end of fetal life they found usually three or four cells; and in

the fourth and fifth years, "generally only two, but occasionally

three and even four." The reduction from three or four to two

cells, occurring shortly after birth, is accompanied, according to

Toldt and Zuckerkandl, by a "stretching" of the trabeculse,

whereby they become longer and more slender, with their cells

arranged in rows. They recognize the occasional persistence of

three- and four-celled tubes, even after twenty years.

The Hepatic Cells.—In all stages the hepatic cells are char-

acterized by large, very round nuclei, containing a coarse chromatic

network, and surrounded by abundant, densely granular proto-

plasm. According to Toldt and Zuckerkandl, the diameter of the

nucleus at birth is generally about 9.6 /^ and in the adult about

8 ix, so that the nuclei of the adult are distinctly smaller than at

birth. As a whole, however, the cells apparently increase in size.

They multiply by mitosis. In a 10 mm. embryo the mitotic figures

are abundant throughout the trabeculse, but in later stages,

according to Mall (1906), they are particularly numerous around

the terminal (periportal) bile-ducts. Frequently the cell division

is incomplete, so that a single cell may contain two nuclei. In

early stages cell membranes are entirely lacking, and at 10 mm.,

although the cells readily separate from one another, the mem-
branes are indistinct. Toldt and Zuckerkandl have noted that at

five and six months the cells do not show the sharp outlines

observed at birth. They find that at birth a portion of the cells,

when isolated in salt solution, are irregularly cuboidal, but that

most of them are somewhat elongated. The isolated cells of the

adult vary in shape, but are more nearly cuboidal than at birth.

The hepatic cells always stand in close relation to the blood

which contains absorbed nutriment. First the blood from the

yolk-sac, then that from the placenta, and after birth the blood

from the intestine passes directly to the liver and flows through
its vascular network. KoUiker (1861) noted that the liver in the

embryo is physiologically a very important organ, but that its

significance is rather in producing chemical and morphological
changes in the blood than in secreting bile. Fat appears in the

hepatic cells before it is present in the subcutaneous tissue, as

shown by Chipman (1902) for the rabbit. In the liver of human
embryos Toldt and Zuckerkandl found fat droplets as early as the

third or fourth month. Nattan-Larrier (1903) found that fat was
forming in the fourth month, and that at birth certain hepatic
cells were filled with large fat droplets, separated from one another
by thin layers of protoplasm. In the liver of the rabbit, glycogen
appears in the 22d day of gestation, six days after the formation



DEVELOPMENT OP THE LIVEE. 419

of fat, and it increases steadily and rapidly until birth (CMpman).
Apparently the time of its appearance in human embryos has not
been determined.

KoUiker found that the secretion of bile begins as early as
the third month. He states that "from the third to the fifth

month, material like bile is found in the small intestine, and in
the second half of pregnancy it occurs also in the large intestine.

. . . Until the sixth month the gall-bladder contains only
mucus, but after that it contains bile."

Zweifel (1875) recorded that the intestinal contents of

embryos of three months respond to the ordinary tests for bile

acids and pigments. Toldt and Zuckerkandl observed yellow
pigment granules within the embryonic liver beginning with the
fourth or fifth month, but the granules were limited to the epithelial

cells of the ducts, together with the adjacent hepatic cells. Even
at birth they found that pigment granules are infrequent, and that

the cells are clearer and more transparent than those of the adult.

Nerves and Lymphatics.—It has already been shown that the

common bile-duct, cystic duct, and hepatic duct are very early

surrounded by mesenchyma. Later the mesenchyma spreads along
the ramifications of the portal vein, into the substance of the liver.

Thus, in an embryo of the tenth week Toldt and Zuckerkandl
found that the portal branches are surrounded by a considerable

mass of connective tissue, and so can easily be distinguished from
the thin-walled branches of the hepatic vein which are closely sur-

rounded by the liver-cells. In the third and fourth month the

difference becomes very striking. Ducts have formed at the

periphery of the periportal tissue, and branches of the hepatic

artery together with nerves and lymphatics have extended into it.

The path by which the vessels and nerves reach the liver is shown
in Fig. 274, B and C (p. 370) ; they enter at the transverse fissure

or porta of the liver.

Little is known regarding the development of the nerves.

Sympathetic fibres may readily be found at the entrance of the

liver in embryos of 20-40 mm., but in the specimens at hand they

can be traced no further than the primary division of the hepatic

duct. They are associated with scattered clumps of nuclei, appar-

ently ganglionic. In the adult the nerves form plexuses around

the branches of the portal vein and hepatic ducts, and especially

around the branches of the hepatic artery. In addition to the

sympathetic nerves, there are fibres from the vagus, presumably

entering from the pylorus.

The lymphatic vessels, which extend to the porta in a 42 mm.
embryo, drain into the lower part of the thoracic duct. Later they

grow into the periportal tissue, in which at birth they are conspicu-

ously large. In the adult they extend as far as the smallest
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ramifications of the hepatic ducts, and terminate in the connective

tissue. Herring and Simpson (1906) find that the lymphatic vessels

accompany the hepatic artery and its branches, forming networks

around these vessels, as well as around the branches of the portal

vein and bile-ducts. There are no lymphatics among the trabeculse.

Mall (1906) concludes that the great amount of lymph which flows

from the liver is derived directly from the blood-plasma. It

passes out between the stellate and endothelial cells, and flows

through the perivascular reticulum to the periportal tissue, where

it enters the lymphatic vessels.

There is another system of lymphatic vessels in the liver,

which has not been studied embryologically. This includes the

vessels which extend downward from the diaphragm, through the

ligaments of the liver, to ramify in the capsule.

Lobules.—The great mass of hepatic trabeculse is arranged

in more or less deflnite lobules, which were discovered by Wepfer
in the liver of the pig in 1664, and which have been familiar to

anatomists since the time of Malpighi (see Kiernan, 1833). The

liver was compared with a bunch of grapes. According to some

anatomists its lobules were appended to the extremities of the

portal vein, but Kiernan agreed with those who made the hepatic

vein the axial structure. In the centre of each lobule he recognized

a terminal branch of the hepatic vein. Between the lobules there

are intervals, which Kiernan named portal canals, filled with

connective tissue containing branches of the portal vein, hepatic

artery, bile-ducts, nerves, and lymphatics. Three portal canals

may be expected at the periphery of a single lobule. In the pig

the connective tissue filling these canals spreads around the lobules,

investing them with capsules, and thus making them conspicuous.

In the human adult there are normally only indications of such

capsules, and at birth they are wholly lacking. The portal canals

then stand as isolated "boundary stones."

Kiernan recognized certain objections to describing the liver

on the basis of these lobules, for he wrote, "The essential part of

a gland is undoubtedly its duct; vessels it possesses in common
with every other organ ; and it may be thought that in the above
description too much importance is attached to the hepatic veins."

Eecognizing this, Brissaud and Sabourin (1888) proposed the term
biliary or portal lobule for the group of trabeculae centred about

a portal canal, leaving hepatic lobule for the structures described

by Kiernan. Others also have considered that the portal lobule

is morphologically the true unit of the liver.

As stated by Mall, " In all other glands we make the duct the centre of the

structural unit. From this centre often the artery and the framework radiate.

In the liver everything radiates from the so-called interlobular space,—arterial

and portal blood-vessels, bile-duct, l3Tiiphatics, nerves, and connective tissue.
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. . . Throughout my description I shall use the term portal unit, structural

unit, or unit for the clump of tissue which surrounds each terminal branch of the

portal vein. In order to avoid confusion, I shall use the term lobule in its old

sense,—as the hepatic lobule,—for after much discussion carried on during two
centuries, it has become well established."

Sclienk (1874) stated that the embryonic liver, in a certain

stage, represents a single lobule of the adult organ. This view
was adopted by Toldt and Zuckerkandl, and defined by Mall

(1906). Mall states that in a 4 mm . embryo "the single lobule is

perfect; it is composed of a complete capillary network without an
anastomosing vein through it."

Mall believes that the further development of the hepatic vessels is in accord-

ance with the laws established by Thoma (1893). These are:

(1) An acceleration of the current leads to an enlargement of the lumen of

a vessel, and a slowing of the current leads to its narrowing and final disap-

pearance.

(2) An increase in the blood-pressure is the cause for new formation of

capillaries.

(3) The growth in thickness of the vessel wall depends on the tension of the

wall, which iij turn is dependent upon the blood-pressure and the diameter of the

vessel.

These laws apply to the liver, as shown in Fig. 290, B and C.

In C a new and direct channel, the ductus venosus, has been formed
across the liver, apparently by the enlargement of capillaries in

which the current has been accelerated. At the same time the

current becomes slower in the circuitous right omphalomesenteric

vein, shown in B, which is reduced to capillaries in C. The liver

then consists of two lobules, right and left respectively. The
blood enters them from below, and is drained by the hepatic

branches above. In an embryo of 11 mm. (Fig. 296) Mall finds

that six lobules are indicated. These are obscure in the figure,

since many of the enlarging capillary vessels have been drawn.

It will be observed that the portal branches tend to alternate with

the hepatic branches. "They are beginning to dovetail with each

other." Thus the formation of a great number of lobules is sug-

gested. The way in which this is accomplished is shown in Mall's

diagrams. Figs. 297, 298, and 299, The single branches d and a

in Fig. 297 become the main branches d and a in Fig. 299, and the

successive orders of new branches e, f and h, c have arisen by the

enlargement of capillary vessels. The lobules h, indicated by

dotted outlines in Fig. 298, have become clusters of lobules in Fig.

299, and some new simple lobules, c^ have appeared between them.

In this way the 480,000 lobules, which according to Mall's

estimate are found in the liver of an adult dog, are produced from

a single lobule. Eegulated by Thoma 's laws the main vascular

stems develop in such a way that all the lobules are equally

favored. "If fluids of different consistency are injected either
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into the portal or hepatic vein, all of the terminal veins fill simul-

taneously." Moreover, the final branches of the portal and hepatic

veins are always as far from one another as possible. "At all

times this distance is half the diameter of a lobule, and since this

is in the neighborhood of one millimetre, the distance is about half

a millimetre, the normal length of a capillary vessel."

The lobules at birth, according to Toldt and Zuckerkandl, differ from those

of the adult, as follows: "In the child there are indeed vascular territories

which show a certain independence. However, since they are drained by a group

of terminal branches and not by a single venous root, they are not comparable with

Fig. 296.—Ventral view of a reconstruction of the hepatic vessels in an embryo of 11 mm. X 25
diam. (After Mall.) The principal veins are

—

d.v., ductus venosus; p., portal vein; r.m. and r. a.,

middle and left rami of the hepatic vein; r. u., recessus umbilicalis; u. v., umbilical vein; v. c, vena cava;
V. 0. m., omphalomesenteric vein.

the lobules of the adult. They correspond rather with a combination of the latter,

and to a certain extent represent lohules of a higher order, from which gradually
single portions will be detached."

The multipli(3ation of lobules continues long after birth, and
partly divided, compound forms were recognized in the adult by
Kiernan.

Ligaments and Lohes.—The relation of the liver of a 4 mm.
embryo to the body cavity is shown in dorsal view in Fig. 300.

The model shown in the figure ha.s three vertical cut surfaces,

—

the body wall on either side, and the mesentery, prolonged upward
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as the mediastinal septum, in the centre. The ventral portion of
the mesentery bulges laterally below, where the liver is growing
into it, and then joins the septum transversum. The latter is the
plate_ of tissue which forms the ventral surface of the model. Its
position is so nearly vertical that it separates the pair of pleuro-
peritoneal cavities behind from the pericardial cavity in front.
The pleuroperitoneal cavities are shown in the figure. Anteriorly
they turn ventrally over the free margin of the septum trans-
versum and empty into the median pericardial cavity.

Most embryologists, following His, state that the liver develops in the septum
transversum, and as seen in median sagittal sections (Fig. 236, p. 311) this appears
to be correct. The septum transversum, however, is early divisible into two parts,

related to one another like the arms of a T. The transverse portion forms a part

1>

Fig. 297. Fig. 298. Fig. 299.

Figs. 297, 298, and 299.—Diagrams of three successive stages in the formation of lobules. (After Mall.)

rf, branch of the portal vein ; a, branch of the hepatic vein.

of the diaphragm. The median sagittal portion is the ventral mesentery, and it is

in this subdivision of the septum transversum that the liver develops. The rela-

tively very broad attachment of the mesentery to the diaphragm forms the falciform

ligament of the liver, and the lateral bulgings indicate respectively the right and

left hepatic lobes.

His (1880) recognized that in a 4 mm. embryo the tissue in which the liver

develops is more or less independent of the septum transversum, and he named
it the " Vorleber." Hertwig (1906), who states—following His—that the liver

grows into the septum transversum, writes also that the liver develops in the

ventral mesentery.

In the 4 mm. embryo (Fig. 300), each of the lateral lobes of

the liver is prolonged upward by an irregular mass of tissue,

which nearly fills the body cavity. Each mass is attached along

its ventral border to the septum transversum, and thus it separates

the medial pleural part of the body cavity from the lateral peri-

toneal part. But superiorly these cavities connect with one another

and open into the pericardial cavity, as already noted. The
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upward prolongations of the liver may be called the right and

left coronary appendages. They are the anterior portions of the

"Vorleber" of His, which were described in a 4 mm. embryo as

containing a plexus of blood-vessels but no network of trabeculse.^^

They are certainly the ventral pillars bounding the pleuro-

peritoneal opening, first described by Uskow (1883) and later, for

human embryos, by Swaen (1897). Their relation to the dorsal

pillars, which have been called the suspensory ligaments of the

Wolffian body, have been discussed in Chapter XIII.

In an embryo of 9.4 mm. (Fig. 301) it is seen that the coronary

appendages have fused with the septum transversum and the

lateral body wall, thus shutting off the superior lateral recess of

the peritoneal cavity (Swaen). The liver now presents a cres-

centic transverse attachment to the diaphragm, passing from one

coronary appendage to the other; this attachment is the coronary

ligament. Within its concavity, on either side, are the pleural

cavities which communicate below with the peritoneal cavity.

A fundamental feature of the 9.4 mm. embryo is the presence

of the plica vence cavce of EaAoi (1889). This is essentially an

attachment of the right lobe of the liver to the dorsal body wall,

and it has developed downward from the right ala pulmonalis}''

Through this attachment the right subcardinal vein anastomoses

with the veins of the liver, thus giving rise to the vena cava

inferior. The portion of the liver between the plica venae cavse

and the ventral mesentery, or omentum minus, is the caudate lobe

(of Spigelius). The caudate lobe joins the right lobe across the

foramen epiploicum, (of Winslow). Below the foramen, the portal

vein and bile-duct are seen in section. In the lower part of the

model the place where the left umbilical vein enters the liver is

indicated by a fold. The gall-bladder is on the right of it.

In an embryo of 5 months (Fig. 302) the diaphragm has been
completed in the way described in Chapter XIII. The oesophagus,

not included in the preceding drawings, is seen passing through it.

The thin lateral extensions of each coronary ligament {ligamenta

triangularia) mark the position of the former appendages, and
filling their dorsal concavity is the portion of the diaphragm which
formed last, and which completes the separation of pleural and
peritoneal cavities. The vena cava inferior now fills its plica,

which has become broad. The lesser omentum is very thin except

"They were probably included by Lieberkiibn (1876) among the "villi"
which occur where the omphalomesenteric veins enter the heart, and which were
said to be so related to the developing liver that they contained the first blood-
vessels of that organ.

"Ala pulmonalis is the term introduced by Ravn for the developing
mesodermal portion of each lung. The ala pukaonalis appears on either side

of the fore-gut as a wing-like fold, which is flattened dorsoventrally and which
has a free lateral margin. The caudal portion of each ala becomes a pulmonary
ligament {lig. pulmonale).
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ap. cor. d. c. per.

tt.tr. I. hep. s. mes. I. hep. d. s. ir.

Fig. 300.

ap. cor. s. c pi. ap. cor. d.

. hep. 8,

I. hep. d.

pl.v.c.

V. um. ves. fel.

Fig. 301.

I. cor. om. m
\

^ for. ep

I. cor.

0. p. V. um. d. ch.

Fig. 302.

ves. fel. for. ep.

Figs. 300, 301, and 302.—Dorsal views of the hepatic region. Fig. 300, model from a 4 mm. embryo
(Harvard Collection, Series 714), X 66 diam.; Fig. 301, model from a 9.4 mm. embryo (Harvard Collection,
Series 1005), X 32 diam. ; Fig. 302, dissection of a 5 months' embryo, 220 mm. in length, X 1?^ diam'.
ap. cor, d., ap. cor. s., right and left coronary appendages; c. pi., pleural part of the pleuroperitoneal cavity;
c. per., peritoneal part of the pleuroperitoneal cavity; d. ch., common bile-duct; dia., diaphragm; for. ep.,

foramen epiploicum; I. cor., coronary Hgament; I. hep. d., I. hep. s., right and left hepatic lobes; mes., mesen-
tery; oea., oesophagus; om. m., lesser omentxma; pi. v. c, pUca vense cavEe; r. a., superior lateral recess of the
peritoneal cavity; s. tr. septum transversum; v. u., vena cava; vea.fel., gall-bladder; v. p., portal vein;
V. um., umbilical vein.
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at the transverse fissure or porta ; together with the gall-bladder

it marks the true median plane of the liver. The umbilical vein

is seen in the ventral abdominal wall, from which it passes to the

liver along the free margin of the falciform ligament. It then lies

in a deep groove on the under surface of the liver, and with the

porta and the gall-bladder it bounds the quadrate lobe. Its exten-

sion, the ductus venosus, passes toward the vena cava at the

bottom of the fissure of the lesser omentum.

In tlie preceding description the embryonic liver has been divided into right

and left lobes, separated by the falciform ligament. Rex, after careful compara-

tive studies of adult livers, declares that the only subdivision of the human liver

which is a true lobe is the omental or caudate, but he admits that the recognition

of the right and left lobes is justified by the distribution of the branches of the

portal vein. Some embryologists have found this convenient. The absence of

deep clefts, such as mark off the dorsolateral lobes in the embryonic liver of pigs

and rabbits, is notable in the human liver. Nevertheless Swaen (1897) considers

that corresponding lobes should be recognized, and accordingly he describes the

human liver as composed of three lobes,—one median and two lateral. Mall (1906)

states that each of the six primary lobules which he finds in an embryo of 11 mm.
is to expand into a whole lobe, and Bradley (1908) shows the relation of six lobes

to the three which he considers fundamental. Thompson (1899) has described the

fissures and clefts which frequently appear on the under surface of the liver,

especially of the right lobe. Certain of these were found with considerable regu-

larity. The two most frequently met with, occurring respectively in 83 and 50 per
cent, of the cases examined, were believed to form partial boundaries of a lobe

which is well defined in the gorilla. The almost entire absence of lobes in the

human liver has been emphasized by Rex.

The Liver as a Whole.—Except for a temporary decrease at

birth, associated with the closure of the umbilical vein, the weight
of the liver steadily increases. At the end of the second fetal

month it weighs .2 gm. ; at birth, 75 gm. ; and in the adult 1500 gm.
(Mall). But the volume of the liver, as compared with that of
the body, reaches a maximum in a 31 mm. embryo, as determined
by Jackson (1909). He found that in an 11 mm. embryo the
liver is 4.85 per cent, of the total body volume, or approximately
the same as at birth ; in a 17 mm. embryo it is 6.9 per cent. ; and at
31 mm. it is 10.56 per cent. (Figs. 303 and 305). In a 65 mm.
embryo (Figs. 304 and 306) it has apparently decreased to about
5 or 6 per cent., which is the average for the remainder of the fetal
period. In this specimen the liver, as indicated by its relation to
the ribs, has acquired approximately its final position.

_

During its development, certain portions of the liver atrophy,
while other parts increase. The most extensive degeneration .is

in the peripheral part of the left lobe. In the 31 mm. embryo the
two lobes are still nearly symmetrical, and the left lobe extends
between the spleen and the body wall (Fig. 305). At 65 mm. "the
liver has partly retracted, so that it covers only the anterior
portion of the external splenic surface " (Fig. 306). In the adult
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any contact between the liver and spleen is exceptional. The
decrease in the size of the left lobe is generally ascribed to pressure
from adjacent organs. Pougnault (1905) notes that in cases of

(

Fig. 305. Fig. 306.

Figs. 303 and 305.—Ventral and lateral views of a model of the viscera from a 31 mm. embryo.
X 4/^ diam. FiGB.304and 306.—Similar views of a model of the viscera from a 65 mm. embryo. X 2
diam. (After C. M. Jackson.) 2, 8, g, iz, ribs; at. d., at. s., right and left atria; co., colon; gl. s., left supra-
renal gland; h., liver; int., small intestine; lien, spleen; l.i., l.m., I. s., inferior, middle, and superior lobes
of the lung; p. v., vermiform process and cEecum; r., kidney; v. s., left ventricle; v. u., umbilical vein.

umbilical hernia the symmetry may be retained, and Jackson's

models indicate that the decrease occurs when the intestines enter

the abdomen. It may also be associated with the expansion of the

gastric fundus. As a result of this degeneration, the left portion
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of the coronary ligament (the appendix fibrosa) contains a net-

work of anastomosing ducts, discovered by Ferrein and described

by Kieman as a "rudimental liver."

Both of these anatomists recognized similar tissue around the

vena cava. Usually this vein occupies a fissure on the dorsal

surface of the liver, but Kiernan states that the fissure is fre-

quently converted into a canal, either by hepatic parenchyma or by

a ligamentous band containing ducts and blood-vessels. He found

that similarly the umbilical vein may be completely surrounded by

hepatic tissue, or bridged by a band of the same structure as the

ligamentum vence caves. Hepatic trabeculae may also invade the

diaphragm, and at birth they have been reported as extending into

the falciform ligament as far as the umbilicus. In all of these

situations, and also near the expanding gall-bladder, the hepatic

cells may degenerate, leaving aberrant ducts and blood-vessels.

These have been studied through injections by Toldt and Zucker-

kandl (1875). The marked variations in the form of the fetal liver

have been tabulated by Ruge (1907).

Anomalies of the Liver.—The total absence of the gall-bladder,

according to Meckel (1812), is not very unusual. In these cases

the hepatic diverticulum has presumably developed normally, but

has failed to produce the secondary subdivision which gives rise

to the gall-bladder. Sometimes, in addition to the absence of the

gall-bladder, there is no trace of the hepatic, cystic, and common
bile-ducts. Kirmisson and Hebert have reported such a case in a

child of. one month, and they found two similar instances in the

literature. These are probably due to obliterative processes which
begin after the extra-hepatic bile-ducts have developed. Two gall-

bladders may be present, perhaps produced by a double out-

pocketing of the diverticulum. Sometimes when the gall-bladder

is single there are two cystic ducts, as in a case reported by Drees-
man. The two ducts arose from the gall-bladder 1 em. apart, and
united before entering the common bile-duct. Fig. 292, B, indicates

how such an anomaly may develop. Beneke (1907) has studied

congenital atresia of the bile-ducts. Multiple hepatic ducts have
been recorded, sometimes opening separately into the duodenum.

Congenital cysts of the liver generally arise from the ducts in

the connective tissue, but they may occur within the hepatic
parenchyma (Moschcowitz, 1906). Sometimes they attain very
large size (Sanger and Klopp, 1880). The subdivision of the liver

into multiple lobes is quite common, and the occurrence of acces-

sory livers, more or less isolated from the central mass, is well
known (Toldt and Zuckerkandl, 1875). An excessive atrophy of
the left lobe, leading to its "entire absence," has been recorded by
Kantor (1903).
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DEVELOPMENT OF THE PANCREAS.

By FREDERIC T. LEWIS.

Historical Note.—The main duct of the human pancreas, figured by 'Wirsung

in 1642, opens into the duodenum in common with the bile-duet. The regular

occurrence of an independent accessory duct, opening into the duodenum somewhat
neai-er the pylorus, was recognized by Santorini in 1775. Meckel (1817) observed

this accessory duet in several embryos. It was situated above and to the left of

the bile-duct. Meckel mistook it for the only duct of the pancreas, and concluded,

therefore, that " the bile and pancreatic ducts at first are quite separate from one

another, but gradually they come together and unite." KoUiker (1879), in

describing a rabbit embryo, stated that the pancreas is divisible into " two distinct

glands which perhaps should be interpreted as an upper and a loweSr pancreas,

such as are found in the chick." Not until 1888 was the similar condition observed

in a human embryo. Phisalix then recorded that in a 10 mm. specimen the pancreas

is represented by two separate outgrowths,—" one, superior and larger, the duct

of which will become the accessory duct; the other, inferior and smaller, which

corresponds with the canal of Wirsung." The upper gland is now known as the

dorsal pancreas and the lower one as the ventral pancreas.

Early Development.—The two pancreases arise almost simul-

taneously shortly after the formation of the hepatic diverticulum,

but, from the first, the dorsal pancreas is the larger. Both have

been found in embryos of 3 and 4 mm. The failure of Fol (1884)

to record a ventral pancreas at 5.6 mm., Mall (1891) at 7 mm., and

Janosik (1909) at 6.1 mm., must be attributed to imperfect descrip-

tion or to abnormal embryos. But the fact that Volker (1903) in

a 3 mm. specimen, and Keibel and Elze (1908) in an embryo of

4 mm., describe only a dorsal pancreas, may indicate that the dorsal

pancreas arises first. Bremer (1906), however, found only a

ventral pancreas at 4 mm., represented by two knobs of intestinal

epithelium, one immediately below the hepatic diverticulum (Fig.

288, D), and the other nearer the yolk-stalk. It is doubtful whether

these intestinal outgrowths represent a normal stage in pancreatic

development.
The dorsal pancreas is at first a "stomach-like" enlargement

of the digestive tube. It is somewhat flattened laterally, and has

a convex dorsal border which merges anteriorly with that of the

intestine. Posteriorly the transition is more abrupt. The pos-

terior part of the dorsal pancreas at 4.9 mm. is shown in Fig. 307,

A. At 7.5 mm. (Fig. 307, B) the dorsal pancreas is separated from

the intestine by a slight constriction, and the notch on the lower

side is characteristically deeper than on the upper side. At 9.4

mm. (Fig. 308) the constricted part is prolonged into a short duct.

The distal portion has also elongated, and its surface presents

nodular swellings, which are the beginnings of branches.

The ventral pancreas in its early stages is lodged in the

inferior angle formed by the hepatic diverticulum and the intes-
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tine. It is a small epithelial mass, continuous above with^ the

diverticulum, and uniting dorsally with the intestinal epithelium.

This condition is seen in a series of four models made by Keibel

and Elze, descriptions of which have not been published. They

are from embryos of 4, ca. 4, 5.3, and 6.75 mm. respectively. The

same condition is shown in Fig. 307, in embryos of 4.9 and 7.5 mm.

In the latter the lower part of the ventral pancreas has become

free from the duodenum. Subsequently it becomes entirely sepa-

rate from the intestine, as in the 6.8 mm. embryo modelled by

Piper (1900) and in the 8 mm. specimen modelled by Felix (1892).

With the elongation of the bile-duct it becomes widely separated

from the duodenum, as in the 9.4 mm. embryo (Fig. 308).

Hamburger (1892) found that the ventral pancreas in an embryo of 4 weeks

had an independent opening into the duodenum, and concluded that its commoi.

outlet with the bile-duct is formed later. This has not been confirmed. However,

Vee. fel

Pane. V.

Pane. d.

Div. hep.

Ves.fel.

Fig. 307.—A, lateral view of the liver and pancreas of a 4.9 mm. embryo, from a model by N. W.
Ingalls. X 65 diam. B, similar view of a model in which the hepatic trabecule are not included, from

a 7.5 mm. embryo. Modelled by F. W. Thyag. X 50 diam. D. chol., common bile-duct ; D. cyst., cystic

duct; D.hep., hepatic duct ; Div. hep., hepatic diverticulum ; Ga., stomach; Panc.d., dorsal pancreas;

Pane, v., ventral pancreas ; Tt., trabeculse ; Ves. fel. (vesica fellea), gall-bladder ; x, aberrant duct.

in the Bremer embryo the ventral pancreas may arise directly from the intestine,

and in a 3 mm. specimen, according to Keibel and Elze, the ventral pancreas is an

outpocketiug found " just caudal to the bile-duct."

A pair of ventral pancreases are found in many vertebrates, and have been

reported in a human embryo of 4.5 mm. (Debeyre, 1909). Felix (1892) recorded

that in a section of the upper part of the pancreas at 8 mm., the lumen was toward

the right side of the epithelial mass. He considered that the lumen belonged with

a right ventral pancreas which had fused with a left ventral pancreas, and that the

latter was represented by the solid left portion of the section. Jankelowitz (1895),

in a 4.9 mm. embryo, found a single lumen below, which bifurcated above, sending

its branches respectively to the right and left sides of the hepatic diverticulum. He
considered that this indicated a fusion of right and left constituents. Ingalls (1907)

studied the same specimen, and states that he is inclined to agree vsdth Jankelowitz,

although there is " only a suggestion of the paired condition." Keibel and Elze

(1908) again examined this specimen, and they state that "it is very questionable

whether two outgrowths are present; to us there appears to be only one."
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A double lumen is often seen in the ventral pancreas of older embryos (6.8

mm., Piper; 7.5 mm., etc.), but this condition, as noted by Helly, may be observed

also in the unpaired gall-bladder. It is associated with the formation of a lumen
in a solid cord of cells.

Helly (1901) and KoUmann (1907) have figured a pair of ventral pancreases

which have not fused. In Kolhnann's 7.5 mm. embryo they are cranial and caudal

in position, with the common hepatic duct between them. In HeUy's -11 mm.
embryo they are right and left. The left is much smaller and contains no distinct

lumen. Helly believes that it degenerates without fusing with the right pancreas,

and that " in embryos scarcely older than four weeks it has wholly disappeared."

In other embryos between 7.5 and 11 mm. in length, including seven specimens in

the Harvard Collection, the ventral pancreas appears as a single outgrowth. More-

over, a weU-deflned pair is not recorded in Keibel and Elze's extensive series.

Therefore the specimens described by Helly and Kollmann are properly regarded

as exceptional.

A paired dorsal pancreas, such as Stoss described in sheep embryos, has been

sought for in man, but has not been found (Felix, HeUy).

Relative Position of the Dorsal and Ventral Outgrotvths.—
Although the dorsal pancreas of most mammals enters the duo-

denum on the distal side of the bile-duct, that of man is normally

on the proximal side, toward the pylorus, at all stages of develop-

ment. In early stages the caudal border of the duct of the dorsal

pancreas may be at a lower level th'an the cranial border of the

hepatic diverticulum, as seen in Fig. 307 and in Keibel and Elze's

models of the pancreas at 4 mm. Later there is an interval

between them which varies in extent. Thus, from Keibel and

Elze's model of a 5.3 mm. specimen the distance is found to be

only 0.05 mm., whereas in a 5 mm. embryo figured by Tandler-

(1903) it is approximately 0.2 mm. The distance has increased

to 0.5 mm. in a 22.8 mm. embryo (0.7 mm. in a 15 mm. specimen,

Swaen) , and in the adult, according to LetuUe and Nattan-Larrier

(1898), who examined 21 cases, it varies from 10 to 35 mm. (20 to

40 mm., Charpy, 1898).

Migrations of the dorsal pancreas in relation to the bile-duct have been

described. His (1885) figured the dorsal pancreas on the pyloric side of the bile-

duct in embryos of 5.7 and 10 mm., but at 11.5 mm. he placed it opposite! the

bile-duct, and at 12.5 and 13.8 mm. it is shown on the caudal side. This would

necessitate a return to the pyloric side in subsequent stages. Thyng (1908)

examined 18 embryos from 7.5 to 24 mm. in length, and failed to find a singlei

instance of the caudal position figured by His. Janosik (1895 and 1909) and'

Volker (1902 and 1903) have held that the dorsal pancreas arises on the distal

side of the bile-duct, and that it migrates anteriorly. This is denied by Helly

(1904). Janosik's reconstructions (1909) begin with an embryo of 6.1 mm., in

which the dorsal pancreas connects with the intestine " a little more distally than

the bile-duct." This embryo, however, must be considered abnormal, since it

shows "no trace of a ventral pancreas." In the next stage figured (8.7 mm.) the

ducts are opposite. Doubtless the duct of the dorsal pancreas may occasionally

open into the intestine caudal to the common bile-duct, as is the case in an embryo

of 11.5 mm. in the Harvard Collection. Here, however, there is an abnormal

persistence of the adjacent portion of the right omphalomesenteric vein.
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Union of the Dorsal and Ventral Pancreases.—With. the elonga-

tion of the bile-duct, which bends dorsally on the right side of the

intestine, the ventral pancreas is brought into close relation with

Fia. 308.—Model of a part of the liver and the pancreas of a 9.4 mm. embryo (Harvard Collection,

Series 1006). X 50 diam. D., duodenum; D.c, common bile-duct; D.cyst., cystic duct; D.h. hepatic

duct; P. d„ dorsal pancreas; P. v., ventral pancreas; Tr., hepatic trabeoulie; V. f., gall-bladder.

the dorsal pancreas (Fig. 308). Subsequently the ramifications of

the two pancreases interlock,' as shown in Fig. 309, from an embryo

of 22.8 mm. In the model represented in the figure, the horizontal

body and tail of the pancreas have been cut away at x. The

Pane, I

D. pane. V.

D, chol.

Duo.

I

D. pane. d.

Fig. 309.—Model of the head of the pancreas of a 22.8 mm. embryo (Harvard Collection, Series 871).

X 50 diam. D. chol., common bile-duct; D. pane, d., duct of the dorsal pancreas; Z>. pane, v., duct of the

ventral pancreas; Dito. duodenum; Pane, d., dorsal pancreas; Pane, v. ventral pancreas; x and y are

explained in the text.

pancreas at tliat point bends downward, forming the head of the

organ, which in the adult terminates below in the uncinate process.

The ventral pancreas forms a part of the head and more or less of
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the uncinate process ; the dorsal pancreas forms the remainder of
these parts, together with the entire body and tail.

At 22.8 mm. the duct of the dorsal pancreas is a round stem,
which passes into a flattened, plate-like duct, strongly curved upon
itself. The cleft leading into its concavity is shown at y in Fig.
309. The convex surface of the flattened portion of the duct is
beset with nodular branches, radiating in all directions. Distally
the main duct again becomes round, and it may be followed as an
axial structure through the tail of the gland. The duct of the
ventral pancreas arises from the common bile-duct at some dis-
tance from the duodenum. It passes to the centre of a group of
ramifications which nearly equal it in diameter. In this embryo,
and in specimens of 14.5 and 16 mm., no connection could be found
between the two pancreases. Moreover, the branches of either
pancreas rarely anastomose among themselves.

I— D, pane. d.

Fig. 310.—Corrosion preparation of the pancreatic ducts of an adult. Prepared by Dr. S. T. Mixter.
X IH diam. D. vane, d., duct of the dorsal pancreas; D. pane, v., duct of the ventral pancreas; x, anas-
tomosis between the pancreatic ducts.

In the adult the normal relations of the two glands are shown
in the corrosion preparation. Fig. 310. In comparing this with
Fig. 309, it will be noted that the duct of the dorsal pancreas
appears to open into the duodenum at a higher level in Fig. 310
than in Fig. 309. This is associated with a shifting of the duo-

denum ; in both cases the dorsal pancreas opens nearer the stomach
than the ventral. In the adult the duet of the dorsal pancreas,

shortly before entering the duodenum, receives a large branch
which passes upward from the uncinate process. This branch is

in front of the duct of the ventral pancreas. The latter, as in the

embryo, lies at a deeper level, and is on the right side of the axis

of the dorsal pancreas. The duct of the ventral pancreas forms
a single large anastomosis with the duct of the dorsal pancreas,

which is shown at x in Fig. 310. The continuous channel formed
by the distal part of the duct of the dorsal pancreas, the anasto-

mosis, and the duct of the ventral pancreas constitutes the "pan-

VoL. II.—28
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creatic duct" of the adult; the proximal part of the duct of the

dorsal pancreas is the "accessory duct."

According to Hamburger (1892) the anastomosis between the

dorsal and ventral pancreases has formed in a "six weeks'

embryo. " In a reconstruction of this specimen he shows that the

distal end of an unbranched ventral pancreas has fused with the

dorsal pancreas, which has a nodular surface but no branches. In

a 14 mm. embryo Keibel and Elze (1908) found the pancreases

"close together but not.yet united." This is the largest specimen

in their series in which the pancreases are separate, and an
embryo of 12.4 mm. is the smallest in which they have united. At
14 and 15 mm. they are generally described as "fused." In such

embryos the tubules interlock, and it requires a careful study of

drawings of successive sections to determine whether there is a

passage between the ventral and dorsal ducts. Ordinarily only a

single anastomosis is produced, but Bernard (1856), in an abnormal
adult specimen, has shown two connections. Charpy (1898) has

found that the duct of the ventral pancreas may enter the dorsal

duct at any point in its wall,—that is, on its superior, inferior,

anterior, or posterior surface. Usually it appears to enter on the

inferior surface. In one of the specimens figured by Charpy, the

main duct draining the uncinate process passes upward to join

the duct of the dorsal pancreas behind the duct of the ventral

pancreas, instead of in front of it as in Fig. 310. This arrange-
ment is abnormal and difficult to explain. Hasse (1908) has shown
the normal relation of these ducts in the adult, but his inferences
regarding their development are incorrect.

Vessels and Nerves.—The dorsal pancreas in early stages is

lodged between the right and left omphalomesenteric veins. These
vessels form a transverse anastomosis immediately caudal to the
pancreas, and branch abundantly around it (see Ingalls, 1908,
pi. 2). Later, as described in Chapter XVIII, portions of these
veins give rise to the portal vein. The vena ported reaches the
inferior border of the pancreas in the notch between the body and
head

; it then passes behind the dorsal pancreas and curves for-
ward, with the bile-duct, to enter the liver. In a 10 mm. embryo
(Phisalix) the dorsal and ventral pancreases are completely sepa-
rated by the portal vein; at 16 mm. (Fig. 311) they have come
together and have partly surrounded the vein. The splenic branch
of the portal vein develops early, and may be recognized in a 9.4

mm. embryo. It passes along the dorsal surface of the tail of the
pancreas, which it drains. Some of its branches, and its opening
into the portal vein, are indicated in Fig. 311.

Although the pancreas is at first in close relation with the
portal vein, it does not give rise to a portal or sinusoidal circula-
tion, and thus it differs strikingly from the adjacent liver. Its
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afferent blood supply is from the splenic and hepatic branches of
the cceliac artery, and from small branches of the superior mesen-
teric artery as it accompanies the portal vein across the inferior
border of the pancreas (Fig. 311). At 37 and 42 mm. the pan-
creatico-duodenal arteries form a loop, which connects the hepatic
and superior mesenteric arteries and supplies the head of the
pancreas.

In a 42 mm. embryo lymphatic vessels are abundant in the
connective tissue around the pancreas, but they do not extend
among the tubules. Lymph-glands have not developed. They
are present in close relation with the pancreas in a 99 mm. embryo,
but they may arise in some much younger stage.
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Fig. 311 —Section through the stomach pancreas, and a part of the Hver, from an embryo of 16 mm.
(Harvard Collection, Senes 1322). X 40 diam A mes sup , superior mesenteric artery; B. oment.,
omental bursa; Gaster, stomach; Lien, spleen; V. p., portal vein. (Other labels as in preceding figures.)

At 42 mm. the cceliac plexus of nerves sends branches toward
the head of the pancreas, and some of them extend among the

pancreatic tubules. Within the pancreas there are a few con-

spicuous groups of nuclei which, from their association with nerve

fibres, are presumably ganglionic.

The Outlets of the Ducts.—In entering the duodenum the

common bile-duct passes obliquely through the duodenal muscula-

ture, and is directed caudally. In its transit across the muscle, in

embryos between 20 and 40 mm., it is joined by the duct of the

ventral pancreas, and the pancreatic duct is always on its lower or

caudal side (Figs. 309 and 311). At 22.8 mm. there is still no

duodenal papilla at the outlet of the bile-duct, but Helly (1900)

states that an elevation is present at 28.5 mm. In this embryo he
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finds that sphincter muscles have developed around the bile and

pancreatic ducts, but in specimens of 44 mm., in the Harvard

Collection, the ducts are surrounded only by concentric mesen-

chyma and by the duodenal muscle through which they pass.

In the adult, according to LetuUe and Nattan-Larrier (1898),

the pancreatic duct may empty into the bile-duct, in the same way

as in the embryo. More often the two ducts reach the duodenal

surface independently, either at the base of an ampulla or at the

summit of a nipple-like projection.

The duct of the dorsal pancreas, in embryos between 20 and

40 mm., has a longer course within the duodenal wall than the duct

of the ventral pancreas. Consequently, although the branches of

the ventral pancreas extend close to the outlet of its duct, they

are almost entirely outside the duodenal musculature, whereas

branches of the dorsal pancreas are regularly found in the sub-

mucosa. Helly (1900) states that an outpocketing of the dorsal

duct within the wall of the duodenum is present in embryos of

12.5 and 14.5 mm. At 37 and 42 mm. distinct knobs and diverticula

are present. Some of them branch and give rise to pancreatic

tissue. According to Helly, this explains why true pancreatic

tissue is so often found in the papilla of the dorsal duct {papilla

minor) of the adult, but almost never occurs in the papilla of the

ventral duct (papilla major).

The large pancreatic ducts, both within the duodenal wall and
outside of it, give rise to diverticula and mucous glands. Helly has

determined that they occur in both papillae of an 80 mm. specimen,

as very small outpocketings. In a 90 mm. embryo, and in all later

stages, he finds that the mucous glands are easily recognized.

The Developm,ent of the Alveoli.—Kolliker (1861) described

the pancreas of a four-weeks embryo as consisting of a simple

wide and hollow duct, with branches, each of which has a lumen in

its more slender proximal part, but terminates in a solid, pear-

shaped bud. Similar buds arise in later stages, not only in the

terminal branches, but also along the sides of the main ducts. The
duct from a 42 mm. embryo shown in Fig. 312, A, presents early

stages in their development. At a there is a group of cells with

crowded nuclei and darkly staining basal protoplasm. At & a

similar group is seen at the bottom of an outpocketing of the lumen,

and at c there is a larger mass which causes a basal bulging.

These structures apparently give rise to the darkly staining knobs
which are abundant in the 42 mm. embryo and in younger stages.

Three of them, from a 55 mm. embryo, are shown in Fig. 312, B.

Often they appear to be solid, but sometimes a slender lumen may
be found within them, as shown at e. Considered as terminal

parts of the gland, these buds may be called alveoli. They contain

central cells which apparently persist as the central cells of the
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adult. The stalks of the alveoli become elongated, forming
branches of the duct, and the alveoli subdivide. Thus in the adult,
as seen in the model by Maziarsky (1902), the pyriform alveoli
may be cleft nearly in two ; some of them show lateral buds. The
extension of the lumen between and into the secreting cells of the
alveoli,, which has been shown by the Grolgi method to occur in the
adult (Dogiel, 1893), has not been studied embryologically.

The Development of the Islands.—The youngest human
embryo in which the islands of the pancreas have been observed
is a specimen of 54 mm. (Pearce, 1903). Nouq are present in

embryos of 42 and 44 mm. in the Harvard Collection, nor in the
head of a pancreas at 55 mm. Weichselbaum and Kyrle (1909)
find none at 50 mm. They appear first in the distal part of the
pancreas. Thus, Pearce found none in the head at 90 mm., and in

an embryo "believed to be of the third month . . . numerous

Fig, 312.—Sections of pancreatic tubules; A, from an embryo of 42 mm. (Harvard Collection, Series 838)

;

B, from an embryo of 55 mm. X 350 diam. a-e , early stages in the formation of alveoli.

islands are scattered through the tail and body, while for the first

time a few are seen in the head." Kiister (1904) found them
larger and more numerous in the splenic end in an embryo of the

17th week, and this accords with Opie's conclusion that in the

adult the islands are almost twice as numerous in sections from
the tail as in those from other parts.

The islands in an embryo of 99 mm. (Fig. 313, b) already

resemble those of the adult. In sections stained with hsematosylin

and eosin, they appear as pale areas, composed of anastomosing
solid cords or rows of cells. Capillary blood-vessels extend among
the cords, and their endothelium comes into close relation with

the cells of the island. The presence of epithelial stalks connecting

the islands with the ducts, as shown on the right of Fig. 313, has

been observed by Pearce, Kiister, and Weichselbaum and Kyrle.

The general structure of the islands, and of the glomeruli which they contain,

is well shown in a model prepared by Miss Dewitt, from the pancreas of an adult.

Miss Dewitt (1906) failed to find any arteries connecting; with the vessels of the

L=]ands. contrary to Laguesse (1906) and others. She regards the blood-vessels of
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the islands as venous, " with abundant capillary connections with the surrounding

interalveolar capillary plexus," and describes them as sinusoids. In their develop-

ment they are quite different from the portal sinusoids of the liver, but they

resemble them histologically. Lagnesse has described groups of red corpuscles as

occurring normally between the endothelium and the cells of the islands.

An earlier stage of tlie islands than that shown in Fig. 313

has been described by Pearce. In a 54 mm. embryo he found them

represented by small groups of from ten to fifteen cells, directly

connected with the sides of the ducts. He described them as

having round and lightly staining nuclei, with relatively abundant

protoplasm which stains deeply with eosin. At this stage the

islands are not penetrated by blood-vessels. Weichselbaum and

Kyrle describe the islands in an 80 mm. embryo as solid buds,

directly connected with the ducts, but composed of paler cells.

Fig. 313.—Section of the pancreas from a 99 mm. embryo. X 350 diam. a, pancreatic tubules; 6,

islands; c, blood-vessel; d, alveolar bud.

They are partly surrounded by capillaries. The difficulty of

distinguishing these developing islands from the alveolar buds is

apparent in sections and in the published figures. Laguesse
admits this difficulty, but he concludes that certain formations in

sheep embryos, apparently comparable with those seen in Fig.

312, are the first stages in the development of the islands.

In later stages the islands become detached from the epithelial

tubes. Some of them have separated in an embryo of 130 mm.
("Weichselbaum and Kyrle). Von Hansemann (1910) found them
all detached at 210 mm., and concluded that the islands arise from
mesenchyma ; but in another embryo of the same length, and also

at birth, Weichselbaum and Kyrle found that some islands are

still in connection with the ducts. They believe that new islands

may arise throughout life by budding from the ducts. The
detached stalks of the older islands may be recognized in the

small dark cells which have been described at the periphery of
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certain islands. Occasionally they show a lumen, and patholog-
ically they may give rise to retention cysts (Weichselbaum and
Kyrle). Kiister, in embryos of 24 and 32 weeks, has found stalks
ending blindly in the islands.

Usually the islands are considered to possess "an anatomical identity as
definite as that of the glomeruli of the kidney" (Opie), but some believe that
alveoli may be transformed into islands and islands into alveoli. A review of the
literature of this subject is presented by Laguesse (1906). Their embryological
development does not accord with the idea that they represent a phase of glandular
activity, and the presence of mitotic figures indicates that they are not degen-
erative structures.

The Pancreas at Birth.—In sections of embryos from 270 to

320 mm. in length, Weichselbaum and Kyrle find that the groups
of alveoli are not only more compact than in earlier stages, but
there is no longer such abundant connective tissue between them
{cf. Fig. 313). Nevertheless the pancreatic connective tissue at
birth, as compared with that in the adult, is relatively very abun-
dant. It extends around individual alveoli, and forms broad septa
between the clusters which are connected with the terminal ramifi-

cations of the ducts. These groups of alveoli, bounded by
connective-tissue septa, become compact in the adult and constitute

the lobules, which are ill-defined and may show secondary sub-

divisions.

"Islands are more numerous, as pointed out by Kasahara, in

the pancreatic tissue of the fetus and of very young children than
in that of the adult. . . . The organ being much smaller in

the fetus, the same number of islands, though themselves smaller,

are closer together and therefore appear more numerous in sec-

tions" (Opie). Kiister likewise found that, in relation to the

alveoli, the islands are decidedly more numerous at birth than in

the adult. His measurements show no difference in the size of the

islands, but Miss Dewitt finds that they are smaller, on the average,

at birth than in the adult.

Concerning the position of the islands, Opie states that,

^'though an island is often situated in the centre of a more or less

clearly defined lobule, no constancy of position is discoverable."

Pearce considers that the islands at first lie free in the connective

tissue, but that later, in the fifth and sixth months, "glandular

elements surround and inclose the island, and it then occupies the

centre of the lobule.
'

' But, as noted by AVeichselbaum and Kyrle,

here and there, at birth, an island occurs at the periphery of a

lobule, or in the interlobular connective tissue near a duct. More-

over several may be found within a single lobule.

The cells of the islands at birth lack distinct outlines; they

are crowded with fine granules which do not react to osmic acid

(Stangl, 1901). Stangl states that fat appears in the cells of the
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islands at the end of tlie first year, but this has been denied by

Symmers (1909). The cells of the alveoli at birth show the zones

characteristic of the adult. In the outer zone they sometimes

contain small scattered fat drops (Stangl). Histologically no

differences have been established between the dorsal and ventral

pancreases, at birth or in preceding stages.

Anomalies and Variations.—The obliteration of the proximal

end of the duct of the dorsal pancreas is probably not infrequent.

Charpy (1898) found the papilla minor closed in three-fourths of the thirty

cases which he examined. Letulle and Nattan-Larrier (1898) state that the

accessory duct is permeable throughout its extent, including the papiUa minor, in

only three out of twenty-one eases examined, and that usually it appears as a

branch of the pancreatic duct. But Helly (1898) concludes that an open accessory

duct is "by far the rule" (compare with Fig. 311), and Hamburger found it

present in all of the fifty cases which he examined. In an embryo of 55 mm.
HeUy (1900) found, in place of a single papilla minor, two papillas of nearly equal

size, each of which contained a pancreatic duct. Letulle and Nattan-Larrier have

recorded a similar ease in the adult. The failure of the dorsal and ventral

pancreases to unite, so that the duct of the dorsal pancreas persists as the main
duct, opening at a normally situated papilla minor, has been figured by Charpy,

and reported by Helly, Baldwin (1907), and others. In one of Helly's cases " an

independent duct of Wirsung was not to be found." In a specimen figured by
Bernard the duct of the dorsal pancreas persists as the main duct, although it has

two small anastomoses with the duct of the ventral pancreas. As recorded in a

previous section, the dorsal pancreas in an abnormal embryo of 11.5 mm. opens

into the intestine lower down than the bile-duct. Charpy has figured an adult

pancreas which shows this relation ; in this case the, ducts have not anastomosed.

Pancreatic tissue sometimes surrounds such adjacent struc-

tures as the portal vein, the bile-duct, and the intestine.

The encircling of the portal vein by a process of the dorsal pancreas has
apparently not been observed in man, though characteristic of the rabbit and pig
(Thyng). The common bile-duct occupies a groove in the head of the pancreas
which is frequently converted into a canal of pancreatic tissue (see Helly, 1898).

An annular pancreas, encircling the intestine, has been recorded by Ecker and by
Symington (as cited by Thyng) and a case has been reported by Baldwin. An
abnormal condition observed in a pig embryo of 12 mm. suggests that this anomaly
may arise early in development, by an extension of the ventral pancreas dorsally

on either side of the intestine.

Accessory pancreases are of frequent occurrence.

Among 150 autopsies, SjTnmers found three cases in which there were
accessory glands of considerable size. Sometimes two occur in a single case (Opie,

1903). Gardiner (1907), who has reviewed the literature, finds that in nearly a
third of the cases reported, the accessory pancreases are connected with the

stomach. They occur also in the duodenum, jejunum, and ileum, and have been
frequently found at the apex of a " true " diverticulum. These diverticula were
at first considered to be remnants of the vitelline duct (Meckel's diverticula), but
Neumann (1870) questioned this interpretation. Nauwerck (1893) reported a
diverticulum 9 cm. long, tipped with an accessory pancreas, and situated 2.3 metres
above the valve of the colon. In the same case he found another diverticulum,

3 cm. long, situated 80 cm. above the valve of the colon, and he regarded the latter
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as MeekeFs diverticulum. Hanau (Brunner, 1899) raports a duodenal diverticulum
tipped with an accessory pancreas, and Weichselbaum (Gardiner, 1907) has
described a similar pancreatic diverticulum of the stomach. It is evident that
these diverticula are not vitelline remains, and yet it is not impossible that an
accessory pancreas may be associated with a true Meckel's diverticulum. Wright
(1901) has reported a case in which pancreatic tissue was excised from the umbilicus
of a child of 12 years, who had an umbilical fistula since birth. The fistulous' tract
had apparently become separated from the intestine.

Accessory pancreases generally penetrate the muscularis, but they may be
limited to the submucosa. The larger ones show lobules composed of typical
pancreatic alveoli. Islands have been reported in numerous cases, including that
of Wright. Sometimes, however, the islands are lacking, and the tubules may be
duct-Hke rather than glandular.

The accessory pancreases develop from elongated epithelial buds, as observed
in the wall of the stomach of a 19 mm. embryo. Lewis and Thyng (1908) have
frequently found similar buds along the intestine of pig embryos of 10-20 mm., but
not in human embryos. They usually become detached and degenerate. It is

possible that accessory pancreases sometimes develop in relation with the embryonic
intestinal diverticula described in a previous section.
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THE DEVELOPMENT OF THE PHARYNX AND OF THE ORGANS

OF RESPIRATION.

By otto grosser, of Prague.

A. THE PHARYNX AND ITS DERIVATIVES.

The formation of the anterior part of the digestive tract has

already been described at the beginning of this chapter, and it will

be necessary to consider here only its further differentiation.

At first it is merely a short, tubular outgrowth of the yolk-

sack, somewhat flattened dorsoventrally ; the oral portion of its

ventral wall, in the region of the pharyngeal membrane, rests on

the ectoderm, and its rostral end projects somewhat beyond this

membrane as Seessel's pouch (Figs. 314^316; see also the section

of this chapter dealing with the development of the mouth cavity).

Whether it presents further differentiations at the time of its first

formation cannot be stated with certainty, but in the youngest

human embryos that have been studied and in which it is already

present the anlage of the first pharyngeal pouch is apparent

(embryos of Kromer-Pfannenstiel and Dandy, Fig. 314).

In all Craniota there are formed bilaterally symmetrical lateral diverticula

of the anterior portion of the digestive tract, which, pressing aside the lateral

mesoderm of the head, come into apposition with corresponding invaginations of

the ectoderm; the endodermal diverticula are termed pharyngeal pouches (also

pharyngeal grooves, or inner branchial grooves or pouches), while the ectodermal

invaginations are known simply as branchial grooves, or as ectodermal or outer

branchial grooves (outer pharyngeal grooves, Hammar). By pressing aside the

mesoderm the ectoderm and endoderm for a time conie into contact and fuse,

forming the epithelial closing membrane, which breaks through in all forms that

have a branchial respiration; the branchial grooves and pharyngeal pouches thus

become continuous and together form the branchial clefts. The formation of open

branchial clefts occurs also in reptiles and birds, but not, under normal conditions,

in mammals (see below). The pharyngeal pouches and branchial grooves are later

again separated by the ingrowth of mesoderm or (sinus cervicalis) by the constric-

tion of the branchial grooves from the surface and the subsequent modification of

their epithelium. The number of pharyngeal pouches that are formed in succession

on either side varies in the gnathostomatous Craniota from nine to five, the number
in general diminishing with an increasing degree of organization.

Between the branchial clefts—that is to say, between the pharjrngeal pouches

and branchial grooves—are the branchial or visceral arches, each of which contains

a skeletal rod, the cartilaginous branchial arch, its musculature, an aortic arch,

and a nerve-trunk. The branchial arches are named in succession the mandibular,

hyoid, and branchial arches proper, these last being numbered in succession from
before backward. Behind the last branchial cleft lies the last branchial arch, the

number of arches being one more than that of the clefts, an arrangement determined

by the formation of branchial leaflets on both walls of the clefts. The first

branchial cleft is also known as the hyomandibular cleft.
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I. General Morphology of the Pharyngeal Pouches.

The anlagen of the pharyngeal pouches appear in succession
and are formed earlier than the corresponding external branchial
grooves, as was observed by Etickert and Piersol. In man the
external grooves first become evident wben the pharyngeal pouches
have come into contact with the ectoderm,—that is to say, when
the lateral cranial mesoderm has been pressed aside and the closing

l.St.

V.S.

e. St.

Fig. 314. Fig. 31S.

Pig. 314.—Pharynx of the embryo Klb (Kromer-Pfannenstiel; Normentafel, No. 3; 5-6 primitive aeg-

menta, length, determined from the number of sections, 1.38 mm.). Ds., yolk-sack; Rh., pharyngeal mem-
brane; 1., 2., etc., St., first, second, etc., pharyngeal pouch; Thyr, or Th., thyreoid; V. S., ventral pharyngeal
groove. X 150. In all the models the epithelial lining of the cavity is represented, not the cavity itself.

Fig. 315.—Pharynx of the embryo Rob. Meyer No. 335 (9-10 pairs of primitive segments, length, de-
termined from the number of sections, 1.70 mm.). Ka., doubtful branchial anlage. The remaining lettering

as in Fig. 314. X 150.

membranes formed (Fig. 316). At about the time of the forma-

tion of the two first membranes the closure of the neural canal in

the brain region occurs, and there is an increase in the amount of

the cranial mesoderm, whereby for the first time the transverse

diameter of the skull notably surpasses that of the pharyngeal

tube and opportimity is afforded for the formation of the external

grooves (developmental period between the formation of the 10th

and the 15th pairs of primitive segments).
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The pharyngeal pouches grow out from the anterior part of

the digestive tract not only directly laterally but also somewhat

dorsally; moreover, a groove, known as the ventral pharyngeal

groove, extends along the ventral wall of the pharynx from each

pouch, and is recognizable even at its first formation (Figs. 314 to

317). While the surfaces of contact with the ectoderm, i.e., the

closing membranes, have at first a somewhat circular outline (Fig.

Fig. 316.—Pharynx of the embryo Hah in the collection of the First Anatomical Institute, Vienna
(about 15 pairs of primitive segments, length about 3 mm.). Ect., ectoderm; Ka., doubtful branchial anlage;

Rh.t pharjrngeal membrane, broken through in two spots. The remaining lettering as in Fig. 314. X 150.

316), they later elongate to a long, narrow strip, almost perpen-

dicular to the axis of the pharynx (Figs. 317 and 318). By an

increase in depth—that is to say, a lateral extension of the pouches

(a process that depends upon an increase in the thickness of the

intervening branchial arches)—these structures become sharply

marked off Irom the principal lumen of the pharynx (compare
Figs. 316 and 317). In a pouch which has thus become relatively
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narrow and deep (Figs. 317 and 318) there is to be distinguished
a cranial, a caudal, and an indistinctly delimited dorsal surface,
a lateral edge, a dorsal and a ventral angle, and a ventral pharyn-
geal groove extending toward the mid-ventral line. By the
formation of these grooves the branchial arches become marked

Ar, mes

1. St.

S.St.

V. V.

S.St.

4. St.

Fia. 317.—Pharynx of the embryo Rob. Meyer No. 300 (Normentafel No. 7, 23 pairs of primitive seg-

ments, 2.5 mm. vertex-breech length) seen from the ventral surface. The closing membranes of the gill-

clefts are outlined in black. Ar. mes., the somewhat depressed oral end of the area mesobranchialis; Hw.,
heart swelling; Lar., laryngotracheal groove; V.V., ventral prolongations of the pharyngeal pouches.

Other lettering as n Fig. 314. X 150.

out upon the ventral wall of the pharynx as elevations projecting

into its lumen. The grooves (with, perhaps, the exception of the

first) do not, however, at first reach the mid-line, and accordingly

leave an area in that situation, kaown as the area mesobranchialis

(His, 1885) (Figs. 317 and 319). In the caudal part of this lies

the heart swelling (Fig. 317), but slightly marked in the human
embryo. In the three anterior pouches, and later on also in the

fourth, the dorsal angle grows dorsally a little beyond the region

Vol. it.—29



450 HUMAN EMBRYOLOGY.

of the closing membrane and so forms the dorsal prolongation

(dorsal diverticulum) of the pouch (Born, Piersol, Hammar, 1902;

Tandler, 1909 ).i« Piersol terms the ventral angle, together with

the lateral edge and the ventral groove, the wing of the pouch. By
the continued deepening of the lateral parts of the ventral grooves

a ventral prolongation of the pouch is formed, most distinct in the

Fia. 318.—The model shown in Fig. 317 from the lateral surface. Ka., doubtful branchial anlage;
L., liver; Lar., laryngotracheal groove; Lu., lung anlage; Mw., angle of mouth. Other lettering as in Fig.

314. X 150.

second and third pouches (Fig. 319; indicated in Fig. 317) ; this is

the ventral prolongation of Hammar (1902) and the ventral diver-

ticulum of Fox (1908).

As a result of the elongation of the closing membranes and
the formation of the dorsal and ventral diverticula, the dorso-

" H. Rabl (1909) does not recognize a dorsal diverticulum as of general

occurrence in mammals, and ascribes to it, in any event, no special significance (in

the formation of the epithelial bodies).
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ventral diameter of the pharyngeal pouches increases much more
rapidly in tlfeir lateral than in their medial portions, and a distinct

delimitation of the pouches medially now becomes possible (Figs.

319 and 320). One may, with H. Eabl (1907 and 1909), term the

at first uniformly broad pouches the primary pouches and the later

stages, with the lateral portions broadened, the secondary pouches;
the latter are connected with the pharynx by narrow connecting-

portions, the ductus pharyngo-hranchiales. These ducts later

become verv distinct in the caudal pouches (third to the fifth)

(Fig. 325).
"

Fia 319—Pharyngeal pouches of the embryo Hab of the First Anatomical Institute, Vienna (6.2 mm.,

about the same staae as No. 16 of the Normentafel) . The closing membranes of the left side are outhned

in black. The thyreoid has been omitted. (From a model in the Institute.) Lar., anlage of larynx. Other

lettering as in Fig. 314. X 50.

Just as the anlagen of the pouches appear in a cranio-caudal

series, so, too, their enlargement takes place in succession in the

same direction. Associated with this there is a dorsoventral flat-

tening and a rather considerable lateral broadening of the pharyn-

geal lumen (Figs. 317 and 319), in such a way that the maximum

broadening occurs opposite the first pouch, and caudal to the last

pouch there is at first a diminution of the gut. The region in

which the pouches occur practically represents the anlage of the

pharynx (including the floor of the mouth). At the height of the

development of the pouches the embryonic pharynx is strongly

flattened dorsoventrally and convex dorsally and has a somewhat

triangular outline, the base being directed orally and the apex at

the point of union of the air- and food-passages.
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Altogether five pharyngeal pouches are formed in the human
embryo (Ilammar, 1904; in 1889 His speaks of a rudimentary fifth

pouch) , and all of these reach the ectoderm.

According to Tourneux and Soulie (1907), a sixth pouch also occurs; this

discovery has not, however, been thoroughly described. Tandler (1909) has

described a diverticulum caudal to the fifth pouch (embryo shown in Fig. 320;

indicated by the letters Div.), but he has left it open whether or not it is to be

regarded as a rudimentary sixth pouch. Opposed to such an identification is the

Hyp.

l.Si.

e.Si.

Thym. HI

Ep. Ill

Ep.'IV

Thyr.

Fia. 320.—Pharyngeal region of the embryo BR (Normentafel No. 42, 9.75 mm. vertex-breech meas-
urement), from the ventral surface. (From a model in the First Anatomical Institute, Vienna.) D. br. II
and JV, ductus branchialis from the second and fourth branchial grooves; D. c, ductus cervicalis; Div.y

diverticulum (see text); Ect., ectoderm; 1., 2. St., first and second pharyngeal pouch; Thym. Ill, thymus
anlage of the third pouch; Thyr., thyreoid; ub. K., ultimobranchial body; V.c, vesioula cervicalis. The
approximate limit between eotoderm and entoderm is shown by a broken line. X 40.

fact that the ultimo-branchial bodies are associated with the fifth pouch, whereas

in general they belong to the last formed pouch (the sixth in birds, according to

H. Rabl, 1907). The diverticulum seen in Fig. 320 appears to be identical with

that fig:ured by Soulie and Bardier (1907) for an embryo of 6 mm. and designated

as the fifth pouch, but it is certainly not identical with the fifth pouch of other

authors."

" Such diverticula are probably without significance and very transitory.

H. Rabl (1907) has shown, without description, something similar in the duck in

Fig. 6 of his paper. See also p. 454.
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The available data regarding the appearance of the pouches are as follows

:

The first pouch appears shortly after or simultaneously with the separation of the
anterior part of the digestive tract from the yolk-sac (Fig. 314, p. 447) ; it reaches
the ectoderm at a stage in which there are ten primitive segments. In the
embryo from which Fig. 315 was constructed the mesoderm has been pressed
laterally by the pouch, but the ectoderm and endoderm have not fused to form a
closing membrane. The second pouch, which is indicated quite early (Figs. 314
and 315), has formed its closing membrane .at a stage with thirteen or fourteen
primitive segments (compare also Fig. 316). At this time the third pouch is

formed; it has reached the ectoderm in an embryo with twenty-three primitive
segments (Figs. 317 and 318). Such an embryo also shows the anlage of the
fourth pouch; this shows a certain amount of variability in its development, but
it reaches the ectoderm in embryos of about 4 mm. in greatest length (thirty-five

primitive segments). The rudimentary fifth pouch is perhaps already formed in

the stage shown in Figs. 317 and 318 (p. 461) ; a closmg membrane for the pouch
is twice shown in the Normentafel in embryos of 5 mm. The pouch appears to

be an appendage of the fourth (for details see later on).—In correspondence with
the number of pouches, six branchial arches are to be recognized in the human
embryo, of which, however, only four are visible from the surface. The fifth, in

correspondence with the incomplete development of the fifth pouch, is at first very
indistinct; its aortic arch, the fifth, is rudimentary and its nerve can only be
distinguished transitorily (Tandler, Elze, Grosser). Its skeletal portion, which is

included in the thyreoid cartilage, is, however, later of considerable size. The sixth

arch is not bounded eaudally by a pouch (see p. 446); its participation in the

formation of the larynx is doubtful (see later).

Almost contemporaneously with the formation of the first

pharyngeal pouch or only a little later there appears the anlage

of the thyreoid gland, usually termed the anlage of the median
thyreoid; the word median, however, now seems to he superfluous,

since it probably represents the only anlage of the thyreoid tissue

(see later, p. 468). The anlage is recognizable before the first

pharyngeal pouch has come into contact with the ectoderm, as a

prominence in the ventral wall of the pharynx (Figs. 314 and

315) ; it appears, therefore, much earlier than is shown in the

Normentafel. It then becomes constricted to form a stalked vesicle

(Figs. 317 and 318), and its stalk, whose lumen becomes oblit-

erated, persists for some time as an epithelial cord. The thyreoid

anlage belongs primarily to the medial region between the first two

ventral pharyngeal grooves, that is to say, to the oral portion of

what is later the area mesobranchialis. It is at first anterior to,

not in, the region of the second branchial arch. The hollow stalk

of the vesicle is the thyreoglossal duct (His).

Even before the obliteration of this duct the first ventral

pharyngeal groove becomes prolonged medially and divides into

two limbs, which unite in the median line with the corresponding

ones of the other side and so enclose a median elevation, the

tuberculum impar (Fig. 317). The opening .of the thyreoglossal

duct is situated at first upon the summit of the tubercle, but later

it becomes shifted into the posterior boundary furrow or, according
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to Ingalls (1907), in an embryo of 4.9 mm., into "the region of

the second arch, immediately aboral to the tuberculum impar."

Since the tuberculum belongs to the medial region (His, 1885), it

is evidently not a derivative of a branchial arch.^" When the

arches are formed they are connected behind the tuberculum impar

by a transverse elevation, a copula. This and the tubercle are

for the most part taken into the anlage of the tongue, whose

formation has been described in the portion of this chapter dealing

with the development of the mouth. Behind the copula the meso-

branchial area remains for some time but little altered; only a

median groove, which replaces the heart swelling, becomes more

marked (Fig. 319), and later the area is employed in the forma-

tion of the larynx (p. 476).

In addition to the embryos figured above, which have been kindly contributed

by their owners, there are certain others that have been described which have

important bearings on the early stages of the pharynx; these are the embryo

Dandy (1910) with seven pairs of primitive segments, the embryo Pfannenstiel III

(Normentafel, No. 6), which has been described by Low (1908), with thirteen or

fourteen segments, and the embryo XII of Mall's collection, which has been

described by Sudler (1901-02) and has fourteen pairs of segments. The embryos

Klb and R. Meyer 300 have already been reconstructed by Kroemer (1903) and

by Thompson (1907), but on a small scale and with very cursory descriptions.

The embryo Dandy corresponds almost exactly with the embryo Klb, and the

Pfannenstiel III and Mall XII embryos are almost exactly equivalent ,to the

embryo HaL. In this the closing membrane of the first branchial cleft of the

left side is not yet complete, but is divided into two parts by a strip in which

there is no mesoderm, but where the two epithelia have not yet fused (Fig. 316).

A similar condition occurs in the embryo Pfannenstiel III. Low has assigned the

two portions of the closing membrane to two successive pharyngeal pouches, which

is clearly an error and has led him to describe the first pouch as lying originally

dorsal to the second, when, as the later development shows, he was describing

merely the two angles of the first pouch.—Occasionally small irregular evaginations

occur in connection with the pharyngeal pouches and the branchial grooves, as in

the embryo shown in Fig. 319, on the dorsal side; they have also been observed and

figured by Ingalls. Such are perhaps comparable to the embryonic intestinal diver-

ticula described by F. T. Lewis and Thyng (Amer. Joum. Anat., vol. 7, 1907-8).

A remarkable observation has been made by the author in all young embryos

with the first pharyngeal pouches well developed; these are the embryos R. Meyer
335, Halz, Pfannenstiel III (loaned for this purpose), R. Meyer 330, and also a

somewhat pathological, young embryo from the collection of R. Meyer. In the

region of the first pouch there projects ventrally (Figs. 315 and 316) or caudally

(Fig. 318) from the closing membrane into the pharyngeal lumen an irregularly

knobbed process filled with mesoderm. That it is an accidental structure or due

to post-mortem changes seems to be excluded by the regularity of its occurrence

(Low has figured, but not described it). It disappears quite early (in the oldest

*" The account given above differs in many respects from that recently given

by Kallius (Anat. Hefte, vol. 41, 1910) for the pig. Observations on a larger

amount of human material than is at present available may show a necessity for

some modifications of the statements made. Compare especially the development
of the larynx described below.
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embryo examined, Fig. 318, it is present only on the left side and is greatly
reduced in size; in embryos of 4.25, 5.0, and 5.8 mm. and in those still older, it is

wanting), and may perhaps be interpreted as a rudimentary internal gill. It
would not be the first instance of a very ancient rudiment well developed in the
human embryo. Similar structures have not yet been observed in other amniote
embryos.

The thyreoid anlage in human embryos is at first exceptionally large, but
seems to be subject to a certain amount of variation in form. Dandy describes a
ventro-median pouch projecting from the union of the two first pharyngeal pouches
—evidently the thyreoid anlage (compare Tig. 314), although he denies the occur-
rence of such a structure. In Fig. 316 it has a similar appearance, in Fig. 315
and also in the embryos Pfannenstiel III and Mall XII it has a much more distinct

delimitation. The delimitation starts on the rostral side and appears later eaudally;
the separation from the obliterated thyreoglossal duct takes place, according to

the Normentafel, in embryos of about 6 mm., occasionally, however, earlier or
later. At this time the lumen of the anlage, which has usually become bilobed, has
disappeared. For an account of the differentiation of the anlage see p. 468.

The closing membrane in tlie human embryo, as in those of

mammals generally, remains imperforated (His) ; open branchial
clefts do not occur. Perforation has, however, been frequently
observed, most frequently in the case of the second pouch
(KoUiker, Tettenhamer, and Hammar), which possesses the

longest closing membrane (Hammar ).^^ In this case perforation
may be regarded as within the limits of variation, but in other
pouches it is, as a rule, due to injury from handling, and such
injuries assuredly also increase the percentage of cases of perfora-

tion of the second pouch.

After the closing membrane has become converted into an
elongated strip (p. 448) the mesoderm again penetrates between
the two epithelia of the membrane and the pouch once more
becomes separated from the surface of the embryo. This process

may be followed in its simplest form in the first pouch; in the

more posterior ones it is combined with the formation and constric-

tion off of the sinus cervicalis (C. Eabl, 1886 to 1887; sinus

prcecervicalis, His, 1885; compare vol. I, p. 69, et seq.).^^ This is

formed by the mandibular and hyoid arches growing more rapidly

thanthe other arches in all dimensions, but especiallythe transverse,

while the growth of the branchial arches proper lags behind that

of their surroundings, so that they come to lie in the floor of a

depression, the sinus cervicalis, which is open laterally. The

" The closing membrane of the first pouch is, however, in early stages by no

means so short as Bom and Hammar have imagined (compare Fig. 318). But the

degeneration of the ventral part of the membrane takes place very early in this

pouch.

"'Rabl has altered the name proposed by His, on the ground that the term

" prsecerviealis " implies a structure situated anterior to the neck region ; His

intended it to denote the ventral position of the sinus. Both terms are employed

synonjTuously in the literature.
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caudal edge of the hyoid arch later grows backward over the

mouth of the sinus, forming an indistinctly delimited operculwm,

which is less developed in man (Hammar) than in other mammals

;

the sinus retains its connection with the exterior for a short time

by means of the ductus cervicalis {prcBcervicalis) ,
but finally

becomes completely shut off so as to form the vesicula cervicalis

(prcecervicalis) .'^^ In man there persists at the surface only a

shallow groove, the sulcus cervicalis {sulcus prcBcervicalis, Ham-

mar; cervical groove, H. Eabl), which at first marks the

boundary line between the head and the thorax. The vesicula

cervicalis lies lateral to the third pharyngeal pouch (Figs. 320,

321, 325, and 326), and is connected by diverticula, the former

external branchial grooves, with the second and fourth (and

for a short time also with the fifth) pouches; these diver-

ticula become drawn out into long canals, the ductus branchiales

(II and IV) (Figs 320 and 321). The vesicula and the ductus

exist only for a short time ; their lumina vanish and the epithelial

structure of the organs disappears.

With the sinus cervicalis are associated three cranial nerve placodes (bran-

chial cleft organs of Froriep) ; they consist of intimate connections of the epithelium

with the ganglia of the glossopharyngeus and vagus (see the chapter on the Nervous

System). These placodes are also recognizable only for a short time and disappear

with the other derivatives of the sinus.

From the time of His (1885) up to the present a number of authors have

agreed in deriving the anlage of the thymus, either in whole or in part, from the

epithelium of the sinus cervicalis. These results are hardly reconcilable, however,

at least so far as man is concerned, with those of other authors (compare Hammar,
1910).—The fate of the sinus vesicle is, moreover, different in different mammals.

While it disappears in man and in the cat at an early period and in the rabbit

somewhat later, in the pig (Kastschenko 1887, Fox 1908) and in the sheep

(Prenant) it persists for some time as a structure of considerable size, which

Kastschenko has termed the thymus superficialis, but whose eventual fate is not

yet certainly known. In the mole, according to the recent definite results of

H. Rabl (1909), the thymus superficialis is actually formed from the vesicula

cervicalis.—The third pharyngeal pouch seems also to vary in different species

as to its lateral extension ventral to the sinus vesicle.—The '^uet-like remains of

the second external branchial groove, Hammar (1903 and 1904/), following C. Rabl

(1886-7), has termed the ductus hranchialis,^ while he names the corresponding

°° According to H. Rabl (1909) the term vesicula cerviiplis is to be applied

to the entire complex, including the two ductus branchiales (.bee above) ; Hammar
uses the term vesicula praecervicalis only for the vesicular poriion that is associated

with the third pharyngeal pouch, this portion being approximately identical with

the fundus prcscervicalis (cer'Oicalis) of His and H. Rabl, as well as vsdth the

vesicula thymica of Kastschenko and the sinus vesicle of Zuckerkandl.

"Fox (1908) has not been able to find this branchial duct in the pig, but,

on the other hand, demonstrates the occurrence of a long pouch-like diverticulum

of the second pouch. Differences apparently occur in different species in this

respect also. The diverticulum in the pig may correspond with the thymus anlage

of the second pouch described by Piersol (1888) and others in the rabbit; this

structure has not yet been observed in the human embryo.
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duct of the fourth pouch the ductus thyreo-cerviccHis; since, however, this latter

structure, in my opinion, has nothing to do with the actual thyreoid anlage, the

term ductus branchialis has been used above for both ducts, the numbers II and IV
indicating the branchial grooves with which each corresponds.

The time of obliteration of the lumina of the ductus cervicalis and the ductus
branchiales is subject to some variation (compare Figs. 320 and 321) ; according

to the Normentafel it occurs in embryos of about 9 mm., and in those of 11-14
mm. the epithelial cord formed from the ductus cervicalis has disappeared, as has
also the vesicula cervicalis a little later.—The first pouch has separated from the

ectoderm in an embryo of 14 mm. (Normentafel, No. 54).

II. The Differentiation of the Pharyngeal Pouches; the Second
Pharyngeal Pouch and the Tonsils.

Only for a short time do all the pharyngeal pouches have a
relatively similar structure, differing essentially from one another
only in that they diminish in size caudally (Fig. 319) ; they sepa-

rate first into two groups, one of which consists of the first two
pouches and the other of the remaining ones (Figs. 320 and 321).

At the level of the first two pouches the pharynx rapidly increases

in width, an increase that stands in relS,tion to the development
of the first arches as already described (p. 455). The succeeding

pouches remain much less extensive, and from their epithelium a
number of glandular organs develop.

By the increase in breadth of the pharynx the first and second
pouches acquire a common pharyngeal opening (Fig. 320). The
broadening occurs even before the separation of the pouches from
the ectoderm ; it practically corresponds to the primary tympanic
cavity of Kastschenko or the pharyngo-tympanic cleft (lateral

pharyngeal enlargement) of Piersol. Nevertheless, as is shown
by the thorough study of the later development by Hammar
(1902), the entire complex is not concerned in the formation of the

anlage of the middle ear. Only the first pouch becomes transr

formed into the primitive tympanic cavity ; its further development

is described in another chapter. The second pouch gradually

ceases to be an independent outpouching of the pharynx, its walls

being taken up into the walls of that cavity, its dorsal angle only

persisting as a slight evagination, which becomes pushed forward

toward the point of connection of the first pouch with the pharynx,

that is to say, toward the root of the primary tympanic cavity

(Hammar) (Fig. 322). Between the derivatives of the first two

pouches there now become interposed the palatine ridges, and they

are thus definitely separated (Fig. 323), so that the fate of each

may be readily determined. The dorsal angle of the second pouch

becomes transformed into the palatine tonsil, and may, accord-

ingly, at an early period, be termed the sinus tonsillaris

(Hammar).
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The development of the tonsil, which has been thoroughly

studied by Hammar (1903), is associated with the appearance of

a small elevation, the tuberculum tonsillare, which is situated on

the ventral wall of the pharynx and projects into the sinus ton-

sillaris, lying practically opposite it (Fig. 323). Both structures

lie on the lateral edge of the pharynx, and their derivatives are

therefore to be found later side by side on the lateral wall of the

pharynx. After the appearance of the tuberculum the palatine

arches become evident, and the arcus palatoglossi cannot, there-

fore, be derived directly from the hyoid arches, as His (1885)

thought, even although they lie oral to the tonsils. The tuberculum

quickly flattens to form a fold, which surrounds the sinus tonsillaris

l.Sl.

2. St

ub.K.

Fig. 321.—Branchial derivatives of an embryo of 11.7 mm. (nape-length), somewhat simplified, (After

Hammar, 1903.) SuZc. c, sulcus cervicalis (prsecervicalis) . The remaining lettering as in Fig. 320. X 21.

anteriorly and inferiorly and corresponds to the plica triangularis

of the B.N.A. (His). The sinus itself becomes for a time divided

by a plica intratonsillaris into two superposed recesses, and from
the wall of the sinus tonsillaris epithelial processes grow out into

the connective tissue of the mucous membrane; these processes

are at first solid, but later become hollow by the degeneration of

the central cells. Portions of the processes may be separated off,

but these undergo degeneration. Around these epithelial processes

there is formed, accompanied by abundant cell division, a lymphoid
tissue, from which leucocytes penetrate into the epithelium. The
plica triangularis, situated in front of the tonsil, is originally high,

but it undergoes a progressive reduction which is continued even
after birth and frequently results in the complete disappearance
of the fold. The plica retrotonsillaris, which occasionally occurs

in adults, belongs, according to Hammar, to relatively later devel-
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opmental stages (fetuses of 190 mm. and upward). The fossa
supratonsillaris (His) is formed from the upper recess of the

sinus tonsillaris, with the assistance of the folds 'which surround
the fossa.

Hammar has not confirmed the view that the recessus lateralis pharyngis
(Eosenmulleri) is derived from the second pharyngeal pouch (His, C. Rabl, Kast-
schenko). The recess appears relatively late, but definite observations upon it are

wanting.—The reduction of the ventral part of the second pouch begins in embryos
with a length of somewhat over 8 mm. (Hammar; compare also Figs. 319 and 320),

and in an embryo of 17 mm. only the dorsal angle of the pouch, lying near the

entrance into the primary tympanic cavity, is to be found. The same embryo also

has a recognizable tuberculum tonsillare. In one of 24.4 mm. the plica intra-

tonsillaris can be seen, in one of 70 mm. the budding out of the epithelial processes

Tu.-iy. B.

PI. itl.

Pkh..

i

Dots. II

Fig. 322. Fig. 323.

Fig. 322.—Dorsal view of the left half of the pharynx of an embryo of 21 mm. (nape-length). (After

Hammar, 1902.) Dors. II, dorsal diverticulum of the second pharyngeal pouch; Hyp., stalk of the hypophy-
sis (cut); Pkh., tympanic cavity. X 21.

Fig. 323.—Pharynx of an embryo of 24.4 mm. (nape-length), from the left side, somewhat simplified.

(After Hammar, 1903.) Gl., palatine ridge; Mh., mouth cavity; Oe., oesophagus; PI. Hi., plica intraton-

sillaris; Tr., trachea; Tu.-iy. R., tubo-tympanic space; Tub. tona., tuberculum tonsillare. X 12.

is beginning, and in one of 110 mm. the accumulation of cells in the coimective

tissue. Lymphocytes are first recognizable in embryos of 140 mm. and secondary

nodules in one of 235 mm. By this time the tonsil has acquired its characteristic

features.—The plicse triangularis and intratonsillaris are rudimentary structures in

man, but may play a part in the manifold modifications of the tonsils which occur

in the mammalian series.—^As is the ease with other adenoid organs, so in that of

the tonsils all observers are not agreed as to the origin of the leucocytes
;
yet their

derivation from the epithelium (Eetterer) has been, probably correctly, opposed

by Stohr, Kollmann, and Hammar. Stohr's view that they migrate into the

tonsillar tissue from the blood-vessels is replaced by Hammar by the assumption

that they are autochthonous structures of the mesoderm.—Griinwald (1910) derives

the tonsil from the ventral portion of the second pouch and regards it as equivalent

to a thymus metamere. He finds in fetuses cartilaginous outgrowths from the

second and third branchial arches included in the tonsillar anlage and serving it

for support. The adenoid tissue is of mesodermal origin.
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III. The Third to the Fifth Pharyngeal Pouches; the Branchiogenic

Organs.

The importance of the three caudal pharyngeal pouches in

the anmiota lies mainly in the fact that their epithelium gives

rise to a series of ductless glands; these are the thymus, the

epithelial bodies or parathyreoids, and the' ultimobranchial body

(the so-called lateral thyreoid). Of these the first two are derived

from the third and fourth pouches ; the question of the develop-

ment of the last is intimately connected with that as to the

occurrence of a fifth pouch.

The thymus and epithelial bodies are formed in the lower vertebrates (with

numerous pouches) from a series of pouches in succession; they are, accordingly,

metameric (branchiomeric) organs, forming one of the characteristic products of

a pharyngeal pouch and (together with the ultimo-branchial bodies) are collectively

known as pharyngeal pouch or branchial cleft organs or as branchiogenic organs.

Yet it must be left an open question, at least for the thymus (compare Hammar,

1910), whether this does not represent an originally unsegmented epibranchial organ.

Epithelial bodies occur first in the tetrapodous vertebrates. Furthermore, they

occur on all the pouches in none of the vertebrates, the anlagen being usually

suppressed on certain of the pouches, namely the oral ones; in man they have

not yet been described in the first two. According to my own observations, a

circumscribed epithelial thickening may occur transitorily (embryo HaL of the

First Anatomical Institute, Vienna, with about 15 primitive segments) in the region

of the dorsal wall of the first pharyngeal pouch, opposite the previously described

invagination of the ventral wall (p. 454) ; the significance of this hitherto unob-

served structure is, however, still in doubt.

A discussion of the historical development of our knowledge regarding the

origin of these organs would lead us too far; one may consult on this subject the

accounts given by Kohn (1900) and Hammar (1910). The actual explanation of

the developmental processes has been principally due to the work of Kohn (1896)

and GroschufE (1896). The very complicated nomenclature of the parts bears

witness to our knowledge of the actual relationships having been acquired step by

step; the embryonic anlagen were known in part much earlier (Remak, 1855) than

the corresponding definitive organs, and they therefore received at first for the

most part erroneous interpretations. For instance, the glomus caroticum has

repeatedly been included in the series of branchiogenic organs and derived from
the third pouch; it is, however, a derivative of the chromaffin system, a para-

ganglion (A. Kohn; see the chapter on that system), and the anlage seen by
various authors was that of an epithelial body. Even in 1908 Fox, on historical

grounds, termed the epithelial body of the third pouch the glandula carotica,

although it has no other relation to the carotid than a transitory topographical one."

Such temporary topographic relations have also brought it about that the epithelial

bodies derived from the third or fourth pharyngeal pouches have been termed

glandules thymiques (Prenant) and glandules thyreoidiennes (Gley), as is usually

done at the present time by French authors. The terms are historically intelligible,

" In some mammals an epithelial body is actually situated at the bifurcation

of the carotid, as, for instance, in Echidna (Maurer), the sheep (Prenant) and
Didelphys azara (Zuckerkandl) ; in the last the glomus caroticum is also recog-

nizable.
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but are unfortunate, since, apart from the possibility of confusion with the main
glands and disregarding the histological and physiological similarity of all the

epithelial bodies, the topographical relations are characteristic only for a definite

stage of development, and the epithelial bodies in a long series of mammals,
including man, are, on the one hand (when in normal position), all attached to

the thyreoid and, on the other, are throughout genetically connected with thymus
anlagen and also are frequently accompanied by small thymus lobes, so that both
names might be applicable to each body. A similar criticism applies to the names
parathymus for the derivative of the third pouch and parafhyreoid for that of the

fourth, employed by Grosehuff (1896) ; the same author in 1900 names the bodies

parathymus and distinguishes them according to the pouch from which they are

formed as parathymus III and parathymus IV, names which have embryologically

\Ev. Ill

Ep.IV

Tons.

D. ph.-br. Ill

D. ph.-hr. comm.

Thym.

Fio. 324. Schema of the branchiogenio derivatives in man, adapted from the schemata of Grosehuff

and Kohn D. ph.-br. Ill, ductus pharyngobranohialis of the tliird pharyngeal pouch; D. ph.-br. comm.,

ductus pharyngobranohialis communis of the fourth and fifth pouches (of the caudal pharyngeal pouch

complex) ; D. th -gl, ductus thjrreoglossus; Ep. Ill and IV, epithelial bodies of the third and fourth pouches;

Thym. Ill and IV, thymus anlagen of the third and fourth pouches; Tona., tonsil; u6. K., ultimobranohial

body.

a greater justification than the expression parathyreoid. Yet, at least for the

adult condition in man, the name parathyreoid, proposed by the discoverer of the

organs, Sandstrom, is quite characteristic, if one does not prefer the general name

epithelial bodies, proposed by Kohn and borrowed from Maurer's description of

the relations in amphibia. The very general term " glandules branchiales," used by

Herrmann and Verdun (branchial glands, H. Rabl 1907), would also be strictly

applicable to the other branchiogenie organs. The further classification of the

epithelial bodies may probably be most satisfactorily based on the pouches from

which they are formed, just as other metamerie organs are grouped under a

common designation and distinguished by numbers.

First of all, the development of the fifth pharyngeal pouch,

which was long overlooked and whose existence was even denied,
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must receive some further consideration (see above, p. 453). A
thorough exposition of the question has been given by Tandler

(1909), who, however, had for study no material showmg the

pouch with an epithelial closing membrane (compare in this respect

Hammar in the Normentafel) . The form of the pouch, as it makes

its appearance, is extensively modified and complicated by the

anlage of the ultimobranchial body. First of all (so far as our

present knowledge extends) there appears on the fourth pouch,

soon after its differentiation (embryo of about 3 mm., Hammar,

1902, Normentafel No. 11; compare also Ingalls, 1907, embryo of

4.9 mm., Normentafel No. 14), a process, directed ventrally and

caudally,2« -^hich is longer than the ventral diverticulum of the

third pouch of the same stage, but which, however, might readily

be mistaken for such a diverticulum, as has apparently been done

by earlier investigators and quite recently by Fox (1908). This

process later becomes more distinctly separated from the fourth

pouch, which then acquires a dorsal and a ventral diverticulum,

the latter varying in extent (compare Tandler and Fig. 319). A
lateral evagination of the caudoventral process reaches the ecto-

derm as a fifth pouch and forms a closing membrane ; this, however,

is perhaps not always formed and is at all events very transitory.

A dorsal diverticulum is apparently not formed,^'^ and after

the degeneration of the actual pharyngeal pouch, which is directed

toward the ectoderm, the caudoventral process becomes converted

into the ultimobranchial body. The fourth and fifth pouches are,

accordingly, intimately associated genetically, and the ultimo-

branchial body is the sole derivative of the latter. Both pouches

possess only a common communication with the pharynx, a ductus

pharyngobranchialis communis (compare p. 451), and the intimate

connection of these last two pouches may be expressed by uniting

them in the term caudal pharyngeal pouch complex (Figs. 319,

320, and 324).

H. Rabl (1909) finds in the mole a common anlage for the two pouches

and names it the caudal pharyngeal diverticulum. In this case the fourth pouch is

more rudimentary than the fifth.—That the ultimobranchial body does not make
its appearance behind the series of pharyngeal pouches (as a postbrancMal body

according to Maurer), but is derived throughout the whole vertebrate series from

what is in each case the last pouch, which has become rudimentary, was insisted upon

by GeU, who is responsible for the term here employed for the structure. The
body is identical with the suprabranchial body of van Bemmelen. The expression

telobranchial body, which has been frequently employed recently, has been rejected

by H. Rabl, since it does not express the relation of the structure to the last

pharyngeal pouch.

" The structure in Figs. 317, 318, and 331 marked as a doubtful fifth pouch
is perhaps merely an analogue of the diverticulum described on p. 452.

" Compare, however, p. 471 (Getzowa) as regards the occurrence of a corre-

sponding epithelial body.
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In the third branchial pouch the formation of the thymus
is preceded by an elongation of the ventral diverticulum, which
extends ventrally and medially (Figs. 319 and 320), and whose
epithelium, consisting of closely packed cells, increases in height
on the aboral wall of the diverticulum (Fig. 326). This thick-

ening of the epithelium extends also upon the aboral and dorsal

Thyr. Thym. Ill

Figs. 325 and 326.—Two sections through the embryo BR (compare Fig. 320). Fig. 325 is through

the point of communication of the third pouch with the pharynx, Fig. 326 through the sinus and ductus

cervicalis. Ao.-B., aortic arch; Ao, d. and Ao, v., aorta dorsalis and ventralis; Aw.t arytenoid swelling;

Ch., chorda dorsalis; Z>. br. II, IV, ductus branchiahs of the second and fourth external branchial grooves:

D. c, ductus cervicalis; Z>. ph.-br. Ill, ductus pharyngobranchialis of the tiiird pharyngeal pouch;

D. ph.-br. c, ductus pharyngobranchiahs communis; Ep. Ill, IV, epithelial bodies of the third and fourth

pharyngeal pouches; Hy., hyoid arch (operculum); Lar., anlage of the larynx; Per., pericardial cavity;

S. c sinus cervicaUs; Sj/., sympathicus; rA!/m. //J, thymus anlage of the third pharyngeal pouch; Thyr.,

thyreoid; Tr., trachea; ub. iC.,ultimobranchialbody; F.j., vena jugularis; X'., vagus; XII. hypoglossus. X40.
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walls of the pouch itself (Figs. 324 and 325), and simultaneously

there begins on the oral and lateral walls af the dorsal divertic-

ulum and of the pouch itself (Figs. 324 and 325) a proliferation

of the epithelium, which very early shows itself, by its histological

differentiation, to be the anlage of an epithelial body. The cells

appear to be vacuolated, their plasma reticular and refractory

to stains (chromatophobe). The cell boundaries are at first indis-

tinct (compare also Maximow, 1909, p. 538).

Ep.IV Su. D.ph.-br.c.

Ao. d.

D. br. IV

V.i.

4. Ao.-B.

^0l^r^:-0

xn

Ao. V. Tr.

Fig. 328. m^m^^^
FiQS. 327 and 32S.—^Two seotions through the embryo BB, (compare Fig. 320). Lettering as in Figa.

325 and 326. X 40.

At the same time the medial portion of the pouch narrows to

become the ductus pharyngobrancMalis III {connecting piece or

duct, ductus fhymopharyngeus of Hammar), while the lateral

portion becomes the secondary pouch of H. Eabl or, if the anlagen

of the thymus and epithelial body be disregarded, the remains of

the pharyngeal pouch. The formation of a large vesicle from the

secondary pouch does not occur in the human embryo. The ductus

pharyngobrancMalis soon atrophies completely, so that the deriva-

tives of the pouch become free. The thymus anlage becomes first
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of all a tMck-walled cylinder, at whose cranial end the cavity of
the remains of the pharyngeal ponch is visible, while the sinns
vesicle, which was in relation to the pouch laterodorsally, vanishes.
Soon, however, the lumen of the thymus anlage disappears^* and
the thymus cord is formed. This thickens at its caudal end and
so forms the body of the thymus (thoracic portion), while the
uppermost portions become gradually thinner (cornu of the
thymus, Grroschuff; cervical portion) and come into connection
with the epithelial body (Fig. 329). The entire anlage migrates
caudally, the body more rapidly than the cranial end and the
epithelial body, so that the cervical portion becomes more and
more drawn out and finally vanishes. The migration usually takes
place in front of (ventral to) the vena anonyma sinistra, fre-
quently, however, behind it (Tourneux and Verdun). The epithelial

Fig. 329.—The branchiogenic organs of an embryo of 26 mm., somewhat simpUfied. (After Verdun,
1898.) Lob. pyr., lobus pyramidaUs; V. scZ., vena subclavia. The remaining lettering as in Figs. 325 and
330. X 20. ,

body, which as a rule becomes quite separated from the thymus
cord, normally halts in its caudal regression at the lower pole of

the thyreoid. If the cranial end of the thymus cord does not dis-

appear completely, there occurs beside the epithelial body an
accessory thymus lobe (A. Kohn). Frequently in older embryos
there is associated with the epithelial body a cyst, probably derived

from the remains of the pharyngeal pouch (Kiirsteiner, 1899).

The thymus is from the beginning a paired organ and it remains so perma-
nently ; neither fusion of the two anlagen by transverse connections nor a complete

division into several lobes occurs, according to Hammar (1910).—The thymus is

first represented in the Normentafel as a short cylinder in an embryo of 5 mm.;
the epithelial body, according to Tourneux and Verdun (1897) and Tandler (1909),

appears as an epithelial thickening in embryos of 8 mm., and Tandler finds cell

differentiation in the embryo represented ia Fig. 325, Hammar, however, finding

it earlier in an embryo of 8.3 mm. Nevertheless it is in some instances stated

expressly in the Normentafel that the epithelial body is wanting in older embryos,

'^ The thymus canal, described by older authors as occurring in later stages,

does not exist.

Vol. II.—30
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up to 11 mm. According to the Normentafel, the ductus pharyngobranchialis has

disappeared in an embryo of 14.0 mm., but Hammar (1904) finds that this happens

sometimes earlier and sometimes later (in embryos between 11 and 19 mni.). In

an embryo of 12.5 mm. ia the Normentafel the thymus has reached the pericardial

cavity, and in one of 15 mm. the lumen is limited to the uppermost portion. The

remains of the pharyngeal pouch are stiU to be seen, according to Hammar (1904),

in an embryo of 24.4 mm.
According to Hammar (1911), there is a definite thickening of the wall of

the thymus diverticulum while it is still cyUndrieal, situated dorsaUy in the more

proximal portion and laterally in the more distal portion (compare Figs. 325 and

326) ; the thickening does not extend, however, to the tip of the diverticulum and

accordingly cannot be regarded as the sole anlage of the thymus. The ends of the

anlagen remain at first in close topographic relationship to the aortic arches, and

their elongation corresponds to the increase in the distance between the third and

fourth aortic arches and to the formation of the anterior surface of the neck.

The elongation depends mainly on the stretching and not on the growth of the

anlagen. During the elongation the anlagen, which have at first a more transverse

position, come to occupy a position more nearly parallel to that of the body axis

(as may be seen from Pigs. 320 and 329). By the resulting rotation the dorso-

lateral anlagen of the epithelial bodies are brought to the ventral side of the

remains of the pharyngeal pouches. At the junction of the cervical and thoracic

portions the aperture bend of the thymus anlage is formed, and, in addition, a

heart bend and an aortic bend may also be distinguished.

The epithelial character of the thymus anlage continues

plainly evident for a considerable time. In fetuses of about 50

mm. vertex-breech length one finds at the cranial end of the

thymus anlagen and also in the cornua numerous closed vesicles

with a high cubical epithelium (compare also Kiirsteiner, 1899)

and transitions from these to epithelial cords without a lumen.

Cells arranged in an epithelium-like manner are generally distrib-

uted over the surfaces of the lobes of the body of the thymus. In

fetuses of about the same stage of development (from 42 mm.
onward), the centre of the anlage is beginning to appear clearer

in sections—the differentiation of cortex and medulla is beginning.

From now on the organ gradually assumes its characteristic

appearance of being formed of small ("lymphoid") cells.

Hassall's corpuscles make their appearance in it in fetuses of

from 60 to 70 mm. (Hammar, 1910).—The thymus grows not only

throughout the entire period of embryonic life, but also through
childhood, until puberty, and only at that time does its involution

begin, a process which goes on but slowly in individuals with
perfect health ; during illnesses, however, an accidental involution

may supervene and this explains the widely divergent statements
of various authors concerning the condition of the postfetal

thjTHus (Hammar, 1910).

According to Hammar (1911), the beginning of the "leucocyte infiltration"

may be seen in fetuses of from 30 to 40 mm., and the formation of the medulla
in those of 50 mm. The medulla appears at first in the central portions in the

form of a longitudinal cord, extending later into the superficial boss-like anlagen

of the follicles, which have appeared in the meantime; the formation of the
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medulla is, accordingly, a continuous process, and for the most part it continues
to be so later. In this manner the tractus centralis is formed, in whose composition,
however, the cortical substance takes part later on. Since the boundary between
the cervical and medullary portions is subject to functional modifications, the
tractus centralis should not be tei-med the medullary cord, but preferably the
parenchyme cord.

The histogenesis of the thymiis is at present a very conten-
tious question (compare Maximow, 1909; Hammar, 1910; and
Stohr, 1910), and cannot therefore be described in detail. Authors
are agreed only as to the epithelial origin of the cellular retic-

ulum and of the Hassall corpuscles. The chief elements of the
organ, however, the small thymus cells, have been regarded either
as immigrated cells and therefore as thymus lymphocytes (more
recently especially by Maximow and Hammar) or as modified
epithelial elements (among recent authors chiefly by Stohr)..
According to Schaffer (1909), they must be regarded as lympho-
cytes, even if their epithelial origin be admitted. From the
histological conditions and from their development in mammals,
conclusive evidence is not at present to be drawn (compare Stohr,

1910), but comparison and theoretical considerations undoubtedly
speak in favor of their epithelial nature.

Little can be said concerning the histogenesis of the epithelial

bodies. Even in the stage when they are epithelial thickenings

their cells, as has been already mentioned, are characteristically

differentiated ; then the anlagen become split up by the epithelium
growing out in the form of cords and probably also by the penetra-

tion of connective tissue between the cells, and the cell boundaries
become distinct. The formation of different kinds of cells (com-

pare the summary by Getzowa, 1907) occurs only in postfetal life.

Lumina are not distinguishable in the epithelial bodies during
embryonic life, but they may appear later. They may then become
filled with a secretion, which shows the staining reactions of colloid,

and such structures have hitherto continually led authors astray

by causing the epithelial bodies to be confused with thyreoid tissue

and to be regarded as young stages of it. Yet the acidophilous

nature of a secretion is no indication of its colloid nature (Kohn,

1896); according the Erdheim (1904), any albuminous secretion,

contained within a closed cavity, may assume the appearance of

colloid.

According to H. Rabl (1909), the whole of the secondary pouch, except so

much of it as is employed for the formation of the thymus anlage, is transformed

into the epithelial body, even the wall opposite the original epithelial proliferation,

since the connective tissue also penetrates the lumen of the pouch; at least this is

the case in the mole. The other authors, who limit the extent of the anlage of the

epithelial body to a greater degree than is done in the text, namely to the dorsal

diverticulum or to the dorsal angle of the pouch, believe that the wall of the pouch

itself degenerates; precise observations are, however, wanting.
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The development of the fourth pharyngeal pouch follows

essentially the same lines as that of the third ; the ventral divertic-

ulum is, however, much more feebly developed (Tandler, 1909),

and it only occasionally undergoes a development into thymus

tissue ; when this tissue is formed, it remains in the neighborhood

of the epithelial body, which is formed from the dorsal and lateral

portion of the pouch, and, accordingly, again is not limited to the

dorsal diverticulum. The development of the epithelial body

resembles that of the third pouch; no difference in the structure

of the two bodies is discernible. The anlage of the ultimobranchial

body is a derivative of the fifth pouch, which projects caudo-

ventrally from the fourth pouch in the form of a thick-walled

cylinder (Figs. 320, 324, and 328). The common communication

of the two pouches with the pharynx, the ductus pharyngo-

branchialis communis, diminishes in size and becomes constricted

off from the caudal pharyngeal pouch complex, just as does the

corresponding part of the third pouch. The complex then sepa-

rates from the pharynx, the epithelial body becomes independent

by the disappearance of the thymus anlage and of the remains of

the fourth pouch, and the ultimobranchial body becomes an elon-

gated vesicle with thick walls. The two structures (epithelial body

and ultimobranchial body) usually remain close together, however,

and migrate somewhat ventrally and caudally, thus coming into

relation with the thyreoid anlage.

The thymus metamere of the fourth pouch was discovered by Groschuff;

according to Erdheim (1904), its persistence is to be regarded as a rarity.—The

ductus pharyngobranchialis communis, which has also been termed the lateral

thyreoid anlage, has been named, with reference to its relation to the ultimo-

branchial body, the ductus ihyreopharyngeus. This name must be rejected, for

the reasons given with reference to the ductus thyreocervicalis (see p. 457) ; in

addition it may be mentioned that an occasionally persistent thymus anlage is also

present in connection with this duct, as well as with the ductus pharyngobranchialis

III, the ductus thjonopharyngeus of Hammar.

The thyreoid anlage (the middle or anterior thyreoid anlage of

various authors), before its separation from the pharynx (p. 453),

becomes bilobed with a divided lumen; at about the time when
the thyreoglossal duct becomes broken it loses its lumen, and,

undergoing a continuous displacement caudally, it develops into a

broad structure composed of irregular cords of cells, disposed for

the most part transversely. The derivatives of the caudal pharyn-
geal pouch complex apply themselves to the somewhat dorsally bent
lateral portions of the anlage and become partly enclosed by it. This
is the case with the ultimobranchial bodies, which then lose their

lumina, but further than this they apparently do not always behave
in the same manner. While in some cases they appear as compact
bodies, in others they separate into an irregular group of small
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cells with strongly staining nuclei (Grosser; see Fig. 330). In
man, however, in normal development, no cell formations that can
be referred to the ultimobranchial bodies are to be distinguished
after a time (see also p. 471) ; up to the present no evidence has
been advanced in favor of the widely accepted view that the bodies
become converted into thyreoid tissue, and such a transformation
is rendered highly improbable by the results of comparative inves-
tigation (see p. 471). The name lateral thyreoid anlage, which

' Ep.IV

Thym.-Cy.

Thym.

Fig. 330.—Section through the laryngeal region of the embryo Nat2 of the First Anatomical Institute,

Vienna (19.75 mm. vertex-breech length). Cr., cricoid; Ep. Ill, IV, epithelial bodies; Sy., sympathicus;
Thym., thymus; Thym.-Cy., small cyst of the thymus; Thyr., thyreoid; ub. K., ultimobranchial body;
Vag., vagus; W., vertebra. X 60.

has been applied to the ultimobranchial bodies, is therefore to be
rejected (Verdun).

Toward the centre of the lateral lobes of the thyreoid there is

to be found for some time (in fetuses of about 50 mm. vertex-

breech length), as an expression of the more rapid growth of the

lobes, a closer grouping of the thyreoid cords with a slighter devel-

opment of the connective tissue; the differentiation of the cords

takes place principally at the periphery. In this region there

occurs in the stage mentioned the formation of lumina in the cell

cords, which consequently appear beaded, and then the cords
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become divided up into individual groups of cells, the anlagen of

follicles, which in part possess a lumen before becoming con-

stricted off, although for the most part the lumina appear later

and successively, even forming to some extent in the first years

of childhood.

According to the Normentafel, the (middle) anlage of the thyreoid shows

indications of a bilobed condition in embryos of about 5 mm. ; the occtirrence of a

Imnen is variable. The thyreoglossal duct loses its lumen at a slightly earlier stage.

It becomes drawn out to a long solid cord, which is broken in embryos! between

6 and 7 mm.; it is occasionally distinguishable in later stages and remains of it

may be found in embryos of 14 mm. In those of 8 mm. the anlage begins to

separate into cords.—The ductus thyreoglossus, or its remains, occurs ventral to

the hyoid bone and therefore between the derivatives of the first and second arches

(His). The ultimobranchial body makes its appearance, according to Hammar,

in embryos of 5 mm. as a cylindrical transformation product of the fifth pouch, or,

it might be said, as an appendage of the fourth; the epithelial bodies IV, as well

as the thymus anlagen, are defined in embryos of 8 mm. (Tandler, 1909), occa-

sionally perhaps not until somewhat later (see p. 465). The caudal pharyngeal

pouch complex separates from the pharynx in embryos of about 14 mm. (fre-

quently only later, according to Hammar, 1904, in embryos over 18.5 mm. in

length), and applies itself directly to the thyreoid. A little later, in embryos of

somewhat over 15 mm., the lumen of the ultimobranchial body disappears. The

small-celled proliferation of the ultimobranchial body, mentioned and figured above,

can be perceived in two embryos in the collection of the First Anatomical Institute,

Vienna (Nat. 1, with a length of 19.75 nam., and T. 1, with a leng-th of 23 mm.)

;

it seems also to have been observed by Tourneux and Verdun (1897) in an embryo

of 19 mm. The denser grouping of the embryonic thyreoid cells in the lateral lobes

of somewhat later stages (see p. 469), which these authors have also noticed, is not

to be referred to the ultimobranchial bodies, as they have supposed. The (unpaired,

middle) thyreoid anlage has been known since Rathke's time. That a derivative

of the pharyngeal pouch region becomes associated with the thyreoid anlage in

mammals was first observed by Wolfler (1880), and firmly established by Stieda

(1881) and Born (1883) ; from the latter comes also the term lateral or posterior

thyreoid anlage, which has been applied to the untimobranchial body, but which is

rejected in the account given above.

In man the formation of the branchial derivatives is less completely and
less easily followed than in many other mammals, as, for instance, the eat, but, on

the other hand, more completely than in such a form as the rat. The differences

which have been found in different species are partly to blame for the confusion

which has long prevailed with regard to the development of these structures. Even
in man the development of the individual organs has never yet been systematically

followed throughout.

In correspondence with the extensive dislocation of the

thymus, the epithelial body of the third pouch undergoes a much
greater migration than that of the fourth, passing beyond it to

come to rest at the lower border of the thyreoid. Consequently it

appears as the inferior epithelial body, in contrast to the superior
body of the fourth pouch situated at about the middle of the
posterior (dorsal) surface of the thyreoid. This latter, in corre-

spondence with the fusion that occurs between the ultimobranchial
body and the thyreoid, in certain animals (rabbit, eat) regularly
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and in man frequently becomes more or less enclosed within the
thyreoid, and then appears as an internal epithelial body, with
which the thymus IV may be associated as an internal thymus
lobe, in contrast to the external one arising from the third pouch.
Nevertheless all these conditions are very variable, and striking
anomalies of position, as well as diminution and increase of number
of the epithelial bodies, occur. Thus, that of the third pouch may
remain even in man near its place of origin, not far from the divis-
ion of the carotid (p. 460), or, on the other hand, it may descend
into the thoracic cavity with the thymus. A diminution in the num-
ber of epithelial bodies is very difficult to demonstrate, on account
of the possible occurrence of anomalies in position; increase, prob-
ably by division of the anlagen, was first observed by Kiirsteiuer
and has since been repeatedly seen ; Zuckerkandl has described a
case in which there were eight, and Erdheim one with eight and
one with twelve. The epithelial body III seems especially subject
to division.

An internal epithelial body completely snrrounded by the thyreoid is very
rare in man, according to Getzowa (1907). According to the same authoress, cell

cords of typical epithelial body tissue may occur in the interior of the thyreoid

even when an external epithelial body IV is present. She is inclined to ascribe

these cords to epithelial bodies of the fifth pouches, but embryological confirmation

of this idea is as yet wanting.—The retrogression and atrophy of the cranial end
of the thymus occasionally fails to take place, especially in connection with certain

variations of the cervical nerves; a thymus lobe then occurs high up in the neck
/Bien 1906 and 1907, Hammar 1910).

The ultimobranchial body in all vertebrates below the mammals is an inde-

pendent structure which assumes a glandular character, produces alveoli and cell

cords, but develops no eoUoid. In Echidna, according to Maurer, who has thor-

oughly studied the whole question, the body is also independent, but develops

alveoli with colloid; nevertheless this material has been identified with that of the

thyreoid only on the basis of its staining reactions. In all the higher mammals
the body fuses with the middle thyreoid anlage, and its further history cannot

then be followed with certainty. In many mammals a cyst can be found situated

beside the internal epithelial body, surrounded by thyreoid tissue, and frequently

finished with a ciUated epithelium and possessing mucous glands in its wall {central

ecmal of the thyreoid of Prenant, vesicule postbranchiale of Herrmann and Ver-

dun) ; furthermore there may be cell cords which extend into the interior of the

thyreoid and vesicles, which are not always to be distinguished from undeveloped

thyreoid tissue (Herrmann and Verdun 1899, SchaflEer 1909). Similar rudiments

occasionally occur in older human fetuses, of 55 to 65 mm. vertex-breech length,

according to Herrmann and Verdun (1899). The cysts and glands have been

derived by most authors from the ultimobranchial bodies themselves, yet some of

them at least may represent the remains of the fourth and even of the fifth

pharyngeal pouch (Groschuff, 1896). If this be the case, then only the

cell cords and the small vesicles can be ascribed to the ultimobranchial bodies,

these, however, occurring distinctly only in a few species (dromedary, sheep, cow,

hedgehog, mole), as well as cysts whose epithelium is in a state of proliferation

and is producing the cell cords (Herrmann and Verdun 1900). These authors

also describe a case of an ultimobranchial body remaining independent in a camel

one year of age ; its structure was that of a gland, which was quite different from
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the thyreoid but rudimentary, and consisted of coiled tubules, closed vesicles,

massive cell columns, and ceU spheres.

In thyreo-aplasia, the defect of the (middle) thyreoid anlage, the ultimo-

branchial body gives rise to no thyreoid tissue (Maresch 1898, Peucker 1899,

Erdheim 1904). In such cases one finds in addition to the epithelial body IV

larger and smaller cysts, partly with contents which stain bright red with eosin;

beside the cysts lie some lobes of serous or mucous gland tissue, and in one case

Erdheim found immediately beside the cyst " a thin layer of stnall epithelial cells

with dark nuclei." In any event these observations are opposed to the formation

of thyreoid tissue from the ultimobranchial bodies ; their significance is in harmony

with the view stated above. The bodies are essentially rudiments, and one need

not assume, as Erdheim has done, that only in thyreo-aplasia " the lateral thyreoid

anlagen are also aplastic." In the atrophic thyreoids of cretins and idiots Getzowa

(1907) observed cell masses a«d cords which likewise point to an occasional

persistence of the ultimobranchial bodies in man. They correspond histologically

with no other glandular tissue of the region, and are composed of large polyhedrie

cells rich in protoplasm and with large nuclei moderately rich in chromatin. In

addition there were also small cysts which were not formed of thjrreoid tissue.

According to the same authoress, struma may arise from the parathyreoids or from

the ultimobranchial bodies as well as from the thyreoid, whence the form variability

of these tumors.

In general the so variable behavior of the ultimobranchial bodies throughout

the whole mammalian series may be explained on the supposition that in the

mammalia they constitute functionless rudiments (Herrmann and Verdun). Gro-

schuff (1896) rightly sees, in the union of the bodies with the thyreoid, a condition

that is confined to the mammalia, a process which essentially corresponds to the

formation of an internal epithelial body or thymus lobe, but does not justify the

derivation of the thyreoid from different anlagen.

The thymus of the mammalia is not directly homologous with that of the

lower vertebrates, since in the latter it owes its origin to dorsal and in the former

to ventral diverticula of the pharyngeal pouches. A harmonizing of the relations

seems to Maurer to be made possible by the conditions in Laeerta, in which a

transitory slender ventral process of the third pharyngeal pouch is formed, which

occupies the same position as the thymus anlage of the mammalia, but is not trans-

formed into thymus tissue, but atrophies. Further the extension of the thymus
anlage upor ^he dorsal wall of the pharyngeal pouch itself may be mentioned in

this connection.—The sometimes' occurring differentiation of the ventral divertic-

ulum of the iovrth pouch into thymus tissue has never been followed directly, but

has been assumed on account of the occasional occurrence of thymus lobes on the

epithelial body IV.—In the rabbit the second pouch also gives risa to a transitory

ventral diverticulum, that is to say, to a thymus anlage (compare p. 456, footnote).

The persistence of portions of the branchial system of cavities may give rise

to branchiogenic fistulse, cysts, and tumors (see especially Hammar, 1904). The
region that corresponds to the outer opening of the ductus branchialis II and the

ductus eervicalis is to be found at the anterior border of the m. sternocleidomas-
toideus. The second pharyngeal pouch corresponds to the tonsillar depression;
the openings of the ductus pharyngobranchialis HI and pharyngobranehialis
communis are to be looked for near the larynx, about in the region of the sinus

pyriformis, whence the n. laryngeus superior, as a branch of the fourth branchial
arch, must pass between them. A fistula of the second cleft must lie, if the devel-

opment of the vessels be normal, between the external and internal carotids and
ventral to the glossopharyngeus and vagus ; a fistula of the third cleft, between the
common carotid and vagus, as well as between the glossopharyngeus and laryngeus
superior; while a fistula of the fourth cleft must bend around the sttbclavian on
the right and the arch of the aorta on the left, since these are derivatives of the
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fourth aortic arch. The occurrence of these fistula is, therefore, very unlikely;
the fistula of the second cleft is the only one that has hitherto been recognized with
perfect certainty.—As to the persistence of the ductus thyreoglossus and the
formation of median cervical fistuto from it, the resume of Erdheim (1904) may
be consulted.

B. THE DEVELOPMENT OF THE RESPIRATORY APPARATUS

I. The Earliest Anlage.

The first anlage of the respiratory apparatus appears caudal
to the pharyngeal pouches as a median ventral groove ; the oral
portion of this forms a ridge on the outer surface of the epithelial

tube, but its caudal end is more rounded and hemispherical (Figs.

317, 318, and 331). In the region of the groove the epithelium is

thickened. The ridge-like portion is the laryngotracheal groove
and the rounded end the unpaired anlage of the lungs. These
structures make their appearance very early, simultaneously with
the last pharyngeal pouches and before the formation of the last

two closing membranes, and show at first no connection whatever
with the pharyngeal pouch region, except that the anterior end of the

laryngotracheal groove extends just to the aboral part of the meso-
branchial area. During the further development of the anlage the

lungs grow much more rapidly than the remaining parts and form
an unpaired, almost spherical vesicle (Figs. 332 and 333), which
is in connection with the digestive tract dorsally and passes over

into the tracheal groove orally.

The question as to whether the mammalian lung anlage is paired or unpaired

has been answered in the latter sense almost unanimously by authors who have

written since KoUiker's time, and may be regarded as definitely established for the

human embryo by the observations of Blisnianskaja (1904) and Broman (1904)

and the models figured here.^ The view of most authors (compare Narath 1901

and riint 1906), that the anlage is from the beginning asymmetrical, is not borne

out by the models, since the asymmetry shown in Figs. 318 and 331 and limited to

the laryngotracheal groove is produced by a torsion of the digestive tube at the

boundary between the head and trunk, and is practically wanting in Fig. 332.

The unpaired character of the lung anlage marks the great difference that

exists between the lungs and the gills. The unpaired anlage of the mammalia™ is,

^ Thompson (1907) ascribes a paired anlage to the embryo from which Fig.

331 is taken, but does not figure it, and this statement has been transferred to the

Normentafel. That he has, however, made a mistake as to the position of the lung

anlage is apparent from his own description and from a figure published later

(1908) ; he identifies it in 1908 as the stomach anlage, while in 1907 he transfers

the lung anlage to the region of the diverticulum doubtfully identified in Fig. 331

as a fifth pharyngeal pouch. The embryo has, however, no stomach anlage;

probably also his model was made on too small a scale. Fig. 145 of Broman (1904)

agrees essentially with my Fig. 331.

™ A. Weber and his coworker Buvignier in several papers declare themselves

in favor of a paired anlage for the mammals and for the homology of the lungs

with the gUls.
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it is trae, probably a secondary condition, for in other lung-breathing animals, and

among these in the lowest Tetrapoda, the amphibia, the anlage is paired (Remak,

Goette) . Nevertheless even in these forms it is not to be homologized with a final

(sixth or seventh) pharyngeal pouch, but is to be derived from a swim-bladder;

probably this structure was originally generally paired, and has, as a rule, become

permanent only unilaterally (GreU, 1905).

Two longitudinal grooves {boundary grooves) on the lateral

walls of the anterior part of the digestive tract mark out at an

early period a ventral respiratory from a dorsal digestive zone

(Kolliker, Flint; compare Fig. 333 and the transverse section of

the region in Fig. 317, where the left groove is already indicated).

FiQ. 331.—Anlage of the respiratory tract of an embryo of 23 primitive segments (Rob. Meyer No.
300, 2.5 mm.; compare Figs. 317 and 318). L., liver; ior., laryngeal groove; Tr., tracheal groove; Lu., lung

aniage; B. St. t, doubtful anlage of the fifth pharyngeal pouch. X ISO.

The unpaired anlage of the lung has, however, only a short

existence; from it there develop laterally and caudally the two
pulmonary sacks. The boundary furrows of the respiratory

anlage at the same time begin to be more sharply defined, and first

the lung anlage and then the tracheal groove become separated

from the oesophagus by a septum that grows forward from below.

Orally, however, the laryngeal portion of the groove encroaches

more upon the mesobranchial area (p. 449) until it lies between
the medial ends of the fourth branchial arches and later between
those of the third. The respiratory apparatus now consists of

the cleft-shape entrance of the larynx lying between the caudal
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pharyngeal pouch complexes, of the relatively long and slender
laryngotracheal tube,^! and of the two pulmonary sacks.

II. The Trachea.

No striking modifications occur later in the tracheal tube. Its
lumen is at first cylindrical (Fig. 341), but later, with the develop-
ment of the membranous dorsal wall, it becomes heart- or horse-
shoe-shaped in transverse section (Fig. 330), and in older embryos
(more than 30 mm. in length) the dorsal wall is always thrown
into longitudinal folds. The epithelium undergoes no marked
changes, except that it develops cilia. The ylands appear at the
close of the fourth month, almost simultaneously with the elastic

Fig. 332. Fig. 333.

FiQ. 332.—Lung anlage of an embryo of 4.25 mm- vertex-breech measurement, from the ventral aide.

Embryo R. Meyer No. 399 of the Zurich Anatomical Institute (Stage I of Blisnianakaja). X 150.

FiQ. 333.—The same model seen from the left side. The outlines of the lumen shown by the broken
line. X 150.

fibres of the mucous membrane, and very soon become hollow ; the

formation of glands appears to continue throughout pregnancy.

The tracheal cartilages make their appearance in the places where
they are finally found ; their anlagen are to be recognized as con-

densations of the tissue in embryos of 17 mm., and cartilage

appears in embryos of 20 mm. The differentiation is always more
advanced in the neighborhood of the larynx (Philip, KoUiker,

cited by Merkel, 1902). Musculature occurs in the dorsal wall of

the trachea before the rings become cartilaginous. (For further

details see Merkel, 1902.)

"^ The occurrence of the oesophag-otraeheal septum and the anomalies that are

occasionally associated with its formation have already been briefly discussed by

F. T. Lewis in a preceding section of this chapter.
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No evidence is furnished by human embryos nor yet by those of the Plaeen-

talia in general in favor of a derivation of the tracheal skeleton from that of the

larynx, that is to say from the cartilago lateralis of the amphibia. In Echidna

Goppert (1901) has found a union of the prsechondral rings by paired praechondral

cords and consequently their differentiation from a common anlage.

III. The Larynx.

The skeleton and musculature of the larynx have already been

considered in the first volume of this Handbook ; the differentiation

of the entrance of the larynx and of the laryngeal cavity remains

to be considered here.

The oral end of the laryngotracheal groove shortly after its

formation becomes embraced by two swellings, the arytenoid

swellings (Kallius; crista terminalis, His). They indicate also

the caudal limits of the branchial portion of the intestine, char-

acterized by its lateral widening. The caudal pharyngeal pouch

complex lies at first craniolaterally to the swellings, which are

at first actually only the somewhat more pronounced borders of

0. c. ph.-tr.

Fig. 334.—Entrance to the larynx of an embryo of 8 mm. (After Souli(S and Bardier, 1907.) Aw.,

arytenoid swelling; B-p., epiglottis; O. c. ph.-tr.y orifice of the canalis pharyngotrachealis; PL ar.-ep.^ plica

ary-epiglottica; S., 4- St., third and fourth pharyngeal pouchea (their boundaries indicated schematically by
dotted lines) ; T. at., tuberculum arytenoideum. X 30.

the oral end of the laryngotracheal groove (KoUiker, Soulie and
Bardier). After the formation of the oesophagotracheal septum
the swellings persist as the boundary of the laryngeal groove, and
between them the groove deepens, its margins come into apposi-

tion, and its epithelium fuses, producing an obliteration of the

cavity of the larynx (see below). At the time when the swellings

lie almost parallel with one another, there may be distinguished,

according to Soulie and Bardier (1907), at about their middle
a thickening (arytenoid tubercle, bourrelet arytenoidien) and
orally a narrower part, the later plica ary-epiglottica. By these

the region of the laryngeal entrance becomes early delimited from
that of the later interarytenoid notch. Anteriorly the swellings

at first pass into the mesobranchial area and later they bend in

this area in an arch-like manner to form a transverse swelling

lying in front of the laryngotracheal groove. This, the furcula of

His, is perhaps to be interpreted as the copula region of the

branchial arches (see p. 454 and Kallius, 1910). This separates

into the root of the tongue anteriorly and the anlage of the
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epiglottis posteriorly (Hammar, 1902). In the median line the
boundary furrow between these two structures is less deep than
it is laterally, and there is thus formed the anlage of the plica
glosso-epiglottica media, which, however, becomes more sharply
defined only after birth (Kallius, 1897; Soulie and Bardier). The
epiglottis lies at first between the fourth branchial arches; to
what extent the third arches are concerned in its formation is

still in dispute. A temporary median furrow would appear to
indicate that it has a paired anlage, but this disappears very soon
(Soulie and Bardier).

Whether the epiglottis is formed from a growth of the arches into the meso-
branchial area (the view of the majority of authors; compare Soulie and Bardier),
or as an elevation of this area itself, it being independent of the arches (His,

F. c.

T. corn.
T. cun.

T. corn

Fig. 33S. Fig. 336.

FiQ. 335.—Laryngeal entrance of an embryo of 28 to 29 days (8-9 mm.). (After Kallius, 1897.) Ep.,
epiglottis; F. c, foramen csecum; S., 4- St., third and fourtK pharyngeal pouches; T. corn., tuberculum cor-

niculatum. X 33.

Fig. 336.—Median section of the larynx shown in Fig. 335. (After Kallius, 1897.) Can. ph.-ir., canalis

pharyngotrachealis. The remaining lettering as in Fig. 335. X 33.

Hammar), is not yet definitely determined, and, furthermore, the first develop-

mental processes of the entrance to the human larynx are not yet thoroughly

known.—Kallius (1897), with His and others, derives the arytenoid swellings from
the last (sixth) branchial arches (he names them the fifth, since the fifth pouch

and the fifth aortic arch were at that time scarcely known). The manner of their

formation contradicts this, however. The opinion of Kohlbrugge, cited by
Kallius, that the ventriculus laryngis is a branchial pouch and therefore the caudal

boundary of the arch mentioned, is untenable in view of the late appearance of

the ventricle. At all events the material of the sixth arch, which is undoubtedly

present (on account of its aortic arch), must pass continuously into that of the

arytenoid swelling, since a separating sixth pharyngeal pouch is to be seen

(see above, p. 446, 452).

Trazer (1910) comes to results which are in general quite similar, but, owing

to the employment of a peculiar nomenclature, they are not easily compared with

those of others. He also lays special stress on the identity of the arytenoid

swellings with the last branchial arches, but later on allows also the ventral ends

of the fourth arches to participate in the formation of the swellings. The epiglottis

he derives principally from the third arch.
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After the formation of the arytenoid swellings and the

epiglottis the evolution of the larynx can be followed more thor-

oughly. The arytenoid swellings gradually become folded in the

middle almost to the extent of a right angle, so that the caudal

portions become parallel while the oral ones diverge more and

more (Figs. 334 and 335). While this process is going on, they

move forward and their oral portions apply themselves to the

aboral surface of the epiglottis, with which the folds are connected

by the plicae ary-epiglotticse. The aditus laryngis has thus

assumed the form of a T-shaped cleft (Figs. 334 to 338 and 325)

;

the horizontal limb of the T lies between the arytenoid swellings

and the epiglottis, the vertical one between the aboral portions of

the two swellings (interarytenoid notch). At this time, however,

the cleft ends blindly, since the epithelium of the laryngeal entrance

has fused (Figs. 326 and 327). At the points where each arytenoid

F.c.

Fig.. 337.—The entrance of the larynx in an embryo of 40H12 days (16-lB mm.). (After KalUus, 1897.)

PI. ar.-ep.t plica ary-epiglottica ; PL ep. L, plica epiglottica lateralis; s. Rw., lateral pharyngeal swelling.

The remaining lettering as in Fig. 335. X 15.

swelling is folded there is a tubercle, the tuherculum corniculatum

of Kallius or the tiib. arytcenoideum of Soulie and Bardier.

Lateral to this a second tubercle, the tuherculum cuneiforme,

appears, according to Kallius, in embryos of 8-9 mm., but

according to Soulie and Bardier, only much later, in fetuses of

about 40 mm. (Compare Figs. 334^339.) Kallius finds also about
this time the pUccB epiglotticcB laterales, extending from the anlage

of the epiglottis toward two lateral folds of the mucous mem-
brane of the pharynx {lateral pharnygeal swellings) (Fig. 337)

;

Soulie and Bardier do not, however, perceive these folds (Fig.

338). In fetuses of about 40 mm. the fusion of the laryngeal

walls becomes dissolved, the tubercles of the arytenoid swellings

withdraw from contact with the caudal surface of the epiglottis,

and the entrance of the larynx becomes oval (Fig. 339). Later,

according to Kallius, the lateral plicae epiglotticse unite with the

lateral pharyngeal swellings to form the pliccB pharyngo-epiglot-

ticcB, probably as a result of the descent of the larynx; at all
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events, these folds become very distinct later on (Fig. 340) and
are even much higher in the new-bom child than in the adult.
The pliccB glosso-epiglotticce laterales separate from these,
according to Soulie and Bardier, in fetuses of more than 29/43 cm.

According to Frazer (1910), tlie cuneiform tubercle corresponds to the
medial end of the fourth arch, the corniculate tubercle to that of the fifth. The
transverse limb of the T-shaped laryngeal cleft represents a portion of the
pharyngeal cavity, whose caudal boundary in the adult would be represented by
the free edge of the true vocal cord and a line drawn from one tip of the processus
vocalis to the apex of the arytenoid.

KaUius finds in the lateral plicae epiglotticas the similarly named, skeletonless

portion of the epiglottis observed by Goppert in the lower mammals; the folds
remain recognizable throughout life in the majority of the mammals, oral to the

plicae ary-epiglottic8B. The lateral pharyngeal swellings may be phylogenetic repre-

sentatives of the plicae palatopharyngeEe of the mammals (Goppert).
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Fig. 338.—^Entrance of the larynx of an embryo of 30 mm. From a dissection. (After Soulid and Bar-
dier, 1907.) Aw., arytenoid swelling; B. I., base of the tongue; Ep., epiglottis; F. ia., fissura interarytsenoidea;

0. c. pA.-ir., oSfice of the pharyngotracheal canal; PL ar.-ep., plica ary-epiglottica; Rw., wall of pharynx. X 20.

The shape of the cavity of the larynx changes considerably

during development. The cleft-shaped lumen of the laryngeal

groove becomes obliterated, as has been stated, by the arytenoid

swellings coming into apposition and by the fusion of their

epithelium (compare Figs. 325-327). Nevertheless, this epithelial

fusion, first described by Eoth (1880), is in the beginning, at least,

by no means complete (Fig. 336) : on the one hand, there remains

orally, between the arytenoid swellings and the epiglottis, a funnel-

shaped cavity which usually ends blindly ventro-caudally ; on the

other hand, a fine canal persists in the epithelium along the pos-

terior wall of the larynx, beginning at the interarytenoid notch

and passing, with a gradual enlargement, into the tracheal lumen

(embryo of 8-9 mm., according to KaUius; canalis pharyngo-

trachealis of Soulie and Bardier; Figs 334-338). Frequently,

however, even in this stage and also later, complete fusion occurs

(compare the thorough account by Fein, 1903). The fusion extends
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caudally beyond the region of the glottis,—that is to say, to the

region of the vocal cords, and its lower boundary may correspond

with the linea arcuata inferior, described by Reinke and occa-

sionally perceptible even in the adult (Kallius). According to

Soulie and Bardier, however, the fusion for a time extends down-

ward as far as the region of the cricoid cartilage (embryos of 19

mm.). The fusion gradually dissolves in embryos between 17 and

40 mm. (Fein) ; indeed it perhaps begins somewhat earlier (Kal-

lius), the solution showing itself at first as small spaces in the

line of fusion. It results probably from a breaking down of cells.

(Fein). Kallius mentions the incisura interarytsenoidea as one

of the places where the fusion persists for a long time, but Fein

contradicts this statement.

\
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Fig. 339.—Entrance of the larynx of an embryo of 16/23 cm., male. From a dissection. (After Soulid

and Bardier, 1907.) Ad. I., aditua laryngis; PI. ph.-ep.^ plica pharyngo-epiglottica. The remaining letter-

ing as in Figs. 335 and 338. X 6.

A satisfactory explanation of the epithelial fusion in the laiynx has not yet

been given. A difference from the epithelial fusions in other portions of the body
exists in this case, in that an epithelial proliferation, does not precede it; the

epithelium is simply compressed between the mesodermal arytenoid swellings, its

nuclei are arranged parallel to the mesodermie surface (Kallius). On account of

its transitiveness it cannot be regarded as a protective phenomenon. Compare also

V. Schmidt (1910).

The vocal cords are recognizable when the fusion is completely

dissolved; the anlage of the ventriculus laryngis indicates their

position. According to Soulie and Bardier, the anlage of the

ventricle appears in embryos of 24 mm. as a solid epithelial bud,

which acquires an independent lumen at the beginning of the third

month; this later unites with the lumen of the larynx by its
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epithelial stalk becoming hollow. Accordingly the ventricle has
for a time the form of a spherical vesicle with a cylindrical stalk

;

but in a fetus of 44/57 mm. the typical form occurs. The ventricle
makes its appearance earlier than the date Kallius assigns to it

(middle of the fourth month) ; Hansemann (1899) finds it in an
embryo of 27 man. as a blind sack. The distinct delimitation of the
vocal cords first occurs, however, in the middle of the third month
(fetus of 37 mm., according to Soulie and Bardier) ; their epithe-
lium differs from that of the surrounding regions, after stages of
45-50 mm., by the absence of cilia. Elastic fibres and a distinct
musculature first appear at about the middle of pregnancy; yet at
birth the free edge of the vocal cord is rounded and only assumes

T. corn,.

O. c. ph.-ir

Fia. 340.—Entrance of the larynx of an embryo of 29/43 cm., male. From a disseotion. (After Soulid and
Bardier. 1907.) S. p., sinus piriformis. Tke remaining lettering as in Figs. 335, 33S, and 339. X 3.

its definitive form within the first six months of extra-uterine life.

According to Frazer (1910), a praechondral "node" occurs

imbedded in the ventral ends of each cord during the second fetal

month; these disappear later.—The pliccs ventriculares form at

first, after the formation of the ventricle, roundish elevations, in

which glands appear in the fourth month. The ciliated epithelium

with which they are covered is replaced by a squamous epithelium

in the course of the first year.

The epithelium of the larynx caudal to the region of fusion

rests at first close upon the cricoid cartilage (embryos of about

20 mm.; compare Fig. 330); later a rather thick layer of loose

connective tissue becomes interposed between the epithelium and
the cartilage (fourth month, according to Kallius). The cricoid

cartUage at this time consequently grows more rapidly than its

epithelial lining, but later again is equalled by it.

Vol. II.—31
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The entire larynx in embryos from about 8 mm. onward is

proportionately large and only acquires its proper dimensions

after birtb (Kallius, Merkel). It is mucb Mgber in embryos and

fetuses than in the adult, and in the fifth month projects into the

pharyngonasal cavity, whereby the epiglottis rests upon the dorsal

surface of the soft palate as in most mammals. At the time of

birth the descent of the larynx is not yet completed ; the glottis in

the new-born child is at about the level of the disk between the

second and third cervical vertebrae, while in the adult it is in front

of the fifth vertebra. This relation, however, is subject to some

slight individual variation (compare Merkel, 1902).

IV. The Lungs.

After the lung anlage has become paired two pulmonary

sacks or vesicles are to be distinguished, and at first these appear

to be symmetrical (compare Fig. 157 of Broman, 1904). Very
soon, however, they become unsynmietrical, the right one becomes

larger and bends caudally and dorsally, while the left at first has

an almost transverse position (in embryos of 5 mm.; compare
Fig. 341, and also Fig. 2 of Blisnianskaja and Fig. 170 of Bro-

man). Each pulmonary sack ends in a swollen flask-shaped

stem biid.

Our morphological knowledge of the arrangement of the bronchial system

does not date further back than Aeby (1880), whose results, apart from the estab-

lishment of a special " eparterial " bronchial system, have been confirmed by later

investigations. The account that follows is based especially upon the unsurpassed

work of Narath (1901). Unfortunately, the number of human embryos studied

by this author was very small, and the figures of Blisnianskaja (1904) that have

since been published are rather incomplete. More recent investigations and figures

of the development of the human liings, especially in later stages, are wanting.

A short statement as to the nomenclature used in describing the branchings

of the bronchi may be given. The stem bud is the anlage of the stem bronchus,

which traverses the entire lung and from which branches or lateral bronchi are

given off. These extend out in the four principal directions and are either direct

or indirect lateral bronchi (bronchi of the first or second order; the latter also

known as accessory bronchi) ; they are repeated at approximately regular intervals

(Aeby). Each group of lateral bronchi given off, according to the principal direc-

tions at approximately the same level, constitutes one of the stories or tiers of the

lung; they are perhaps genetically related (Narath). The most important and
strongest lateral bronchi are those termed ventral by Aeby ; they arise laterally and
extend at first laterally, but later supply the ventral region of the lung and also

in its oral portions pass more or less to the ventral side; they lie ventral to the

main stem of the pulmonary artery. On this account Narath has retained Aeby's
name for them, while other authors (His, Robinson, d'Hardivillier, Flint) term
them lateral or external bronchi. Toward the end of the stem bronchus they pass
more and more toward its dorsal surface; a line connecting their origins would
therefore have a spiral course, an arrangement that is repeated in the other

bronchi and in the course of the arterial stem. The second most important group
is that of the dorsal bronchi, which arise orally to the corresponding ventral
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bronchi from the dorsal surface of the stem bronchus, and are not infrequently-
represented by several branches in each lung tier. The apices of the lungs are
supplied by apical bronchi (Narath) ; their significance is still disputed. The right
apical is Aeby's eparterial bronchus, and in that author's opinion is a special
element not represented elsewhere in the lung, while Narath regards it as the first

dorsal bronchus (see below). In addition there occur ventral and dorsal accessory
bronchi (lateral bronchi of the second order), whose importance is small and
whose formation is quite irregular. The ventral ones have been regarded as direct

outgrowths from the stem bronchus and have been termed by His and Flint, for
example, simply ventral bronchi, in contrast to the lateral ones (Aeby's ventral).

Among them one, the infracardial bronchus, is especially well developed and
worthy of mention. Flint (and also d'Hardivillier) regard the dorsal accessory
bronchi also as direct medial branches of the bronchus.

Fig. 341.—Epithelial lung aulage of the embryo Rob. Meyer No. 338 (Normentafel No. 18, 5 mm.), from
the ventral surface, M, stomach. X 100.

The first lateral bronclius formed is the first ventral (lateral)

one of the right side (Narath)
;
yet the stage of the human embryo

in which it is alone present has not yet been described.^^ Shortly

after this laterally directed anlage and proximal to it there

appears the smaller right apical bronchus and, in the left lung,

the first ventral bronchus (Narath, embryo of 7 mm., Fig. 342).

At the point of origin of the anlagen (buds) of the ventral bronchi

the stem bronchus is distinctly bent medially. The anlage of the

(right) apical bronchus is well separated from that of the first

ventral bronchus in the stage represented in Fig. 342,^^ but it

°^ Perhaps Fig. 2 of Blisnianskaja (1904) represents such a stage. The text

lacks a definite statement.

"Blisnianskaja describes a stage in which the right apical bud is seated on

the ventral one.
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flattens out toward the trachea. The right stem bronchus is

markedly longer than the left. This stage corresponds approx-

imately to the youngest figured by His (1887), but differs in form

and proportion somewhat from His's figure.

An embryo of 11 mm. (Normentafel No. 45), whose bronchial

tree almost exactly agrees with that shown in Figs. 343 and 344,

had, according to Narath, on the right side the apical bronchus

(Ap.), extending dorsolaterally and with three buds, the purely

lateral first ventral bronchus (Fj) with two buds, the purely

dorsal second dorsal bronchus {D2) with two buds, the infra-

cardial bronchus (Jc) between Dj and V2, directed ventro-

medially and with indications of buds, and then Fg and Fg, both

undivided, as is also the stem bud; on the left there is the first

ventral bronchus, passing laterodorsally and having a strong

Fia. 342.—Epithelial lung anlage of the embryo Chr. 1 (Normentafe No. 28, 7 mm.;. (After Narath,
1901.) Apparently the plates have been somewhat displaced in preparing the model; the right stem bronohus
should descend more directly than the left (Narath). Av-, apical bud; Vi, first ventral bud. X 100.

dorsal branch, the left apical bronchus; at the origin of this Fj
bends sharply ventrally. The ends of both show lateral buds.

Then follow Z>2 passing dorsally, Fg passing laterally and having
at its root what is perhaps the amlage of a left infracardial

bronchus, and Fg, as well as the stem bud, which does not extend
quite so far caudally as that of the right side.

In an embryo of 15.5 mm. Narath found in the right lung
^2?.—Fi—Z>2—Jc—Fa— F3, and in the left Vi—D^—Jc—Vz—
Fj

—

D4—F4 and also a small bud which was perhaps an accessory
bronchus from F4. This stage, though slightly older than that
shown in Fig. 345, is very similar to it. The left lung is at first

decidedly more advanced in the development of its deeper parts,

as His has pointed out. Fj on the left side bears the strong,

dorsally directed apical bronchus. The left infracardial bronchus,
which has become interposed in the series, arises from the ventral
side of the stem bronchus close to F, and already possesses three
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buds. Z>3 is wanting on both sides.—Altogether Narath finds in
each Inng from four to five ventral bronchi, a sixth rarely forming
in the left lung; the dorsal bronchi are usually fewer, frequently
only two on each stem bronchus. An infracardial bronchus occurs
on the_ right side as a rule, but is rare on the left, and its presence
there in the embryo just described must be regarded as an
anomaly.

_
Its suppression on the left side appears to be due to

the position of the heart and pulmonary vein on the left side
(Flint). Other ventral accessory bronchi appear only here and
there. The infracardial bronchus belongs almost without excep-
tion to the second lung tier ; that it may occur in the left lung has
been shown by Ewart and Schaffner, while the bronchus thus
described by Hasse is identical with the distal part of the main
stem of the left Fj (Narath). The apical bronchus of the left

Fig. 343, Fig. 344.

Figs. 343 and 344.—Reconatruction of the lungs of an embryo at the beginning of the fifth week,
ventral and dorsal views. (After Merkel, 1902.) Ap., apical bronchus; Z)i, Z)2, etc., dorsal; Vi, Tsjetc.

,

ventral bronchi; Jc, infracardial bronchus.

side, leaving variations out of consideration, arises even from the

beginning from Fj, but in its branching it behaves throughout like

the right apical, notwithstanding its smaller calibre (Narath).

The point of bifurcation of the trachea and the entire lung
anlage migrates caudally during the course of development. In
the embryo described by Ingalls (1904) (Normentafel No. 14, 4.9

mm.) the lung anlage lies at the level of the third cervical segment,

but in one of about one month it is already at the level of the

first thoracic vertebra, according to Blisnianskaja. From that

time onward the recession proceeds more slowly, the level of the

fourth thoracic vertebra being reached at birth. The bifurcation

angle of the trachea at first diminishes (compare Figs. 341 and
342), but increases again later (for numerical data see Blisnian-

skaja).

The pulmonary arteries in the youngest stages that have been

studied (7 mm.) arise, according to Narath, quite symmetrically
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from the last aortic arch at the level of the larynx anlage, and

course downward along the trachea, diverging somewhat caudally

and dorsally, the left being a little more dorsal than the right. In

the region of the stem bud the left artery lies laterodorsally, the

right laterally. Later (embryo of 11 mm.) the right vessel bends

ventrally to avoid the apical bud, distal to this again lying lateral

and then laterodorsal to the stem bronchus, while the left lies at

first laterodorsal and then dorsal (see also Fig. 345). Still later

the recession of the heart influences the course of the arteries;

these no longer run caudally alongside the trachea, but approach

the lungs more and more from the ventral side, and accordingly

become bent around the bronchial tree until its branches prevent

a continuation of the process. The first of these branches is on

both sides the first ventral bronchus, the right apical bronchus,

being always situated dorsal to the artery, having no such effect

upon it.

The pulmonary veins form at first a single stem opening into

the atrium (see the chapter on the development of the heart).

Narath observed it coming out of the angle of bifurcation of the

trachea in an embryo of 7 mm. (Fig. 348). In an embryo of

11 mm. there was a main vein on each side, situated ventro-

medially to the stem bronchus, and opening into it a transverse

vein from the first lung tier (compare also Fig. 345, from His).

By the common stem being taken up into the wall of the left

atrium, all four principal veins finally open directly into the

atrium. The course of the veins is also influenced by the recession

of the heart; the vein from the upper lung tier is forced to

descend, the main stems become partly bent around the stem

bronchus and their proximal portions pass transversely to the

heart.

The situation of the pulmonary veins ventromedially to the stem bronchus

is determined by the heart, according to Flint, and their position again explains

the dorsolateral course of the arteries. FUnt, however, ascribes to the arteries no
importance in determining the arrangement of the bronchial branching. Onto-

genetically they certainly have no such influence, since the first lateral bronchi are

formed before the arterial stems appear (Narath).

A number of important questions cannot be settled from
the study of human embryos, partly because the necessary material

is not yet available and partly because the questions are not to

be settled by what takes place in the highly modified human lung
alone. The modification is due principally to the shortening of

the trunk (G. Euge) ; the- human lung is exceptionally short and
broad, and consequently the stem bronchus is so overshadowed in

the adult lung by the very long and strong branches, especially

by the ventral bronchi, that it was for a long time believed that

the branching was of the dichotomous type. The available
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embryonic material suffices to demonstrate the surpassing role of
tJie stem bronchus during development; it also shows that the
principal branches are formed not dichotomously but monopodi-
ally. The stem bronchus is throughout a continuous structure,
whose undivided tip keeps on growing, while the lateral bronchi
appear at some distance from it. Nevertheless, according to
Narath, the stem bud always takes part in the formation of the
lateral branches; the lateral bud always arises in its territory,
and this is true not only for the stem bud, but also for the
terminal buds of each lateral branch, and therefore for the entire
branching. However, Narath did not study older stages with
more than the fourth order of branches; for the later ones the

FiQ. 345.—Anlage of the lung of embryo N (10.5 mm.), seen from in front with arteries and veins.
(After His, 1887.) A. p. d. and A. p. a., right and left pulmonary artery; V. p., pulmonary vein. The
remaining lettering as in Fig. 343. X 50.

occurrence of equal or unequal dichotomous divisions or of

division even into three has been generally accepted (KoUiker,
Merkel, Flint). These smaller branches, however, are so greatly
under the influence of their surroundings that probably no very
great importance is to be assigned to these departures from the
main type. Indeed, such twigs, formed dichotomously, do not remain
symmetrical (Flint). From Narath's conception of the branching
certain further consequences relative to the significance of the

stem bronchus follow. For only in the formation of the ventral

bronchi does the stem bud participate, the dorsal bronchi and the

ventral accessory ones, including the infracardial bronchi, arise

from the stem bronchus frequently only after the formation of

the corresponding ventral ones, or from the roots of the latter,
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and, at least in some cases, proximal to these, so that they are

separated by them 'from the stem bud. Narath assumes, on the

basis of comparative observations, that all these bronchi are

primarily branches of the ventral ones and that they have sec-

ondarily become displaced on to the stem bronchus. This view

is accepted by Blisnianskaja, while d'Hardivillier and Flint, for

example, advocate the equivalency of all branches passing off^ m
the principal directions and deny a migration of them. According

to this the stem bronchus as well as the stem bud possesses a

capability for branch formation. Narath 's conception of mono-

podia! branching is, accordingly, somewhat different from that

of the remaining authors ; it is monopodia! with acropetal devel-

opment of the lateral buds. A final statement on this question

can hardly be given here; indeed, it cannot be given on the basis

of development alone.

As already stated, Aeby assigns a special significance to the

right apical bronchus, which he terms the eparterial bronchus.

Its development and comparative anatomy show, however, that

it is the first dorsal bronchus ; the "crossing" of the stem bronchus

by the artery distal to it does not occur in the lower mammals and

occurs late ontogenetically, being dependent on the degree of

recession of the heart (Narath).^* More difficult of explanation

are the relations on the left side. Most authors (most recently

Pensa, 1909) assume either a lack of the corresponding bronchus

of the left side or (d'Hardivillier) its degeneration. According

to Narath, who derives the dorsal from the ventral bronchi, the

left apical bronchus is possibly a true dorsal bronchus which,

from some cause or other, perhaps the course taken by the arteries

(the aortic arches and the ductus Botalli, which, indeed, are

generally made responsible for the asymmetry of the first lung

tier), has not been able to migrate on to the stem bronchus and,

on account of the course of the left pulmonary artery, then arises

from the ventral bronchus far from its origin. With this explana-

tion Blisnianskaja agrees. If this be the case, the upper lobe of

the left lung is equivalent to the upper and middle lobes of the

right. At all events, the idea of a special "eparterial" group of

bronchi cannot be maintained.

In the embryonic lung the abundance of connective tissue is

very striking; the intervals between the relatively widely sepa-

"Mint (1906) identifies tlie right apical bronchus, which arises from the

trachea in the pig, as the first lateral bronchus (a ventral bronchus according to

the nomenclature used here), and sees in it the sole representative of the first

lung tier, which is completely wanting on the left side. However, the course of

the arteries is not sufiiciently established and, furthermore, the question is not to

be settled by what occurs in the pig, which in this respect is certainly not a
primitive form.
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rated branches of the bronchi are filled with loose mesodermal
tissue. This in the immediate vicinity of the epithelial tubes
arranges itself concentrically around them and is here somewhat
richer in cells than in the middle region between the bronchial
rami (Fig. 346). With the progress of the bronchial branching
the end buds become gradually smaller ; in the fourth month they
have, according to KoUiker (quoted by Merkel, 1902), a diameter
of 0.18 to 0.27 nun., in the beginning of the fifth month they
measure only 0.09 to 0.13 mm., with a maximum of 0.15 mm. At
about this time the lobules appear as the result of an increase of
the embryonic connective tissue in the intervals between the areas
of the bronchioles; the lobules in a fetus of 20 weeks have an

Fig. 346.—Section through the lower lobe of the right lung of a fetus of 100 mm. vertex-breech length
taken at right angles to the dorsal surface. Br.^ bronchus; A,, artery. X 20.

average diameter of 0.25 mm., according to Merkel (1902). At
this stage of development the transverse sections of the larger

branches are stellate, "the largest ones are lined by a ciliated

epithelium. The cartilage plates in their walls do not extend

beyond the first branches, nor do the gland anlagen. The muscles

are distinctly recognizable from the surrounding mesodermic
tissue. " At the end of the sixth month the ends of the finer bronchi

have a diameter of only 0.056 to 0.067 mm. and are very closely

packed; they may already be termed alveoli (KoUiker). Their

epithelium is low and the connective tissue in their immediate

vicinity is still very rich in nuclei, although its quantity is on the

whole greatly reduced. The cartilage formation extends in the

sixth month far into the bronchial twigs, but the glands are still

confined to the largest trunks (Merkel).
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According to KoUiker (quoted by Merkel), the further devel-

opment takes place in the following manner: "The formation of

the air-cells and smallest lobes, beginning in the sixth month, is

completed only in the last months of pregnancy, for while the air-

cells of the mature fetus are scarcely greater than in the sixth

month, and measure only from 68 to 135^, even in the lungs

of new-born children who have already breathed the lobes them-

selves increase very markedly in size, so that the secondary lobes,

which have a diameter of only 0.65 to 2.23 mm. in an embryo of

sis months, measure 4.5 to 9.0 mm. and over in the new-born

child." The formation of new branches is, however, according

to Merkel, scarcely to be followed in the later months, on account

of the abundant foldings of the alveolar walls.

Fia. 347.—The mesodermal anlage of the lungs of an embryo of 6 mm. (Normentafel No. 20). (After

Broman, 1904.) The epitheUal anlage, according to Broman, is almost identical with that shown in Fig.

341, except that it is more asymmetrical and the left lung is directed even a little cranially. r. Z/., I. L.,

right and left lung; Afc, posterior mesocardium; Mg., stomach; Mg, v., ventral meaogastrium; iVff., acces-

sory (mesolateral) mesentery; 0. E., upper limb; P. mg., plica mesogastrica; Un., mesonephros. X 36.

Elastic tissue is relatively late in making its appearance in

the lung, according to Linser (1900), whose results, according to

Merkel, agree essentially with those of Lenzi (1898). Already
recognizable in the vessels in the third month, it appears at the

beginning of the fourth month in the largest bronchi and increases

slowly in amount; in the middle of the fifth month its fibres first

appear in the alveoli, and in the seventh they occur free in the

stroma. The tissue does not stain as deeply as it does later on,

and is to be regarded' as young, immature elastic tissue, which
becomes mature a few weeks after birth under the influence of use.

At this time, too, an enormous increase in the number of fibres

takes place.—The pulmonary arteries, which possess the typical

structure before birth, afterwards come to resemble the pulmonary
veins, owing to a reduction of their tunica media, the elastic tissue

in the walls of the veins becoming increased in amount.
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The formation of the lobes of the lung was first considered
by Aeby and was first worked out by Narath. Their development
in the human lung has been described principally by Blisnian-
skaja, although some important figures of very young stages have
been given by Broman (1904).

Aeby defines a lung lobe as follows: "A true lobe is never
supported by more than a single lateral bronchus and therefore
includes no portion of the stem bronchus." The "lower lobe" of
the lung which contains the stem bronchus and most of the
branches, without showing any corresponding markings on the
surface, is termed by Aeby the "lung stem." Soon after the
formation of the first lateral bud in the embryo, each bud becomes
marked out upon the surface of the mesodermal anlage of the
lung. This is a thick growth of mesoderm which projects on each

Fig. 348.—Mesodermal anlage of the lung of the embryo Chr. 1 (7 mm.; compare Fig. 342). (After Narath
1901.) Ven. p., pulmonary vein. The remaining lettering as in Fig. 342. X 100.

side into the coelom (see Vol. I, Chapter 13) and surrounds the

epithelial pulmonary sack, surpassing it in volume, however, many
times. At first, before the development of the lateral bronchi, the

surface of this anlage is smooth and rounded (Fig. 347; for still

younger stages see Broman, Figs. 144 and 146 for a 3.4 mm.
embryo, and Figs. 156, 158, 160, and 162 for a somewhat further

developed embryo of 3 mm.) ; later it becomes almost mulberry-

like, since not only the buds of the first lung tier (Fig. 348), but

soon also those of the following tiers produce elevations on the

surface (Figs. 349 and 350). Only the youngest part of the lung

appears for a time as the lung stem in Aeby's sense. "With the

development of the buds the mesoderm over their tips gradually

diminishes in quantity, although the branches continue to be

imbedded in an abundant mesoderm. A series of lateral and a

series of dorsal elevations are especially marked, and after these
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the infracardial elevation. "Each primary elevation then becomes

again divided into several secondary elevations^^ by the budding

of the bronchial bud which it contains, and so the process goes on

until the pulmonary wings become covered with fine granules.

. . . With the growth of the lung these gradually disappear

and the surface usually becomes smoother" (Narath). Only the

first-formed furrows persist (Figs. 351 and 352), probably on

account of the rapid and extensive growth of the first bronchi.

Consequently in man only the first lung tier finally takes part in

the formation of the lobes.

OeB.

Fig. 349. Fig- 350

Fma. 349 »nd 350.—Mesodermal anlage of an embryo of about 13 mm. seen from the ventral and the

dorsal surface. (After Blisnianskaja, 1904.) Oes., oesophagus. The remaining lettering (added by the

present author) as in Fig. 342; in the right apical lobe (di) a subdivision into a dorsal and a ventral (d and «)

portion is indicated. X 25.

Fig. 351. Fig. 352.

FiQB. 351 and 352.—Lungs of an embryo of about 17.5 mm. seen from the right and from the left. (After

Blisnianskaja, 1904.) Oes., oesophagus. X 12.

The arrangement of the lobes in animals and also a number of human varia-

tions, as well as the embryonic arrangement of the lobes, can be referred to a

schema given by Narath (Fig. 353), in which the boundaries of the lung tiers

(principal grooves) and those between the dorsal and ventral zones (accessory

grooves) are shown as boundaries of the lobes. The most frequent variety is

probably, however, the occurrence of a right infracardial lobe, which owes its

existence to a similar process taking place on the medial surface and base of the

lung. The lobes, as well as the bronchi, are, however, greatly reduced in man, in

correspondence with the shortening of the trunk and the appoximation of the heart

to the diaphragm (Ruge). As regards the corresponding pleural space see Vol. I,

p. 547. The separation of a lobe from the right apex by the vena azygos is a

' To be seen in the upper lobe in Fig. 350.
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variation that has nothing to do with the formation of the bronchial tree, but is

rather to be explained as an adaptation of the lung to the space at its disposal
(Narath, Bluntschli, 1905). The complete separation of portions of the lung,
occasionally observed, is to be referred to disturbances in the early embryonic
stages of development (Hammar, 1904).

Blisnianskaja has given some data regarding the evolution
of the form of the lung as a whole. The form of the embryonic
lungs is especially influenced by the great size of the heart ; what
are later the medial surfaces are first directed ventrally, and the

Fia, 353.—Schema of the lobation of the lung. (After Narath, 1901.) D and V, dorsal and ventral lobes.

lateral ones dorsally. The lungs are at first relatively more devel-

oped in what is later the dorsoventral (in the embryo approx-

imately transverse) diameter than in the transverse (in the embryo
almost sagittal) one, a condition that recalls what occurs in lower
forms (apes). The same holds for the position of the base of the

limg, which at first is much more sloped than it is later (compare
Figs. 351 and 352). The lungs are drawn out almost to a point,

which forms the lower and posterior pole. In the third fetal month
they gradually assume the proportions seen in the adult.
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DEVELOPMENT OF THE BLOOD, THE VASCULAR
SYSTEM, AND THE SPLEEN.

By C. S. MINOT, H. M. EVANS, J. TANDLER, and E. R. SABIN.

I. THE ORIGIN OF THE ANGIOBLAST AND THE DEVELOPMENT
OF THE BLOOD.

By CHARLES S. MINOT.

Introduction.—The number of papers upon the development of the blood

is large, but the majority of them have been written from the clinical standpoint

and they often leave much to be wished for the scientific interpretation of the

theme. To these clinical writings we owe a confusing nomenclature of the blood-

corpuscles which, unfortunately, has become current in medical works, although

it sins against every morphological principle. It unites forms which are morpho-

logically different and separates forms which genetically and morphologically

belong together, as is explained more fully in the note, p. 503, and in connection

with the discussion of the development of leucocytes. Under these conditions it

becomes unavoidable to discard almost entirely the current nomenclature and to

replace it by a new one. The new nomenclature is in part taken over from others,

in part proposed by myself. It at least corresponds to the morphological demands.

The following exposition is based chiefly on the investigations of four

morphologists,—W. His, 0. van der Stricht, J. Jolly, and E. Weidenreieh,—to

whom we are indebted for the greater part of our present comprehension of the

problem of the blood. Of further importance is the just-published (March, 1909)

memoir of Maximow (Arch. f. mikr. Anat., vol. Ixxiii, p. 444), who studied the

development of blood especially in rabbit embryos. Riickert and MoUier,' in

Hertwig's " Handbueh," have given a detailed account of the early development

of the angioblast in all classes of vertebrates. The value of this work is very

high, and for that reason we regret very much that they have not included the

eytomorphosis of the blood-corpuscles within the limits of their account. Although

I am unable in many cases to adopt the point of view of the clinicians as my own,

yet I have collected from their writings many data.

1. The Angioblast.—Comparative embryology teaches us that the first blood-

vessels appear upon the yolk-sac collectively and at one time. They form a unit

anlage, which we call briefly the angioblast, according to the suggestion of His.

It must, however, be immediately mentioned that several investigators, like

Maximow in his latest paper, derive the blood-vessels directly from the mesoderm
of the embryo. In fact, we can assert the complete precocious independence of the

angioblast from the mesoderm proper only as highly probable. The angioblast lies

originally immediately upon the j^olk and forms a network that can be recognized
just after the firet appearance of the anlage. The mesoderm, sensu striotu, forms
a continuous layer which lies above the anlagen of the vessels and comes into

direct contact with the yolk only in the gaps of the vascular network. According
to the majority of observations the angioblast appears to be split off, in all

vertebrates, directly from the yolk. It is very difiScult to decide whether the

' To Professor Mall I am specially indebted, for he has had the kindness to
lend me extremely valuable material from his embryological collection.

' Riickert und Mollier : Die erste Entstehung der Gefasse und des Blutes bei
"Wirbeltieren, Hertwig's Hdbch. vergl. Entw. Wirbeltieren, vol. i, p. 1910-1278.
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angioblast is to be interpreted as belonging genetically to the middle germ layer
or as a derivative of the entoderm. The views as to these interpretations are very
divergent, but the fact remains that the angioblast becomes independent very early
and is the first tissue of the embryo to exhibit an unquestionable difeerentiation
alid sharp limitation. It must be especially emphasized that the vascular anlagen
do not develop in common with the mesoderm, or, if one prefers, with the remaining
mesoderm. I incline strongly to the opinion that the mesoderm is formed first

and that the angioblast, added later, forms itself, not through transposition and
transformation of mesodermic cells already present, but from cells which separate
from the yolk, or from the layer of yolk cells, and form a reticulate grouping of
themselves between the middle and lower germ layers.

The angioblast probably maintains its complete independence throughout life.

In other words, it is probable that the endothelium of the blood-vessels (and of
the lymph-vessels) and the blood-cells at every ag-e are all direct descendants of
the primitive angioblast. Unfortunately, our present knowledge does not allow
us to express an opinion on this point with absolute confidence. Thus, we find

that Maxhnow (Arch. f. mikr. Anat., vol. Ixxiii, p. 511-515) attributes the forma-
tion of new vessels and of new mesamoeboids, not to the angioblast, but to the meso-
derm proper. The most recent American observations speak against Maximow's view.

The differentiation of the angioblast in amniota may be summarized as

follows : The network consists originally of cell cords, which soon become hollow.

According to many observations the cavity may be bounded at first on its under
side only by yoLk. The angioblast cells transform themselves in part into endo-

thelial cells, in part into new blood-cells. The endothelium arises from the

peripheral layer of the cords; blood elements, on the contrary, from the more
centrally placed cells. Only the endothelium forms an uninterrupted network; the

blood-cells form scattered clusters, the so-called blood-islands. These consist of

cells which are not separated by cell walls either from one another or from the

neighboring endothelium. Very often, perhaps always, one finds the lumen of

the vessel below (entad) the blood-islands, the cells of which hang down in a

cluster from the upper surface of the vessel. In the majority of amniota, the

blood-vessels arise in a limited space, which surrounds the embryo and covers only

the upper surface of the yolk. This space is the area vasciilosa. In man, however,

the area covers the whole yolk from the start. The area vasculosa, studied in

fresh specimens, can be recognized in mariy amniota by the red color of the blood-

islands. This color corresponds to the beginning of the development of hEemoglobin.

Soon the cells of the islands separate from one another and become free. They

are the primary blood-cells, or, better, the primitive mesamoeboids. Very often

the first-formed cells are quite large ; nevertheless, they possess the ability to wander

out from the vessels, giving rise in this way to the giant wandering oells which

one can observe in very young embryos, as, for example, those of the chick. The

large primary cells become gradually smaller by repeated division until they reach

the cqndition which I regard as the rejuvenated stage of the blood-cells, with

which the cytomorphosis proper begins. The mesamoeboids are round cells with

relatively large nuclei, which are approximately round. The nucleus is surrounded

by a thin layer of protoplasm which, on account of its slight thickness, has often

been overlooked. The nucleus has a distinct reticulum, the nodes of which are

thickened in part, forming so-called plasmasomes. The protoplasm is finely

granular. Cells with these distinct characteristics occur in all vertebrates, but are

restricted to early embryonic stages, and have not, up to the present time, been

observed in adults. The cells in question multiply in the blood by mitotic division.

Their bodies soon become larger, and thus arise colorless cells which continue to

divide. Their descendants develop in different ways, in part retaining the

embryonic habitus, and in part transforming themselves into red cells—erythrocytes.

It must be further noted that in relatively late embryonic life the imdififerentiated

mesamoeboids in part develop into genuine leucocytes.
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The primitive mesamoeboids are tlie ancestors not only of all blood-cells, but

also, as Maximow has demonstrated, of other cell forms which occur in the connective

tissue of the adult. Recent morphological investigators of the blood consider the

conclusion secure that red and white blood-corpuscles have the same origin, or,

in other words, that they arise monophyletically. Especially illuminating are the

investigations of MaximoV and Prau Dantschakoff* on this question.

The majority of embryologists are of the opinion that the colorless mesamoe-

boids remain throughout life in order to serve as a permanent source of both red

and white blood-cells. Since they can mo-fre freely, they can alter their distribution

in the body. In mammals the multiplication of the primitive mesamoeboids during

the earliest development occurs only in the yolk-sack; later it takes place in the

circiilating blood; still later in the fetal liver and lymphoid organs; and, finally,

in the marrow of bones, which serves as the permanent site of blood formation. Up
to the present time no conclusive proof has been brought that the cells in question

arise autochthonously in the liver or lymphoid organs or bone-marrow. Therefore,

embryologists incline to the opinion that we have to deal merely with the accumu-

lation of immigrant cells. In other words, according to the present view all the

cellular blood elements are direct descendants of the primitive mesamoeboids. That

this view is secure beyond all doubt cannot, however, be asserted.

The development of human blood still awaits a thorough inves-

tigation. The observations at present available are in great part

—

though not exclusively—more or less incidental to other researches.

We find data, first, in descriptions of the development of certain

organs, especially the yolk-sack, the liver, and the bone-marrow;
secondly, in more extended articles on blood development. The
number of such articles is very large, but they are chiefly occupied

with the phenomena as observed in various animals. Schridde has
studied the blood development in nine young human embryos and
has reached conclusions which cannot easily be brought into agree-

ment with other apparently reliable observations. Unfortunately,

his research is known to me only through his preliminary notice of

1907 (Verb, deutsch. pathol. Ges. fiir 1907, p. 360-365). Therefore
a critical discussion of his work is excluded.

We possess at present two comprehensive memoirs, in which the previous

literature—so far as it concerns the red blood-corpuscles of vertebrates—is exten-

sively considered and critically discussed. The memoir of Weidenreieh ' appeared
in two parts, of which the first deals with the form and structure of red corpuscles,

while the second describes the immature forms and the origin and transformation

of the colored corpuscles. Weidenreieh strives to give a unified summary of the

results already obtained. The memoir by Jolly ° offers us not only the results of an
excellent comprehensive investigation of the cytomorphosis of the blood-cells, but

° Maximow : Arch, f . mikr. Anat., vol. Ixvii, 1906, p. 680-757, and vol. Ixxiii,

1909, p. 444-561; Folia Hsematol., vol. iv, p. 611-626; Verhandl. Anat. Ges.,

vol. xxxii, p. 65-72.
* Wera Dantschako£E : Entwick. d. Blutes b. Vogeln, Anat. Hefte, vol. xxxvii,

p. 471.

" Franz Weidenreieh : Die rothen Blutkorperchen, I, Ergeb. anat. Entw. Ges.,

vol. xiii, 1905, p. 1-94; II, ibid., vol. xiv, 1905, p. 345-450.
° J. Jolly : Recherches sur la formation des globules rouges des mammif6res,

Arch. Anat. microsc, vol. is, 1907, p. 133-314.
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also valuable discussions of previous investigations. The views defined by Jolly

deserve special attention because they have been worked out very conscientiously.

Since an exhaustive consideration of the development of the phenomena in animals

lies outside the limits of our present undertaking, it seems suitable to recommend
the memoirs of Weidenreich and Jolly as excellent sources for the reader who
seeks exact literary data.

2. Origin oe the Human Angioblast.—Our knowledge of the

actual facts is here very defective. We do not yet know, by actual

observation, how the earliest vessels arise in mail. We know
merely that the angioblast appears first on the yolk-sack, and that

in almost the earliest stage known to us it already occupies the

whole surface of the sack. The angioblast has genuine blood-

islands and grows later into the embryo presumably by the forma-
tion of sprouts. The precocious development of the human angio-

blast is, in all probability, closely connected with the precocious

independent development of the yolk-sack. 'A few of the more exact

data may be presented. Graf von Spee'^ observed a few islands in

the wall of the yolk-sack in an ovum of 9 mm. diameter, with an
embryonic shield of 0.37 mm. The yolk-sack had a diameter of

1.84 mm. Its mesoblastic covering formed irregular bunches and
projections, which were especially noticeable around the pole of

the sack farthest from the embryonic shield. Bach of these emi-

nences corresponded to a blood-island situated between the meso-
derm and the entoderm. Keibel ® observed similar relations in an

embryo of 6 mm. X 8.5 mm. (including villi). The vascular

anlagen do not occur in the immediate neighborhood of the embryo,

but begin at a line somewhat removed from it. The yolk-sack of

an embryo of 1 mm. (Harvard Embryol. Coll., No. 825) comprises

two territories : one of these I regard as the area pellucida, because

it possesses a very thin entoderm and occupies the embryonic half

of the sack ; the other territory, which I regard as the area opaca,

has a thicker entoderm and lies opposite the embryonic shield. It

is to be noted, moreover, that the vascular formation is restricted

to this second territory. This case, which up to the present is

unique, renders it probable that in man also the formation of the

angioblast begins in a true area opaca and then spreads out toward

the embryo, as occurs typically in other amniota.

It is well known that in many amniota the earliest mesamoeboids are relatively

large. They probably arise directly by pinching off from the yolk (entoderm), and

soon thereafter they are separated from the yolk, or entoderm, by the growth of

the vascular endothelium around them, by which they become enclosed in a definitive

vascular space. The large primitive mesamoeboids, isolated in the manner described,

multiply quite rapidly and become smaller. Meanwhile the circulation has begun,

and at least a part of the mesamoeboids leave their place of origin. The history

'Graf von Spec: Arch. f. Anat. u. Entwicklungs Ges., 1896, p. 8.

' Franz Keibel: Arch. f. Anat. u. Entwicklungs Ges., 1890, p. 255.
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of the cells has not by any means become clear to us, for it still remains uncertam

whether they all pass through the same transformations; but it is certain that many

transform themselves into cells of very small size, with nuclei much smaller^ than

those of the cells in the neighboring germ layers. Their protoplasm is mmimum

in man, so that the ceU bodies form merely thin covermgs for the nuclei, ihis

process-multiplication of the nuclei and the retarded growth of protoplasm-is a

general phenomenon in the earliest development of metozoa, and I have regarded

it
" as the rejuvenating process with which ontogeny must begin. If we accept this

view, we may say that the mesamceboids rejuvenate much more rapidly than the

other cells of the germ layers.

Wtile we must admit that our knowledge of the earliest devel-

opment of the blood in vertebrates is but little satisfactory, because

it does not touch many essential points, we must add that the

corresponding processes in man are, properly speaking, unknown

to us.

The growth of the vessels into the embryo occurs very early.

In embryo Klb." (1.8 mm., 5-6 segments) the vessels have already

passed into the embryonic body and lie between the visceral meso-

FlQ. 354. -Three primitive meaamoeboids from the yolk-aac of a human embryo of about 1 mm.
Emb. Coll., series 825. X 1500.

Harvard

derm and the entoderm. The same pathway between the germinal

layers is followed, in all vertebrates, by the first vessels as they

grow into the embryonic body. Schridde (I.e., p. 362) found in an

embryo of 2.5 mm. a similar net of vessels. In human embryos of

8-10 segments the chief primitive vessels are present. They are

of merely endothelial tubes.

3. The Peimitive Mesamceboids op Man.—The cells in question

have not yet been investigated accurately.^ ^ In the yolk-sack of

the embryo mentioned above (H. E. C, No. 825) there occur cells

which I regard as primitive mesamceboids, three of which are

represented in Fig. 354. They are characterized by the largeness

of their nuclei and the small amount of their protoplasm. The
nuclei possess about the same dimensions as the nuclei in the

neighboring mesoderm and entoderm. The karyoplasma forms a

dense superficial layer and a very wide meshed net of fine threads

in the interior, with a few thickenings of varying sizes and irreg-

' Minot: The Problem of Age, Growth, and Death, New York, 1008.
" Keibel : Normentafeln, Heft viii, p. 20.

" Compare Schridde ; Verhand. deutsch. pathol. Ges., 1907, p. 360.



DEVELOPMENT OP THE BLOOD. 503

ular distribution. Not infrequently, however, there is a single
main thickening centrally placed. The nuclei scarcely differ in
structure from those of the neighboring tissues. The cell body is
finely granulated, irregular in form, without a membrane, and is

more deeply colored than the nuclei. I consider it probable that
the cells are amoeboid. Masimow ^^ gives a detailed description
of the primitive mesamoeboids in the rabbit, to which the reader is

referred because the author goes more into detail than is at present
possible for the cells in man.

4. Cytomoephosis of the Erythrocytes.—The erythrocytes
arise from the primitive mesamoeboids, the cell bodies of which
become laden with haemoglobin and at the same time acquire a
homogeneous appearance. Meanwhile the nuclei also undergo
important alterations.

The development of the erythroc3rtes has been much studied. In the majority
of the published papers one feels the lack of a scientific morphological interpreta-

tion of the observations, many authors being interested chiefly in clinical appli-

cations.

We can confidently distinguish four chief stages in the cytomorphosis of the
red corpuscles, for which I propose the following designations

:

1. The mesamceboids, the primitive or earliest colorless cells, which appear at

first in the blood-spaces and arise chiefly, perhaps exclusively, by the breaking up
of the blood-islands.

2. The Erythroeytes.—This term includes aU red blood-cells which arise,

probably exclusively, from mesamoeboids. They are characterized by their content

of haemoglobin and the homogeneous appearance of their protoplasm. We can
distinguish three stages in the genesis of the erythrocytes of mammals:

A. The ichthyoid blood-cells, the first form of the genuine erythrocyte, which
occurs in all vertebrates and constitutes the permanent form in iehthyopsida. In
the amniota, on the contrary, they represent a transitory stage of development.

The cells in this stage are characterized by their content of hsemoglobin, their

homogeneous appearance, and their granular nuclei.

B. The sauroid blood-cells, the second form of the genuine erythrocytes,

which may be observed as the second stage in the developmental differentiation of

the ichthyoids in all amniota. The ceUs in. this stage differ from the ichthyoids

by their smaller average diameter, and especially by their smaller, darkly staining

(pyknotic) nuclei. The sauroids are atrophying cells. They represent the perma-

nent form in sauropsida, the temporary form in mammals.

C. Blood^plastids.—These are erythrocjrtes which have lost their nuclei, and

occur only in mammals.
Note.—" Mesamoeboid " was originally proposed by me to designate the

wandering cells which occur in the middle germ layer. The mesamoeboid cells,

which serve as the parent cells of the red blood-corpuscles, have been often confused

with genuine leucocytes, and this has hindered the progress of htematology. The
expressions " ichthyoid " and " sauroid " are in themselves not new, but the proposed

application of them is new. The term " erythroblasts " has often been used in the

sense of our ichthyoid cells, although in these we have to do with red blood-cells

already differentiated. Current usage frequently restricts the term to the embryonic

forms of the corpuscles in mammals. The mature red corpuscles of amphibia, for

"'Maximow: Arch. f. mikr. Anat., vol. Ixxiii, 1909, p. 464.
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example, no one ventures to designate as erythroblasts, although they are homol-

ogous with the so-called erythroblasts of mammals. " Erythroblast " was intro-

duced by Lowit to designate the colorless cells which, as the preliminary stage of

red cells, are appropriately so called. For the regrettable misuse of the word the

clinicians are alone responsible. " Normoblast " corresponds to the sauroid ceU,

but is not always applied with exactly the same meaning. The choice of the term

is unfortunate : first, because it seems meaningless from the comparative standpoint,

and therefore unavailable; and second, because even from the present clinical point

of view it is without significance. The special stage of the " normoblast " is neither

more nor less normal than the earlier and later stages. Further, since the stage

in question is the permanent one in reptiles, the use of " blast " is unsuitable.

" Erythrocyte " is a fitting name for all red blood-corpuscles whether they are

nucleated or not, whether their nuclei are pyknotic or not. The effort of the

clinicians to restrict this name to the non-nucleated blood-ceUs of mammals can

hardly be justified. At the present day one would hardly expect that red cells

with nuclei should not be recognized as erythrocytes but that they should change

into erythrocytes by the loss of their nuclei. It does not appear scientific to call a

cell Kwrof only after it has become non-nucleated. Similar considerations apply

against the use of the expressions " megaloblast " and "microblast." It may be

pointed out that in all tissues variations in the size of cells are encountered, and

if all these variations are to be specially named the result will be an unlimited

confusion in biological nomenclature. I proposed, in 1890, to call the non-nucleated

blood-corpuscles of mammals " plastids." At that time I was influenced by the

hypothesis proposed by Ranvier, Schaefer, and others, of the intracellular origin

of the red blood-corpuscles. In spite of the fact that the progress of our knowl-

edge has compelled us to give up this hypothesis, we may still term the non-

nucleated corpuscles plastids, since the word refers to the fact that they consist

of cytoplasm. This renders it possible to ultilize " erythrocyte " as a collective

term for any and all red cells, as is done in the present chapter.

The essential characteristic of erythrocytes is hsemoglobin, the

formation of which may be initiated earlier or later during the

development of the single cell. It has long been known that the

deposit of hsemoglobin may begin in the blood-islands of the area
opaca. This phenomenon appears clearly in the sauropsida and
has also been recognized in various mammals. In man, on the
contrary, if red blood-islands occur at all, they must break up very
early; as indeed, according to Masimow,^^ occurs typically in

mammals, which in that respect differ from the sauropsida. In
the youngest stage yet observed, the free human mesamoeboids do
not have any haemoglobin.

We must assume that in man also the primitive mesamoeboids
multiply, and that a part of them retain the primitive habitus.
While this goes on, one observes the gradual disappearance of the
forms with minimal protoplasm. At the end of the first month, and
from then on to birth, we find colorless mesamceboid cells of the
most varying sizes in the blood-spaces and in the blood-forming
organs (Figs. 357 and 359).

"A. Maximow: Arch. f. mikr. Anat., vol. Ixxiii, 1909, p. 461.
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Note.—The genetic relations of these cells to one another have stUl to be
accurately determined. In the sauropsida there arise at first very large cells. On
the other hand, we learn that the youngest cells raultiply and at the same time

enlarge. Further, the question arises, Are the large cells in vertebrate embryos
all ancestors of tlae smaller cells or not? We may assume that at least a part of

the cells are such ancestors.

Now, wMle the embryonic blood formation is going on, we
may observe, especially in younger embryos, that the erythrocytes
differ much in size. In later stages, as in the adult, we find that

the developing erythrocytes are much more uniform. From these

relations we draw the conclusion that during the developmental
period both larger and smaller mesamoeboids transform themselves
directly into colored corpuscles. But in this connection we must
not forget that deductions are less conclusive than direct observa-

tions.

The appearance of haemoglobin causes a diffuse coloration of

the protoplasm, which at the same time loses its granular appear-

ance and becomes optically homogeneous. Since cells may be

observed with varying intensities of coloration, we conclude that

there is a gradually increased haemoglobin content of the cell.

Note.—Giglio-Tos maintains that in aU vertebrates the haemoglobin arises

from special granules. Weidenreich (1. c, p. 406) declares that these granules are

artefacts. According to his opinion, we must assume that the hsemoglobin appears

diffusely in uniform concentration, without being demonstrable in the body of the

cell by any special morphological structure. We cannot yet decide whether the

haemoglobin is an exclusive or partial product of nuclear activity, as some have

supposed, or not.

The cell membrane is probably developed at the same time as

the haemoglobin. At least we observe that as soon as the coloration

is recognizable the periphery of the protoplasm is bordered by a

distinct line. How the membrane is developed is unknown. The
nuclei undergo definite alterations during the formation of the

haemoglobin, in consequence of which the cells pass to the ichthyoid

type. Unfortunately, these alterations have not yet been carefully

investigated.

The accompanying pictures represent some of the corpuscles

from the blood,—A, of an embryo of 4 mm. (Fig. 355) ; B, of 7.5

mm. (Fig. 356) ; and C, of 9.4 mm. (Fig. 357). In comparison with

the earlier stage (Fig. 354) the diminution of the nucleus at once

attracts attention.

The more intense nuclear coloration of the older cells is very

noticeable. The wide, clear meshes of the nuclear reticulum can

no longer be seen. On the other hand, the granules are more
numerous, are more deeply colored, and more rounded than before.

It is further to be pointed out that there is a striking increase of

the cortical layer of the nucleus. These observations may easily
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be repeated on other embryos. It seems probable that, together

with the dimimition of the nuclei, increase of the chromatin occurs.

This fundamental question, however, cannot be decided on the basis

of our present knowledge.

Fig. 356.

Fia. 355.—Two blood-corpuaolea of a human embryo of 4 mm. X 1500. Preserved with formalin,

colored with alum-cochineal and orange G. Harvard Emb. Coll., No. 714.

Fig. 356.—Three blood-corpusclea of a human embryo of 7.5 mm. X 1500. Zenker's fluid, carmine

coloration. Harvard Emb. Coll., No. 256.

In consequence of the changes above described, the cells reach

the ichthyoid stage of their development. We have to deal not

with the metamorphosis of single cells, but with a genuine cyto-

morphosis, since the cells continually multiply by division not only

during the transformation of the mesamceboids, but also while in

the ichthyoid stage. Evidently the cytomorphosis goes on through
successive generations of cells.

FiQ. 357.—Three blood-corpuscles from a human embryo of 9.4 mm. X 1500. Miiller's fluid, alum-cochineal
and safranine. Harvard Emb. Coll., No. 259. Li. nucleus of liver-cell for comparison.

The multiplication of young blood-cells by division was ascer-

tained by Eemak in 1850, and since then has often been observed
in many different vertebrates. i* Mitoses of the ichthyoid blood-

cells in the blood-vessels may be observed easily in well-preserved

young human embryos. In embryos of 12 mm. the formation of

"J. Jolly has published an important paper on the division of blood-

corpuscles in amphibia (Arch. d'Anat. microsc, vol. vi, 1904, p. 455). Jolly gives

exhaustive consideration to the literature of the subject.
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tlie blood in the liver has begun, and after this one finds either no
or only exceptional mitotic red corpuscles in the blood-vessels of
the body. The blood mitoses of man have not yet been studied in

detail.

Bizzozero,"' after repeatedly studying the multiplication of young erythro-

cytesji came to the conclusion that after very early embryonic stages the multiplica-

tion is accomplished exclusively by the division of cells already containing

haemoglobin, and in accordance with this view he denied the continued transforma-
tion of colorless cells (Lowit's erythroblasts) into colored ceUs. "We cannot at

present admit that Bizzozero was right.

The sauroid blood-cells arise by the transformation of single

ichthyoids. Since, so far as is known at present, they do not
multiply by division, they can increase in number only by the

metamorphosis of the younger cells. The ichthyoid cells contain

haemoglobin and have a membrane, hence the further visible multi-

plications concern chiefly the nucleus. There occurs a steady

diminution of the volume of the nucleus, and at the same time the

framework of chromatin condenses and thickens ; the granules or

so-called nucleoli—of which the typical ichthyoid cell has several

—

become larger and merge with the condensed reticulum so as to

become no longer observable (Weidenreich, I.e., p. 407), Fig. 358.

The nucleus meanwhile becomes smoothly round, as in other

mammals. In this condition it absorbs the usual coloring fluids

so intensely that little or nothing can be seen of its structure

(Fig. 358). Since the cell does not shrink with the nucleus, the

haemoglobin gains the space which the nucleus loses. In brief, the

ichthyoid oeU changes into the sauroid by pyknosis of the nucleus.

The " normoblasts " of Ehrlich are sauroid cells, but the sauroids vary much
in size, a fact which Ehrlich has already pointed out (compare note, p. 504). He
directed special attention to the larger and smaller forms, and was of the opinion

that the extreme forms were genetically distinct. Weidenreich expresses himself

positively against this opinion, justly, it seems to me. In fact, the mesamoeboids

in young embryos vary much in size (compare Fig. 354) and a similar unevenness

prevails also among the ichthyoid cells (Fig. 357). It is further probable that

the large mesamoeboids, of which the majority form smaU cells by continual

division, in small part at least develop haemoglobin precociously and thus produce

the so-called megaloblasts.

Variation of the erythrocytes is especially pronounced in quite young embryos

(Kolliker, 1846) and diminishes rapidly with age. At the close of fetal life it is

comparatively slight. A statistical investigation of the variations in man is

much to be desired.

An observation which I have occasionally made may be interpolated here.

Now and again one finds a human embryo in which the erythrocytes contain from

one to three small rounded granules, which are yellowish brown and vary in size

and form. They are highly refractile and have no resemblance to nuclear fragments.

" G. Bizzozero : Ueber die Entstehung der rothen Blutkorperehen wahrend

des extra-uterinen Lebens. Moleschott's Untersuehungen zur Naturlehre, vol. xiii,

1888, p. 153-173, 1 pi.
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These ceUs axe especiaUy numerous in an embryo of 6 mm. (No. 241 of Professor

Mall's collection). Their significance is unknown to me.

Under pathological conditions granules may occur in the cytoplasm of erythro-

cytes which differ both from nuclear fragments and from the granules just described.

They are unevenly fine granules, which take a basophile color. Naegeli asserts

that sinular granules occur normally in the embryonic erythrocytes of several

mammals (and also of man). I have been unable to confirm his statements.

The sauroid blood-cell changes into a blood-plastid by the loss of its nucleus.

Since the change is imperfectly known in man, the following description is

appHeable rather to mammals in general than specificaUy to Homo. According to

the original view of KoUiker " the nucleus was dissolved within the cell. According

to the view of Rindfleiseh" the nucleus is expelled. Both views have had many

subsequent defenders. Jolly, I.e., gives an excellent exposition of the whole dis-

cussion. A more condensed review is given by van der Stricht." Jolly reaches

the conclusion that karyolysis may occasionally occur in young embryos, and is very

FiQ. 358. Four blood-corpuscles from a human embryo of 15.5 mm. X 1600. Coll. F. P. Mall, No. 390.

Li., nucleus of liver-cell for comparison of sizes.

rare, or does not occur at all, in older embyros and after birth. On the other hand,

the expulsion of the nucleus is to be regarded as a normal process. The erythrocyte

does not usually expel the whole nucleus at once, but in the form of single pieces

which are driven out in succession.^" Maximow," however, reports that in young

rabbit embryos the nucleus is expelled while still intact. It may happen that the

part of the nucleus first expelled is larger than the part left behind. The expulsion

may be easily observed in various phases; the phenomenon does not begin until

" Naegeli : Ueber basophile Grannlationen der Erythrozyten bei Embryonen.

Eolia haematol., vol. v, 1908, p. 525.

" KoUiker : Ueber die Blutkorperchen eines menschlichen Embryo. Zeitschr.

f . rationeUe Med., vol. iv, 1846, p. 112.

"Rindfleisch: Ueber Ejiochenmark und BlutbUdung. Arch. f. mikr. Anat.,

vol. xvii, 1880, p. 21.

" 0. van der Stricht : Archives de Biol., vol. xii, 1892, p. 247.

" Man vergleiche Kostanecki, Anat. Hefte, vol. v, 1891, p. 315 and 317.

" A. Maximow : Arch, f . mikr. Anat., vol. Ixxiii, 1909, p. 486.
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the formation of blood has commenced in the liver. It occurs abundantly later
in the bone medulla, but is rare in the blood-vessels of other parts of the body.
Occasionally a pyknotic nucleus forms buds, which lead to the fragmentation of the
nucleus and prepare for the expulsion. The expelled nuclei and nuclear fragments
are, for the most part, eaten by phagocytes "^ and therefore almost never appear in
the circulating blood. In passing, it may be mentioned that according to Afan-
assiew"' the expelled nucleus becomes a blood-plate, an assumption which it has
not been possible to affirm.

In young human embryos the blood plastids vary greatly ; on
the average they are larger than in later stages or in the adult.
Maximow,2* studying the rabbit, distinguishes the first erythro-
cytes as "primitive erythroblasts " and emphasizes the differences
in their structure and that of later forms.

The early human plastids do not have the characteristic form
of the definitive corpuscles, but retain a spherical shape. Grad-
ually the cells of this type disappear, and at the same time appear

Fia. 359.—Blood-corpuscles from a blood-vessel of a human embryo of eight months. X 1500.

the small cup-shaped corpuscles (Fig. 359) which increase steadily

in number. Meanwhile the nucleated erythrocytes gradually dis-

appear from the blood, so that a little time after birth only the cup-

shaped corpuscles are found in circulation.

"We can observe, very early, disintegration of the erythrocytes,

even of the primitive mesamoeboids. Three sorts of disintegra-

tion are to be considered: 1, dissolving of the haemoglobin and
bursting of the corpuscle ; 2, fragmentation ; 3, vacuolization, with

subsequent plasmolysis. Cells of the blood may die off in the most
various stages of development, Their cytomorphosis closes with

death. How far the death phenomena differ in the two cases is

unknown. If the haemoglobin is dissolved out, the erythrocyte

remains as a round vesicle with or without a nucleus, as the case

may be, with otherwise colorless contents and with a distinct

=" 0. van der Stricht : Arch, de Biol., vol. xii, 1892, p. 251.

""Afanassiew: Deutseh. Arch. f. klin. Med., 1884, p. 217.

" A. Maximow : Arch, f . nukr. Anat., vol. Ixxiii, 1909, p. 471.
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membrane. In the case of a plastid, the corpuscle swells by

imbibition and assumes a round form. Although erythrocytes

which have lost their haemoglobin occur frequently in embryonic

blood, yet, as might be expected, it is very rare to get sight of

one in the moment of bursting. The fragmentation of the red

corpuscles in the adult has long been known. It occurs also in

fetal life, but has as yet been little studied in embryos. The dis-

integration by vacuolization has, so far as known to me, not been

described hitherto,^^ and consequently may be treated somewhat

more fully. So far as my observations go, this form of disintegra-

tion occurs only outside of the vessels.

Any embryologist can easily convince himself that all forms

of blood-cells occur in the mesenchyma of young embryos. I have

Fig. 360.—An erythrocyte lying free in the mesenchyma. X 1800.

observed this distribution not only in man, but also in the pig,

sheep, rabbit, cat, etc. There are no exceptions. Generally
speaking, the forms of the corpuscles in the mesenchyma are iden-

tical with those in the vessels of the same embryo. Fig. 360 repre-

sents an er5i;hrocyte lying free in the mesenchyma in the

neighborhood of the forebrain of a human embryo of 6 mm. The
red cells are widely scattered, but occur most frequently near the

vessels. Sometimes they lie singly, and sometimes there are

several together. The primitive colorless cells show a similar

distribution in the mesenchyma. They are the so-called "primitive
wandering cells" to which attention has been directed by several

"We repeatedly find in the literature mention of wandering cells -with

vacuolated protoplasm, but they seem not to have been recognized as degenerating

cells.
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investigators, and especially by Saxer.^" In my opinion, the condi-

tions can be interpreted only on the assumption that all the free

cells have wandered from the blood-vessels into the mesenchyma.
I recognize no basis for assuming that we have to do with a

progressive development in the mesenchyma, but this assertion is

not equivalent to an absolute denial of such a possibility. It must
be added that I have not yet been able to find evidence of the meta-

morphosis of mesenchymal cells into wandering cells. This

metamorphosis has been especially emphasized by Maximow^'^
and others, as a main part of their theories of the development of

blood.

In older uninjured embryos we find that there are still

mesamceboids, by no erythrocytes. How do the latter disappear?

We can answer that in part, at least, by degenerative vacuolization

(compare below). The majority, according to an hypothesis I have

formed, are removed by the lymph-vessels. This hypothesis is

merely the application to mammals of a discovery made by Eliot

R. Clark. Clark ^^ observed, in living tadpoles, that erythrocytes

which had passed out from the blood-vessels were overgrown by

sprouts developing from the lymph-vessels, and thus brought into

the cavity of the vessel, in which they then moved along centri-

petally. In support of this hypothesis may be mentioned the fact

that in the placental chorion of man—^which, as is well known, has

no lymph-vessels—erythrocytes occur in the connective tissue up

to the time of birth.

It has long been known that strikingly large free cells appear

in the mesenchyma of the chorion. They are pictured in my
"Human Embryology."^* Hofbauer ^^ has recently again called

attention to them. Grosser ^^ mentions these cells

—

"deren

Bedeutung aber noch unhlar ist." Renewed investigation has led

me to the conclusion that we have to do with erythrocytes which

have gotten into the mesenchyma and, remaining there, have

swollen by imbibition and are undergoing degeneration by vacuo-

lization of their protoplasm. Fig. 361 represents eight of the cells

referred to, from the chorion of an embryo of 15 mm. a is an

unquestionable erythrocyte, although it exceeds somewhat in diam-

eter the average red cells in other vessels, h is also an erythrocyte,

but distinctly larger. We can explain the appearance of these

cells by the assumption of imbibition, in which the nucleus has

" Saxer : Anat. Hefte, vol. vi, 1896, p. 347.

" A. Maximow : Arch, f . mikr. Anat., vol. Ixsiii, 1909, p. 502.

^'E. R. Clark: Association of American Anatomists, Baltimore, 1909. See

Anatomical Record, vol. iii, 1909, p. 183.

"° Minot : Human Embryology, Fig. 190, p. 330.

"Hofbauer: Die menschliehe Placenta, 1907.

"Grosser: Eihaute und Placenta, Wien, 1909, p. 224.
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participated. Cells similar to a and & are easily found, but the

majority of the cells in the mesenchyma have the habitus of d and

e and exhibit the beginning of vacuolization, f, g, h are three

cells which exhibit three stages of disintegration of the protoplasm.

Since I have found similar cells in a considerable number of

placentas, I draw the conclusion that they are constant and normal.

I regard the interpretation of the pictures unattackable as proof

of progressive degeneration. The cells g and h deserve special

attention, because they look almost as though they were furnished

with pseudopodia.

Now, we find similar denegerative appearances when we study

the erythrocytes ia the mesenchyma of the embryo. Hence we
cannot avoid the conclusion that the corpuscles which have immi-

grated into the embryonic mesenchyma are subject to autolysis. I

Fig. 361.—Red blood-cells from the placental chorion of a human embryo of 15 mm. Coll. F. P. Mall* No,
350. a, from a blood-vessel; b-h, from the mesenchyma. X 1500.

believe that I recognize among the degenerating cells the so-called

pseudopod-bearing cells which Maximow and others have described.

Important, also, is the observation that the mesamceboid cells may
degenerate in a similar way in the mesenchyma.

5. Hypotheses cokcerning the Formation of Eeythrocytes."—According

to Hayem,'' the red cells are developed from blood-plates, which he further calls

hsematoblasts. Pouchet (1879), Amdt (1881), Poljakoff, and others have defended

Hayem's hypothesis.

The intracellular origin of blood-plastids has been asserted by Ranvier,"

"A much more extended analysis of the subject is presented by Jolly.

Several older and often amusing hypotheses are mentioned by Feuerstack, Zeitschr.

f. wiss. Zool., vol. xxxviii, 1883, p. 136.
" Das Hauptwerk Hayem's Du Sang erschein 1889. Darin stellte er die

Ergebissne seiner fritheren Untersuchungen zusammen.
"Ranvier: Du Developpement et de I'accroissement des vaisseaux sanguins,

Arch, de Physiol., vol. vi, 1874, p. 429-450.
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Schafer,°° Minot, and others. This conclusion was drawn from the observation

of degenerating capillaries, which retain in their cavities blood-corpuscles and
fragments of corpuscles after they have lost their connection with the active

vessels. Ranvier named the degenerating capillaries " cellules vasoformatives."

Vosmaer (1898) " made the true nature of these structures clear by his investiga-

tion of the embryonic great omentum. His discovery has been confirmed and
extended by Renaut (1901), Pardi (1905), Jolly (1906), and others.

According to several hypotheses, the blood-plastids arise from the nuclei

alone. Retterer" thinks they arise from the nuclei of connective-tissue cells.

According to Hubrecht (1899), blood-corpuscles are formed in the placenta of

Tarsius by the production of a colored mother cell which expels its nucleus, the

nucleus becoming a red corpuscle. According to Poljakoff (1901) red disks are

formed from the nuclei not only of connective-tissue cells, but also of leucocytes.

Since Neumann discovered (1869) nucleated red cells in the meduUa of bones,

there have been numerous hypotheses as to the method by which they changed into

plastids. Many investigators have sought to recognize remnants of nuclei, or even

entire nuclei, in the corpuscles after their transformation. In most of these cases

one has to deal with artefacts."* Malassez (1881, 1882) lets the plastids arise as

buds from the cytoplasm of red cells. According to Engel (1899) the red cell

divides itself into a nucleated and a non-nucleated part; the latter is the definitive

corpuscle. Janosik's hypothesis resembles that of Malassez. That the nucleus

normally disappears by intracellular karyolysis has been a common opinion."

An especially divergent account of the blood development in the yellow

medulla of bone is given by Fr. Freytag." He thinks that special cords arise by

the degeneration of fat-cells. Into these cords blood-ceUs wander and there

degenerate, their nuclei imdergoing repeated fragmentation until they are broken

up into small particles. The particles divide further until they become invisible,

and these invisible remains of the nuclei he calls " nucleai* units." These units

gather to form new granules, the granules flow together and form genuine new

nuclei, and finally new protoplasm is formed around each nucleus. The final

member of the series is a new erythroblast. The author do^s not state how he has

been able to follow the history of his invisible units, and does not show how he

distinguishes the phases of evolution from those of involution of the blood-cells.

Even if we admit the accuracy of these observations, they would stUl remain, in

my opinion, without demonstrative value for the author's conclusions.

Our list of the hypotheses on the formation of the blood might easily be

lengthened. Since, however, the hypotheses for the most part have only a passing

interest, it is hardly worth while to go into greater detail. The reader will find

further iuformation given by Jolly."

6. Cytomoephosis of Leucocytes.—The primitive mesamoeboids (primary

wandering cells of Saxer, Maximow, and others) are also parent cells of the

leucocytes, according to the conclusion drawn by Jolly and Weidenreich. Both of

these authors have not only studied the literature conscientiously, but have also

"Schafer: Note on the Intracellular Development of Blood-corpuscles in

Mammals, Proc. Royal Soc, vol. xxii, 1874, p. 243-245.

"Vosmaer: On the Retrograde Development of the Blood-vessels, etc.,

Versl. Akad. Wetensk. Amsterdam, vol. vi, 1898, p. 245.

"C. R. Retterer: Soc. Biol. Paris, 1901, p. 769.

"* Compare the careful discussion of Jolly, I.e., p. 180-193.

" See especially Pappenheim, Virchow's Arch., vol. cxlv, 1896, p. 587, and

vol. cli, 1898, p. 89; also His's Arehiv, 1899, p. 214.

" Fr. Freytag: Zeitschr. f . allgem. Physiol., vol. vii, 1908, p. 131.

" Jolly I.e., p. 180-193. An excellent, clear, conscientious review of the

literature on the subject.
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made extensive independent investigations. While I here adopt their conclusion,

I must admit that I eannot venture to express a secure judgment in this question,

based upon my own experience. In a meritorious memoir Saxer " (1896) appeared

as a defender of the view that free wandering ceLs (leucoblasts) arise directly

from mesenchymal cells. Since then several authors have expressed their agree-

ment with this view : for example, T. H. Bryce " in his investigation of the develop-

ment of the blood of Lepidosiren; and, recently, Maximow" in several articles,

and also Weidenreich.''° I have not succeeded in finding cell forms which can be

unquestionably interpreted in favor of Maximow's opinion, although I have

searched in numerous human and other mammalian embryos; and I must admit

that the proofs which Maximow presents do not appear to me convincing." There-

fore I keep, at least for the present, to the conviction that all leucocytes have a
unitary origin and develop from the primitive mesamoeboids.

A series of authors have defended the thesis that the first true leucocytes

develop in the thymus from entodermal cells. Maurer" has maintained this thesis

for teleosts, and it has been asserted for man and other mammals by Hermann and
Toumeux,'^ Prenant,", E. T. Bell,™ and others. John Beard " has appeared as a
specisilly eager defender. Stohr"^ opposes the thesis. Bryce,™ Stohr, and
Hammar " report that the true leucocytes first appear outside of the organ, and
only secondarily, by immigration, in the thymus. The small cells which really

develop in the thymus are derived, according to Stohr, from the epithelial cells and
remain epithelial cells, not being lymphoid elements (leucocytes) at all. The
question is of fundamental significance, although a priori it is improbable that

leucocytes have a double origin. For the present I am much inclined to agree with
Stohr, and we are thus brought back to the statement at the beginning of this

section—^the leucocytes are derived from the primitive mesamceboids.
The transformation is manifested by two principal alterations in the micro-

scopic picture,—^1, the formation of special granules in the cytoplasm; 2, modifica-

tions in the form and structure of the nuclei.

We have to consider four principal types of leucocytes

:

1. The young forms without granules (lymphocj^es).

"Fr. Saxer: Ueber die Entwickelung und den Bau der normalen Lymph-
driisen und die Entstehung der rothen und weissen Blutkorperchen, Anat. Hefte,
vol. vi, 1896, p. 347-532, Taf. xv-xxii.

"T. H. Bryce: Histology of the Blood of the Larva of Lepidosiren, etc.,

Trans. R. Soc. Edinburgh, vol. xli, 1904, p. 435-467.
" Maximow : l.s.c.

" Fr. Weidenreich : Arch, f . mikr. Anat., vol. Ixxiii, 1909, p. 849-851, 857-858.
"I have been able to convince myself that Maximow is a very trustworthy

observer, for I have confirmed many of his new observations by comparison with
the sections in the extensive embryological collection of the Harvard Medical School.

"Maurer: Schilddriise und Thymus der Teleostier, Morph. Jahrb., vol xi.

1886, p. 129.

" Hermann et Tourneux : Diet, encycl. sci. med., 1887.
" Prenant : La Cellule, vol. x, 1894, p. 87-184.

"E. T. Bell: The Development of the Thymus, Amer. Journ. Anat., vol. v,

1905, p. 29.

^ John Beard: Anat. Anz., vol. ix, 1894, p. 476-486; also Lancet, 1899.
"Philipp Stohr: Ueber die Natur der Thymuselemente, Anat. Hefte, vol

xxxi, 1906, p. 407.

"J. A. Hammar: His' Arch. Anat., vol. Ixxxiii, 1907, p. 83.
"J. A. Hammar: Zur Kenntniss der Teleostierthymus, Arch, mikr Anat

vol. Ixxiii, 1908, p. 1-68, Taf. i-iii.
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2. The older forms with granules

—

A. The finely granular (neutrophile of Ehrlich).

B. The coarsely granular (eosinophile of Ehrlich).

C. The degenerating (basophUe of Ehrlich).

1. The young forms probably arise directly from the primitive mesamoeboids,
which have become smaller by repeated divisions. This origin of the lymphocytes
was positively asserted in 1891 by 0. van der Stricht'" and Kostanecki,°° and is

now very generally accepted. The number of leucocytes is also increased by their

own proliferation. The lymphocytes vary extremely as to size. The large cells

are probably (1) genuine primitive mesamoeboids, which by division produce the

small leucocytes; (2) old cells, which have developed out of the small ones." The
following description is restricted to the small leucocytes, i.e., to the cells to which

exclusively Ehrlich "* applies the term lymphocyte. Our cells have the following

characteristics: first, they have very little protoplasm, which takes a basic color

and exhibits no special granules; second, the colorable substance of the nucleus

forms several little masses, often with distinct comers, which are united by threads

and lie, for the most part, near the surface. The eentrosome in the lymphocytes

of amphibia has been studied by Flemming, Heidenhain, and Klemensiewiez.

Weidenreich (Arch. f. mikr. Anat., vol. Ixxiii, p. 818) found the human centres

double and imbedded in a lighter colored oval court sitxiated in the endoplasm

close to the nucleus.

Fig. 362.—Four small lymphocytes from normal human blood. (After Weidenreich.)

The developmental history of these cells is still incompletely known to us.

That they multiply by mitotic division of the Ijmiph-glands was first demonstrated

by W. Memming.™ Whence they come and how they or their mother cells get

into the lymph-glands is stiU to be determined. It is also unknown how the highly

characteristic nucleus is formed.

That the lymphocytes are preliminary stages of the granular leucocytes is

positively asserted by Weidenreich." As it is probable that he is right, lymphocytes

" 0. Van der Stricht : Le developpement du sang dans le foie embryonaire,

Arch, de Biol., vol. xi, 1891, p. 19-113.

"K. von Kostanecki: Anat. Hefte, vol. i, 1892, p. 313.

" As concerns the nomenclature, see Weidenreich, .Arch f. mikr. Anat., vol.

Ixxiii, 1909, p. 794.

"Ehrlich's application of the term "lymphocyt" in this restricted sense

cannot be justified. Compare Weidenreich, Arch. f. mikr. Anat., vol. Ixxiii, p.

797 ff.

" W. Elemming : Arch, f . mikr. Anat., vol. xxiv, 1885, p. 50.

"" And by others before him. Compare W. H. Howell, Journ. of Morph., vol.

iv, p. 144; C. Benda, Arch. Anat. Physiol., physiol. Abth., 1896, p. 347; and

Weidenreich, Arch, f. mikr. Anat., vol. Ixxiii, 1909, p. 861.
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are here regarded as the representatives of the young stage in the eytomorphosis

of white blood-corpuscles. Unfortunately, the further development of these

" young " cells is hardly better known to us than their origin.

The cells which have been recognized with certainty as becoming granular

leucocytes are distinctly larger than the lymphocytes. If, therefore, they develop

from the lymphocytes, we must say that during the process the protoplasm and the

nucleus have both grown. The protoplasm retains its capacity of basic coloration;

the nucleus retains—at least at first—its round form, has in its interior a coarse

reticulum with some few thicknesses, and it stains deeply. Very often the centro-

some can be seen in an eccentric position alongside the nucleus, and its occurrence

is probably constant. Cells of this kind occur throughout life in the medulla of

bone, and are well known to histologists under the inappropriate name "myelocytes."

Out of such cells the three kinds of granular leucocytes are developed.

2, A. The finely granular leucocytes are much more numerous than the

coarsely granular, and they represent the chief developmental series of the white

corpuscles. The granules in man are " neutrophile," in the rabbit " pseudo-

eosinophile," and in the guinea-pig " amphophile." According to Ehrlich, the

coloration of the granules changes with the age or maturity of the cells. The

clinicians, for diagnostic purposes, have occupied themselves industriously with

the question of the coloration of granules and have founded a doctrine of the

specific quality of the granules of leucocytes based on the coloration. Up to the

present, however, the proof is entirely lacking that the coloration in this case has

morphological meaning, or even that it allows a deduction as to the chemical

specificity of the granules."

The alterations in the nuclei during the eytomorphosis of the

finely granular leucocytes are very striking. The alterations begin

with an elongation of the nucleus (Fig. 363), which, however,

remains a unitary structure while assuming a kidney-like shape

and at the same time moving into a decidedly eccentric position.

The convexity of the nucleus is directed to the exterior; the con-

cavity is turned toward the centre of the cell. In the central part

of the cell lies the centrosome. By the deepening of its concavity,

the nucleus becomes sausage or horse-shoe shaped and at the same
time grows more slender and longer, so that the two poles of the

nucleus move toward the non-nucleated side of the cell and
approach one another. In the next stage the nucleus appears
divided into several small pieces, which are connected by thin short

or long threads. The number of pieces is usually three or four,

seldom five. The form and size of the pieces is extraordinarily

variable. Uniting threads may start from any point on the surface

of the pieces. During this transformation of form the nucleus

elongates and becomes more bent, always curving around the

centrosome. The nucleus further undergoes a pronounced
pyknosis, so that when it reaches the lobate condition it exhibits

no recognizable structure, but stains intensely and more or less

uniformly. The alterations in shape are permanent and are not
transitory consequences of amoeboid movement of the nucleus.

"We have to deal with a genuine eytomorphosis : the nucleus neve:c

" Compare Fr. Weidenreich : Arch, f . mikr. Anat., vol. Ixxii, 1908, p. 308-319.



DEVELOPMENT OF THE BLOOD. 517

turns back in its course of development. The centrosome ^^ has
usually two centrioles which are round or oval and usually of the
same size. A single centriole occurs rarely, and probably arises

by the fusion of the two normal centrioles. The centrioles are

surrounded by a small clear court of apparently homogeneous
material, but which sometimes shows a radiate structure. When
the disintegration of the cells begins, the centrosome can no longer

be seen.

The formation of the fine granules in the protoplasm may
begin either as soon as the nucleus assumes its eccentric position

or not until it has reached the lobate form. The granules are small,

more or less uniform, and of apparently round shape, and arise

endogenously. The general attention of hsematologists and clini-

cians has been directed to them by the invention by Ehrlich of a

method of demonstrating them easily. They appear first at one
or several points in the cytoplasm, and increase gradually in

number until they occupy the whole body of the cells, with the

Fig. 363.—Finely granular (neutrophile) leucocyte 'witli compact nucleus, a so-called myelocyte. From
the circulating blood of a healthy adult. (After Weidenreich.)

exception of the immediate neighborhood of the centrosome.

Meanwhile the colorability of the intergranular substance dimta-

ishes. In a human embryo of three and one-half months the

majority of " leucoblasts " in the bone medulla are without gran-

ules, but both neutrophile and eosinophile cells are present.

During the fourth and fifth months the finely granular cells become

more numerous.

2, B. The coarsely granular leucocytes (eosinophiles) develop

at the same time as the finely granular, but are morphologically

wholly different. The original round nucleus becomes eccentric

and kidney-shaped, then more slender and longer, and bends

around the centrosome, which takes a central position. Up to this

point of its development it can scarcely be distinguished from the

nucleus of the finely granular cell, but finally it assumes its

permanent shape by forming two lobes (Fig. 364), which are united

"The fine research of M. Heidenham upon the leucocytes of Salamandra

CFestsehr. f. KoUiker, 1892, p. 138) must be regarded as the starting-point of our

knowledge of the centrosome of leucocytes.
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by a strand varying in width and length. As a rule, the lobes

are of unequal size, but the inequality is seldom striking. The

lobes are in general round or oval and occasionally pear-shaped.

They usually have very regular contours, but occasionally one sees

a small projecting hump. The length of the uniting strand is very

variable. Nuclei occur with shapes which do not exactly fit with

this description, but they are extremely rare. The centrioles are

similar to those of the finely granular leucocytes, and are also

situated in a clear court of material, which, however, in the case

of the coarsely granular cells, is surrounded by a darker, broader

zone, which appears nearly homogeneous. The darker zone is often

extremely distinct.

The eosinophile granules, according to Weidenreich,** are not

endogenous structures, but are fragments of erythrocytes which

have been eaten by the cells. He found that the erythrocytes break

364.—A coarsely granular leucocyte (eosinophile) with a bilobate nucleus. Highly magni&ed. From
the blood of a healthy adult. (After Weidenreich.)

up into fragments in the haemolymph glands of sheep and other

mammals, and that the fragments break up into still finer granules,

which retain their characteristic color reaction, and are taken up
by the lymphocytes, in which they appear as the eosinophile gran-

ules. In the measure that the number of granules in the single

cells increases, the nucleus passes through its metamorphosis. In
the finely granular leucocytes, on the contrary, the granules arise

sometimes earlier, sometimes later. A renewed investigation of

the eosinophiles in man is very desirable.

2, 0. The degenerating leucocytes correspond to the "baso-
philes" of Ehrlich's nomenclature. They are designated by Maxi-

"Fr. Weidenreich: Anat. Anzeiger, vol. xx, 1902, p. 196; also Verhandl.
Anat. Ges., vol. xix, 1905, p. 79, and Arch. f. mikr. Anat., vol. Ixxxii, p. 282 and 286
(extended discussion). The explanation adopted hy Weidenreich had been pre-
viously proposed by Hoyer, Klein (Cbl. inn. Med., 1899), and Fuchs {ditto).

Weidenreich's observations have been confirmed by Warthin and Th. Lewis.
Zietschmann joins in the opinion of these authors.
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mow_«4 as "Mastleucocyten." «» An apposite name for these cells
is still lacking. As Maximow has demonstrated, we must distin-
guish strictly, morphologically and genetically, between "Mast-
zellen" and "Mastleucocyten." The Mastleucocyten make up a
very small percentage of the leucocytes in normal human blood,
but occur abundantly in many cases of pathological blood. The
nucleus becomes first kidney-shaped and then of an irregular con-
tour, as may be seen in Fig. 365. As the alteration continues,
pieces of the nucleus pinch themselves off from the main mass, or
else the nucleus assumes a highly irregular form and breaks up
into single pieces. These alterations may be easily observed in
leuksemic blood. No distinct internal structure can be recognized
in the nuclei. The amount of chromatin must be increased, for the
coloration of the nucleus is more intense than in other leucocytes.
There is no centrosome. The granules are extremely variable in

number, size, and form ; in some cells there are only a few present,

Fig. 365.—Degenerating

in others they are abundant. The size varies also within a single

cell. The form of the granules is often strikingly irregular; it

may be angular, rounded, or elongated, or, in another case, the

granules may be more uniformly rounded. They stain a dark blue

violet with the Giemsa solution. The protoplasm loses its basophile

reaction and appears vacuolated, especially in cells the nuclei of

which have become irregular.

Note.—So far as known to me, Blumenthal " was the first to interpret these

cells as degenerative, a view to which Pappenheim " and Weidenreich " have agreed.

That this interpretation is correct is rendered probable by the above-given history

of the cells.

"Maximow: Ueber die Zellformen des lockeren Bindegewebes, Arch. f. mikr.

Anat., vol. Ixvii, 1906, p. 706.
™ Die " Mastleucocyten " des Meersehweinchens und anderer Eodenten sind

morphologische vollkommen verschieden von der hier zu beriicksichtigenden mensch-

lichen ZeUen.
" R. Blumenthal : Ann. Sec. R. Sci. Med. et Nat. Bruxelles, vol. sdv, 1905.

"Pappenheim: Atlas der menschlichen Blutzellen, 1 Lief., 1905.

"Ft. Weidenreich: Folia hsematologiea, vol. v, 1908, p. 135; also Arch. f.

mikr. Anat., vol. Ixxii, 1908, p. 252.
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The multiplication of leucocytes is effected, as above stated,

p. 515, by mitotic division,"" which may often be seen in the young

forms. As the cytomorphosis progresses, the mitoses become

rarer. Blnmenthal ^" and Eenaut^^ have shown that the mitoses

continue in the finely granular and eosinophile cells up to the

stage of the Hdney-shaped nucleus. In cells with lobate nuclei,

mitoses have not been observed.

Amitosis of leucocytes has been described by several investi-

gators. H. PoUitzer'^^ has given a compilation of the recorded

statements. Since the process has been observed only in nuclei

which have become pyknotic, it is probable that we have to deal

with a degenerative process which accompanies the downfall of

the cells and plays no role in their normal multiplication. Yet

authorities are not lacking to defend the hypothesis that the

normal multiplication of leucocytes is by amitosis. Lowit ''^ goes

very far in this direction, for he asserts that the multiplication of

leucocytes in the liver is effected only by amitosis, a view which

Kostanecki ^* has shown to be completely untenable.

Disintegration of Leucocytes.—We may assume that leu-

cocytes at the close of their cytomorphosis die and disappear.

Death may befall a cell at any time, but accidental death is by no
means comparable with the death which ensues at the close of the

cytomorphosis of the celL Our knowledge is still so incomplete

that the following exposition can be regarded as tentative only.

So far as the nuclei are concerned, we see that they breakdown by
fragmentation, which begins with the rupture of the threads

uniting the single lobes. Thus the cell becomes apparently multi-

nucleated. After this the cells are often devoured by phagocytes

;

but if they remain free, the sphtting up of the nucleus continues

until some ten or fifteen fragments are produced, which possess

a rounded form and lie irregularly scattered in the protoplasm.

The nuclear fragments, or lumps of chromatin, are homogeneous
and disappear by dissolution. During the degeneration of the

nucleus the granular cytoplasm gradually disappears. Finally,

the remnant of the cell breaks down and the fragments are eaten

by phagocytes, or perhaps in part dissolved.

" Discovered by W. Fleming, Arch, f. mikr. Anat., vol. xxiv, 1885, p. 50-91.

Compare also 0. van der Stricht, Verh. Anat. Ges. Gottingen, vol. vii, 1893, p. 81;
and Jolly, Arch. d'Anat. micr., vol. iii, 1900, p. 168-228. The latter gives a detailed

analysis of the previous literature.

" Blumenthal : Travaux Lab. physiol. Inst. Solway, vol. vi, 1904.
" J. Renaut : Arch. dAnat. micr., vol. is, 1907, p. 495.

"H. Pollitzer: Beitrage zur Morphologie und Biologic der neutrophilen
Leucocyten, Zeitschr. Heilk. Abth. path. Anat., vol. xxviii, 1907, p. 277.

" Lowit : Sitz.-ber. Akad. Wiss., Wien, vol. xcii, 1885, 3 Abth.
" Von Kostanecki, Anat. Hefte, vol. i, 1892, p. 312.



DEVELOPMENT OF THE BLOOD. 521

The disintegration of leucocytes occurs in connective tissue,m exudates, and especially in the spleen and other lymphoid
organs. Disintegration of the leucocytes also occurs in normal
blood, but is rare.

7. Oeigiit of the Blood-plates.'^—We are indebted to the
mvestigations of James H. Wright'" for the recognition .of the
actual development of the blood-plates. He succeeded in making
the process clear by the application of a new method of colora-
tion." According to Wright, the plates arise by the pinching off
of the ends of slender processes of uninucleate giant cells (the
megakaryocytes of Howell). After the application of Wright's
stain, one can see in both the blood-plates and in the giant cells a
narrow hyaline-blue border (ectoplasm) the edge of which is either
smooth or finely dentate. The breadth of the border varies, yet
is the same in the two structures. Its peripheral layer is capable
of amoeboid motion. The central portion of the blood-plate—as
also the inner and by far larger portion of the cytoplasm of the
giant cell—appears, after the same coloration, to be filled with
more or less crowded granules of a red or violet tint. The majority
of the giant cells—these observations refer chiefly to the bone
medulla of various mammals—have a rounded form, while the
minority exhibit forms of great diversity, which arise by the
formation of pseudopod-like processes of variable length, width,

and shape. In some cells almost the entire cytoplasm is absorbed
in the formation of processes. We can observe, in these giant

cells of a changed shape, that the red or violet granules of the

internal substance of the cytoplasm extend into the processes and
form in them an axial cord, which remains surrounded by a hyaline

ectoplasm (Fig. 366). Occasionally a process extends into the

cavity of a blood-vessel. Some of them lose the connection with

the parent cell, and such free pseudopods have been observed by
Wright not only in the blood-vessels of the medulla of bone and in

the spleen, but also in the capillaries of the lungs. Now in some

of these processes, the width of which corresponds to the diameter

of the blood-plates, we can see that the granular internal substance

exhibits constrictions. At other points the subdivision of the

middle substance is complete, and we encounter a series of rounded

segments having the diameter and other characteristics of the

internal substance of the blood-plates. Each segment of the

internal substance has a clear peripheral zone. A process thus

" Professor J. H. Wright has laid me under great obligations by reading the

MS. of this section, and the value of the exposition has been much increased by

his advice and additions.
" James Homer Wright : Die Entstehung der Blutplattehen, Virehow's Arch.,

vol. elxxxvi, 1906, p. 55-63 ; see also Joum. MorphoL, vol. xxi, 1910, p. 263.

" Pathological Technique, by Mallory and Wright, 4th edition, 1908. p. 374.
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modified is regarded by WrigM as a chain of blood-plates which

become free by the breaking up of the chain. Other processes

occur which are so small that they probably produce only a single

plate. That the giant cells really lose their protoplasm is proved

by the occurrence of degenerating nuclei which are surrounded by

little or no protoplasm.

Fig. 366.—Giant cells with processes from which blood-plates arise.l Alongside are blood-plates and
a few leucocj^es. A, from the spleen of a kitten; B. from the bone-marrow of a cat. Original drawings

by J. H. Wright.

Two further facts deserve especial attention in discussing

Wright's conclusions: first, that genuine blood-plates and genuine

giant cells occur only in mammals ; second, that the blood-plates

first appear in the embryonic blood after the giant cells have been

produced in the blood-forming organs.

Note.—A letter from Professor Wright enables me to add the following:

There occur in the blood of mammalian embryos, before the development of blood

in the liver has begun, together with a few blood-plates, a small number of cells

which in their color reaction and in the structure of their protoplasm resemble the
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giant cells of later stages, although in size they merely equal the red blood-
corpuscles. Wright has observed the cleavage of these cells into blood-plates.
They occur in the embryos of guinea-pigs of 4.5 mm., but were not found in a
younger embryo. By his investigations of other mammalian embryos, "Wright has
convinced himself that the cells in question, which occur free in the blood, are
identical with the giant cells of the blood-forming organs. He has found all

possible transitions. According to Maximow" the giant cells in the rabbit and
other mammals arise from the primitive mesamoeboids (primary wandering cells),

which would agree with Wright's conclusion.

8. The Composition of the Blood in Relation to Age.''®—
The distribution of the blood-corpuscles after the circulation has
begun is probably always very unequal. This depends in part on
the fact that the young blood-cells accumulate in special places,

particularly those which serve as sites for the production of blood,

concerning which see the following section. In the adult the per-

centage of the various forms of corpuscles differs according to the

vessel. In embryos the relations are further complicated by the

alterations which occur corresponding to the age.

The circulation of the blood begins extraordinarily early in

man. The cytology of the blood at this moment is unknown to me.
In an embryo of 4 mm. I find large ichthyoid cells, as described

on p. 505 and pictured in Fig. 355. Older cell forms are entirely

lacking. Noteworthy is the extreme rarity of the primitive

mesamoeboids, a fact which does not correspond to my a priori

expectations.

In an embryo of 7.5 mm. the cells are smaller on the average,

but are still ichthyoid, Fig. 356, p. 506. They vary much in size,

and may possess nuclei which indicate by their lessening diameter

and deeper coloration the further eytomorphosis. In this case also

I missed the primitive mesamoeboids in the blood.

In embryos of 8-10 mm. the blood-cells are for the most part

unquestionably ichthyoid, although their dimensions are extremely

variable (Fig. 367). The younger types of cells are still extremely

rare. One sees now and then accumulations of undifferentiated

cells (Fig. 368) the protoplasm of which seems fused. Such

clusters of cells adhere to the endothelium without being con-

tinuous with it.

Maximow'" has observed similar clusters in the rabbit. According to his

interpretation they arise by the proliferation of the endothelium. I am unable to

"Alex. Maximow: Arch. f. mikr. Anat., vol. Ixxiii, 1909, p. 491.

" The principal work on this subject is that of Johann Jost (Arch, f . mikr.

Anat., vol. Ixi, 1903, p. 668), but he investigated only sheep and cow embryos.

On p. 691 he ^ves curves of the percentages of corpuscles. His Metrocyten I are

ichthyoid cells, his Metrocyten 11 are sauroids, and his Erythrocyten red plastids.

Valuable data concerning the relations in rabbit embryos have been published by

A. Maximow (Arch. f. mikr. Anat., vol. Ixxiii, 1909, p. 526-532).

""Maximow: Arch. f. mikr. Anat., vol. Ixxiii, 1909, p. 517.
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agree with him, because I find that there is no continuity of the protoplasm of the

cells either in the rabbit or in man ; also because mitoses of the endothelium in the

neighborhood of the clusters are almost invariably lacking; and, finally, because

the endothelial nuclei are differentiated while the nuclei of the cells of the clusters

are not differentiated.*' The clusters may be compared with blood-islands, and I

regard the cells composing them as mesamoeboids or primary wandering ceUs.

In all hiunan embryos up to 12 mm. which I have had an
opportunity of investigating, there occurs an active mitotic

division of the red ichthyoid cells. Since the primitive cells are

rare, we must conclude that the number of corpuscles increases

chiefly by their own division during this period of development.
In embryos of about 12 mm. the blood formation is beginning

in the liver, p. 528. At the same time the undifferentiated blood-

cells become more numerous in the vessels, and the first cells of

Fia. 367.—Outlines of erythrocytes of a human embryo of 8 mm. Harvard Embryol. Coll. No. 817.

the sauroid type appear. From this time on, the sauroid cells

become constantly more numerous. The red cells are very
variable. It must be further remarked that probably many eryth-
rocytes are destroyed in the blood itself, so that we encounter
the following cell forms : First, red cells of the round shape with
a distinct membrane, but without haemoglobin ; second, similar cells
collapsed; third, nuclei with remnants of a cell body; and fourth,
free nuclei.®^ I have not observed expulsion of nuclei in very
young embryos.

'' Compare Minot, " Age, Growth, and Death," Fig. 61, Nos. 5, 6, 7, 8. The
nuclei of the cell clusters are all in the second stage in the figure referred to, and
this stage hnmediately precedes the differentiation proper.

^ The possibility remains that in these cases we have to do, in part at least,
with the consequences of imperfect preservation. Still, I consider it probable that
the break-down occurs normally in the manner indicated in the living blood.
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_
In embryos of two months ^^ the blood contains, 1, a minority

of ichthyoid cells ; 2, a large majority of sauroid cells which may
be easily recognized by their pyknotic nuclei; 3, a considerable
number of non-nucleated plastids, the formation of which occurs
chiefly in the liver; 4, free erythrocyte nuclei, which are rare; and
5, mesamoeboid cells of various appearance, some larger, some
smaller, the largest equal in diameter the nucleated erythrocytes.

Endo

.

Fig. 368.—Endothelium and blood-cellg from the lower part of the aorta of a human embryo of 9.4 mm.
Harvard Embryol. Coll., No. 380. Endo., endothelium; A., collection of cells; E., erythrocyte. X 1600.

Most of the mesamoeboids retain their primitive character. Now
and again, however, I found one with a kidney-shaped nucleus

which probably was a mature granular leucocyte. Unquestionable

"lymphocytes" I did not recognize.

^ I have investigated seven embryos of about this age. In several the preserva-

tion of the tissues is pretty good, but in none is the preservation of the erythro-

cytes satisfactory. Therefore the statements given in the text possess only a

preliminary value.
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During the third month the young forms of the erythrocytes

become steadily rarer and the ichthyoid cells almost disappear

from the blood, while the blood-plastids become steadily more

predominant.^*

In a beautifully preserved embryo ^^ of about eight months, I

have found the following conditions : By far the majority of the

corpuscles are thin disks without nuclei, many of them shrunken;

the unaltered disks are convex on one side and concave on the

other. In Fig. 369 two such are figured in optical section.

Nucleated erythrocytes are extremely rare. Free dark nuclei and

occasionally fragments of nuclei appear now and again. The
colorless cells form distinctly a minority, but may be found every-

where. They are either primitive mesamoeboids or young leu-

cocytes, rarely leucocytes with lobed nuclei. The lymphocytes have

the above described structui-e of the nucleus (p. 515) which is so

FiQi 369.—^Blood-corpuscles from the vessels of a humaa fetus of eight months.

highly characteristic. The eosinophile leucocytes are very rare;

they have for the most part a round or oval nucleus. Only by
searching can one find an eosinophile with a kidney-shaped nucleus.

The coarsely granular leucocytes are more numerous in the thymus
and lymph glands.

It remains for the future to furnish satisfactory data con-
cerning the composition of fetal blood and the changes it under-
goes corresponding to age«

The percentage relations of the white corpuscles after birth

have been investigated by Carstanjen.*^ I have put his chief
conclusions in the form of a table. According to Carstanjen, the
number of coarsely granular cells does not depend on the age, and,
as far as they are concerned, only individual variations were

"For example, in an embryo of 29 mm. (Harvard Embiyol. Coll., No. 914),
althougli nucleated corpuscles are still numerous, the majority of the erjrthrocytes

are without nuclei.

"I am indebted to Professor W. T. Councilman for this very beautiful
material, preserved in Zenker's fluid, for which I here express my thanks.

'" Carstanjen : Jahrb. Kinderheilk., 1900, p. 215 and 684.
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observed. Very striking is the rapid increase of the young forms
in the first days after birth. During the fifth year cells with lobate
nuclei reach their maximum.

Percentage op Leucocytes IN THE Blood.

Immediately First
„ „ after Twelve half
Young forms birth, days. year.

Second
half
year.

Two
years.

Three
years.

Four
yeara.

Five
years.

(Lymphocytes) 16.0 45.6 50.8 49.2 47.0 38.4 33.2 25.1

Finely granular cells with

lobate nuclei 73.4 36.7 34.5 40.8 42.0 48.0 52.6 61.0

9. Sites of Blood Fobmation.—Since it is highly probable

that all blood-cells are descendants of the primitive mesamceboids,

we must assume that these last seek out at different ages certain

localities for their multiplication and transformation.^'' Of such

sites of formation five are known with certainty : 1, the yolk-sack

;

2, the blood-vessels of young embryos; 3, the embryonic liver;

4, lymph-organs; and 5, the medulla of bone.*^ The spleen may
occupy a special position among the lymphoid organs, since

nucleated erythrocytes occur in it during the fetal period.

According to Neumann,^^ the erythrocytes are simply swept in

with the blood current, and are not formed in the organ itself.

Investigators are by no means agreed, however, in their opinions

concerning the actual process. It would be out of place here to

enter on an extended discussion, therefore we give only a short

account of the phenomena which is necessarily of a somewhat
preliminary character. As has been explained above, I cannot

accept the opinion that the general mesenchyma serves as a site

for the formation of blood. This opinion has been recently

defended—perhaps correctly—by Maximow. In this connection

mention must be made of the interesting observations of Pardi,«*>

who studied the blood-cells in the mesenchyma of the omentum in

rabbits.

1. The Tolk-sack?'^—That the earliest blood-corpuscles arise

in the wall of the yolk-sack has long been known, and has been

asserted for man (compare above, p. 501).

"E. Neumann (Virchow's Arch., vol. cxis, p. 393) still defended, in 1890,

the idea that the hsematoblasts arise in place in the meduUa of bones, and that they

are not immigrant elements.
" The significance of the medulla of bone for blood formation was discovered

by E. Neumann (Cbl. med. wiss., 1868), and almost at the same time by G. Bizzozero

(ibid., 1869). Its discovery must be honored as the starting-point of the modem

doctrine of blood development.

"E. Neumann: Arch. f. Heilk., vol. xv, 1874.

"F. Pardi: Eritrociti nueleati, . . . nel grande omento nel coniglio,

Arch. Ital. Anat. Embriol., vol. iv., p. 370-386, Tav. liii-liv (1905).

" The conditions in the yolk-sack have been admirably described by Maximow,

with special refetence to the rabbit. See Arch. f. mikr. Anat., vol. Ixxiii, 1909,

p. 457 and 476.



528 HUMAN EMBRYOLOGY.

Further esaet observations upon the haBmatogenie activity of the yolk-sac

during its development are still lacking, both for man and for mammals in general.

We can report only that during young stages there is a striking excess of the early

stages of the erythrocytes in the blood-vessels of the yolk-sack, and that mitoses of

the blood-ceUs are frequent.

2. The Young Blood-vessels.—As is well known, Eemak»-

first discovered the nmltiplication of the blood-corpuscles in

embryonic blood-vessels. We now know that this multiplication

occurs by mitosis of both the mesamceboids and young erythro-

cytes. The mitosis in man can be easily observed in well-preserved

material.

According to observations on mammals, the mitotic figures disappear from

the circulating blood soon after the formation of blood in the liver is well started.

3. Blood Formation in the Liver.—That the liver serves as a

site for blood formation in mammalian embryos, from soon after

its first formation up to the end of fetal life, was first suspected by

Prevost and Dumas "* and later by Eeichert and E. H. Weber."*

KoUiker,"^ however, in 1846, gave the first definite proof of this

important phenomenon, when he published his discovery that

special cells occur in the fetal liver which change into erythro-

cytes. Although since then there have been many investigations ^*

upon the fetal liver, the process of blood formation has not yet

been completely cleared up. In these investigations there has been

no lack of opinions which have later been recognized as untenable.

Such, for example, is the opinion of Neumann, according to which

the corpuscles arise endogenously ; or the opinion of Foa and
Salvioli, who derived the erythrocytes from hepatic giant cells.

The blood formation in the human liver begins in embryos of

about 12 mm. in length.^"^ At this time the hepatic cylinders are

well developed, but are separated from one another by broad
sinusoids. The endothelium of the sinusoids clings everywhere

" R. Remak : Ueber die Entstehung der Blutkorperchen, Med. Zeit., Ver.

Heilk. Preussen, vol. x, 1841, p. 127. Compare also Canstatt, Jahresber., 1841,

p. 17, and Remak's Untersuch. Entwicklungs Ges. Wirbelthiere, 1851, p. 22.

" Provost et Dumas : Developpement du Coeur et formation du Sang, Ann.
Sci. Nat., vol. iii, 1824, p. 96-107, p. iv (le foie sanguifactif, p. 105).

"E. H. Weber: Zeitschr. f. rat. Med., vol. iv, 1846.

"KoUiker: Zeitschr. f. rat. Med., vol. iv, 1846.
" The following investigations may be mentioned : Fahmer : De Globuli

sanguinis, Turiei, 1845. Neumann: Berlin, klin. Woehenschr., 1871, p. 58; and
Arch. f. Heilk., vol. xv, 1874. Foa e Salvioli: Arch, delle Sci. Med., vol. iv, 1880.

M. B. Schmidt: Ziegler's Beitr., vol. xi, 1892, p. 199. The most exact investiga-

tions are those of van der Stricht, Archives de Biol., vol. xi, p. 19-113 and vol. xii,

p. 235; and Masimow, Arch. f. mikr. Anat., vol. Ixxiii, 1909, p. 533-546. Both
authors studied chiefly rabbits. Maximow gives a good review of previous results.

" This is according to my own observations and the statement of Schridde,

Verhandl. deutsch. pathol. Gesellsch., 1907, p. 364.
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closely to the hepatic cylinders. The broad blood-channels are
clearly bounded; they contain blood-cells of varying appearance,
but no true leucocytes, only mesamoeboids and young erythrocytes
(Fig. 370). Besides these there are also blood-cells so placed that
they appear as part of the hepatic cylinders, and these last are
the beginning of the development of the blood-producing centres
in the liver.

_

From the stage of 12 mm. on, the number of the blood-cells
which apparently are included in the liver cylinders increases
rapidly. The blood-cells gather in little groups, which interrupt
irregularly the hepatic cylinders. When colored sections are
examined, these groups are conspicuous because the cells, in conse-
quence of the progress of their development, possess nuclei of
diminished size which stain very deeply. The nuclei of the liver-
cells are much larger and more lightly colored, and their substance
is not condensed, but forms a loose network. In earlier stages the
sinusoids of the organ are separated from one another only by the
cylinders consisting of liver-cells. In the region of the clusters

d b

Fig. 370.—Blood-cells from a hepatic vessel of a human embryo of 11 mm. Coll. F. P. Mall, No. 363. o,

c, d, primitive mesamceboids; 6, erythrocyte. X 1500.

of erythrocytes, an examination of sections of the liver gives one
the impression that the structure has remained essentially as

before except that the hepatic cylinders now seem to consist in

part of erythrocytes. Certainly the clusters of blood-cells lie

outside the direct blood-channels through which the blood flows

freely. It need hardly be said that the red cells are morphologically

never parts of the hepatic cylinders.

The shape of the clusters of blood-cells is very variable. They
may be sharply circumscribed, rounded, or elongated, and dis-

tinctly separated from one another; but quite as often they are

extended into prolongations, by which the neighboring clusters

may be united with one another, so that here and there we get a

network with ample nodes. The size of the single clusters is very

inconstant. In the third month it is not rare to find clusters in a

section of which one can count fifty or more cells.

As regards the constitution of the cells in the blood clusters,

we must distinguish the colorless cells from those colored with

haemoglobin. M. B. Schmidt estimated the number of colorless and

colored cells to be approximately equal in a human embryo of nine

and one-half months, and in his opinion this proportion holds true

Vol. II.—34
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for mature and nearly mature embryos. In earlier stages the

colored corpuscles predominate.

The orginally colorless cells must be classed as mesamceboids,

wMch must not be confused with true leucocytes. Nevertheless,

they have been quite frequently loaded with this name. They can

easily be distinguished from true leucocytes, although they are the

parent cells of white corpuscles as well as of the red. Figure 369

represents some cells in the open blood-channels of the liver of an

embryo of 11 mm. Such cells are numerous in the hepatic vessels

Fia. 371.^Hepatic cylinders of a human embryo of 11 mm. Coll. F. P. Mall, No. 353. The blood-oella

with small nuclei lie apparently in the substance of the liver-cells, which have large nuclei.

at this time, although rare in the vessels elsewhere. Kostanecki ^*

calls attention to the fact that the colorless cells lie usually, if not

always, against the wall of the vessels. Mesamceboids with two

nuclei alike in size are not rare.

The two chief forms of cells in the blood clusters are irregu-

larly distributed. Often one sees in a single cluster nucleated

elements, colored with varying intensity by haemoglobin, alongside

of uncolored corpuscles. Now and again a group consists of only

colorless corpuscles, which usually lie so closely pressed together

that they flatten one another and appear like a mosaic pattern.

" Von Kostanecki : Anat. Hefte, vol. i, 1891, p. 308.
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Again, the boundaries between the cells disappear and the rela-

tively large nuclei then lie closely crowded in a common proto-

plasmic mass. Such groups resemble those which occur in the

blood-vessels of young embryos (Fig. 368). They are to be
regarded as developing mesamoeboids.

The colored cells differ much from one another. They vary
within wide limits of size, in this respect contrasting with the non-

nucleated plastids. There occur many cells which are so large

that the nucleus alone equals the average volume of the plastids.

Others, on the contrary, are less in diameter than a plastid.

The content of hemoglobin must be independent of the size of the

cell and the amount of protoplasm; it now appears in the some-

what saturated color, as in the plastids, and again as a just-recog-

nizable shade of yellow. Every intermediate condition occurs

between these extremes. The cells containing the least hsemoglobin

may display a light, granular protoplasm which, as the cells become
more strongly colored, can no longer be seen. The optical homo-
geneity of the mature erythrocyte is generally known. The nuclei

vary in their structure: first occur those of the ichthyoid type,

which by their structure are clearly related to the nuclei of the

colorless cells ; second, nuclei of the sauroid type, which are smaller,

and the substance of which appears darker and more homogeneous,

allowing only a few indistinct granules and threads to be recog-

nized in it. Every possible transition between these two nuclear

types may be observed. The small sauroid nuclei belong to the

cells richest in haemoglobin. One may say that the higher the

content of the cell in haemoglobin, the smaller is the nucleus and

the more condensed its chromatin framework.

"We come now to the question of the relation of the above-

described cells to the open sinusoids on the one hand, and, on the

other, to the hepatic cylinders. Two opposing views are to be

considered, since some defend the opinion that the clusters all lie

in the vessels or in diverticula of the vessels, while others assert

that a part of the cells are extravascular in position. Thus, M. B.

Schmidt (I.e., p. 203), von Kostanecki,'^ and others assert definitely

that the cell clusters are intravascular; 0. van der Stricht.^"" on

the other hand, reports that in mammals the young blood-cells lie

in part outside of the vessels, between the hepatic cells, and that

in older embryos the cells are clearly embedded in the mesen-

chymatous cells. So far as my observations go they fully confirm

van der Stricht,"^ and the excellent observations on rabbit embryos

™Von Kostaneeki: Anat. Hefte, vol. i, 1891, p. 308.

"' 0. van der Stricht, Arcli. de Biol., vol. xii, 1892, p. 241.

"' The conditions in the opossum embryo appear to me especially clear and

unquestionable.
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wMeli Alexander Maximow "^ has recenly published appear to me

to decide the question. Finally, and in favor of van der Stricht,

since the vascular endothelium of young embryos allows the blood-

corpuscles to pass through, we need feel no surprise that a migra-

tion of blood-cells occurs also in the liver.

By the shaking of sections, Schmidt has removed a portion of

the blood-cells, and has then observed spaces which were simply

enlargements of the sinusoids and which were enclosed on both

sides by the cords of liver-cells. The liver-cells are pressed back,

especially from the wider cavities, and are thereby reduced some-

times to mere strips of protoplasm ; the endothelium is frequently

still recognizable. In other eases, Schmidt saw the blood-cells

situated between two liver-cells ; the latter appeared hollowed out.

and as if eaten by the blood-cells (lacunar corrosion of Neumann).

At other times it appeared to him as if the small blood clusters

were embedded in a single liver-cell. In both cases he was unable

to see the endothelium. Strictly speaking, therefore, the observa-

tions of Schmidt agree better with the conclusions of van der

Stricht than with his own view.

Origin of the Cells of the Blood Clusters.—According to the

prevalent view, as above stated, the clusters arise by the accumu-

lation of cells which circulate in the blood. A fact in favor of this

view is that from the first all the forms of cells occur in the blood

clusters which at that time can be found in the blood. If we had
to do with cells which arose in loco, we should expect that only

young cells would appear at first, which later would differentiate

themselves. Further investigations are necessary to give a final

decision as to the origin of the cells.

M. B. Schmidt ^"^ has drawn from his observations the conclu-

sion that the proliferation of the endothelium produces new young
erythrocytes, which then multiply farther by mitosis. To me his

argument is by no means convincing.

Investigations up to the present render it clear that a multipli-

cation of erythrocytes occurs in the embryonic liver during a long

period, the end of which is after birth. The cytomorphosis of the

red cells in the liver is essentially, or exactly, the same as elsewhere
during early stages of the embryo, and also as in the medulla of

bone. The clusters yield, at least in part, immature corpuscles

which enter the circulating blood, so that we must assume that

these complete their cytomorphosis in the blood itself.

0. van der Stricht (I.e.), von Kostanecki (I.e., p. 313), and
others report that in the liver of mammals lymphocytes are formed
by the metamorphosis of primitive colorless cells.

'"'Maximow: Arch. f. mikr. Anat., vol. Ixxiii, 1909, p. 538.
™ M. B. Sohmidt : Ziegler's Beitriige, vol. xi, 1892, p. 212, 219.



DEVELOPMENT OF THE BLOOD. 533

Neumann was the first to prove that the blood flowing out of
the liver contains more young erythrocytes and more mesamoeboids
than the inflowing blood. Later M. B. Schmidt found that in a
nearly mature embryo the proportion of nucleated to non-nucleated
cells was

—

In the portal vein . .

.

'. 1 : 38,

In the hepatic vein 1 : 25.

4. Formation of Leucocytes in the Lymphoid Organs.-—It is

well known that the lymphoid glands, tonsils, the thymus, etc., all

serve for the multiplication of lymphocytes. It is easy to observe

the proliferations of the young leucocytes in the corresponding

embryonic organs of man, yet the life history of the lymphocytes
during embryonic development is almost unknown.

5. Blood Formation in the Medulla of Bone.—The medulla of

bone ^°* is a vascular, mesenchymatous tissue, which originally is

merely a reticulum of branching cells, with relatively wide endothe-

lial blood-vessels. A part of the cells become osteoblasts. In the

adult condition the structure remains essentially the same, although

the mesenchyma forms connective-tissue fibrils, multinucleated

giant cells, and, later, fat-cells; the latter vessels become arteries

and veins. Certain investigators assert that the cavities of the

blood-vessels are in direct open connection with the spaces of the

mesenchyma, but, so far as I know, the conclusive proof of the

correctness of this statement is lacking.

The history of the fetal medulla in man has not yet been

investigated, probably because fresh material is indispensable for

such investigations. Hence it is that we can merely sketch the

history in outline, and about as follows

:

The medulla of bone arises late ontogenetically, since it does not appear until

immediately before the commencement of ossification in each piece of cartilage,

and therefore appears in different parts of the skeleton at different times.

Soon after its formation, there appear in it cells which we regard as primitive

mesamoeboids, and also young erythrocytes, young leucocytes, and young giant cells

(megalokaryoeytes) ; all three of which, according to the well-founded prevalent

view, are developed from mesamoeboids. The mesamoeboids are called, inappro-

priately, "myelocytes," although as compared with the original medulla (mesen-

chyma) they must be regarded as foreign elements. Gradually the number of

" myelocytes," as well as young red and white cells, increases. The cytomorphosis

progresses toward maturity, that is, until the erythrocytes have lost their nuclei

and the leucocytes have acquired their granules. When mature, the corpuscles

under normal conditions pass into the blood stream, by which they are carried off

in order to participate in the circulation until they break down. Probably the

lymphocytes also pass in small numbers into the blood stream. Only under

pathological conditions do nucleated erythrocytes or so-called myelocytes pass out

^°*
C. M. Jackson : Zur Histologic und Histogenese des Knochenmarkes, Arch,

f . Anat., 1904, p. 33-70.
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in noticeable numbers into the circulating blood. This pathological condition has

as yet been observed only after birth.

The number of blood-forming cells in the meduUa increases slowly until birth,

after which it mounts rapidly in the course of a few days. Incidentally occurs a

diminution of the blood formation in the liver.

The distribution of the " myelocytes " and developing blood-corpuscles in the

medulla has not been rendered clear by the existing investigations. The uncertainty

is chiefly due to the fact that neither the course of the' smaller vessels nor ih.&

structure of their walls is sufficiently known to us. The developing blood elements

lie in part in the mesenchyma, in part in wide capillaries,—according to several

investigations, made chiefly upon rabbits."" I may cite especially the work of

0. van der Stricht and of BrinekerhofE and Tyzzer. The young forms are_ in

excess in the mesenchyma. The young forms include the colorless mesamoBboids,

the ichthyoid erythrocytes, and the granular leucocytes with round or Mdney-shaped

nuclei. The cells in the vessels often cling closely crowded to the vascular wall,

almost as if they were glued to it and to one another. In these vascular accumu-

lations the sauroid erythrocytes and the mature granular leucocytes predominate.

Since the number of the red plastids outside the active blood stream is never very

great, we conclude that the plastids leave the medulla soon after their development.

II. THE DEVELOPMENT OF THE HEART.

Bt JULIUS TANDLER.

The earliest developmental processes of the heart, especially in

so far as they concern the formation of the endothelium of the

heart and vessels, are unknown in the human embryo, but prob-

ably one will not be far astray in assuming that the earliest

anlage of the human heart is essentially similar to that of the mam-
malia. The earliest development of the heart is naturally asso-

ciated with the first appearance of the vessels, but concerning this

the following brief statement is all that is necessary here. Accord-
ing to the comprehensive investigations of MoUier, the preliminary

"" Robert Muir : On the Relations of Bone-marrow to Leucocyte Production

and Leucocytosis, Joum. Path, and Bacteriol., vol. vii, 1901, p. 161.

Muir and Drummond : On the Structure of Bone-marrow, etc., Joum. Anat.

and Physiol., vol. xxviii, 1893, p. 125.

Rindfleiseh: Arch. f. mikr. Anat., vol. xvii, 1880, p. 1-11 (describes the

circulation).

W. H. Howell: On the Life-history of the Eormed Elements of the Blood,

Joum. of Morphol., vol. iv, 3890, p. 57.

E. Neumann : Ueber die Entwickelung rothen Blutkorperchen in neuge-

bildetem Knochenmark, Virchow's Arch., vol. cxix, 1890, p. 385-398.

Ereiberg: ExperimenteUe Untersuchungen iiber die Regeneration der Blut-

korperchen im Knochenmarke, Inaug. Diss., Dorpat, 1892.

Bizzozero: Cbl. med. Wiss., 1881, and Moleschott's Unters. z. Nat.-Lehre,

vol. xiii, 1888.

0. van der Stricht : Archives der Biologie, vol. xii, 1892, p. 199.

Brinkerhoff and Tyzzer: On the Leucocytes of the Circulating Blood of the

Rabbit, Joum. Med. Research, vol. vii, 1902, p. 173.
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to the formation of the heart in all craniote vertebrates is the

appearance of a number of cells between the endoderm and
mesoderm, at first in the distal portion of the head. These ele-

ments, known as vascular cells, are discernible much earlier in

the amniota than in the anamnia, and are recognizable in mam-
malian embryos with two or three primitive somites. From these

vascular cells there develops, however, only the cardiac endo-

thelium, the remaining constituents of the heart wall, the myo-
cardium and epicardium, being derivatives of the visceral ccelomic

wall. The first aggregation of the vascular cells of the heart

is paired and produces a bulging of the visceral lamella into the

wide pleuropericardial cavity. This bulging portion of the wall,

which, as already stated, gives rise to the entire heart wall with

the exception of the endothelium, has been named by MoUier the

heart plate or cardiogenic plate. The topical relation of the

paired heart anlagen to one another, that is to say, the time when
they come into contact, depends on the configuration of the fore-

gut. If this is spread out flat at the time of the appearance of

the heart anlagen, these are widely separated from one another;

if, however, there is an early closure of the fore-gut ventrally,

as, judging from stages already known, is undoubtedly the case

in human embryos, then the paired heart anlagen are very close

together from the beginning and their fusion takes place early.

In the Spee embryo Gle (Normentafel ^ No. 2, primitive somites

not yet visible) some scattered vascular cells occur in the region

of the paired heart anlage.

On the closure of the fore-gut ventrally the hitherto sym-

metrical pleuropericardial cavities come together anteriorly and
fuse in this region, the median partition between them, the meso-

cardium anterius, disappearing, while the mesocardium posterius

persists for some time longer. The closely approximated but not

yet fused endothelial tubes are now surrounded by a continuous

myo-epicardial mantle (MoUier). Finally the two endothelial

tubes come into contact, their partition wall disappears, and the

unpaired heart cylinder is formed from the paired heart tubes.

This stage of the development of the heart occurs in the Kromer-
Pfannenstiel embryo, Klb (Normentafel No. 3, five to six primi-

tive somites), a section of which, passing through the heart an-

lage, is shown in Fig. 372. The space which is seen between the

myo-epicardial mantle and the endothelial tube, and which is

probably filled with fluid intra vitam, is perhaps somewhat en-

larged in this embryo by the collapse of the endothelial tube dur-

ing preservation. The fusion of the endothelial tubes is shown

'By Normentafel is meant Keibel's Normentafel zur Entwicklungsgeschichte

des Menschen.
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only in a few sections : cranially and caudally from the section

figured one still sees the paired ends of the endothehal tubes.

With the fusion of the paired anlagen to form an unpaired

cylinder there begins a new period in the development of the heart,

during which two processes take place simultaneously, namely,

(1) the elongation and consecutive bending of the heart cylmder

and (2) the difeerentiation of the heart into its individual parts.

There is no doubt that both processes are the result of the func-

tional elaboration of a primarily straight and simply propulsatory

portion of the vascular system, that is to say, of the heart anlage.

In the description that follows a division of the process mto

stages will be made; in the first stage the development of the

heart wall will be followed from the condition of a simple straight

cylinder, to which stage it has now been traced, up to the time

of the primary atrial division. The second stage will extend

from the development of the primary atrial septum to the degen-

eration of the septum primum and the development of the septum

secundum, the third to the complete division of the heart, and the

fourth, finally, to the acquisition of its definitive form.

The development of the mammalian heart from the stage

in which it is a simple cylinder to the completion of its develop-

ment has been made known by the fundamental work of Born.

The observations of this author were made principally on the

heart of the rabbit, but were frequently extended also to the

human heart. Born has modelled some stages of the latter and has

pointed out the slight differences that obtain in the development

of the two hearts. Recently Hochstetter has written a compara-

tive embryology of the vertebrate heart for Hertwig's Handbuch.

The succeeding account of the development of the human heart

follows closely the work of Born, yet the endeavor has been made
to complete as far as possible our knowledge of the development

of the human heart.

The bending of the heart cylinder begins by the portion

exactly midway between the two fixed ends being thrown into a

loop, which may be termed the ventricular loop and whose apex

is towards the right. The cranial end of the heart cylinder is

fixed at the point of emergence of the cylinder from the peri-

cardium, that is to say, at the point of division of the truncus

arteriosus into the aortic arches; the venous end, to which the

umbilical and omphalomesenteric veins converge, is fixed by the

septum transversum, developing immediately above the yolk-sack.

Since the heart cylinder grows more rapidly than the fixed points

separate from one another, its free portion becomes thrown into

a loop. The two limbs of this loop are separated by an almost

horizontal cleft, the interventricular, or better the hulho-ventricular

cleft (compare Fig. .373^). By this cleft the heart loop is sepa-

^ I am indebted to Professor P. Thompson for the loan of this model.
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rated into two portions, into a cranial limb, the bulbar limb, and a
caudal one, the ventricular. The part situated immediately above
the septum transversum widens later to form a cavity whose
greatest diameter is transverse and whose left end communicates
with the ventricular limb. This cavity represents the atrial portion

of the heart, and the somewhat constricted portion by which it com-
municates with the ventricular limb is the atrial canal. The atrial

portion lies dorso-caudal to the ventricular limb, which, on its part,

is overlapped cranially by the bulbar limb. On the caudal wall

of the atrium there opens the sinus venosus, which is greatly ex-

panded in the transverse direction and whose cavity receives the

blood from both vense umbilicales, venae omphalomesentericas, and
ductus Cuvieri. Consequently, simultaneously with its bending,

Fig. 372.—Section through the heart aniage of the Pfannenstiel-Kromer embryo KIb (Normentafel,

No. 3, 5 to 6 primitive somites). A., dorsal aorta; E., endothelial tube; M., myo-epicardial mantle; P„
pericardial cavity; Ph., pharynx. X 100.

Fig. 373.—Model of the heart of a human embryo, No. 300 of Rob. Meyer's collection (Normentafel

No. 7), 2.5 mm. greatest length. Modelled by P. Thompson. (After Thompson.) 4., atrium; Am., region

of the atrial canal; B.. bulbus cordis; S.. sinus venosus; T., truncus arteriosus; V., vena umbilicalis sinistra;

v.. ventricular limb. X 50.

the heart cylinder becomes divided into its four portions. While

the delimitation of the atrial portion from the ventricular limb

is indicated by the constriction in the region of the atrial canal

and that of the ventricular limb from the bulbus cordis by the con-

striction at the bottom of the bulbo-ventricular cleft, that of the

sinus from the atrium is less distinct. Later, however, this delimi-

tation is made clearer by a groove which constricts the floor of

the atrium from the left and delimits the left portion of the sinus

venosus from the left portion of the transverse atrial sac. By
this the wide connection between the sinus and the atrium is nar-

rowed and the sinus itself is divided into a transverse middle

portion and two lateral portions communicating with this—the

transverse portion of the sinus and the left and right sinus horns.
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The changes that now take place consist in a relative change

of position of the individual portions of the loop. The sinus

with its sinus horns, which up to this time has been the most

caudal portion of the loop, comes to lie on the dorsal side of the

transverse atrial sack; at the same time the apex of the ventricular

limb, which hitherto has looked towards the right, comes to be

directed more caudally. This change of position of the bulbo-

ventricular limb becomes clear by a comparison of the position

of the bulbo-ventricular cleft of Thompson's embryo (Fig. 373)

FiQ. 374.—Model of the heart of the embryo Hali of 3 mm. greatest length, 16 primitive somites.

The property of the First Anatomical Institute, Vienna. Modelled by R. Weintraub. Seen from in front

after removal of the anterior pericardial wall. The dotted lines represent the limits of the veins. A.,

atrium; A. asc, ascending aorta; Amn., amnion; Au., atrial canal; B., bulbus cordis; D., yolk-sack, cut at

its margin; D. C., ductus Cuvieri; D. v., anterior communication of intestine with yolk-sack; M. a., anterior

mesocardium; P., pericardium; S. l.t left sinus horn; V., ventricular limb; V. om., omphalomesenteric
vein. X 180.

with that seen in Embryo Halg (Fig. 374) ; in the former it is

almost horizontal, in the latter almost vertical. By this change

what was formerly the caudal limb of the loop becomes the left

limb, and what was formerly the cranial one becomes the right.

As this assumption of a vertical position by the ventricular limb

progresses, the atrium rises so that it comes to lie in the dorso-

cranial side of the ventricular limb and a continually increasing

portion of it becomes visible in an anterior view. Moreover, by
this change the atrium comes into contact with the basal surface of



THE DEVELOPMENT OF THE HEART. 539

the bulbar limb, which bends backward almost in a horizontal
plane, and as the atrium continues to grow forward it becomes
slightly constricted by the bulbus. The movement of the sinus
venosus in a craniodorsal direction, already described, accom-
panies this change in the atrium, so that the sinus, which formerly
opened at the base of the atrial limb, now opens into the posterior
wall of the atrium. At the same time, by the recession of the
entire heart, the direction of the sinus horns is altered, these
being directed no longer upward and medially, but assuming at
first a horizontal direction and finally opening into the trans-
verse portion of the sinus from above and. laterally; they form

Fig. 375.—The model shown in Fig. 374 after removal of the pericardium, seen from behind. A.,

atrium; A. asc, ascending aorta; Amn., amnion; B.^ bulbus cordis; D. v., anterior communication of the
intestine with the yolk-sack; E., ectoderm; Fh., lateral wall ofr pharynx; Fh. + TA., impression of the

pharynx and the (median) thyreoid anlage- on the pericardium; S. l,^ reflection of the pericardium upon
the left sinus horn; <S. r., right sinus horn; F., ventricle. Lateral to 5. 1, the transverse section of the left

ductus Cuvieri is to be seen.

with the transverse portion an arch which is no longer convex

upward, but is at first convex anteriorly and later downward. The
bulbus cordis participates in the relative change of position of

the various parts of the heart to the extent that its distal end
becomes more and more pushed toward the median plane as the

ventricular limb becomes more vertical, and at the same time its

distal bend becomes straightened out. In earlier stages this bend
is quite sharp, but later the slightly curved bulbus passes grad-

ually into the truncus arteriosus.

This topical modification of the heart is accompanied with

changes of form, which consist partly in the progressive delimi-
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tation of the four portions of the heart and partly in the further

elaboration of each portion. Hand in hand with the change of

position of the sinus there goes a diminution of the left sinus horn

and a consequent retardation in the growth of the transverse

portion of the sinus. The dimiaution of the horn is chiefly due

to the obliteration of the left umbilical vein. The right half of

the transverse part of the sinus is not greatly affected by the

diminution, since in the meantime a number of hepatic veins have

acquired openings into it. By the progressive constriction of the

sinus from the posterior wall of the atrium from the left, the

greatly narrowed opening of the sinus comes eventually to lie

at the right posterior end of the transverse part of the atrium.

The formerly transversely oval opening between the sinus and

the atrium has been converted, by the developmental processes

just described, into a longitudinally oval one, whose greatest

diameter is placed sagittally and vertically. Toward the left it is

bounded by the constriction described above, while on the right

there is formed a vertical fold which, starting on the upper wall of

the atrium, passes down the posterior wall beside the sinus open-

ing to reach the lower wall. This fold is the first anlage of the

right sinus valve (valvula venosa dextra).

The atrium changes its form to the extent that its two lateral

extremities, enlarged in a balloon-like manner, project beyond the

bulbar limb anteriorly and above, and it seems as if the right half

decidedly surpasses the left in volume, at least the similar results

of observations on several embryos of this stage point this way.
The first division of the atrial cavity is due to the distal portion

of the bulbus becoming lodged in its anterior upper wall. Cor-
responding with the blunt prominence projecting into the atrial

cavity, produced in this manner, there develops, toward the end
of the period now under consideration, a sickle-shaped fold, which
extends at first over the posterior and later also over the anterior
wall of the atrium, then gradually fading out. This is the anlage
of the septum primum.

At about this same time the upper end of the right sinus
valve thickens and projects into the atrial cavity as the first

indication of the septum spurium; a slight groove on the
outer surface of the atrium marks its position. Between this
and the constriction produced by the lodgement of the dis-
tal end of the bulbus cordis, the cranial wall of the atrium
is somewhat outpouched, forming the intersepto-valvular space.
At the left end of the lower atrial wall is the entrance into the
atrial canal, which at the beginning of this stage of development
has a somewhat circular form, but at its end is transversely oval.
At first this opening lies wholly to the left, associated with the
abruptly descending left wall of the atrium, but later it shifts
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as a whole to the right, so that its right end is finally situated
at^ the middle of the atrial wall that is directed toward the ven-
tricle. Corresponding to this change in the interior of the
heart cavity a modification of the outer surface is naturally also

visible. The atrial canal, which at first is visible on the left side

of the heart, gradually comes to lie more and more deeply and
vanishes towards the right, being overlapped from the left and
above by the enlarging left atrium and from the left and below
by the enlarging upper part of the ventricular limb. Hereby the
atrial canal approaches nearer to the bulbo-ventricular cleft, until,

finally, the depression bounding it on the left becomes continuous

with the cleft and forms with it the bulbo-auricular groove. The
ventricular limb, at this time, broadens in all directions and over-

laps, especially on the left side, the circumference of the atrial

canal. Its communication with the bulbus cordis, which at the

beginning of this period was rather narrow, enlarges by the disap-

pearance of the duplicature of the heart wall which is interposed

between the ventricular and bulbar limbs, this duplicature being

produced by the deep bulbo-ventricular cleft. In this process there

is naturally no degeneration of heart substance, but merely a

difference of growth to the disadvantage of the part under con-

sideration. This lagging behind of the portion intervening be-

tween the bulbus and the ventricle shows itself on the outer surface

of the heart by the bulbo-ventricular cleft becoming gradually

shallower and gradually shortened in the caudocranial direction.

The enlargement of the communication produces a common ven-

tricular cavity, involving the transition portion, that is to say the

caudal part, of the bulbo-ventricular limb. This becomes divided

into two portions in its cranial part by the projection of the heart

wall into the interior at the bottom of the bulbo-auricular cleft.

This ridge-like projection, whose cranial portion was rather plump

so long as the auricular canal lay entirely to the left, becomes

sharper with the shifi;ing of the atrial canal toward the right, and

finally becomes a sharp-edged fold, which, as already stated, sub-

divides the cranial portion of the ventricular loop in the sagittal

direction. To the left of this hulbo-auricular ridge lies the en-

trance to the atrium in the form of a well-defined atrial canal, to

its right is the bulbus cordis, gradually diminishing in size as it

is followed away from the ventricle. At the base of the common
ventricular cavity there begins at this period the formation of a

sagittally placed elevation, the first anlage of the interventricular

septum.

The histogenetic processes which take place during the devel-

opmental period that has so far been followed are as follows. At
first the distance between the endothelial cardiac tube and the

myo-epicardial mantle is very great throughout the whole extent of
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the heart anlage, and during life it seems to be filled with a serous

fluid, since it is occupied in sections by a clot-like, fibrous mass,

entirely destitute of cells and staining feebly with hasma.toxylin

(Fig. 376) . The endocardium consists of a layer of endothelial cells

with large nuclei, while the myo-epicardial mantle is composed of

several layers of cells, which have more of a syncytial character,

at least their boundaries are distinguishable only rarely and spo-

radically. It is, however, difficult to determine how far this indis-

tinct delimitation of the individual cells is due to the preservation

or staining, since none of the embryos I have had for study were

Fig. 376.—Transverse section through the embryo HaU. A. d., descending aorta; B., bulbus cordis;

E., endothelium of the cardiac tube; H., auditory pit; M., myo-epicardial mantle; Ph., pharynx; V., ven-

tricle. X 100.

stained with iron-hsematoxylin. The space which at first exists

between the endocardium and the myo-epicardium diminishes later

in an irregular manner; it disappears first of all in the sinus

and then in the atrium, so that in these regions the endocardium
is in contact with the muscle mantle in early stages. In the region

of the impaired ventricular cavity the apposition of the two
layers occurs somewhat later, while throughout the circumference

of the atrial canal and in the bulbus the apposition does not take

place within the limits of the period now under consideration.

In these regions there are formed in the space between the two
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layers the so-called endocardial thickenings or endocardial cush-
ions. In place of the absolutely cell-free, fibrous coagulum there
occur in these_ regions sporadic stellate cells with relatively small
nuclei, the staining with hsematoxylin becomes decidedly stronger,
and the whole tissue reminds one forcibly of the type of tissue seen
in the Whartonian substance.

The myo-epicardial mantle difPerentiates to the extent that in
the region of the ventricular loop and in that of the bulbus its

superficial layer is formed by a continuous row of cells, the
epicardium, while on the atrium and sinus, so far as the latter
has a free surface, no such differentiation can as yet be said to
occur. But the ventricular limb takes precedence over the atrium
in the differentiation of the myocardium itself, as well as in that
of the epicardium. In the ventricle one sees not only an increase

E. Ms.

Fig. 377.—Section through the ventricular wall of the heart of embryo Halz, 3.5 mm. greatest length,

in the collection of the I. Anatomical Institute, Vienna. E., endothelial cells; Bp., epicardium; M., myo-
cardium; Mc, cortical and Ms., spongy portion. X 150.

of volume in the myocardium, but also its further differentiation

and finally the appearance of trabeculse. These first appear at the

base of the common ventricular cavity as projecting elevations,

which gradually become more and more undermined, until finally,

surrounded on all sides by the closely apposed endocardium, they

traverse the ventricle more or less free. The elaboration of the

trabecular network proceeds from the base toward the atrial canal

on the one hand and toward the bulbus on the other, and at the

close of this period one can speak of two portions in the cardiac

musculature, an outer cortical and an inner trabecular or spongy
portion (Fig. 397). The latter is of considerable thickness, but

the corticalis forms only a thin layer and a difference in the degree

of differentiation of the two portions is also perceptible. At the

beginning of the period under consideration the entire myocardium
stained deeply with eosin and the individual cells were rich in
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protoplasm, but at this stage the spongy portion is composed of

cells poor in protoplasm; at least these cells in well-preserved

embryos stain feebly with eosin. On account of their poverty of

protoplasm the boundaries of the individual myoblasts are more

distinct than formerly. In the region of the trabecular myocar-

dium there now appear in the otherwise feebly-stained cell-bodies

fine, strongly eosinophile muscle fibrils, which do not confine them-

selves to individual cell territories, but traverse several cells.

None of this fibrillar structure is yet to be seen in the cortical

layer. The atrial myocardium, which, so far as its differentia-

tion is concerned, behaves like the cortical layer of the ventricle,

shows a discontinuity along the line of attachment of the posterior

mesocardium, muscle substance being completely wanting in early

stages along this narrow zone (area interposita of His). The

right sinus valve in its early stages is a duplicature of the myo-

cardium, at least it may be seen that embryonic connective tissue

occurs between the two muscle lamellae. No boundary exists

between the atrial and ventricular musculature, the former

passing into the latter on all sides at the atrial canal. The myo-
cardium is continued distally to the line of attachment of the

pericardium, that is to say, to the region of transition from the

bulbus to the truncus. Later this limit becomes less definite, as

the distal portion of the bulbar myocardium apparently vanishes,

a process by which the truncus arteriosus undergoes an elongation

at the expense of the bulbus, and this at the time when the myo-
epicardial mantle is not yet differentiated at the distal end of the

cardiac tube. This explains the difficulty which exists in determin-

ing the limits of these two portions of the efferent tube.

The endocardial thickenings in the atrial canal, mentioned
above, may be described, in accordance with the form of the atrial

canal itself, as an anterior endocardial cushion, situated on the

anterior wall, and a posterior one on the posterior wall. On the

small lateral borders of atrial canal the endocardium lies fairly

close upon the myocardium. In the region of the bulbus a ring of

endocardial tissue, at first of almost uniform thickness, replaces

the space filled with fluid that is present in the earlier stages, and
in this ring the following changes take place. In the proximal
part of the bulb, the ventricular part, the endocardial thickening

becomes especially strong along two spirally arranged regions,

while in the intervals between these its development is retarded,

and there are thus formed the proximal bulbar swellings, which,

according to Born's method of nomenclature, may be termed the

proximal bulbar swellings A and B. The distal portion of the

swelling A lies on the left side of the bulbus, and as it descends
it passes more and more toward the front, until, finally, at the

proximal end of the bulb, it extends down toward the common ven-
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tricular cavity on the anterior wall. The proximal swelling B
in its distal part lies on the right wall of the bulb and passes
thence downward on the posterior wall to disappear in the pos-

terior wall of the ventricular cavity, just as the swelling A does
in the anterior wall. In the oldest embryos belonging to this period

of development one sees already that the most proximal parts

of both bulbar swellings are undermined by trabecular muscula-
ture ascending from the apex of the ventricle. In the distal or

truncus portion of the bulb the endocardial ring is also in process

of differentiation to the extent that in a series of sections one

sees endocardial thickenings projecting toward the lumen to form
the distal bulbar stvellings. Distally the endocardial thickenings

Fio. 378.—Model of the heart of the embryo Hah of 5.2 mm. greatest length. In the collection of

the I. Anatomical Institute, Vienna. Modelled by W. von Wieser. Seen from in front. A. d., right atrium

;

A. a., left atrium; Au., region of the atrial canal; B., bulbus cordis; B».,bulbo-ventricular cleft; T., truncus

arteriosus; V., ventricle. X 100.

become gradually lower, until finally they pass over into the closely

apposed endothelium of the truncus at the region where externally

the indistinct boundary between the bulbus and truncus may be

perceived. The projecting spur, the future septum aorto-pul-

monale, which projects between the two halves of the system of

aortic arches, i. e., between the future systemic and pulmonary

aortse, does not at this stage reach the line at which the pericardium

is attracted to the truncus arteriosus.

In the second stage of development of the heart there is an

approximation of the external form to the final condition, but

the more important part of the progress is in connection with parts

in the interior of the heart. As regards the external form, the

Vol. II.—35
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change in the relative position of the various parts proceeds, the

atrium gradually reaching a higher position, while the apex of the

heart is carried so far caudally that, as is shown by a side view,

it comes to lie caudal to the atrium. At the same time the open-

ing of the sinus shifts completely to the dorsal wall of the atrium.

The formerly slight constriction of the cranial wall of the atrium,

produced by the bulb and the truncus arteriosus, now becomes a

deep groove, and the lateral parts of the atrium on either side

of this groove have enlarged so much that they begin to embrace

the bulb as the anlagen of the auricular appendages (Fig. 378).

P.V.v.s. S.I V.p. P.

V.v.d.

A.d.

p.Bw.A Ek h.

Fig. 379.^Model of the heart of embryo He of 6.5 mm. greatest length. In the collection of the

I. Anatomical Inititute, Vienna (Normentafel No. 27). Modelled by J. Tandler. The lower half of the

model divided transversely, seen from above. A. d., right atrium; A. s,, left atrium; Ek. h., posterior

endocardial cushion' of the atrial canal; P., pericardium; p.Bw.At proximal bulbar swelling A; p.Bw.Bt
proximal bulbar [swelling B; S., sinus venosus; S. /., septum primum; V., ventricle; F.p., vena pulmo-
nalis (with sound inserted) ; y.p.d., right valvula venosa; F.d.s., left valvula venosa. X 100.

The posterior surface of the atrium also shows a shallow furrow,

which corresponds to the oesophagus. To the right of the broad
deep atrial furrow for the reception of the bulbus cordis, the

groove corresponding to the attachment of the septum spurium,

already described, has greatly deepened, so that a portion of the

posterior wall of the right atrium projects in a dome-like
manner, forming the spatium intersepto-valvulare. This is

bounded below by a short transverse furrow, which separates it

distinctly from the region in which the right sinus horn opens.

The left sinus horn has emancipated itself from the pericardium to
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the extent that at first it remains in connection witli it only by a
small band, resembling a mesentery, but in later stages this also

vanishes and all connection between the sinus horn and the peri-

cardium disappears. Similar conditions occur also in the trans-

verse part of the sinus, except that in this region they occur

somewhat later. The right sinus horn continues to enlarge without
interruption and at the same time gradually ascends on the pos-

terior atrial wall and is absorbed into the atrium, with the excep-

tion of its caudal portion, into which the transverse part of the

sinus opens, and of its blind cranial end which is elevated in a

Fia 380. Model of theliheart of embryo La of 9 mm. greatest length. In the collection of the

I Anatomicai Institute, Vienna (Normentafel No. 37). Modelled by J. Tandler. The atrial portion of the

inodel has been divided fxontally and the whole is vidwed from in front. A.d., right atrium; A.a., left

atrium- Ek.h., posterior endocardial cushion of the atrial canal; S.I, septum primum; S.II, septum secun-

dum; S.»., spatium interseptovalvulare; S.i-o., sulcus interventricularis; S.s., septum spurium; y.p. vena

pulm'onalis; V.v., right and left valvula venosa. X 76.

dome-lite manner and is separated from the spatium intersepto-

valvulare by the groove already described (compare Fig. 380).

The changes taking place in the interior of the atrium may
be described as follows (Fig. 379). The septum I, which grows

downward from the posterior upper wall of the atrium and is at

first quite low, becomes higher, and its ends, drawn out in a sickle-

shaped fashion, extend so far forward along the lower and upper

walls of the atrium that they reach the margin of the atrial canal.

At the same time the free edge of the septum becomes remarkably

thickened and bounds, together with the plane of entrance of the
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atrial canal, the primary narrowed opening of communication be-

tween the two atria, the foramen ovale I. Its line of origin,

however, becomes gradually thinner and thinner, and finally there

is formed, either directly at the line of origin of the septum on the

posterior upper wall of the atrium or immediately below it, a

dehiscence, the foramen ovale II, which rapidly enlarges. The
septum I then gradually separates from its line of attachment
and becomes a ribbon-like structure with fluted margins, traversing

the atrium from behind and below forward and upward. In such
hearts (compare embryo La, "Wal, Figs. 380, 381, 382) the original

line of attachment of the septum I appears as a slight elevation

on the dorsal wall of the atrium, and immediately to the right of

Fio. 381.—Sagittal section through the model shown in Fig. 380, the section passing to the left of
theseptuml. Seen from the left. A«., atrial canal; B., bulbus; i?.o.7/, foramen ovale II ; 5., sinus venosus;
S.I, septum primum; S.II, septum secundum; V., ventricle. Below the septum primum and above the
atrial canal is the foramen ovale I.

this the elevation of the septum II begins ; the further history of
this may conveniently be described in the third period of develop-
ment. In the first period the right sinus valve was the only one
present, the left {valvula venosa sinistra) being scarcely indicated
but now the latter is strongly developed. The two valves lie one
on either side of the slit-like opening of the sinus, which is directed
from above and outward, inward and downward (Fig. 379). The
left one unites on the cranial wall of t£e atrium with the thicken-
ing of the right valve, which has already been described, and
forms with it a large distinct septum-like structure which passes
over the cranial wall of the atrium on to the anterior wall and is
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the septum spurium of His (Fig. 380). Caudally the two valves
behave differently, in that the right one gradually flattens out on
the floor of the atrium, while the left one extends toward the sickle-
like end of the septum II, which is growing backward on the floor
of the atrium, and later unites with it.^* The space between the left

valvula venosa and the anlage of the septum II is outpouched
dorsocranially to form the spatium intersepto-valvulare. To the
left of the septum I, in the angle between the posterior and lower

Fig. 382.—Transverse section througli the heart region of the embryo Wal of 8 mm. greatest length.

In the collection of the I. Anatomical Institute, Vienna. A.d., descending aorta; Au., atrial canal ifS.,

ainus; S.I, septum primum; V.v., valvulae venosse.

walls of the atrium and in the region where externally the posterior

mesocardium is still attached, is the opening of a vessel coming

from the lungs, the single vena pulmonalis (Figs. 379, 380). In

a section through the model of a heart at this stage (Fig. 380) one

sees how distinctly the atrium has become separated from the

ventricle by the deepening of the atrioventricular groove,—that

is to say, how greatly the atrium and ventricle have become ex-

The details of this process will be described witb the next period of devel-

opment.
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panded beyond the outline of the atrial canal. Changes in the posi-

tion and form of this canal have also taken place. As regards its

position it is to be noted that it has made such progress in its

shifting toward the right that it has already come to lie in the

centre of the floor of the atritmi. If in the model of a heart at

this stage one looks from the ventricle into the atrium through

the atrial canal, one sees that the septum I is directed exactly

toward the centre of the transverse diameter of the canal (Figs.

379, 380). As the result of this further shifting toward the right

the bulbo-atrial ridge, already described, becomes still more prom-

inent and simultaneously with the shifting other changes take

place in the canal. In correspondence with the bulging of the

ventricle beyond the circumference of the canal, which has already

been noted, and, further, in correspondence with the continued

undermining of the endocardial cushions by the musculature, the

endothelial swellings project freely some distance further into the

ventricular cavity. Both the anterior and the posterior swellings

become modified in such a way that their lateral extremities become
more elevated, while their central parts remain somewhat flatter;

consequently one may distinguish in each endocardial cushion

a middle straight portion and two lateral elevations or tubercles.

The shape of the atrial canal in transverse section thus comes to

resemble the figure formed by two T's placed base to base ( HH ).

This peculiar modification of the atrial canal is completed rela-

tively quickly; small endocardial thickenings also appear on the

lateral margins of the canal in later stages.

In the ventricular limb on the convexity of the common ven-

tricular cavity,—that is to say, at the poiat where in the earlier

stage the ventricular limb passed into the bulbus,—a constric-

tion appears, extending over the ventricular surface of the heart

and gradually becoming shallower as it is traced upward. This

interventricular groove (Fig. 380) marks externally the separation

between the right and left ventricle and divides the blunt apex of

the heart into two portions, so that at this stage the right and
left ventricle each has its own apex. The portion belonging to

the left ventricle is, however, greater than that pertaining* to the

right one. Corresponding to this external groove, the interven-

tricular septum, already seen in the earlier period as a rounded
ridge, becomes more prominent, but just as there is externally an
asymmetry in the two ventricles, so too in the interior the sub-
divisions of the ventricular cavity are by no means equal at first.

This inequality of the ventricles is later partly compensated for

by a broadening of the right one, but a slight asymmetry persists
in that the interventricular septum is so placed that its prolonga-
tion would not cut the middle of the atrial canal but the right
tubercules of the endothelial cushions.
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The most proximal por.tion of the bulbus has enlarged con-
siderably and has been taken up into the ventricle, and at the same
time the greater part of the bulbo-ventricular cleft has disap-
peared. Processes having an important bearing on the entire sub-
division of the heart take place in the bulb during this period of
development. Attention has been called to the fact that already
in the first period endocardial thickenings develop in the bulbus

;

these were termed the proximal bulbar swellings A and B, and,
as their name indicates, they are situated in the proximal half
of the bulbus. They have, as has also been stated, a spiral course
around the inner surface of the bulbus, yet they have grown more
distally, so that the swelling A, beginning distally on the left pos-
terior wall, passes thence to the left, to finally disappear proxi-
mally on the right anterior bulbar wall, as this ascends from the

d.Bw.:

d.Bw.l

d.Bw. 4

d. Bw. S

Fia. 383.—Section through the bulbus |ordia of the embryo H«. The section cuts the bulbus obliquely

to its long axis, and consequently the line of attachment of the pericardium is also cut. d.Bw. 1~4, distal

bulbar swellings 1-4.

common ventricidar chamber without any sharp delimitation from
it. The swelling B begins distally on the anterior wall of the

bulbus and passes thence over the right wall to the posterior one,

where it disappears at about the same level as swelling A, at

the junction of the bulbus and ventricle. The conditions at the

proximal ends of the bulbar swellings will be described in detail

later on. In earlier stages an endocardial thickening occurred

aroimd the whole circumference of the bulb in its distal portion,

and a differentiation of the distal bulbar swellings had not yet

taken place. In the period now under consideration these are

developed; but it may be said that they do not present the regu-

larity of form and occurrence that obtains in the birds and rep-

tiles. To demonstrate the extent of the proximal and distal bulbar

swellings it is convenient to divide the bulbus into a proximal
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ventricular and a distal truncus portion; these subdivisions can

only be temporary, however, since the bulbus during this period

of development undergoes a continuous and rather rapid shorten-

ing at both ends. Its central end is gradually taken up into the

right ventricle, while the truncus arteriosus elongates heart-ward

at the expense of its distal end. In this shortening bulbus the

proximal bulbar swellings occupy the proximal half and the distal

swellings the distal half
;
yet this delimitation is not quite accurate,

at least for the distal bulbar swellings 1 and 3, to be described

below, since these gradually pass over into the proximal swellings

A and B. Four distal bulbar swellings can be distinguished, and

starting with the right distal one and proceeding to the left and
backward they may be denoted by the numbers 1-4. When fol-

S.'a. p.

d.Bw.e* d.Bw.l ** p. Bw. A

Fig. 384.—Model of the bulbus cordis of the embryo Hb, divided longitudinally. The left half of the
model is shown. A,, aorta (4th aortic arch); d.Bw. 1-3, distal bulbar swellings 1-3; P., attachment of

pericardium; p. Bw. A, B, proximal bulbar swellings A, B; Pi. .pulmonary artery (6th aortic arch); S.a.p.,

septum aorto-pulmonale; *, point at which the sound in the lumen of the pulmonary artery disappears,
being covered by the fusion of the distal bulbar swellings 1 and 3, forming the distal bulbar septum; **,

point at which the sound again appears in the common lumen. Proximally the aorta and pulmonary artery
are separated by the two proximal bulbar" swellings coming into contact to form the proxiTnal bulbar sep-

tum. The subdivision of the common efferent tube is produced distally by the septum aorto-pulmonale,
in the middle region by the distal bulbar septum and proximally by the proxdmal bulbar septum. Between
these three portions of the partition there are two points of communication, in which the ends of the sound
are visible.

lowed proximally they are seen to run downward on the bulbus
walls in a clock-wise spiral. They do not project equally into the
lumen of the bulbus, but swellings 1 and 3 are strongly developed
while 2 and 4 are weaker. Swelling 1 lies distally on the right
waU of the bulb and passes gradually backward and to the left,

swelling 3 begins above on the left wall and passes to the right
anterior one as it descends; thus it is possible for them to pass
over into the proximal swellings A and B in later stages, since

swelling A passes distally on to the left posterior and swelling
B on to the right anterior wall of the bulbus. The swellings 2

and 4 have a position between swellings 1 and 3, swelling 2 pass-
ing from above and behind downward and to the left and swelling
4 from above and in front downward and to the right.
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In addition to these two sets of bulbar swellings the septum
aorto-pulmonale, in so far as it is a derivative of the truncus wall,
must be considered in connection witb the subdivision of the effer-
ent tube. The partition between the sixth and fourth pairs of
aortic arches, which in earlier stages reached to the line of attach-
ment of the pericardium, grows proximally in this period of
development and extends into the portion of the efferent tube that
is already intrapericardial. At the same time a continually
increasing portion of that part of the truncus which was originally
outside the pericardium is brought within its territory by the
elongation of its walls at the expense of those of the bulbus. The
processes by which this change of the walls is brought about will
be described later. Three factors, accordingly, take part in the
subdivision of the efferent tube, the septum aorto-pulmonale and
the distal and proximal bulbar swellings. At the beginning of the
second period of development—in embryro Hg (Fig. 384), for
example—these three portions are still distinctly separated. The
septum aorto-pulmonale ends bluntly, and with its prolongations
are associated the distal "bulbar swellings 1 and 3, which for a
certain distance still project but little into the lumen, so that in

this region the q,orta and pulmonary artery still remain in com-
munication ; more proximally the two swellings are in contact and
consequently separate the two arterial tubes. They terminate
immediately below this region of contact and are still distinctly

separated from the proximal swellings A and B. At this point

the more or less broad, single lumen of the proximal half of the

bulb begins, and the proximal swellings, which project extensively

into the lumen of the bulb, gradually flatten out. In the succeeding

stages of this period the septum aorto-pulmonale reaches the

point of union of the distal bulbar swellings 1 and 3, so that the

aorta and pulmonary artery become separate throughout the entire

extent of the distal half of the bulb; yet even in this stage the

limit between the septum aorto-pulmonale and the distal bulbar

septum, as the union of the distal bulbar swellings 1 and 3 may be

termed, may be recognized by the differences in the histological

structure of the two partitions and of the walls of the truncus

and bulbus.

As regards the tissue differentiation in this period two distinct

processes may be recognized : first, the differentiation of the myo-
cardium, and, second, the continued development of the endocardial

thickenings. The differentiation of the muscular tissue proceeds

more rapidly in the ventricle than in the atrium. In the latter

the tissue occurs in the septum I and also in the two sinus valves,

the myocardium of these latter being a single structure and no

longer appearing as a duplicature projecting into the atrial cavity.

It is continued as a strong bundle into the septum spurium, and,
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in addition, there are present some muscular ridges projecting

into the lumen of the atrium, the first anlagen of the muscuU
pectinati. The right sinus horn, the transverse portion of the

sinus, and even the left horn possess a musculature, and in the

walls of the atrial canal the atrial musculature at all points is

continuous with that of the ventricle. In this two portions may
again be recognized, a peripheral cortical and a central trabecular

layer, the latter being everywhere more differentiated than the

former. In sections in which the trabecular musculature is cut

longitudinally (Fig. 385) it may be seen that the fibrillse have
become quite long and occupy the entire breadth of the prismatic
cells ; correspondingly the boundaries between individual cells are

Fig. 386.—Section through the wall of the ventricle o£ embryo Ha (Normentafel No. 27). Mc, cor-
tical substance; ilfs., spongy substance. Muscle fibrillte are distinctly visible in the spongy substance.
X 150.

still quite distinct where they are in contact by their lateral sur-
faces, while in those places where their bases are in contact the
boundaries have vanished, at least it is impossible to say, on
account of the extensive development of the fibrillse, to what extent
these belong to one cell or the other. In transverse sections
through trabeculae the cell boundaries are therefore plainly vis-
ible, but at the same time the greater part of the cell body is

already occupied by fibrillse. In sections of the cortical portion one
can see that only the peripheral portions of the cells are occupied
by very fine fibrils, the central portions being free from them and
poor in protoplasm. While the development of the cortical sub-
stance in the proximal part of the bulbus keeps pace with that
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of the ventricle, the musctdature of the distal part is less differ-
entiated. The myocardium of this portion surrounds the bulbus
tube as a distinct muscle layer and extends peripherally as far
as the distal bulbar swellings can be traced, the layer, however,
gradually becoming thinner distally and the differentiation of
the myo-epicardial mantle less pronounced, until finally it appears
not only as if a further differentiation of it had not occurred, but
even as if degeneration had taken place. All those parts of the
efferent tube in whose lumen the partition is formed by the
septum aorto-pulmonale are destitute of myocardium.

The cardiac endothelium rests smoothly on the subjacent
tissue m all parts of the heart and, as in earlier stages, consists
of a single layer of flat cells with relatively large nuclei. The
endocardial thickenings have the following distribution: in the
atrium the free, thickened edge of the septum I is provided through-
out its entire length with a small endocardial thickening, whose
anterior and posterior prolongations extend as far as the cor-
responding endothelial cushions of the atrial canal and fuse with
them. Consequently the foramen ovale primum is completely sur-
rounded by an endocardial thickening. The shape of the endo-
thelial cushions of the atrial canal has already been described, but
it may be remarked that the masses of tissue now stain more
deeply with hasmatoxylin and their nuclei are more abundant. The
endocardial swellings on the narrow sides of the atrial canal have
also been described already. The most important change that

occurs in the atrial endothelial cushions is their undermining by
the trabecular musculature of the ventricle. In earlier stages the

slope of the endothelial swellings toward the ventricular cavity

was a gradual one and they did not overhang the ventricle; but

now, partly by the downgrowth of the endocardial cushions and
partly by the undermining of their attachment, they project freely

into the lumen of the ventricle with sharp edges. The undermining
is brought about by the continued extension of the trabecular net-

work, which may be followed as far as the attachment of the

anterior and posterior endocardial swellings. In the atrial canal

itself the cortical and spongy substances are not yet differentiated

and as a single sheet pass over into the atrial musculature. The
lateral endocardial thickenings have not yet been affected by the

undermining process.

The proximal bulbar swellings are bounded externally in their

upper parts by the muscle ring of cortical substance ; if, however,

they are traced proximally they show a change at about the level

of the atrial canal, in that there develops between the endocardial

thickenings and the cortical substance of the bulb a system of

trabecular musculature, which is at first thin and composed of

scattered trabecute, but increases gradually in thickness toward
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the ventricle. Here also the endocardial swellings become under-

mined by trabeculse, and in places where the bulbar swellings have

ceased for some time to be distiaguishable in the model as eleva-

tions directed toward the ventricle, one sees as final prolongations

of them, endocardial thickenings on the surface of the trabecular

network which looks toward the lumen of the ventricle. These

conditions show, moreover, the extent to which the progressive

absorption of the bulbus into the ventricle has advanced in given

cases. Histologically the bulbar swellings differ from the endo-

cardial cushions principally by being somewhat poorer in cells.

The distal bulbar swellings are similar in structure to the proximal

ones, but the septum aorto-pulmonale is quite different. Here one

finds a connective tissue which is very rich in cells with large nuclei

and which does not differ from that of the rest of the wall of the

aorta and pulmonary artery. This tissue also does not stain

diffusely with hsematoxylin. Where the septum aorto-pulmonale

ends—that is to say, where it passes over into the distal bulbar

swellings 1 and 3—the histological character of the wall alters, a

very delicate ring of but slightly differentiated myocardium making

its appearance.

At the conclusion of the period of development just described

the subdivision of the heart into the right and left halves has

advanced so far that the anlagen of almost all portions of the

cardiac septum have appeared and the individual cardiac cavities

communicate only by more or less wide openings. In the succeed-

ing third period of development the subdivision is completed, with

the exception of that of the atria, which, as is well known, only

becomes perfect post partum. But this period, which includes

embryos from about 10 to 20 mm. vertex-breech measurement, and
extends from the fifth to the eighth week of fetal life, shows not

only the completion of the subdivision of the heart but also the

almost complete development of the valve apparatus. At the close

of the period the outer form of the heart and the subdivision of

the ventricular cavity and bulbus are complete, but only in the next
and last period is the final development of the interior of the

atrium accomplished and the histological differentiation of the

heart then reaches its completion. This period extends to the close

of fetal life and, indeed, is not quite completed at birth.

Beginning with the changes that take place in the sinus during
this period, it is seen that simultaneously with the gradual retro-

gression of the left sinus horn, the right one sinks more and more
to the level of the posterior wall of the atrium, until finally it

no longer is seen rising above the posterior surface of the atrium
when the right atrium is viewed from behind. This, however, is

not due to a fusion of the atrial and sinus walls, but to the absorp-
tion of the sinus walls into the posterior atrial wall by the flat-
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tening out of the furrows bouuding the sinus and by the passive
stretching of the sinus wall, which lags behind the rapidly growing
atrium, so that both the transverse and vertical diameters of the
sinus are enlarged. Thereby the opening of the superior vena
cava (ductus Cuvieri), which has appeared in the meantime, is

shifted from the posterior to the upper atrial wall, and similarly
the inferior cava is shifted to the inferior wall. The portion of the
sinus wall situated between these two vessels becomes at the same
time part of the posterior wall of the atrium, and this exogenous
portion of the atrial wall is delimited from the parts in its neigh-
borhood by the line of attachment of the two sinus valves. While
the right sinus valve is still very high at the close of this period,
the left one lags behind in its development and undergoes a modi-
fication to be described later.

With this absorption of the sinus wall into the posterior wall
of the atrium there occurs a change in the opening of the trans-

verse portion of the sinus into the right sinus horn. This trans-

verse portion, the continuation of the left horn, opened hitherto

into the left lower angle of the right sinus horn immediately beside
the opening of the inferior vena cava. By the absorption of the

sinus the opening is brought to the level of the posterior atrial

wall, and with it the spur-like elevation between it and the right

horn, representing the former bend of the transverse portion
toward the right horn. This sinus septum, that seems to arise

from the posterior wall of the atrium, now grows so far toward
the right that it reaches the valvula venosa dextra and divides

this into two portions,—a shorter portion in front of and below
the line of meeting of the two structures, and a longer portion

behind and above, passing upward over the posterior wall of the

atrium and disappearing in the septum spurium. When the last

period of development is being considered it will be seen that

from the former portion the valvula Thebesii is formed ^d from
the lower part of the latter portion, the valvula Eustachii.

The foramen ovale I closes at the end of the preceding period

by the fusion of the free edge of the septum I with the endo-

cardial cushions of the atrial canal, but the foramen ovale II still

forms a wide communication between the two atria on account of

the feeble height of the septum II. Later this septum increases in

height and there is in consequence a narrowing of the foramen
ovale II. But in addition another change occurs in the circum-

ference of the foramen, dependent upon a change in the direction

of growth of the two septa. This change is as follows: at the

beginning of this period the free edge of the septum I, directed

toward the foramen ovale II, in the natural position of the heart

(the plane of the foramina atrio-ventricularia almost frontal),

looks backward and upward; gradually, however, its lower pro-
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longation extends backward and upward, at first over the posterior

wall of the atrium and finally over the upper wall, while the upper

prolongation lags behind in its growth, so that now, with the

heart ia the same position, the free edge of the septum looks for-

ward and upward. At the beginning of this period the septum II

is still low, and its free edge, directed toward the foramen ovale II,

looks forward and downward in the natural position of the hea,rt.

Later the septum becomes higher and at the same time its anterior

prolongation grows forward and downward over the upper wall

of the atrium, until finally the free edge of the septum looks back-

ward and downward. The two septa have thus altered their

relative positions to the extent that the posterior prolongation of

the septum I on the left side has grown past the line of attach-

ment of the septum II, and the anterior prolongation of the

septum II has similarly on the right side grown past the line of

attachment of the septum I. The left sinus valve now also takes

part in the formation of the circumference of the foramen ovale II

in the following manner : the outpouching of the right atrium, the

spatium intersepto-valvulare, described in the preceding period

of development and situated between the left sinus valve or the

septum spuriima and the septum atriorum, continually lags behind

in its growth. Consequently the prominence produced by the

spatium on the posterior wall of the atrium also disappears and

the valvula venosa sinistra gradually approaches the septum atri-

orum, and, finally, there remains of the once extensive spatium

intersepto-valvulare only a small cleft-like recess, which is closed

below by the fusion of the lower end of the left sinus valve with

the lower prolongation of the septum secundum. Later, while the

destruction of the spatium intersepto-valvulare is taking place by
the fusion of the valvula venosa sinistra with the septum I, the

upper and middle portions of the left sinus valve vanish more or

less completely, but the lower part, persisting on account of its

union with the septum II as described above, elongates its free

border backward and upward, and so completes later the limbv^

Vieussenii, which is formed from this free border.

In the earlier period of development the single quite short

pulmonary vein trunk opens close to the line of attachment of the

septum atriorum. Later there is an absorption of this short trunk
into the posterior wall of the atrium, so that the right and left

pulmonary veins open into the left atrium by two separate open-
ings. The portion of the atrial wall between the two openings has
therefore been formed by an originally extracardial portion of the

pulmonary veins, and later it increases rather rapidly in breadth,

so that the two pulmonary veins become separated more and
more.

The changes in the form of the atrial canal have been followed
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to the time when the canal is a slit so narrow in the frontal direc-

tion that its central portion is a mere cleft, while its lateral extrem-
ities represent the places in which the atrio-ventricular valves will

develop. At the beginning of the present period of development
the opposed edges of the slit fuse throughout their whole extent,

where the marginal tubercles, that have already been described,

occur. In this way the single atrial canal is divided to form the

two atrio-ventricular orifices, which are separated by the entire

width of the zone of fusion. The septum primum rests upon this

zone of fusion.

The subdivision of the ventricular cavity has progressed by
the ventricular septum becoming higher, so that only a small open-

ing, the remains of the foramen interventriculare, exists between
its upwardly concave margin and the under surfaces of the endo-

cardial cushions, which, in the meantime, have fused. The anterior

end of the ventricular septum, which if prolonged would come
into relation with the two right tubercles of the endothelial swell-

ing, passes without interruption into the remains of the bulbo-atrial

ridge, while the posterior prolongation applies itself directly to the

right tubercle of the posterior endocardial cushion.

Before the processes which lead to the final closure of the

foramen interventriculare are described it will be necessary to

consider in detail the subdivision of the bulb, since the two sets

of processes not only take place simultaneously but also show
a causal dependence. After the fusion of the distal bulbar swell-

ings 1 and 3 the lumen of the aorta contains one half of each

bulbar swelling 1 and 3 and the whole of the swelling 4, while the

pulmonary artery has the other halves of swellings 1 and 3 and the

entire swelling 2. The external groove between the aorta and
pulmonary artery, which was present in earlier stages only in

the distal portion, has now become prolonged proximiUy and has

deepened, so that the two vessels have almost circular lumina.

While the peripheral portions of the distal bulbar swellings

flatten out and finally disappear, their most proximal portions,

which have come into relation with the proximal swellings A and
B, not only retain their former height but increase in size and

begin to be hollowed out in their distal slopes. Thus there are

formed in each vessel three plump folds directed distally, the

first anlagen of the semilunar valves. The pouch-like cavities

between these folds and the walls of the vessels gradually increase

in size, partly by the folds becoming thinner and partly by the

outpouching of the corresponding portions of the walls of the

vessels, and the evaginations so formed are the anlagen of the sinus

Valsalvae. A complete separation of the aorta and pulmonary

artery has thus been accomplished, and the semilunar valves

develop, as has just been described, from the lower ends of the
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distal bulbar swellings. Proximally the proximal bulbar swellings

A and B, wMcb have increased in height in the mean time, fuse to

form a short septum, the proximal septum bulbi, which extends

toward the ventricle from the line of the semilunar valves, ihis

septum lies in the same plane as the septum between the aorta and

pulmonary artery, which was formed by the fusion of the two

distal swellings 1 and 3, but it becomes replaced by the tissue of

the septum aorto-pulmonale as the wall of the truncus arteriosus

elongates proximally at the expense of the wall of the bulbus. The

proximal septum thins out rapidly as it is traced downward, and,

in the natural position of the heart, it extends from the right above

V.b.l.Z.

Fig. 386.—Model of the heart of embryo S2 of 14.5 mm. greatest length (Normentafel No. 58). In

the collection of the I. Anatomical Institute, Vienna. Modelled by J. Tandler. The model has been

divided transversely midway between the atrio-ventricular groove and the apex of the ventricle and the

upper half is shown from below. E.v., the two endocardial cushions fused; l.H.h.E., left tubercle of the

posterior cushion; LR.v.E., left tubercle of the anierior cushion; O.v.d., right ostium venosum; O.v.fi., left

ostium venosum; Pl.^ pulmonary artery; p.S.B., proximal septum bulbi; r.H.v.e., right tubercle of the

anterior endocardial cushion; jS.c, septum ventricularum; V.b.l.Z., lateral cusp of bicuspid valve. The
arrow points to the orifice of the aorta. X 44.

and behind to the left down and forward, and consequently does

not lie in line with the sagittally placed septum interventriculare,

but forms with it a sharp angle, open upward and backward (Fig.

386). The proximal septum bulbi has a free border that is concave

downward, and its anterior prolongation, the bulbar swelling A,

becomes continuous with the anterior prolongation of the upwardly
concave septum interventriculare, while its posterior prolongation,

the swelling B, deviates to the right of the right tubercle of the

anterior endocardial cushion and becomes greatly broadened and
flattened; the posterior prolongation of the septum interventricu-

lare, however, runs toward the right tubercle of the posterior endo-
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cardial cushion. If one follows the margin of the foramen inter-

ventriculare, beginning with the posterior prolongation of the
septum bulbi, it is found to be a spiral ridge, that runs first upward
along the free concave border of the proximal septum bulbi, pass-
ing anteriorly into the edge of the septum interventriculare, then
along this downward and backward and finally upward again, to

terminate at the right tubercle of the posterior endocardial cushion.

The opening so bounded unites not only the two ventricles, but
also leads upward and to the right into the pulmonary artery and
to the left and upward into the aorta. It becomes closed in the
following manner: the proximal septum bulbi grows downward
and reaches the septum interventriculare. The right ends of the

endocardial cushions, which have fused in the meantime, undoubt-
edly participate in the fusion of the two septa, but the extent of

their participation cannot be exactly determined, since the entire

circumference of the foramen interventriculare is surrounded by
endocardial growths which pass into one another. Since from the

very beginning the septum interventriculare tends toward the right

tubercles of the endocardial cushions, and since the final closure

of the foramen interventriculare takes place in the region where
they occur, it follows that the right atrio-ventricular orifice lies

immediately adjacent to the point of closure, while the left one is

separated from it by th,e entire breadth of the fused endocardial

cusljions. A further complication is introduced by the fact that

the closure of the foramen takes place with the aid of the prolonged
septum aorto-pulmonale, so that the right portion of the circum-

ference of the aorta comes to lie at the very point of closure.

Consequently the septum memhranaceum, which is formed at the

point of closure, forms a constituent of the wall of the conus

arteriosiis aortce.

Since the septum atriorum is attached to the endocardial

cushions much further to the left than the septum interventriclare.

the portion of the fused cushions between the attachments of the

two septa, when it later comes to lie in the planes of the septa,

does not separate ventricle from ventricle, but the sinus arteriosus

aortae, i. e., the left ventricle, from the right auricle, and it may
therefore be termed the septum atrio-ventriculare (Hochstetter).

The distance between the semilunar valves and the point of final

closure of the foramen interventriculare is still relatively great,

so that the aorta, and especially the pulmonary artery, arise from
the ventricles as elongated cones. The inner surfaces of the cones

are smooth, trabecular musculature not having yet developed in

their walls. With the closure of the foramen interventriculare the

final subdivision of the ventricular portion of the heart is com-

pleted.

The histological changes occurring during this period may be

Vol. II.—36
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described as foUows : The left sinus horn possesses far distally a

muscle mantle that is interrupted by the openings of certain cardiac

veins. The differentiation of this musculature, as well as of that

in the region of the atrial wall which has been formed by the

absorption of the right sinus horn, lags far behind that of the

rest of the atrium. In the regions of the septum I and the septum

II, as well as in the sinus valves, musculature is present, but it has

made no especial progress in differentiation. In the portions of

the atrium which represent the auricular appendages trabeculse

have developed, more apparently on the right side than on the

left. In the small area of the left atrium, which was formed by

the absorption of the pulmonary trunk, no musculature is evident

Fig. 387.—Section through the heart o£ embryo Mi of 16.76 mm. greatest length. In the collection

of the I. Anatomical Institute, Vienna. Semidiagrammatic. S.a., septum atrioram; S.a.v., septum atrio-

rentriculare; S.t., septum ventriculorum; V.d., right ventricle; V.a., left ventricle; V.n., valvules venose.

at this period. As to the ventricular musculature it may be noted

ha. the first place that the waU of the left ventricle undoubtedly

surpasses that of the right in thickness. The difference depends,

however, especially on the cortical substance. The trabeculse are

exceedingly numerous and almost fill the entire cavities, yet they

are not so uniform in thickness and differentiation as in the

earlier stages, but trabeculse conspicuous by their strength and
advanced differentiation occur in both ventricles. These trabeculse,

from their topography and from their relation to the valves, are

to be identified as anlagen of the musculi papillares. While, at the

beginning of the period under consideration, the cortical substance
was relatively thin, at the end of the period it has become greatly
developed and its fibrillar structure has made further progress.
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In longitudinal and transverse sections through the cardiac mus-
culature the individual muscle-cells show distinct cell boundaries
on their long sides, but pass into one another on their short sides

without any delimitation, a condition that was present to some
extent in the earlier period of development, but has now become
general. To this extent it is proper to speak of a cardiac syncytiwm
at the end of this period.* At the same time the myocardium shows
a further differentiation in that the individual rows of muscle-cells

have already become arranged to form muscle bands, just as one
sees them in the adult heart.

While up to the present the atrial and ventricular musculatures
were continuous around the atrial canal, one now sees these two
portions of the musculature lose their continuity. In earlier

stages there was along the line of the atrio-ventricular groove an
aggregation of embryonic connective tissue, which was wedge-
shaped in section, the edge of the wedge being directed inward.
In later stages this wedge gradually becomes prolonged toward
the cavity of the heart and cuts so deeply in between the atrial and
ventricular musculature throughout the entire circumference of

the atrio-ventricular groove that the direct continuity of the atrial

and ventricular cortical substance is interrupted. Thus the orig-

inal continuous cortical musculature is divided into two portions,

a sinus-atrial portion and a ventricular portion, while the tra-

becular parts are still in continuity at the anlagen of the valves.

The changes in the form of the endocardial thickenings occur-

ring in the atrial canal and in the bulbus have already been
described. The following points may be noted as regards their

texture. The plump semilunar valves, formed from the proximal
ends of the distal bulbar swellings, do not yet show any special

differentiation of their tissue, at least their diffuse staining has

not appreciably diminished, although the nuclei of these portions

of the endocardial swellings are perhaps somewhat more closely

set than formerly. The part of the septum aorto-pulmonale that

follows, i. e., the proximal septum bulbi, still shows all the char-

acteristics of endocardial growths, as do also its prolongations,

the remains of the bulbar swellings A and B. If one follows the

bulbar swelling A, one sees the tissue characteristic of such swell-

ings fade out at the free edge of the septum interventriculare and

pass posteriorly without interruption into the fused endothelial

swelling. The tissue of the posterior bulbar swelling becomes

* The old discussion concerning the boundaries of the cardiac muscle-cells

cannot be considered here. As has already been described, the flbrillse pass beyond

the cell territories, a condition which may justify the term syncytium. The con-

dition described above is not, however, auffloient for the settlement of the ques-

tion, since the staining of the objects (hsematoxylin-eosin) is not suitable for final

conclusions.
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greatly broadened and in part passes medially into the tissue of

the endocardial cushions and into the endocardial thickening on

the free edge of the interventricular septum, and in part it passes

laterally toward the lateral circumference of the right atrio-ven-

tricular orifice and may be followed for some distance toward the

apex in the posterior wall of the ventricle.

When the closure of the interventricular foramen is completed,

nothing can be determined as to the origin of the various parts

contributing to the closure from their texture, the entire region

being occupied by an endocardial tissue, relatively poor in cells

and staining diffusely with hsematoxylin, and which at the very

spot of the future septum membranaceum undergoes rather soon

a further development ; it loses its diffuse staining with hsematoxy-

lin and at the same time becomes richer in cells. The anlagen of

the valve cusps, which arise from the anterior and posterior endo-

cardial cushions, as well as from the endocardial thickenings at

the lateral ends of the atrial canal, lag behind the region just

described in their differentiation (Fig. 387). These anlagen are

plump and their undermined borders are connected with the tra-

beculae of the ventricles. This connection is quite distinct where
especially strong trabeculse, the anlagen of the musculi papillares,

come into connection with definite portions of the valves. In such

places it is possible to follow muscle bundles ascending from the

cortical substance through the entire length of the papillary anlage

to the valve. The muscle bundles on the atrial surface of the

valve anlagen which have been described as passing toward the

ventricles are apparently continuous with the ventricular bundles

just described; at least no boundaries between the two could be

made out. Thus the valve cusps are for a time a series of plump
elevations, consisting partly of endocardial growths and partly

of musculature; a differentiation into actual musculi papillares,

chordae tendinetB, and valve flaps cannot be distinguished at this

stage.

In addition, the degenerated processes which occur in the

region of the bulbus cordis are of interest. At the beginning of

the period under consideration the undermining of the proximal
bulbar swellings by the trabecular myocardium has not extended
very far. The older the embryo, the more the trabecular tissue

grows toward the line of attachment of the semilunar valves. On
the other hand, one sees the cortical substance, which formerly
surrounded the bulbus far distally, gradually receding, the reces-

sion being accompanied by a simultaneous change in the structure

of walls of the derivatives of the distal part of the bulbus, the

aorta and pulmonary artery. The typical wall of the two arteries

extends gradually proximally, until finally this typically layered
wall, destitute of myocardium, may be followed to near the semi-
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lunar valves. The part of the bulb immediately distal to the
vaJve zone thus becomes surrounded by a common myocardial
layer, so that in this stage of development the future bulbus aortse
is surrounded for a considerable distance by cardiac musculature.
Toward the end of the period this portion of the musculature is so
far degenerated that the relation of the aorta to the musculature
is almost that which obtains in the heart of the child.

In the following period of development the parts of the heart
that have been already elaborated undergo a further modelling
and are slightly altered, but one sees nowhere any extensive
transformations of the constituent parts of the heart. The same
is true also with regard to tlie further histological differentiation.

As regards, first of all, the sinus portion of the heart, one sees

that, in consequence of the apposition of the left sinus valve to the
septum atriorum, the latter comes to represent the medial boundary
of the sinus area, while the lateral boundary is formed by the
derivatives of the right sinus valve or of the septum spurium. It is

therefore necessary to consider first the extensive modifications

of the right sinus valve (Fig. 388). As was noted in the account
of the preceding period of development, this broad valve, which
projects markedly into the lumen of the atrium, is divided by the

apposition of the sinus septum into two parts, an anterior inferior

(ventral) and a posterior superior (dorsal). The dorsal portion

of the valve is continued without interruption into the septum
spurium, which formerly served as a common stay for the two val-

vnlse venosse, and later it undergoes further modifications. The
portion of valve corresponding to the posterior wall of the atrium,

which was also originally high, gradually flattens and forms a
prolongation of the ridge-like elevation of the septum spurium on
the upper wall of the atrium, carrying it over this wall backward
and downward. This small ridge, which forms the persistent lateral

boundary of the original sinus area, consists in its upper portion

of the rudiment of the septum spurium and in its posterior inferior

portion of the rudiment of the right sinus valve, the crista termin-

alis of His.

The lower part of the dorsal portion of the sinus valve remains

high and bounds the opening of the inferior vena cava laterally,

as the valvula vence, cavce EustacMi. Frequently one may actually

speak of an increase in the surface of this portion, but the valve

presents great variation in its height, development, and form. In

accordance with its development the valvula Eustachii is con-

tinuous above and behind with the crista terminalis and in front

and below it ends at the border of the transverse portion of the

sinus, i. e., the sinus coronarius cordis.

The ventral, much smaller portion of the right sinus valve

bounds the opening of the sinus coronarius, that has been formed
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from the transverse portion of the sinus, and eventually becomes

the valvula Thebesii.

Since the atrial septum must furnish until birth a means o±

communication between the two atria, a final closure of this por-

tion of the heart cannot occur during embryonic life. In the devel-

opmental period under consideration the septum I increases m
height more rapidly than its surrounding parts increase m extent;

the communication between the two atria thus becomes somewhat

narrowed, but, on account of the oblique position of the septum

I, it continues to be wide enough to allow free passage of the blood

from the right atrium into the left. The oblique position of the

septum I is not determined by any special mode of growth of the

FiQ. 388.—Model of the heart of an embryo of 310 mm. greatest length. Modelled by Born. C. t.,

vena cava inferior, in which a sound is placed; C. ^, crista terminalis; S. J, septum primum; £>. II , septum
secundum; S, c, opening of coronary sinus; S. s., sinus septum; V. E., valvula Eustachii; V.Th,^ valvula

Thebesii.

septum, but is produced mechanically by the greater pressure of

the blood in the right atrium. The septum I, i. e., the valvula fora-

minis ovalis Vetteri, only attains its definitive position when the

blood pressure becomes equal in the two atria, and then only does

it have an opportunity for fusing with the septum II and so bring-

ing about the final separation of the two atria.

Before mentioning the changes that take place in the ven-

tricles and the valve apparatus, a few words are necessary as to

the modifications that now occur in the left atrium. By the absorp-

tion of the originally single pulmonary vein trunk, these veins are

now represented by two stems, and at the same time a new portion,
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corresponding to the distance between the two pulmonary orifices,

has been added to the atrial wall. This portion continues to
increase in breadth, and at the same time the absorption of the
two pulmonary vein stems progresses until these have been taken
up into the atrial wall as far as their first division. As a result
the originally single openings of the right and left venae pulmonales
become again divided, so that on either side there is an upper and
a lower pulmonary vein orifice. The portion of the atrial wall
between each pair of pulmonary veins was likewise originally a
part of the wall of the veins. It will thus be seen that the par-
ticipation of the pulmonary veins in the formation of the wall of
the left atrium is quite extensive.

The anatomical changes occurring in the ventricular portion
of the heart during this period can be briefly described. The valve
apparatus alone undergoes further elaboration in that the differ-

entiation of the valve cusps, the chordce tendinece, and the musculi
papillares makes further progress and the formal differentiation

of the semilunar valves increases.

The histological differentiation of the heart approaches its con-

clusion during this period. The principal changes occur in con-

nection with the valve apparatus, but before this is described it

will be necessary to consider briefly the remaining portions of the

heart. And, first of all, it may be noted that even in the latest fetal

stages the development of the sinus musculature lags behind that

of the rest of the atrium.

While the part of the right sinus valve which becomes the val-

vula Eustachii continues to lose its musculature, that of the crista

terminalis continually increases. The rudiment of the left sinus

valve still shows traces of musculature in later stages of fetal

life, as, for instance, in a fetus of 150 mm. vertex-breech length.

The originally thin margin of the limbus Vieussenii thickens by
the development of strong muscle bundles in it.

The portion of the left atrial wall lying between the openings

of the- pulmonary veins was destitute of musculature in the earlier

period of development, but in this period it acquires a complete

muscle layer. The differentiation of the musculi pectinati takes

place more rapidly than that of the remaining portions of the

atria.

The greater thickness of the cortical substance of the left

ventricle continually increases (Fig. 389), and the fibrillae of this

layer become more and more abundant until the difference between

the cortical and spongy substances which obtained at the beginning

of the period now under consideration gradually disappears. In

this period also loose subepicardial connective tissue appears on

the surface of the heart along the lines of the vessels and nerves.

The semilunar valves become thinner, their connective tissue
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loses its succulent character, becoming fibrous and tendinous, and

finally presents the characteristic appearance seen in the child.

WhUe in the earlier period the endocardial portion of the

atrio-ventricular valves greatly surpassed the muscular, at the

beginning of the present period the trabeculae which pass from the

spongy substance of the ventricle toward the valves increase

greatly, and at the same time the central portions of the valves

come to project further into the lumen, owing to the growth of

their peripheral portions. In accordance with this process the

trabeculse of the spongy substance, which originally were almost im-

mediately in contact with the cortical substance in the neghborhood

of the atrio-ventricular orifices, separate from the eorticalis more

and more and pass centrally. In this stage also not one free-ending

trabecula could be found as an indication of a secondary union

between the valves and the papillary muscles. At this time also

Fig. 389.—Section through the heart of an embryo of 165 mm. greatest length. V. d,, right ventricle:

;

Y. s., left ventricle. The difference in the thickness of the two ventricles is apparent,

the musculature on the atrial surfaces of the valves becomes greatly

developed, so that, in comparison with later stages, it actually

seems as if the valves were exclusively muscular in structure, with

the exception of the purely endocardial marginal portions which
are directed toward the lumen. Later the musculature degenerates,

at first in the valve areas, and connective tissue takes its place,

standing in intimate connection with the connective-tissue wedge
which was described as occurring in the earlier stage of develop-

ment and which separates the cortical substance of the atria

from that of the ventricles. Still later one sees that the peripheral
portion of the ventricular valve musculature degenerates, at first

at the surface and then more deeply, giving place to connective

tissue and so becoming transformed into chorda tendinece. In later

stages accordingly one must distinguish between a connective-

tissue valve (the secondary valve of Bernays), cliordce tendinece,

and papillary muscles. The free margins of the valves at certain

points retain for a longer time the characteristic structure of the

endocardial thickenings, while in other points they are converted
into typical connective tissue. These thickenings rvepresent the

noduli Albini. ^
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APPENDIX.

The developmental .history of the atrio-ventricular system is
at present practically unknown. The time allowed for the comple-
tion of the present article did not permit a thorough study of the
question and a satisfactory solution of it, and I shall therefore
state the results of my observations briefly.

In a human embryo of 19,75 mm. one sees at the upper border
of the septum musculare, close to the lower surface of the not yet
completely differeiitiated endothelial swelling, a triangular area,
which occupies the tip of the muscular septum and is distinguish-
able even under a low magnification by its special staining prop-
erties. Its nuclei are dark and the cell bodies stain faintly with
eosin. It is not unlike a sympathetic ganglion, but its cells are
less numerous. This structure corresponds in position with the
stem of the His bundle, and it already possesses a right and left

prolongation, which are' the right and left limbs of the atrio-ven-
tricular system.

_
An embryo of 28.5 mm. shows a similar condition at the same

region, but the two limbs have become longer and the cells larger.

A similar aggregation of cells is to be seen in the region of the
septum atriorum, immediately above the septum membranaceum.

In the study of the development of the bundle of His the

following point is of importance.
The conducting system may either be a persistent connection

between the atrial and ventricular musculatures situated in the

posterior wall of the heart, in which case it would represent an
ancient connection between the two parts of the heart, or it may
be a new development which has been formed only after the

completion of the septum, in other words only secondarily. If the

latter be the case, the conducting apparatus of hearts without

a septum is quite a different affair from that of hearts which pos-

sess a septum. Furthermore the conduction of stimuli in hearts

which possess a septum must be a different affair before the

development of the septum—that is to say, before the development
of the bundle of His—from what it is later on.

So far as my observations go, I incline to the view that the

His bundle does not represent the persistence of an ancient atrio-

ventricular connection. This view has also been expressed by
Eetzer, who has supplied some data as to the development of

the atrio-ventricular system of the pig.
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III. THE DEVELOPMENT OF THE VASCULAR SYSTEM.

By HERBERT M. EVANS.
Johns Hopkins University, Baltimore.

1. General.

We shall consider here, first, the more general questions con-

cerning the development of the vascular system, and, secondly, the

special development of the vascular system in human embryos.

In recent years studies on the vascular system of the higher vertebrates

have opened up new and profitable fields and have given us a better conception

of the method by which the blood-vessels grow and become transformed ia the

general growth of the embryo.

In the following account I shall confine myself to the history of the chief

vascular trunks only,' fqr here our knowledge now stands on a firm footing, and

any laws which we may discover as applicable in these instances may safely be taken

as of general worth.

The two fundamental questions involved in the development of the vas-

cular system are

—

1. What is the origin of the blood-vessels in the body of the embryo?
2. What is the primitive form of the vessels in any area, and the manner

of change from this to that of the adult?

These two aspects of the subject thus concern themselves with the problem

of the cellular antecedents of the endothelium, on the one hand, and with the

principles governing the architecture of the vascular system, on the other.

To the former problem it is still impossible to give any decisive answer,

but to the latter I trust the reader will see that a flood of new light has come.

" There exist few accounts of the development of peripheral vessels, but men-
tion may be made of the work of Mall, Flint, Miller, Sabin, and Fuchs.
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1. Hiiman embryos, as toU be mentioned further on, have contributed little

information on the origin of the cells forming the vascular system, and indeed
after a wealth of observations on other animals this question is still a very open
one, having met vifith a decisive answer in no case.

In embryos of the higher vertebrates the first cells which can be identified
as standing in any relation to the vascular system are in the form of localized
thickenings of the extra-embryonic mesoderm'' lying next the endoderm of the
yolk-sac. These constitute the so-called vascular anlagen, and typically undergo
a gradual differentiation from a nest of indifferent cells into two more definite

cell types, blood-cells on the one hand and endothelium on the other. The endo-
thelial cells enclose the former, and, continuing to divide, produce vascular
sprouts and thus extend themselves into new areas. While this differentiation of
the earlier anlagen is progressing, new anlagen are formed by the mesoblast,
but eventually a time is reached when this latter process ceases, and subsequently
in the history of the embryo all endothelium is derived from that of pre-existing

vessels. That this is the case in older embryos and in the adult has been verified

by many observations. It is important, then, to distinguish vessels which have
arisen through the sprouting of the endothelium of other vessels in contrast to

vessels whose endothelium has been contributed directly from the neighboring
mesoderm. Even on the yolk-sac these latter vessels which arise in loco are not
numerous, for they only occur at the site of the so-called anlagen, and the main
mass of the vitelline capillary plexus arises from the extension and frequent
anastomoses of these primary vessels.

It is a question now whether the early blood-vessels in the body of the

embryo itself are not formed by an ingrowth of the vitelline capillaries, or

whether, on the other hand, the embryonic stems, or at least a part of them, do
not arise in situ from the mesoderm of the body. Both of these positions have
been defended, the name of His (1900) being identified with the former idea and
that of Riickert and MoUier (1906) especially with the latter.

In the birds it has been possible to establish beyond all doubt that most of the

aorta descendens is formed from the medial margin of the vitelline capillary

plexus (Vialleton 1892, His 1900, Evans 1909; see Eig. 390). The frequent

early connections of this vessel with the same plexus in mammals makes it highly

probable that a similar origin obtains here (Tiirsting, 1884). Eor the head portion

of the aortae, on the other hand, conflicting accounts are given. His described it

as sCnsing from a Continued growth of the same extra-embryonic capillaries which

formed the vessel in its lower course, but which were restricted to a capillary

chain growing headward, eventually turning ventrally over the blind end of the

head-gut and fusing with the cephalic portion of the heart tube. On the con-

trary, Riickert and Mollier have given various details of what they consider the

local origin of the aorta in this locality from the mesodermal cells of the lateral

plate of the mesoderm and from the splanchnic mesoderm. It is not possible

then to state positively that the yolk-sac anlagen are the only source of the

endothelium of the body vessels, for the earliest of these latter may themselves

'Although lying in the mesoderm, these anlagen may have actually arisen

from the entoderm. This is the view taken by Ruckert (1906), who has been the last

to subject the question to a special study. On the other hand, most investigators,

beginning with KoUiker's early work on the rabbit (1875), have emphatically

denied any entodermal participation here, and affirmed that the blood islands of

mammalian embryos are to be looked upon as special localized proliferations of

the mesoblast. Robinson (mouse) and Heape (mole), Janosik (marmot, pig),

Eleischman (cat), Keibel (guinea-pig, man), and Van der Strieht (rabbit and bat)

may be mentioned.
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be primary vascular anlagen in the sense of being directly derived from neighbor-

ing mesoderm. Another possible source for the endothelium of the^ vessels of the

head is constituted by the paired anlage of the heart (C. Rabl, 1887). "

After the establishment of the aorta it is possible to satisfactorily deny

the further local origin of any of the subsequent vessels of the embryo, since

these can all be demonstrated to arise from capillary sprouts of true vascular

Fig. 390o. fig. 3906.

Fig. 390a.—Ventral view of the left side of a rabbit embryo of five somites, showing the vascular

plexus from which the left heart and aortEe are derived. The heart is already indicated as an especially

enlarged member of the mesh. ' This is not yet true for the aorta; the arrows indicate two places where the
aorta is as yet unconnected mto a longitudinal plexus. The brackets show the position of the five

somites. (After J. L. Bremer.)
Fig. 390b.—Ventral view of posterior portion of an injected chick embryo of 20 somites, showing

the formation of the. lower aortffi from a capillary plexus continuous with that of the yolk-sac.

endothelium, just as is the case in every locality where the development of vessels

has been carefully studied in the living animal, e.g., the tail of the living frog

larva.

The varicJus claims for a local origin of blood-vessels relatively late in the growth
of the embryo have gradually been successfully disproved. It will be remembered
that the appearances known to many observers as Ranvier's " vaso formative cells

"

were supposedly instances in which a local origin of blood-vessels occurred

relatively late in the growth of the embryo. Recently Vosmear (1898) has shown

'^ Since the above was written, Bremer (1911) has demonstrated that in the

head of rabbit embryos of five somites, the aorta is represented by a distinct

plexiform angioblast coterminous with the vitelline angioblast. These facts make
it highly probable that the extra embryonic endothelium has grown into the body

in this region just as can be demonstrated in successive stages for the more caudal

portion of the aorta of the chick.



DEVELOPMENT OP THE VASCULAR SYSTEM. 573

that the vessels in question were isolated secondarily after having clearly arisen
from cither vessels, and Clark has observed the same phenomenon in the living
frog larva (personal communication). (See also Renant, 1901, 1902.)

It would seem that a mere histological analysis, even though on perfectly
fixed material, would not suffice to settle the question of the delicate connection of
embryonic vessels. These collapse so readily that the most perfect of the usual
methods of study will not suffice to disclose them. On the other hand, injections

of the vascular systems in young embryos show a wealth of capillaries and inter-

connections not hitherto demonstrable, and it would consequently seem unwise to

overvalue any negative evidence in this respect given by uninjected embryos.
It is evident, then, that, while it is probable that the only source for the

endothelium for the blood-vessels is comprised in the cells of the vascular anlagen,

it is nevertheless possible to prove that this source is comprised in the endothe-

lium of the first intra-embryonic vessels (aortse and cardinal veins), however
these may have arisen. Injections of the embryo after these early stages

and subsequent exploration with the microscope show no vessels unconnected with

the general system, and lead us to be certain that new vessels in any area arise

exclusively as offshoots from the older ones. This doctrine of the specificity of

the endothelium has met many apparent confirmations in the histogenesis of new
growths, for there also, as in normal development, Rabl's dictum is doubtless true,

"Endothelium only from endothelium."

2. Concerning the development of the form of the vascular system, two posi-

tions have been taken,—one, that the arteries and veins grow out as single trunks

to their respective territories, the other, that the first vessels in any area are

capillaries usually in the form of a typical plexus from which secondarily arteries

and veins arise.

It will be seen that a correct conception of the actual truth here affects

vitally our ideas even of the factors concerned in development as a whole; for it is

difficult to see in the blind outgrowth of single trunks to their future territory

anything but a teleological design or hereditary predestination. On the other

hand, the adherents of the idea of a capillary plexus ancestry for vessels view

the vascular system as functioning from the beginning, and the formation of

arteries and veins as only an expression of the functional adaptation of these

plexuses to a beating heart.

The immense number of vascular variations in the adult, which seem to take

every conceivable direction, and the occurrence of arterial and venous anastomoses,

early led the Swiss anatomist Aeby (1868) to suppose that the vascular system,

arteries as well as veins, existed originally in the form of a uniform mesh-work of ves-

sels, in which, so to speak, a competition took place for supremacy, and, the victors

being the only trunks remaining, we obtained the dendritic branched appearance

of the adult vascular system. Occasionally the primitive net was retained, and

in these instances we saw retia mirabilia, or merely anastomoses between vessels.

In the ease of variations the theory was most convenient, for the hypothetical

aniform net furnished the possibility for a vessel to course in practically any

direction. At a loss for a better explanation, Krause (1876) adopted the Aeby

hypothetical plexus to account for the vast range of blood-vessel variations which

he recorded in his well known chapter in Henle's Handbuch. But until recently

Aeby's ideas have met with no other favorable reception. Indeed they were strongly

opposed by the careful work inaugurated by the rise of a morei exact comparative

anatomy, in which C. Gegenbaur and his pupils are to be mentioned. Extensive

comparative investigations soon showed that there was to be observed everywhere

a remarkable constancy in the number and position of the vascular trunks and

their relation to other structures (muscles, nerves)

.

Euge's (1883) epoch-making work in this field demonstrated clearly that when

variations occurred they tended to group themselves into quite definite types,

which could be explained by the over-development of normally inconspicuous
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vessels, " collateral stems " or aberrants. Thus the old conception of the outgrowth

of single trunks was only strengthened, for there could be considered present

in anomalies only an unusually strong outgrowth of a normally small trunk.

Moreover, another authority in this field, F. Hochstetter, took occasion to

denounce the Aeby-Krause idea. In his study of the developing vessels' in the

early limbs, Hochstetter declared he could find no instances of an indifferent con-

dition of the vascular system anywhere in the limb buds, and that consequently
" die Hypothese Baader's und Krause's als vollkommen unrichtig bezeichnet werden
muss."° (Hochstetter, 1891, p. 42.)

Fig. 391.—Injection showing tlie profuee outgrowtli of primary subclavian capillaries into the early wing
bud of a^ohioki60jhours old. 14th D. I. V., fourteenth dorsal intersegmental vein.

In 1894 R. Thoma published the results of a study he had been conducting
on the ancestry of thai vascular trunks present in the chick's yolk-sac. Thoma set
himself the task of solving how it came about that arteries and veins were

'This statement was at least partially justified by the simple conditions
Hochstetter saw in the vessels of the limbs and tail of Triton, for here the vascular
trunks are remarkably simple and suffer a more or less direct transformation
into arteries and veins. That such simple conditions do not apply to the limbs
of higher vertebrates (birds and mammals) the studies of Goppert (1910) and
myself (1909) will demonstrate.
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differentiated in this locality. Early stages showed him only an indifferent net-

work of vessels in which no predominate trunks could be distinguished, and he

was able to secure successive preparations showing the gradual, formation of

arteries and veins from this capillary net. The elaboration of these larger supply-

ing and draining vessels represented merely a functional adaptation of the net

to the demands of the circulation and a fortuitous location with regard to the

aortae or the venous ostia of the heart determined the use and enlargement of

certain channels of the net to become arteries and veins respectively.

Thoma's ideas did not at first attract the notice they deserved. Neverthe-

less, Mall (1908) indicated that they were applicable in the development of the

27th dorsal
segmental vessel

Fig. 392.—Injection into the early leg buds of a chick of 32 aomitea, showing the capillary plexus.

body's vascular system no less than in the extra-embryonic area vasculosa, and in

succeeding years he and his pupils repeatedly furnished evidence that such was

indeed the case. Flint's (1903) study of the submaxillary gland and more recently

of the lung (1906) showed that a capillary net always existed at the periphery

of the growing vascular tree, and Mall (1906) instanced the same phenomena

in the division and growth of the lobules of the liver. It may be noted that Zucker-

kaudl (1894) had reported an exactly similar phenomenon in the development

of the median artery of the arm, for the early stages in the history of this vessel

were represented by a chain of capillaries accompanying the median nerve.
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In 1903 E. Miiller reported the results of a study of the development of the

vessels in the human arm. His reconstructions showed that in some instances what

is undoubtedly a true arterial plexus may exist in the region of the axillary artery."

These appearances were quite impossible to harmonize with the old idea of the out-

growth of single vascular trunks and led Miiller consequently to dispute this pre-

vailing notion.

Tour years later H. Eabl published the results of his study of the early

vessels in the wing bud of the duck, and showed clearly that many of these

could be detected in arising from parts of a capillary plexus. Rabl also estab-

lished the origin of the secondary subclavian artery, which characterizes the

birds, from a chain of capillaries which gTOWs caudally from the third aortic arch

to join the plexus of the wing bud.

Above all, now, the admirable study of the vessels in the developing arm

of the white mouse which E. Goppert has recently published shows clearly the

development cf the successive branches of the subclavian artery " auf der Grund-

lage eines capillaren Netzes," and I cannot doubt but that in the further growth

of the vascular system, in the various regions of the body, we will be able to observe

these facts agaiu and again.

Very recently methods of injecting living embryos so that the delicate vascular

system is completely filled and yet extravasations avoided, have yielded a wealth

of facts on the development of the vessels. The revelations dMe to such prepara-

tions have enabled us to see the capillary preeursers of some of the more funda-

mental vascular trunks of the body.

Thus, if injections of chick embryos are made just preceding and during

the time in which the limb buds are beginning to be elevated from the body

wall, it is possible to trace the earliest vascularization of the limbs. Such pre-

parations show that a series of capillaries springs from the lateral aortic wall

opposite the limb eminence, and, anastomosing together, form a typical capillary

plexus in the early limb tissue. The preservation and enlargement of one of

these many aortic offshoots constitute the subclavian and sciatic artery respectively

(Figs. 391 and 392).

Still other large vessels in the body can be traced to a similar stage in

which there exists only a simple capillary plexus, out of which the main vessel

arises through the utilization of a single channel in the mesh and the coincident

atrophy of the remainder. Thus, in the early stages the head of the embryo

possesses as its only vessels a delicate plexus of capillaries which arise at many
points from the aortre and more caudally are connected with the vitelline vein. Event-

ually with the circulation through this primary head capillary plexus, arteries

and veins are formed from some channels in the mesh, and it is exactly in this

way that the main stems of the internal carotid artery and jugular veins are

formed (Figs. 393, 394, 395).

The pulmonary arteries are represented at first by a capillary plexus which

arises from the sixth aortic arches and grows caudally on to the lung bud (Fig.

396).

In the chick it is easy to see that the gut arteries are earliest represented

by a plexus of capillaries which arise from the ventral aortic wall.

With all these instances, however, of an early plexiform anlage for many

* A fact which has more recently been confirmed for the mouse by the important
researches of Goppert (1909) in the same territory. The exact significance which
Miiller would attach to this axillary plexus must be disputed, as also his contention

for its constant occurrence. It must be considered merely one of the instances

where the circulation has for a time taken equally favored paths through a

preceding capillary plexus and thus formed for us for a time several anastomos-

ing embryonic arteries rather than a single one, which is normally the case.
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vessels, we are forced to admit that some of the primary vessels of the body are

not preceded by such stages, but from the very first occupy a definite position

and consist of only a single endothelial tube. The most striking example of this

Eye vesicle

Later ductus Cuvieri

V. vitellina

1st segmental vessel

Ftg 393 —Lateral view of head o{ an injected chick of 15 somites, showing the primary capillary

olexus here The plexus takes origin from the convexity of the first aortic arch, and is contmued posteri-

orly as a slender capillary chain which eventually joins the main vitelhne vein near the junction of the

"atter with the hLrt TUs slender capillary chain has arisen at several points from the dorsal aorta on

each siTe, and t^o of these points of origin are still preserved opposite the region of the hind-brain. The

deUcate capillary path from head to vitelline vein is destined to form the anterior cardinal vein.

is furnished by the dorsal segmental arteries, which, as is well known, arise

from the aorta at strictly intersegmental points and are usually distinctly smgle

vgssgIs

The sharply limited definite positions of such great vessels as the aortse

and umbiUcal veins are also phenomena which have been known for a long tune

Vol. II.—37
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and which seem unquestionably due to inheritance. However, even in these cases,

an exacter study shows that these vessels do not develop at first as merely simple

tubes. When, for instance, we turn to a consideration of the aorta, we can see

clearly that in the chick the lower part of this vessel is merely the exaggerated

medial margin of the vitelline capillary plexus, which has invaded the embryonic
tissue (Fig. 390). This is also exactly the condition which may be seen in human
embryos of corresponding age, for here also the caudal part of the aorta is

Capillary plexus of the head

Capillaries from the internal carotid artery

1st aortic arch

Fia. 394.—Lateral view of injected pig embryo of 6.7 mm. length, showing the capillary origin of the
a. car. int. X 80.

only a part of a general plexus of vessels which lie in the gut wall and continue
to grow caudally. The dorsalmost members of this plexus straighten out longi-
tudinally and form the aorta dorsalis while the connections of the latter with the
plexus become the primitive vitello-umbilical complex of arteries. Inasmuch as in
embryos of 6 somites these conditions occur opposite the future 7th and 8th somite
(t. e., cervical somite 5), it is hence apparent that aJl of the aorta which exists
later below this level has emerged from this preceding stage. There is little doubt
but that the cephalic portion of the aorta has also an identical development,
although less study has been given the appropriate stages. Turstig (1884) long ago
showed that this was at first not a single vessel but a narrow meshwork of vessels
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(Fig. 397), and that the single aortic tube came about only secondarily by the
enlargement of one channel of the narrow mesh or by the fusion of several capil-
laries in some places. In the latter insitances he described very clearly remnants of
the old partition walls between the individual preceding channels in the form of
cross-strands joining the ventral and dorsal aortic wall. Eecently, Bremer (1911)
has demonstrated the plexiform endothelial anlage of the entire cephalic portion
of the aortsB in rabbit embryos of five somites. Lingering remains of the several
capillary channels which constitute the aorta in its earliest stages are occasionally

Ventral capillary network
(Anlage of a. basilaris)

V. cardinal, ant.

1st aortic arch

\^ - Ear vesicle

2d aortic
arch

Capillary
branches to the
peduncle of the

optic vesicle

Internal caro-
id artery

Fig. 395.—Lateral view of injected pig embryo measuring 6.5 mm. The injection was made while the
heart was still beating and shows the extent of the primary capillary plexus in the head. X 80.

seen in somewhat older specimens, where it is not uncommon to find the aorta

splitting into two or three vessels to reunite again, a fact which I can confirm

as occurring now and then in the human embryo with from 6 to 8 somites (Embryos

Pfannenstiel-Kroemer, Etemod, Graf Spee).

The aortic arches are similarly formed by narrow chains of capillaries which

quickly give way to the employment of a single channel in the mesh, though in

some instances remains of the earlier plexiform condition persist. I figure

here the first aortic arch in a young duck embryo (Fig. 398).

It is only natural that the studies which have previously been made on the

vascular system have usually revealed only the chief stems and have conse-

quently led us to suppose that these stems grew out as such, for the usual methods

of reconstruction of uninfected embryos can not hope to reveal more than the
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chief trunks in any area. I present, for example (Figs. 399, 400), an embryo of

about the same degree of development as Elze's (1907) shown in Fig. 420. His is

from an unusually good reconstruction, mine from an injected specimen. It may
be well to note that in the area here figured the reconstructed figure gives the

appearance of the anterior cardinal vein growing forward and dorsally to con-

stitute the future superior sagittal sinus; but the injected embryo shows clearly

that this structure is beginning to be formed by the enlargement of the medial

dorsal margin of the capillary mesh here, somewhat as the lower aortas represent

the enlarged medial margin of the vitelline net.

Most important of all, then, is the fact that the injections show us that the

vascular system is not merely growing in an irregular fashion to obey an impulse

given by heredity, but that it constitutes a connected and functioning whole.

Truncus arteriosus-

' 6th aortic arch

0;^.

Right pulmonary 1

"^

fe]^

Cranial venous
branch

part of the ^^
auricular- /~~'

wall "*-—"~~>^^1^

-Left pulmonary artery

-Blind branch to the left lung

Venous orifice ^^^^|
Fia. 396.—Pulmonary vessels in a guinea-pig embryo 21 days old. (After Fedorow, 1911.)

If now we assemble the remarks which have just been made it is evident that
we may state generally that arteries and veins do not grow out as such, but that the
blood-vessels tend always to be laid down in a multiple capillary arAage rather
than in single trunk-like forms, and that this is true even where the position of
the vessel is apparently predetermined by inheritance. In many areas, however
(e. g., the head and the limbs), we have more typical plexuses from which, through
the secondary enlargement of some channels in the mesh and the coincident
atrophy of others, arterial and venous vessels develop.

These facts are in accord with what we know to be the manner of development
of blood-vessels in areas which are opeji to direct observation in the living animal.
I refer, for example, to the studies which have been made ever since the time of
Schwann on the tail of larval amphibia, where the transparency of the tissue
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enables one to see the various structures in their growth and to. prove for himself
that new vessels are formed by endothelial budi and that the latter in turn form
plexuses. It is only necessary to refer here to the classical observations of
Kolliker (1846), Eemak (1850), Billroth (1856), Strieker (1865), Golubew (1869),
Arnold (1871), Eouget (1873), Bobritzky (1885), Clark (1909), and others.
Clark, m a piece of careful work on the tadpole, has now proved that we can thus
actually watch the outgrowth and transformation of the primary plexus in an
area so large that we may note that what are at one time parts of the mosi;
peripheral members of the capillary plexus are actually later used to become the
arterial pathways for capillaries which have extended far more peripheralward.

Fig. 397.—Graphic reconstructions of the blood-vessels present in three stages of early rabbit embryos,
showing the formation of the aorta. {After Turstig, Schriften herausgegeben von der Naturforschen-
Gesellschaft an der Univeraitat Dorpat, I, 1884.) A, B, and C, embryos possessing 3, 4, and 7 somites
respectively.

I may also point out that this method of blood-vessel formation and growth has

also been demonstrated in all cases where it has been carefully studied in the

adult,—e. g., in the vascularization of granulation tissue, new growths, etc.

The cause of the early appearance of vessels in a multiple capillary form is

consequently to be found in the view that this represents the fundamental method

of vascular growth, and that larger vessels only come into existence secondarily

when the number of capillaries induces an increased supply of blood. Such an

event leads to the enlargement of certain fortuitously situated capillaries into

arteries and veins. The larger vessels are to be considered in the light of servants

of the capillaries, for which they are but the delivering and draining pipes.

Consequently the cause for the rich vascularity of a tissue cannot be sought in its

possession of larger vessels, but rather in the influences which have brought about

a more abundant growth of capillaries in it.
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It may be noted now that, in addition to the method of capillary sprouts and

plexuses, the blood-vessels in some special regions may be looked upon as arismg

in an essentially difierent way. I refer to the invasion of large venous trunks by

certain tissues in such a way that the trunk becomes broken up into a great

number of smaller vessels which now nourish the tissue in question. The funda-

mental point here is that we have capillaries interposed in a strong venous stream

instead of between arteries and veins. The best examples of this are furnished

by the invasion of the vitelline veins by the liver tissue, which thus breaks these

vessels up rtito portal and hepatic systems, and the invasion of the posterior cardinal

veins by the mesonephric tubules, creating a transient renal-portal system (F. T.

Lewis, 1904). The vessels formed in this way are markedly irregular and often

Branch encircling the optic vesicle

1st aortic arch in the plexus stage

V. vitellina dextra .

- Heart

Fig. 398.—Injection of a duck embryo possessing 13 somites, made while the heart waa still beating.

Viewed ventrally.

much larger than normal capillaries. So striking in fact is the picture produced

by vessels which have arisen in this way and so many are the points of difference

with the usual capillary plexuses that Manot (1900) has designated them sinusoids.

It will be necessary now to refer briefly to the capillary plexuses occurring

in the development of the embryo and the relation of these to the tissues. It may
be stated first of all that no one has been able to verify the exact conception of

Aeby, according to which a homogeneous mesh of vessels pervades all the tissues

of the body. This is, indeed, almost as far from the truth as is the existence

merely of isolated arterial and venous' channels. All recent work has shown that

definite vascular and non-vascular areas exist in the embryo, and that the capil-

laries grow from a vascular area into an adjoining non-vaseular one. Thus, in

the beginning the entire embryonic body, is non-vaseular, and after the formation

of the aortae we can recognize vascular centres or areas from which the capillaries

continue to spread into areas which are as yet non-vascular. But the capillaries

do not spread evenly in their growth from centre to periphery, thus invading
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quite uniformly aji ever-widening zone, but, on the contrajy, are apparently

governed, even from the beginning, by the nature of the tissues, some attractmg

them early and others relatively late. Thus, the central nervous system is early

supplied by a close capillary net; other areas in the embryonic tissue are apparently

inimical to capillary growth, and these constitute distinctly limited non-vascular

rones. Of these axe to be mentioned those early condensations of the mesenchyme

which represent pre-muscle and pre-cartilage masses. We are not improbably deal-

ing here with the question of a chemical stimulant or " tropism " for endothelial

proliferation, and may consider some tissues as possessing marked angiotactic

properties in contract with a corresponding lack of them in others. It will be

recalled that some tissues—e. g., the articular cartilages and cornea—remain non-

vascular in the adult.

All the branches of an artery do not necessarily arise from the same primi-

tive capillary plexus which gave birth to the main stem. Assuredly many branches

have emerged with the parent trunk in this way, but, on the other hand, repeated

instances can be given of the origin of branches from an embryonic artery^ after

it has become an independent tube. I should assume then that the delay in the

elaboration of stronger arterial coats enables the embryonic artery of more

naked endothelium to respond to a stimulus and send out branches. The mflst

fundamental exainple of this is furnished by the main branches of the aorta, for,

although the aorta itself arises from a narrow strand of capillaries (Tiirstig), it

becomes a large unbranched tube functioning for the vitelline and chorionic capil-

laries long before it again sprouts out branches. It is true, however, that when

these branches arise, they themselves are first in the form of capillaries and often

constitute a plexus

—

e. g., that nourishing the limb buds. All this, then, is

paramount to stating that the vascular system does not grow merely at its end

bed,

—

i. e., the capillary area—and for a time during the development of the

vascular system this fact must be conceded."

We find, then, in the development of the embryo, that the Aeby idea of a

uniform all-pervading capillary plexus anlage for the vascular system is far

too crude and inexact for the facts, but that the vessels even from the beginning

take definite positions and relations to the tissues, and that consequently the

main vascular stems which come out of them cannot, as a matter of fact, course in

every possible direction.

However, there was still a precious kernel of truth in the old idea. The
vessels arise from plexuses which, if not all-pervasive, still have frequent connec-

tions with other plexuses. More important still, a functional role is played by
tlie plexuses and the vessels supplying and draining them, and we cannot doubt

but that hydro-dynamical grounds often determine which parts of an original

" The ability of an embryonic artery to sprout out capillaries is, however,

eventually lost, and in late fetal life, as in the adult, capillary sprooits occur almost

exclusively at the peripheral or true capillary bed. In general, then, it may be held

that the origin of a vessel from any of the largest arteries assigns it to a quite

early embryonic appearance. This may be the underlying cause for the fact that

vasa vasormn seldom arise from the vessel which they supply, for by the time an
arterial wall becomes elaborated enough to need a proper nourishment of its own,

the main vessel may have lost the power to send out direct sprouts.

It must be remembered that even the smaller arterioles and pre-capillary

vessels of the adult are highly differentiated structures in which muscle and elastic

elements occur so that their inability to directly sprout capillary branches is in no
contrast with the possession of this power by even the largest of the embryonic

arteries, for the latter structures have a greatly simplified histological structure,

differing less from the capillaries themselves.
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plexus shall be converted into larger trunks. This gives the possibility of variation
not only m the exact position of a single trunk but also in the territory supplied
by it, for by means of its capillary union with the area of its fellow trunk it may
successfully displace the latter.

Eepeatedly in the history of the vascular system we find areas which are
primitively supplied by many smaller vascular trunks secondarily supplied by a
single large one, and this seems certainly due to the fact that the constant presence
of a functioning capillary bed enables the successful artery to annex neighboring
fields. Whereas in the intestine we have originally a row of vessels which go to
the gut wall and yoLk-sae, these later give way to three large permanent trunks
(aa. coeliaca et mesenteric^), and whereas in the arm bud a row of delicate arterioles
nourish the limb, soon fewer, and eventually a single artery possesses this field.

This story is repeated over and over again in the vascular system from centre to
periphery. It occurs first in the history of some of the main stems, as I have
just indicated, but it occurs repeatedly afterwards as the more peripheral vascular
tree is gradually developed.''

All these facts now enable us to understand better many peculiarities of the
adult vascular system. Above all, can we appreciate better now a reason in the
frequent occurrence of vascular variations, for we see clearly the possibility for
channels other than the normal ones to obtain possession of a field. Again, there
sometimes occur in embryonic vessels, and more rarely in adult ones, eases of
" inselbildungen " where a chief stem is for a short distance reduplicated. See,
for instance, the inselbildungen at the origin of the aortic arch' in Fig. 421, or
the condition of the a. hyaloidea in Fig. 430. These phenomena are difficult to

explain on the basis of our old notions of the outgrowth of naked vascular
stems, but appear now as cases in which an arterial stream has for a time
retained two paths instead of a single one through its preceding capillary net.*

We cannot, however, carry this analogy further and proclaim that all instances

of anastomosis and of plexiform vessels in the adult are survivals of embryonic
conditions, for many of the latter are clearly secondary formations."

'Witness, for example, the history of some of the arm vessels. Goppert

(1909) has shown that many branches which are at one time present on the dorsal

side of the chief arterial stem are later replaced by a single artery arising in their

middle, the a. interossea dorsalis. (Compare his Figs. 7 and 8, Taf. viii, with

Figs. 9 and 10, Taf. ix.)

' This is doubtless due to the tendency of the aortic arches, in common with

other vascular trunks, to be formed at first from true capillary vessels which are

fundamentally multiple rather than single. Thus I have seen repeated instances

in injections of the chick and pig where not one but two or three capillary sprouts

are sent out by the dorsal aorta into one of the visceral arches, though only one

of these vessels persists to constitute an aortic arch.

° Backman (1909) has recently discussed the view here advanced.
" It could be thought, for instance, in eases where an artery was resolved into

a rete mirabile that we had a survival of the primary embryonic net here. That

we may err, however, in such an interpretation is clear from the research of

Tandler (1906), who showed that the retia mirabilia occurring at the base of the

skull in many artiodactyls does not really represent an incomplete resolution of

the primitive plexus of the a. earotis interna, but comes from a later series of

capillary sprouts which arise directly from the naked carotid stem and plexify.

It is, then, likely that many of the " wundernetze " which constitute the arterial

channels in some mammals

—

e. g., edentates and prosimians, are specialized sec-

ondary formations. The extensive subcutaneous venous plexuses of the limbs

and body wall of man are also clearly secondary formations. (See beyond.)
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But it is to the general conception of the developing vascular system as a

connected and functioning whole, which recent studies and espeeiaUy injections

have given us, that a better notion of the formation of variations _wiU_ accrue.

The fact that the arterial current has formed its path from the capillaries, and

with the shiftings of growth may form new ones through this mesh, is of the

greatest significance. Thus, a chief vessel may channel a new way through the

capillary paths connecting two of its branches, the old stem atrophying, and so

come to acquire new relations, for instance, to neighboring nerves, as Goppert

has recently proved. (See Goppert, 1909, pp. 376-379.)

Vascular variations, however, do not occur in an infinite number of ways,

because the developing arteries and in fact even the capillary plexuses have definite

relations to the tissues. But even with these relations, the tendency to a lingering

plexiform type in the main stem and the constant occurrence of the capillary

mesh, any part of which may, as it were, be called into service,—all this gives suffi-

cient choice in the selection of a permanent channel to cause the usual variations

which are so frequent in the adult.

Exactly what hydrodynamical factors are concerned in the development of

arteries and veins from the primary indififerent net which we have seen to exist,

are not yet well known."
Knower's experiments certainly demonstrate that normal vascular development

is dependent on the heart beat.

With our present ideas on the mechanical advantages enjoyed by a well-

established channel, it might appear all the more remarkable that prominent

embryonic vessels are not oftener retained, for example the median artery as the

chief stem in the lower arm. But it is probable that continued studies on the

manner of vascular development will only strengthen the conviction that the

eventual dominance of secondary channels is due to the utilization of an actually

better path by the blood when we consider the entire territory to be supplied.

The path which the blood takes is dependent from the beginning on the demands

of the tissues. Strong growth, which, so to say, sucks the blood in another direction,

must play a prominent role in development, and so it may come about that a

straight path is actually exchanged for a circuitous one. But this indeed is the

whole course of vascular growth, for longer and longer paths are chosen by the

developing arterial tree, and we are forced back to the conclusion that the growth

and demands of the peripheral or capillary portion of the system exercise a

determining influence on the architecture of its main stems, both in embryo, fetus,

and adult.

Comparative.—In accordance with a similarity in the general anatomy of

vertebrate embryos, we find also a remarkable agreement in the plan of their chief

vessels. They furnish us with the opportunity of comparing accurately the vessels

" The minor differences in the angles at which vessels arise may greatly

favor or hinder their acquisition of a large part of the current in a contest of
trunks supplying the same field. (Hess, 1903.) "We also know, of course, that

two distinct tjrpes of vessels are differentiated according as they stand in relation

with the supplying or draining system, for in the former case we have always
small independent thick-walled vessels and in the latter a greater number of large,

anastomosing, and thin-walled ones. The measurements made by Mali and his

pupils indicate that arterial blood is delivered to the capillaries in the various

organs through a much smaller-calibred system than the veins must possess to drain

it. Nevertheless an actual role of the circulation in adapting the architecture

of the vessels needs to be investigated. (Since this was written Oppel, 1910, has
published his extensive discussion of this phase of the subject, and the reader is

referred to it.)
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of various vertebrates. This has been possible chiefly through the mass of splendid
comparative researches which we owe to Hoehstetter. The reader should consult,
for this stand-point, Hochstetter's various researches and his more general presen-
tations. He will see there that we now possess for many vessels a fundamental
vertebrate plan. The first and most brilliant example of such homologies was
furnished us by the work done on the homologies of the aortic arches and the vessels
derived from them. Eathke's (1843) work on the arches in the mammalia is a classic.

Late Changes.—Finally, we may remark that the history of the development
of the vascular system hardly ends with the establishment of the chief trunks, since
the position of many embryonic vessels is far removed from their adult one. A
remarkable shifting or wandering process must consequently take place. The
studies of W. His gave us a classical example of this in the caudal displacement of
the heart and of the great vessels in connection with it, and Mall first called our
attention to the cervical position of the intestinal vessels which later shift into
the abdomen. These great changes are usually accomplished by the time the
human embryo is twenty millimetres in length and finally other, less momentous
displacements occur."

2. Development or the Human Vasculae System.^*

A. The origin of the vascular system.

B. Description of the vascular system present in early human
embryos.

C. The development of the arteries.

D. The development of the veins.

A. Origin of the Vascular System.

The question of the source of the cells which form the vascular system still

remains, as it has for a long time, one of the most disputed problems of mammalian
and indeed of general vertebrate embryology. The question has met no undisputed

solution for the case of any vertebrate, and here, in contrast to the dearth of human
material, we can possess a wealth of all the necessary stages. When such funda-

mental questions as the genetic relation between extra-embryonic and embryonic

vessels, and indeed even the method of origin of the former—the well-known

vitelline vascular anlagen—are still unsettled, and when we consider the paucity

of these earlier stages which should be necessary for the determination of this

question in man, a speedy solution of the problem in human ontogeny is expected

by no one.

'" Such, for instance, as that of the upper thoracic aorta on the columna verte-

bralis. Whereas in embryos of 20 mm. the upper aa. intercostales find their inter-

stitia intercostalia at the same level, in the adult, as is well known, they must course

upwards to reach their interspaces.

" When completing the present account of the development of the human
vascular system, I had access to six young embryos in the possession of Professors

KoUman, Eternod, R. Meyer, Strahl and Felix. These were studied in the

laboratory of Professor Wiedersheim in Freiburg i. B. To all of these gentlemen

I wish to express my sincere thanks. Four very valuable embryos in the collection

of Graf Spee were studied in his institute in Kiel, for which great privilege I

am deeply indebted.
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If, then, we posses no safe generalizations with which to interpret the few

observations possible on human embryos, we are also still further retarded by

certain peculiarities of the early history of the primate embryo which affect pro-

foundly the vasculai- system. The presence of an early vascularized belly stalk

and chorion distorts the entire sequence of the usual development of the vessels

and furnishes us at once in embryos astonishingly young with highly specialized

and characteristic phenomena. These latter facts are now beyond doubt and I

shall present them briefly below. Here only it need be remarked that the eaxly

history of the human vascular system has not enabled us as yet to make any

statement as to the exact cellular origin of the endothelium in man. The only

facts in the human embryo's history which may be brought into relation with this

important question seem to point clearly to a mesodermal source for the primary

blood-vessels. These are

:

1. The abundant vascularization of the early chorion, where apparently any

role of the entoderm can be excluded."

2. The early vitelline vascular anlagen which cause a characteristic "hum-

mocking" of the yolk-sac wall lie in the mesodermal coat of the latter and are

sharply separated from the entoderm.

3. The earliest vascular cells within the body of the embryo (in the Graf

Spec embryo "Glaevecke") are certainly in more intimate relation with the

mesodermal than with the entodermal cell layer.

B. Description of the Vascular System Present in Early Human Embryos.

EMBEYOS WHICH AS YET POSSESS NO MESODEEMIC SOMITES.

It is certain that long before any vessels are present in the

body of the human embryo, and at a time so early as considerably

to precede the formation of any somites, typical " vascular

anlagen" are found scattered over the ventral pole of the yolk-sac.

In those mammals which, like the rabbit, possess a vitelline vascular area of

the limited circular form, bounded by a marginal sinus, which characterizes the

lower vertebrates, it is probable that the vascular anlagen first form in a ring-like

row around the borders of the future area vasculosa, as Van der Stricht has

described for the rabbit. But in the primates (and presumably in all other mam-
mals in which the yolk suffers a complete overgrowth by the area vasculosa,—e.^.,

carnivores and artiodactyls) the vascular anlagen are most irregularly scattered,

covering at an early date the whole ventral surface and soon all the yolk-sac.

These vascular anlagen or blood islands, as in other verte-

brates, appear as nodular swellings of the wall of the yolk-sac,

and consist microscopically of circumscribed cell clumps lying

between the mesoderm and entoderm. The cells of these clumps
very early show a differentiation into centrally lying blood-cells

and a row of peripheral bounding cells,—the endothelium. The
best-developed, and hence earliest, of these anlagen are situated

more ventrally, the younger nearer the body of the embryo, in very

"It may perhaps be mentioned that those who, like Hubrecht (1908), consider

that a considerable part of the early mesoblast has really come from the entoderm
will dispute the above statement.
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early stages they can he shown to he concerned in the formation
of the vessels in the helly stalk (aa. umbilicales), and these vessels
belonging to the placental circulation, are so exaggerated in de-
velopment as to precede the appearance of vessels in the embryonic
body proper. Furthermore, as Eternod discovered, when, later,

the vascular trunks of the embryo proper make their appearance
(the aortiB and vv. umbilicales), they are already connected with
the chorionic capillaries through the precocious aa. umbilicales

E. V.

Fig. 401.—Section of a vascular anlage in the wall of the yolk-aac in the human embryo 2 mm. long
shown m Fig. 408. E., entoderm; V., vascular cells; M., usual mesoderm cells.

M. V.

^*^^#0

EC.E.

Fig. 402.—Section of a more advanced vascular anlage fro^ the yolk-sac of the same embryo as
shown in Fig. 401. EC, endothelial cell.

Fig. 403.—Section of a well-developed vessel from the same yolk-sac.

and w. chorioplacentares, and so it comes about in the human
embryo that an umbilical circulation exists ia embryos so young
that the mesoderm is as yet unsegmented into somites.

The Sp^ryos which I have been able to examine with respect to their early

vessels constmble; t^ether with that so fully described by Etemod, the following

series, given 'm order of their probable age.

Designation
of embryo.

Length of
embryonic

shield.
Collection. Literature.

Von H(er£f)

.

Frassi, NT. 1

Glaeveoke. .

.

Etemod ....

.37 mm.
1 . 17 mm.
1.54 mm.
1.3 mm.

Graf Spee
Prof. Keibel
Graf Spee

Prof. Etemod

Graf Spee, Arch. f. Anat. u. Phy., 1896.
Frassi, Arch. f. mik. Anat., Bd. 70 u. 71.

Graf Spee, Arch. Anat. u. Phy., 1889, 1896.
Eternod, Anat. Anz., Bd. xv, No. 11, 12, 1898.

For further descriptions of the embryos themselves the reader is referred

to Chapter IV of the present work, where this has been done by Prof. Keibel.

Here we need be concerned only with remarks on what blood-vessels are present.
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The embryo von Herff, the youngest, and probably only consisting of the

region of the primitive streak, possesses abundant vascular anlagen scattered over

the entire ventral and part of the lateral surfaces of the yolk-sac, reaching often to

. the angle of junction of the yolk-sac with the embryonic shield. Whereas in general

those of the anlagen whose development seems most advanced are more ventrally

situated, there exist also many not widely separated from the embryonic body, in

which an evident differentiation into endothelium and blood-cells has come about.

In the belly stalk and chorion of this embryo there are, as Graf Spee has described,

highly characteristic strands of spindle cells, which often consist of a double row

of nuclei and, again, may enclose a distinct lumen. These cells appear to keep

to themselves, and to constitute a single unified but widely branched tissue which

grows oftenest in strands frequently anastomosing among themselves. Thils

tendency to constitute a distinct tissue element different from the connective

tissue, together with the histological appearance of longer oval nuclei and more

deeply staining cytoplasm, suggests strongly that we may be dealing here with

endothelium, a conviction strengthened by the typical vascular appearance given in

those instances where the cells surround a distinct lumen."

The embryo Frassi, which now, besides the primitive streak region, shows a

considerable embryonic area in front of this (the two being separated by a typical

canalis neurenterious) also exhibits many evident blood-vessels. Not only have we
here again an abundance of weE-differentiated vascular anlagen on the ventral

walls of the yolk-sac, but in many of the sections through the belly stalk vessels

can be recognized (one of these being especially large), and this is also the case

in the chorion.

The embryo Glaeveeke of Graf Spee {NT. 2) contains, besides many yolk vascur-

lar anlagen and chorionic vessels seen in the preceding stage, the first vascular cells

within the body of the embryo itself. In the region of the heart these constitute a

true typical endothelial anlage for that organ (Fig 404), but also further caudal-

ward there can be recognized many cell strands clearly isolated and different

in character from the endoderm and mesoderm between which they lie; they thus

occupy the tjrpical position for, and present the typical appearance of, early

vascular cells"' (Fig. 405). At first lying about half-way between the point of

insertion of the yolk-sac and the mid-line of the body, they gradually shift lateral-

ward, and before the neurenteric canal is reached occur quite exclusively only at the

" If such an interpretation be correct we must have a remarkable growth of
the endothelium in the chorionic membrane of young human embryos, for there

occurs here no coincident development of blood-cells, as is typically the case in the

vitelline anlagen. These cells of the chorion (Spee's so-called spindle-cells) are
present in relatively great numbers and, so far as I am aware, cannot be dis-

tinguished from similar cells in still younger embryos {e.g., that recently demon-
strated by Fetzer [1910] ), where we are quite unable to distinguish vascular
beginnings on the yolk-sac proper. The above suggestion, however, appears to
me forced on one who now takes up the study of a series of progressively slightly
older stages, such as we have in the embryos here dealt with, where difficulty would
be experienced in separating these cells from those which gradually are concerned
in the formation of undoubted vessels.

"Concerning the origin of these intra-embryonic vascular cells, it can only
be said that the histological appearances are inconclusive, an^ one may often see
what might be taken for a genetic connection of the cells with the intermediate
mass of the mesoderm as Mollier (1906) has reported in reptilian and avian
embryos. On the other hand, however, the series of sections does not permit one
to exclude the strong possibility that these cells constitute a connected unit which
could have invaded the embryonic body from the splanchnopleure of the yolk-sac.
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lateral margins of the embryonic area and very near the insertion of the yolk-sac.

In the area behind the neurenteric canal these cells apparently retreat to the upper
margin of the yolk-sac proper. This parallels the condition found in this area

in the younger embryo von Herff. rinally, as the allantois is given off, these

vascular anlagen can be traced into vessels which in the belly stalk lie at first on
either side of and soon below the aUantoie' diverticulum; they are consequently in

the position typical for the umbilical arteries and doubtless represent the anlagen

of these vessels in the belly stalk.

We turn now to the embryo described by Etemod (1898) and in which we
have the earliest circulatory conditions in the human embryo. However, a consider-

able gap exists between the stages which we have just been considering and that

depicted by Etemod, for in the latter case a system of vessels are now present

Medullar groove

^ Amnion

Anlage of the
cardiac endothelium

Anlage of the
cardiac endothelium

FiQ. 404.—Cross section of the human embryo Glaevecke (collection of Graf Spee), taken just in front

of the anterior intestinal portal, showing the vascular cells constituting the anlage of the endothelium of

the heart. X 113.

coursing through the body of the embryo,—the aortas and umbilical veins. Exactly

how these first vessels are formed in man is as yet unknown. The umbilical veins,

the heart, the aortae and umbilical arteries, and, finally, the chorionic capillaries,

form the simple vascular cycle here present (Fig. 406)."

The Etemod embryo measures approximately 1.3 millimetres in length and

has also as yet no indication of mesodermic somites. It shows an anteriorly placed

heart, the short aortic end of which, doubtless representing the future bulbus

"As yet, though there are many vessels on the yolk-sac, particularly on its

ventral surface, no evidence for a vitelline circulation exists, for no connections

between these capillaries and the aortas can be traced. This, the most revolutionary

result of Etemod's study, appears to place man imique among mammals in the on-

togenetic precedence of the umbilical over the vitelline circulation, for in the

mammalia generally, as is well known, the yolk-sac circulation is always primary.
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aorte and aorta ventralis, gives off the aortic arch " which sweeps up on each side

to the primitive aorta. The aortse course dorsal to the head-gut and on either side

of the notoehordal plate, and at last turning down sharply into the belly

Vessel-forming cells Vessel-forming cells

Vessel-forming'cella

Aniage of yolk-sac vessels

Aniage of yolk-sao vessels

Aniage of the aa. umbilicales
Aniage of the aa. umbilicales

FiQ. 405.- -A series of sections through the human embryo Glaevecke, showing the earliest intra-embryonal
vascular cells and the aniage of the aa. umbilicales in the belly stalk.

stalk, run out onto the chorion without having given any branches into the

tissues of the embryo. The umbilical veins (w. umbilicales primitivEe), which col-

lect the blood from the extensive chorionic vessels (vv. chorio-placentares) , unite

^ It is certain that we are not dealing here with three aortic arches and that

the picture given by Eternod is somewhat schematized, the small irregular vessels

here likely being persisting strands of a capillary plexus. (See Tig. 398 of a duck.)
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in the belly stalk into a single trunk (v. umbilicalis impar), but again part as the

embryo proper is reached, and course in the body wall on either side near the

attachment of the amnion. Just as they begin their embryonic course, each

umbilical vein receives a large tributary from the capillary plexus of the yolk-sac,

Sacculus
vitellinus

Insula WolflB

Ansa vitellina

Opening

Vena umbilicalis impar

FiQ 406 Lateral view of the vascular system in a human embryo 1.3 mm. long, without somites. (After

Eternod, from Kollmann, Handatlas der Entw. d. Mensohen. 1897 ' ig. 612.)

and these two tributaries anastomose with one another on the wall of the yolk-sac

so that a venous ring is produced enclosing the allantois (ansa vitellina). The

significance of this is unknown. This connection of the vitelline vessels with the

umbilical vein gives the possibility of an early drainage of the yolk-sac in that

Vol. II.—38
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direction were any aortic afferents traceable to the vitelline plexus. But at a

time when such afferents clearly supply the vitelline plexus, the true vitelline veins

are formed, so that at the time when we are first able to affirm the possibility of a

complete vitelline circulation it is supplied and drained, as in all mammals, by its

own system of vessels."

EMBEYOS POSSESSING PBOM SIX TO EIGHT SOMITES.

Unfortunately, we possess as yet no human embryos belonging

to the interesting period in which the first five somites are formed,

but for stages only shortly after this several excellently preserved
and trustworthy specimens are now known. I base what can be
said about the vascular system at this stage chiefly on the study
of the following four embryos :

^^

Designation of
embryo.

Number of
somites. Collection. Literature.

Pfannenstiel-
KroemerNT.3

Graf Spee
embryo . . .

Mall No. 391

Eternod's
embryo . . .

5-6 somites

6-7 somites
i

7-8 somites

8 somites (the
8th not com-

pletely sepa-
rated)

Graf Spee

Prof. Mall

Keibel-Elze, 1908.
Felix, 1910.

Graf Spee, 1887.
Kolhnann, 1889, 1907 (Figs.

and 188).
Dandy, 1910.

187

Prof. A. C. F. Etemod i^t^mod, 1896 1899, 1904, 1909
IKolImann, 1907 (Figs. 183 and 184)

The most striking change which has occurred in the vascular
system of these embryos is found in their possession of the first

branches of the aorta. The majority of these aortic branches go
to the yolk-sac (aa. vitellinse primitivae), and, though at present
appearing as almost frank lateral branches (Figs. 407 and 444),
in later stages are shifted so as to come off more ventrally.

The primitive vitelline arteries form an irregular series of
connections between the aort« and the vitelline capillary plexus
which has arisen out of the early yolk anlagen. They are not, as

'"Etemod has pointed out that in the Selenka specimen of Hylobates the
vitelline plexus is also shown in connection with the chorionic vessels by means
of two srtems which surround the allantoic tube in reaching the beUy stali, and in
the latter they fuse to a single large vessel (v. umbUicus impar) which can be
traced mto the chorionic vascular tree. The ansa vitellina may consequently be a
characteristic primate structure, but it is impossible in the light of present knowledge
to assign to it any significance. It is quite possible that these vessels merely
represent a persisting connection of the vitelline and chorionic vessels indicating
a primitive common anlage.

'"The manuscripts of Dandy and of Felix were generously placed at my
disposal by their authors and were of much service during the study of the embryos
concerned.
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a rule, at first segmentally arranged. Cephalad they may extend
as far as the first intersegmental cleft, as Dandy (1910) first

showed. In the Pfannensteil-Kroemer embryo the first of these

appear opposite the third somite on the left, and in the Eternod
embryo between the third and fourth somite on the right. Occur-

ring generally so frequently as to be opposite each somite there-

after (though they occupy no constant position with regard to the

somite mass), when the unsegmented mesoderm is reached they
are found in far greater numbers, and eventually resolve the

termination of the aorta itself into a plexus of capillary-like ves-

sels not unlike that to be seen in injections of chick embryos. ^^ With

V. umbilicalis

k**--^-.

Medullary thickening

Aorta

V. vitellina

Fig. 407.—Cross section of a human embryo with six somites (NT. 3), in the region caudal to the last

somite, showing the delicate aortse and their vitelline branches.

this plexus, as Felix (1910) has shown, and as I can confirm, the

umbilical artery is in connection and so by these multiple roots

takes its origin from the aorta. It is by means also of the farther

caudal growth of this plexus that the aorta is continued caudally

and the a. umbilicalis wanders caudalward through a considerable

distance. These facts establish clearly that the umbilical artery is

"^ Felix (1910) is unable to follow the aorta throughout its entire extent in the

first of the above embryos (NT. 3), indicating his belief that it is not present in

some places (see his account, p. 603). I am not able to agree with his account,

nor with his statement concerning the intestinal vessels (p. 606)—" cranialwarts

offinen sich seine Gefasse teilweise frei in die primiire Leibeshohle " !
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merely a modified vitelline vessel; for a considerable time its

roots of origin from the aorta are indistiguishable from the row

of primary vitelline arteries.

Headward the vitelline plexus is connected on each side with

the heart by two primitive vitelline veins, which receive the um-

bilical veins which have coursed in the somatopleure and then turn

in sharply from their lateral position to gain the heart; in doing

Fig. 408.—Dorsa view of model of human embryo possessing 7-8 somites, being the same embryo
shown In Fig. 23 B (ante, p. 32). Portion of ectoderm of right neural plate is removed, showing thickness'
of wall and its relation to deeper structures. The three primary cerebral vesicles are indicated. (After
Dandy.) All., allantois; Ch., chorda; Coe., ccelom; Fg., fore-gut; Hg., hind-gut; Ht., heart; JWes., meso-
derm; P.C., pericardial coelom; U., umbilical arterial sinus; V., umbilical vein. (Mall, No. .39^.^

this they traverse the bar of mesoderm which intervenes between
the pericardial cavity and the yolk-sac wall and which is destined
to constitute the septum transversum of His. Their course here
hence resembles entirely that taken by the terminal portions of
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the primitive vitelline veins in other very early mammalian em-
bryos {e.g., the rabbit), and I present here in lien of a more detailed

description a series of accurate tracings of their course (Fig. 409).

Besides the vitelline circulation, which is thus well established

commums

Heart

Heart

(venous arch)

Junction
of the

V. umbilicalia
with the

V. vitellina

V. umbilicalia—*^^^

V. vitellinaLLftA-

Sinus venosus

V. umbilicalis

V. vitellina

Fig. 409.- -A series of sections through the human embryo with 7-8 somites (shown in Fig. 408), showing

the relation of the chief venous stems to the heart.

in these embryos, other vascular channels are beginning to be

formed; these constitute the first endothelial sprouts to be sent

out into the tissues of the embryo proper ; arising dorsally from

the aorta, they lay the anlage for the a. carotis interna in the region
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of the fore- and mid-brain, whereas farther caudally they form a

series of presegmental and segmental dorsal offshoots of the aorta.

In all cases these tiny vessels are directed to the sides of the

neural tube, which consequently, neglecting the primitive gut and
yolk-sac, must be considered the first embryonic tissue to receive

vessels; this occurs, in fact, before the nervous system is in the

form of a tube, for it is, in the first of these embryos, a widely
open furrow. Each vessel, having reached the side of the medul-

'^

Aorta dorsalia

A part of the

plexus vitellinus

a. umbilicalis

Fig. 410.—Reconstruction of the arterial system of a human embryo with 6 somites (NT. 3), seen from the
left. (Modified after W. Felix, 1910.)

lary furrow, divides T-like and can be traced a short distance
caudally and cephalically. It is by the anastomosis of these
branches that in older embryos (those of 15 somites) a longi-

tudinal vessel is established at the sides of the hind-brain and the
neural tube caudal to it {v. capitis medialis). The dorsal seg-
mental arteries have long been known, for they occupy accurately
the interspaces between the somite masses ; some four of them are
already present in the Eternod embryo with 8 somites, and, since
these are progressively smaller in size cephalo-caucJally, their
outgrowth from the aorta quite certainly proceeds in this sequence.
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EMBBYOS POSSESSING PEOM THIRTEEN TO FIFTEEN SOMITES.

Designation of embryo.

BuUe, NT. 5

Pfannenstiel III, NT. 6 .

Graf Spee No. 52

Number of somites.

13-14 somites

14 somites

15 somites

Collection.

Prof. Kollmann

Graf Spee

Literature.

Kollmann, 1889, 1907.

Keibel and Elze, 1908
Low, Jour. Anat. and

Phys., 1908.

Felix, 1910.

In Iniman embryos wtich possess some fifteen somites we not

only have an increased number of dorsal segmental arteries (eleven

Caudalmost part
of otic thickening

V. card. ant.

V. card. ant.

V. card, ant..

V. vitello-
xunbilicalis

' communis
d. V. card, ant,

Fig. 411.—A series of cross sections througli a human embryo witti 15 somites (collection of Graf

Spee, No. 52), showing the course and relations of the primitive head vein (v. capitis mediaUs et v. oardi-

nalis'anterior) and the relation of the chief venous stems to the heart.

in tlie embryo with, fifteen somites) and of tbe primitive vitelline

arteries, but also another set of aortic branches which I shall

designate as the primitive lateral branches of the aorta?^ These

^Grafe (1905) was, I believe, the first to see these vessels, describing them

in the posterior portion of a chick embryo of about sixty hours; but their cephalic

extension was shown by Williams (1910), who described them in the first two

intersegmental clefts.
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vessels take origin from the lateral aortic wall, often from its

ventro-lateral angle, and course obliquely upward and outward
in the space between the somite and the intermediate mesodermic
mass; here I have seen them anastomose with the cardinal vein;

they are also often connected with the dorsal segmental arteries

by direct cross anastomoses in the loose mesoderm of the inter-

somitic clefts.

a. umbilicalis

Aorta dorsalis

Fia. 412.-Eeconstructioii of the arterial system of a human embryo with U somites (NT. 6), seen from
the left. (Shghtly modified, after W. Felix, 1910.)

The primitive vitelline arteries in the area opposite the first five
somites have atrophied, but the series of these vessels begins from
here caudally to form a continuous row unrelated apparently to
metamerism and finally, in the unsegmented area, giving way, as in
the younger embryos, to a plexus from which the umbilical artery
takes origin.

The first venous channels of the embryo proper—the w.
cardinales anteriores—are foimd at this stage, and in the Graf
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von Spee embryo with 15 somites can be traced clearly from the
region of the optic vesicles, cephalically, to their opening into the
common vitelline and umbilical vein, caudally. These veins, as
Grosser (1907) has shown to be probable for all vertebrates, in man
also possess two different and distinct topographical relations,

for in their cephalic course they lie close to the sides of the neural
tube, constituting the v. capitis medialis, whereas more caudally

—

i.e., in the region beginning with the first mesodermic somite—
they take up a lateral position between the somite and the coelomie

mesoderm where they may be designated the true vv. cardinales

Right horn of the
sinus venosus

Ventral wall of the
yolk-sac'

—^ Pericardial cavity

Cut edge of the
septum transversum

FiQ. 413.—Sinua venosus and septum transversum in a human embryo with 14 aomitea (NT. 6),
viewed from above. The right half of the septum has been removed to show the sinus venosus contained
therein. (Drawn from the model by Dr. Ales. Low.)

anteriores. Opposite the third somite the vessel finally joias the

common vitello-umbilical vein by coursing dorsal to the coelomie

cavity in this region (Fig. 411). The v. capitis medialis receives

several (four) direct dorsal offshoots from the aorta, so that it

really appears as a longitudinal neural anastomosis of these pre-

segmental dorsal arteries ; it turns out rather sharply somewhat in

front of the first somite to constitute the true anterior cardinal,

which is again formed apparently by a laterally-situated longi-

tudinal anastomosis of loops formed by the dorsal segmental ves-

sels; to it also the primitive lateral branches of the aorta are

joined.^^

" This history of the formation of the anterior cardinal vein in man is thus

identical with that which has been previously found in the chick (Evans, 1909),

in which latter embryo Williams has recently described the same phenomena in a

careful account of the region about the second somite. It is consequently probably

significant that the picture furnished by the endothelial cells constituting the first

dorsal segmental vessel in the Etemod embryo shows a marked lateral wandering

of the endothelium (Fig. 439). This probably should be accounted the first

stage in the formation of the anterior cardinal in man.
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The vitelline veins still behave in all essentials as in the

younger stages ; they receive the nmbilical veins when quite lateral

in position, and the common veins receive the anterior cardinals,

turning in sharply to constitute the sinus reuniens (Fig. 411).

EMBBYO OF TWENTY-THREE SOMITES.

In stages which are intermediate between those which have
just been described and embryos possessing limb buds, the pos-

terior cardinal veins develop. This has already occurred in the

embryo with twenty-three somites (Eobert Meyer, 300, N.T. 7),

AnastomosiB
-extending along
the neural tube

Region of the om-
phalomesenteric
artery

FiQ. 414.—Eeoonatruotion of the arterial system of a human embryo with 23 somites (NT. 7). (After
W. Felix, 1910.)

which has no indication as yet of limbs. It is probable that
lateral loops of the dorsal segmental arteries are instrumental in
the formaton of these veins, as is the case with the anterior car-
dinals.2* At this stage the dorsal segmental vessels form in the

^ This method of formation of the posterior cardinal veins appears funda-
mental. Eaffaele(1892) and HofEman (1893) described it for selachian embryos
and Grafe (1905) and the writer have indicated it in the case of the chick
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tissue of the intersomitic clefts large well-marked vascular arches
or loops, one limb of which is against the neural tube while the
other joins the cardinal vein (Fig. 436). At this stage also the
primitive lateral branches of the aorta form an extensive system,
and at many levels we are able to find all three systems of branches
occurring together and segmentally arranged.

The row of vitelline arteries is by no means exclusively seg-
mentally arranged; nevertheless there is a symmetrical disposi-
tion in that these vessels occur in pairs, so that in the region in

9th somite'

V. cardinalia post.

V. um-^
bilicalis

e^5?'*^-

Aorta

Fig. 415.—Cross section of the human embryo with 23 somites, shown in Fig, 414, taken through the
region of the 9th somite, showing paired aa. vitellinse.

which the two aortse primitivEe have fused to a single median aorta

we can observe that two vessels arise from the ventral surface

of the aorta and course each on its corresponding side of the gut,

which possesses as yet no mesentery (Fig. 415). When later an
intestinal mesentery is formed, these vessels course for a time

side by side, but eventually are completely fused to a medial

ventral trunk, or it is possible that one member of the pair gains

the ascendency and its fellow atrophies.
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In the posterior region of the body we find not only the

posterior cardinal vein, but a new one, lying ventral to the former
and near the ccelomic epithelium. This vein, the v. subcardinalis

(F. T. Lewis, 1902), has probably arisen by sprouts from the

posterior cardinal trunk, as Grraefe has shown for the chick; at

any rate the presence of a large number of anastomoses between
these two vessels speaks strongly for this view. In the region

of the mesonephros the subcardinal vein occupies a characteristic

position ventral to the Wolffian duct, but at levels above this region,

where we have as yet, according to the view of Felix, only the

pronephric anlage, the vein is also found, and in the same position,

i.e., ventral to the chief duct, as Fig. 416 will show. There also

12th Eomite

V. card. post.

Principal duct

Chamber

V. subcardinalia

Epithelium of the ccElom

Pronephros

Fia. 416.—Section showing the position of the v. cardinalis posterior and the v. subcardinalia in a humanembryo with 23 somites (NT. 7), taken in the region of the 12th somite.

occurs in embryos of this age another vein medial to the prone-
phros, and it has probably arisen as a longitudinal anastomosis
bmdmg together vascular offshoots from the posterior cardinal
vems and also the primitive lateral branches of the aorta.^^

EMBRYO OF 4.9 MM. LENGTH (35 SOMITES, N.T. 14).

By the time the embryo reaches a length of 5 millimetres sev-
eral important changes in the vascular system have occurred The
embryo described by Ihgalls (1907) and shown in Figs 417 418
will serve to illustrate this stage.

'

It will be noted that four complete aortic arches are present
and that another pair—the sixth or pulmonary arches—are being

, n'°?''-
^^•'^ '?,*'''^ ^™^'^° pictures which very much resemble that givenby Grafe in his table 11, Fig. 7, for a chick of 71 hours.
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formed by both ventral and dorsal endothelial sprouts. The third
pair, the carotid arches, are by far the largest of the series, while
the first are already very much reduced. The aortic root on each
side now appears to continue toward the head beyond the location

of the first arches. This, the internal carotid artery, is doubtless
the trunk representing the very early capillary sprouts which the
first arch sent toward the brain. It courses headward lateral to

the hypophysis and bending dorsally anastomoses with a long
branch—the a. vertebralis cerebralis—given off from the first of

the dorsal segmental arteries here present (in this case the hypo-
glossus artery). At the optic cup the internal carotid gives off the

a. ophthalmica as its first branch, and somewhat beyond this a

very large branch (a. cerebri ant. et med.) which courses forward
between eye and brain; other smaller branches are given off to

the mid-brain region, and the carotids then sweep backward to

join the cerebral vertebrals, which they furnish with their main
volume of blood, although later the stem of origin of the latter

vessel gives it most of its blood. The first cervical dorsal seg-

mental artery ^^ anastomoses with the hypoglossus, and conse-

quently the path is already furnished for this stem to take over

the cerebral vertebral when the hypoglossus yields the current and
atrophies. Excluding the hypoglossus vessel twenty-seven dorsal

segmental branches arise in pairs from the aorta and sacralis

media artery,

—

i.e., the full number of cervical, thoracic, and lum-

bar vessels and the first two sacral segmentals. The umbilical

arteries, though they later shift to the last lumbar level, arise here

opposite the third lumbar segmentals, the remaining lumbar arter-

ies at this stage consequently arising from the a. sacralis media.

The aa. umbilicaJes course medial to the "Wolffian ducts, but at the

prominent bend which they make in turning upward are in con-

nection with capillaries lying lateral to the Wolffian duct, which

ultimately gain a connection with the aortic wall and completely

displace the medial roots of origin of these arteries. The sub-

clavian artery arises from the seventh dorsal segmental pair.

Most interesting are the ventral branches of the aorta, for

these no longer form a uniform row of vessels, but reflect a begin-

ning differentiation of the gut. Consequently there are retained,

besides many smaller ones, three chief branches, to correspond to

the stomach-pancreas region, the vitelline-duct region, and the

colon respectively (a. coeliaca, a. omphaiomesent., et a. mesent.

inf.). The middle of these three stems, which is also by far the

largest, since it drains yolk-sac as well as gut, takes origin from

^'I refer to the segmental artery cranial to Hoelistetter's "first cervical

artery," naming that artery the first cervical which courses with the first cervical

nerve, as do Mall, Tandler, and Broman.
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B.Jf

Fig. 417.—Reconstruction of the arterial system in a human embryo 4.9 mm. long, lateral view.
'After Ingalls, Arch. f. mik. Anat., Bd. 70, p. 530, 1907.) A.c.,b,. coeliaca; A.c.a., a. cerebralis ant.; A.c.a.,

a. caudaUs sin.; Aff., optic vesicle; AL, allantoia; A.m.i., a. mes.inf.; A. o., a. ophthalmica; A. omphal.,
a. omphalomeseaterica (with three roots) ; A. p., a. pulmonalis; A.s., a. subclavia; A.u.s., a. umb. sin.;

A. v., a.vertebraUs; B.l,S,S,4t6, aortic arches; C.a.l, first cervical artery; Cd., caudal intestine; D.p., dor-

sal pancreas; Z>.i., ductus vitello-inteatinalis; G6., gall-bladder; //a., hypoglossus artery; /6., inselbildung;

La., lunganlage; Af., stomach; Oes., oesophagus; T. a., truncus arteriosus; C7K., lower jaw; V., question-

able union between the a. vertebralis and a. car. int. (N. T. 14.

)

the aorta by four distinct roots. It will be noticed that all these

branches are much above their location in the adult, as can be

seen by comparing them with the dorsal segmentals opposite, and
it is not indeed until the embryo attains a length of from 16 to 20

millimetres that their definitive position is reached.
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Fig. 418.—Reconstruction of the venous system of the embryo shown in Fig. 417. A., fibres of the ac-
cessorius; C.l, first cervical segment; D.C.8., ductus Cuvieri sin.; F., facialis; G., glossopharyngeus; L,l,
first lumbar segment; 0., ear vesicle; O.i, first occipital segment; *S. 7, first sacral segment; T., trigeminus;
T.l, first thoracic segment; V., union of the left umbilical vein with the liver circulation; V.c.a., v. card,
ant.; V.c. p., v. card, post.; T.i., v. ischiadica; V.u. s., v. umb. sin.; y. u. s.*, remains of the original circu-
lation to the sinus venosus; X., linguo-facial vein.

Irregularly arising, lateral branches of the aorta go to the
mesonephros.

In contrast to the earliest stages, the venous system of the

embryo proper is now well developed, and one sees the well-
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known fundamental pattern of tlie two cardinal veins on each, side

uniting to form the ductus Cuvieri which then joins the umbilical.

The anterior cardinal can be seen beginning in two strong effer-

ents in the head region, the first of which doubtless represents

the ophthalmic vein. Passing medial to the ganglion of the fifth

nerve, the main vein next receives a tributary from the hypophysis

region, and continues caudally on the lateral side of the acustico-

facial ganglion, the auditory vesicle, and the ganglion of the glos-

sopharyngeus, but medial to the vagus ganglion
;
just before reach-

ing the latter nerve, it receives a prominent tributary from the

dorsal region (v. cerebri post.. Mall), although smaller tributaries

have joined it all along its previous course. Before joining the

ductus Cuvieri, several venules run into it, which, from their

position and correspondence with the veins of other mammalian
embryos, can be recognized as the segmental veins belonging to

the first cervical and the several occipital segments. The ductus

Cuvieri receives on each side a slender venule, which drains the

capillary plexus in the first visceral arch. This vessel crosses from
the latter into the ventral body wall (here constituted by the

membrana reuniens over the front of the heart) and runs in this

to open into the ductus (v. linguo-facialis, F. T. Lewis, 1909).

The posterior cardinal vein begins at about the level of the

third lumbar segment, and courses in the tissue dorsolateral to the

Wolffian body. It receives the dorsal segmental veins, which do

not become appreciable structures until about the level of the

fifth thoracic segment. The seventh cervical segmental vein re-

ceives the vessel from the arm bud (the subclavian vein), although
this afterward shifts up to the anterior cardinal vein. The v. sub-

cardinalis can first be recognized at about the level of the seventh

thoracic somite, and empties into the posterior cardinals at the

level of the sixth cervical one. They drain the Wolffian body at

this stage, but later acquire greater significance inasmuch as they

are incorporated in the formation of the inferior vena cava. The
umbilical veins are already sending their main mass of blood into

the liver, but with their old connections with the sinus venosus
still evident. This uppermost and superficially lying part of the

umbilical vein receives tributaries from the arm buds, and this

source of blood delays their atrophy (Evans, 1909). The vessels

from the lateral body wall also drain into the v. umbilicalis along
all of its course until the liver is reached, so that the vein forms at

this time an important drainage channel for the entire lateral

body wall. The vitelline veins empty their blood directly into the
liver sinusoids, the blood from the left omphalomesenteric vein
being collected by a short trunk which enters the left horn of the
sinus venosus {v. hep. sinistra) ; but the right and larger one pos-
sesses a wide passage through this organ to the right horn of the
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sinus venosus. The two vitelline veins are anastomosed on the
ventral, then on the dorsal, and again on the ventral sides of the
duodenum, forming thus two venous rings around the gut (His).

EMBRYO OF 7 MM. LENGTH (40 SOMITES, N.T. 28).

The vascular system present in an embryo measuring 7 milli-

metres begins to be complex enough to demand detailed descrip-

tions for many areas, so that with a brief presentation of the chief

features here, we may leave this account of the early vascular
system as a whole and turn to the explicit history of the various
vessels. The main blood-vessels in an embryo of this length (7

mm.) are well known to us through the papers of Mall (1891),

A. bas. Obi.

AB.

.4. V. c.

6, AB.

AB.

Nff. AB.

A. car. ezt.

Fig. 419.—Profile reconstruction showing tlie arterial system of the head and neck in a human em-
bryo 7 mm. long. (N.T. 28.) (After Elze, Anat. Hefte, Bd. 35, Heft 106, Taf. 16, Fig. 3.) «, 3, 4, B, and 6
AB, aortic arches; A. has., a. basilaris; A.car.ext., a. carotis externa; A. p., a. pulmonalis; A.v.c, a.

Tertebralis cerebralis; Obi., ear vesicle.

Piper (1900), and Elze (1907) ; the latter's figures are here repro-

duced and his description largely followed (Figs. 419 and 420).

Three complete aortic arches exist, the third, fourth, and sixth.

The first pair, already very weak in the preceding embryo (4.9

mm.), are now entirely atrophied, but both dorsal and ventral end

pieces of the second arch are recognizable, the dorsal remnant, in

fact, being destined to constitute the trunk of origin of the sta-

pedial artery (Tandler, 1902). The upper end of the sixth arches

sends out, between these and the fourth pair, a small vascular frag-

VoL. II.—39
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ment, whicli perhaps represents the persisting upper end of a

previous transitory fifth arch. The aorta ventralis in the_ area

of the first and second arches now constitutes the a. carotis ex-

V. cap. I

S9.SA.

V. 8ubc.

'SO- SA.

A. i. 26. SA.

Fia. 420.—Profile reconstruction of the same embryo, showing general arterial and venous system.
(After Elze, Taf. 15, Fig 2.) X 26.5. A.coc, a. coeliaca; A.i., a.iliaca; A.s.,a. subclavia; A. o,m., a.om-
phalomesenterica; Atr. s., atrium ainistrum; A, u. s., a. umbilicalis sin.; D. Ar.., ductus venosus Arantii;

V. card, a., v. eardinalis anterior; V.cap.l.t v. capitis lateralis; V.extr.t extremity vein; V.hep.r.a.*

V, hepatica revehens sinistra; V.o.m., v. omphalomesenterica; V.om.min., v. omenti minoris; V.mes.e.,
V. mesenterica superior; V.u.s., v. umbilicalis sin.; V.suhc, v. subcardinalia; D.Cuv.a., ductus Cuvieri

sin.; 7,£0,26, $9 SA., segmental SLiteTiea; (Sin. ven., sinus venosus.

terna which reaches into the region of the upper jaw. The internal

carotid artery, after giving off the dorsal rudiment of the second

arch, courses headward to give off in the region of the hypophysis
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a branch. wMch courses toward the brain beneath the optic cup,
then above this, a small branch to the latter {a. opMhalmica), and
dorsal to the eye, a large branch which apparently supplies the
main portion of the fore- and 'tween-braia (a. cerebri ant. et med.).
After giving off other branches to the lateral side of the 'tween-

and mid-brain, the artery ends in its ramus communicans pos-

terior which appears to continue the main trunk into the basilar

artery. The a. vertebralis cerebralis now arises from the first

cervical segmental artery, and the preceding hypoglossus vessel

has entirely disappeared. The stem of the first cervical vessel,

however, has been shifted cranially until it is now opposite the

sixth aortic arches, whereas earlier even the hypoglossus artery

arose relatively further caudad. The two cerebral vertebral ves-

sels unite in the mid-ventral plane to form the a. basilaris, which
extends from the area opposite the vagus nerve to the vicinity of

the oculomotor nerve, where it splits into the two posterior com-
municating rami which connect it with the internal carotids. Both
the cerebral and the basilar arteries send off many branches to

the hind-brain, some of the branches of the former anastomosing
dorsal to the emerging fascicles of the twelfth nerve, so that these

fibres appear to go through arterial fenestrse. • The full number of

cervical, thoracic, and lumbar segmental arteries exist and all but

the last sacral. The umbilical arteries come off the aorta at the

level of the last lumbar segments, and now course lateral to the

Wolffian ducts and send each a small branch into the posterior

limb (a. ischiadica). The ventral branches of the aorta have been

reduced to three main trunks: the a. coeliaca arises opposite the

fourth thoracic artery; the a. omphalomesenterica is two-rooted,

its upper root coming from a level slightly above the fifth thoracic

artery, its lower one opposite the sixth; while the a. mesenterica

inferior arises opposite the second lumbar vessel.^'^

The veins show several important changes. The propor-

tionately great growth of the head gives a great drainage area for

the anterior cardinal vein, which is consequently much increased in

size. Its foremost tributary is the paired primitive sinus sagit-

talis superior on the top of the fore-brain. These are the only

tributaries to reach the mid-dorsal plane, with the exception of a

very short partly paired one on the roof of the mid-brain.^^ Sev-

" A ventral vessel is seen arising from the sacralis media beyond the level

of the fourth sacral segmental vessels and supplying the end of the gut where

it goes over into the cloaca. Branches of this tjrpe from the sacralis media are

seen in injections of other mammalian embryos, namely the pig, where they are

more numerous and reach further headword.
" Considerable interest should attach to these mid-dorsal veins of the mid-

brain, inasmuch as Grosser (1901, p. 322) has demonstrated a pair of veins in this

locality in bat embryos where they are retained, in fact, in the adult as the v. longi-
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eral tributaries from the first two visceral arches reach the main

trunk, while behind the ear vesicle the posterior cerebral (Mall)

vein has grown to great proportions. The anterior cardinal, pro-

ceeding caudally, surrounds the vagus by a venous ring and then

goes under the hypoglossus to join the posterior cardinal trunk.

The lingtw-facial vein (F. T. Lewis) is now no longer a tributary

of the ductus Cuvieri, but joins the cardinalis anterior.

The posterior cardinal vein, receiving the same number of

dorsal segmental tributaries as is sent out from the aorta and sac-

ralis media artery, drains also the marginal vein of the leg bud and

along its entire length receives etferents from the Wolffian body

;

but the axillary vein now reaches the ductus Cuvieri and will soon

indeed be a branch of the anterior cardinal trunk. The subcardinal

veins (not illustrated) exist from the level of the tenth thoracic

segment caudally and are in frequent communication with the cor-

responding posterior cardinal. The iimbilical vei)is can no longer

be traced to the ductus Cuvieri on either side, and the superficial

portion of the primitive vein is only represented by several small

stems draining from the body wall into the main trunk just before

it plunges into the liver. The left umbilical is by far the larger

of the two, and the same is true for the vitelline trunks; the right

vitelline indeed has atrophied practically completely, and its previ-

ous large pathway through the liver has given way to many sinus-

oidal paths, whose supplying or portal stem may be called the

ramus arcuatus while the corresponding draining or hepatic venule

is the v. hepatica dextra. The v. hepatica sinistra still opens inde-

pendently into the sinus venosus. The main mass of the umbilical

blood takes a direct path through the liver in the ductus venosus
(Arantii), which receives several small veins from the caudal end
of the stomach (Magenvene, Hochstetter, 1893 ; v. omenti minoris,

Broman, 1903). From the liver capillaries a slender vessel grows
out into the caval mesentery, the anlage of the v. cava inferior.

tudinales mesencephali, apparently homologous with this vein in reptiles (Grosser

and Brezina, 1895) . Grosser attributes the disappearance of these veins in other mam-
mals to the great overgrowth of the cerebral hemispheres, which, as is well known, are

notably small in the Chiroptera. He also calls attention to the fact that Salvi (1897)

probably saw the same structure, if we may judge from the descriptions in his

paper on the development of the meninges in Cavia and Lepus. Attention may
here be called to the fact that the primary head capillary plexus in pig embryos
halts in its spread along two parallel mid-dorsal lines in the mid-brain as well as

fore-brain, and, just as the medial margin of the former plexus comes to constitute

the primitive paired sinus sagittalis superior, so also in some embryos an exactly

similar condition transitorily exists on the top of the mid-brain. So that from the

careful description of Grosser and the less satisfactory references of Salvi this

evidence may now be added to indicate quite clearly, I think, that a condition

resembling the reptilian v. longitudinalis mesencephali exists transitorily in all

mammalian embryos, including man.
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C. Arteries.

DEVELOPMENT AND FATE OF THE AORTIC AECHES.

Since the Imman embryo, like that of all other vertebrates, pos-
sesses a row of definite gill bars or visceral arches, separated dis-
tinctly, externally by clefts, internally by entodermal pockets or
pouches, so also its primitive vascular system is in conformity
with this fundamental plan, and strong branches connecting the
dorsal and ventral aortffi—the aortic arches—each course in a
visceral arch (Fig. 421). It has been known for a long time
that in all vertebrates above the fishes,

—

i.e., in the amphibia, the
sauropsida, and the mammalia—the number of these arches is five

Fig. 421.—Jlodel of the pharynx and aortic arches in a human embryo 5 mm. long. (After Tandler,
Morph. Jahrb., xxx, 1902, Taf. v. Fig. 17.) A. d., aorta dorsalis; C. a., conus arteriosus; J., island;
IV, fourth aortic arch ; VI, sixth aortic arch.

Within the last three decades, however, it has gradually been
shown that in reality six arches exist in these classes, the fifth

aortic arch being everywhere an exceedingly transitory vessel.^"

" In 1886 Van Bemmelen for the first time described a transitory aortic arch

found between the systemic and pulmonic arches in embryos of birds and reptiles.

A year later Boas (1887), in welcoming this discovery, pointed out its importance

in the comparative anatomy of vertebrates. He recalled (Morph. Jahrb., Bd. 7,

1882: Bd. 8, 1883) that in amphibian larvaa, as well as in Ceratodus, Polypterus,

and Amia, the four aortic arches which occur occupy the third to the sixth visceral

arches, the pulmonic artery being given off in each case by the last pair, i.e., by the

aortic arch of the sixth gill-bar. It hence appeared evident that the pulmonic

arch was the sixth and not the fifth of the series in all vertebrates, and Boas now
predicted the discovery of a transitory fifth arch in the embryos of mammalia,

the only remaining class in which it had not as yet been seen. Two years later

Zimmermann, as is well known, reported the presence of a fifth arch in embryos

of man, the rabbit, and the sheep. Tandler's careful paper, following in 1902,

reported traces of the arch in the rat and two very clear examples of it in man,

for which he furnished the first figures published. Lehman has described what were
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Zimmermann (1889) was the first to indicate that there was any

tendency to the formation of a fifth arch in man, reporting the

separation of the fourth arch into two distinct vessels in a seven

millimetre human embryo.

In his article on the development of the head arteries in

mammals, Tandler (1902) described two very clear cases of a

human fifth aortic arch, neither of which, it may be noted, cor-

responded to Zimmermann 's description, for in both cases the

fifth arch took origin from the aorta ventralis and joined the

dorsal portion of the pulmonary arch. A diverticulum of the

fourth endodermal pouch (postbranchial body) separated the

fifth and sixtli arches, whereas the fourth pouch lay be-

tween the fifth vessel and the fourth arch. Since then other

observers (Elze, 1907) have reported the partial presence of

this vessel in the same situation. The question of the existence of

a true fifth aortic arch was soon seen to involve the identification

of the postbranchial body as the fifth branchial pouch. Hammar
(1904), now, had described an embryo of 5 mm. (N.T. 20), in which

five pouches were present, the fifth fusing with the ectoderm of a

fifth branchial cleft in the manner typical for these structures.

Elze (1907), aware of Hammar's report, and finding a fifth ecto-

dermal cleft opposite the post-branchial body in an embryo of

interpreted as vestiges of the arch in the rabbit and gave a distinct instance of it

in the pig. It is important that in some of these cases

—

e.g., in Tandler's (man)

and in Lehman's (pig)—^we had also to do with what was apparently a fifth pharyn-

geal pouch. This structure, the so-called postbranchial body, is not new. It had

been known to appeax behind the fourth pouch but soon to grow into the latter,

with which it had a common opening into the pharjmx and of which it now appeared

to be a diverticulum. It seemed highly significant also that in the cases which

have just been enumerated the fourth pouch pointed towards the ectoderm between

the fourth and fifth arches, while the postbranchial body occurred between the fifth

arch and the sixth. The whole picture of these interrelations, in short, pointed

strongly to their all being serial true branchial structures. In 1906 F. T. Lewis

indicated that the very general acceptance of this interpretation was probably caused

by the weight of comparative considerations. He called attention to the ordinary

conception of a vessel which could be called an aortic arch having a definite course

from the ventral to the dorsal aorta, and emphasized that a fifth arch of this com-

pleteness had never been seen, except by Zimmermann in the rabbit, where subse-

quent investigators (Lehman, Lewis) have not been able to confirm him. This fact

must be admitted, for even in Tandler's clear cases the accessory arch does not

join the dorsal aorta, but instead fuses with the pulmonary arch before this ends

dorsally. Locy has emphasized that it seems generally true that the fifth arch is in

some way connected with the last pair, in some of the lower classes, in fact, the

pulmonic arch appears to have split,

—

e.g., Lacerta (Peter). Other reports have

recently come in affirming fifth aortic arches in other mammals,—Souli6 and Bonne
(1908) in the mole. Coulter (1910) for the cat, and Reinke for the pig,— (Note on
the Presence of the Fifth Aortic Arch in a 6 mm. Pig Embryo, Anat. Record, vol.

4, No. 12, December, 1910) and the evidence is too unanimous to cause doubt that

vascular rudiments in the position of a fifth arch occur generally in the mammalia.
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7 mm. (N.T. 28), felt no hesitancy in identifying the postbrancMal
or ultimobrancliial body as the fifth branchial pouch. Finally Tand-
ler (1909) has examined a considerable number of embryos bear-
ing on this point and brought together all that has been ascertained
about the fifth arch. His conclusions seem to put the question at
rest and to show that in man, very transitorily, in embryos from
five to ten millimetres in length, a true fifth arch exists (Figs. 422
and 423, A and B), springing from the truncus aorticus just before
the fourth arteries are given off, and coursing dorsally in what is

sometimes a distinct fifth gill bar to open into the sixth arch close

4th aortic
arch

5th aortic
arch

5th endodermal
pouch

Arteria pulmonalis^

6th aortic arch

Larynx aulage (Esophagus

Fig. 422.- -Model of the pharynx and aortic arches of a human embryo 7 mm. long. (After Tandler, 1909.)

(Embryo Hs of the I anat. Lehrkanzel, Vienna.)

to its upper end. In relation with it is a special transitory

branch of the vagus nerve (ramus posttrematicus, Elze),^^ in front

of it is the fourth entodermal pouch, and behind it the postbranchial

body (fifth pouch). The latter is indeed in early stages apparently

only a caudal ventral division of the fourth pouch. It is later

^° Ramus posttrematicus der IV Schlundtasche," " R. posttrematicus V," or

" R. posttrematicus II des Vagus," given ofE by the N. laryngeus superior shortly

after its departure from the ganglion nodosum and described by Elze (1907) and

Tandler (1909) in embryos from 7 to 9 mm. in length. It is usually absent in later

stages, although Grosser (1910) believes he has identified it in an embryo 19% mm.
(crown-rump), passing through the foramen thyreoideum.
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4tli endodennal pouch

3d 3d endo- 4th
aortic dermal aortic

arch pouch arch

5th 5th endo- 6th aortic
aortic dermal arch
arch pouch

Fig. 423 A.

i3d aortic arch

3d endod&cmal
'pouch

4th aortic arch

4th endodennal
pouch

6th aortic arch

5th endodermal pouch

6th aortic arch

Fig. 423 B.

FiG.423 A and B.—Model of the pharynx and aortic arohea of a human embryo 9 mm. long (NT. 37).
(After Tandler, 1909.)
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incorporated in the thyroid gland (Tandler, 1909, Grosser, 1910),
although apparently not contributing true thyroid tissue
(Grosser).

The only certain facts which have been established in the
metamorphosis of the human arches into the trunks of the perma-
nent vascular system have been incorporated in the diagram of
Fig. 424. As far as their actual arch portions are concerned, the
first two aortic arches are commonly lost, but the third and left
fourth arches are retained, becoming the root portion of the
mternal carotid and the arcus aortie respectively. On the other
hand, both the ventral and dorsal aortse beyond the position of the
third arches are preserved, the former to furnish the stem of the
external carotid, the latter the second part of the internal carotid

A. car. ext.

A. Bubclavia'

A. car. ext.

A. subcl.

/ ""Aa. pulmonales

f A. subclavia

__A. car. int.

-A. stapedialis

Aortic arch

A. subclavia

Truncus pulmonalis

Fig. 424.—Diagram of the aortic arches and their fate in man.
,

artery; whereas the ventral aorta between the third and fourth

arches becomes the stem of the a. carotis communis. The corres-

ponding part of the dorsal aorta disappears, so that now all of the

internal carotid blood courses by way of the ventral stem. The
sixth arch is lost on either side beyond the origin of the corres-

ponding pulmonary artery, but on the right its proximal portion,

between the truncus and the a. pul. dextra, persists and is the root

portion of the adult right pulmonary artery. On the left side,

however, this proximal portion of the pulmonic arch is apparently

incorporated as part of the truncus pulmonis, and the adult a. pul.

sinistra consequently is merely the exact analogue of the embryonic

vessel (Bremer ).^i

'' This subject forms one of the few instances in which a correction is neces-

sary in the conception originally given ns by Eathke in his epoch-making mono-

graph on the " Aortenwurzeln und die von ihnen ausgehenden Arterien der Saurier."

Rathke, as is well known, represented the right and left pulmonary arteries both

coming each from its respective arch in lizards and birds, but for the snakes among
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This, then, is the general outcome of the arches, although we

are now in the possession of some facts concerning the fate of the

first two arches about which nothing hitherto has been known.

Before proceeding to consider details of the changes under-

gone by the various arches, mention may be made now of several

kinds of shifting or growth displacements which affect these vessels

and which make it easier to understand the relations which char-

acterize the chief trunks derived from them in the adult. In

the first place, as His clearly showed, the place of insertion of the

aortic truncus into the anterior pharyngeal wall, whence it is

split up into the arches, moves gradually lower down, so that, while

at first the arches go off horizontally and even more caudally placed

from the truncus, they soon course in an ascenditig direction from

the reptilia and for the mammalia he showed the two vessels arising from only

a single arch, in the snakes the right one and in the mammalia the left one.

Eathke's ideas were founded on appearances given by embryos which have passed

the earliest stages of origin of the pulmonary artery. His first showed that the

earliest human puhnonaries came each from its respective arch, as in the lacertilia,

and Bremer has proved that this is a general fact for all the mammalia, and sug-

gested the high probability of its general occurrence, at least in earlier stages, in

all air-breathing vertebrates. Bremer's studies have included man, the rabbit, cai,

dog, pig, opossum, sheep, guinea-pig, cow, and deer, and, as a result of them,

he distinguishes two methods for the formation of the adult pulmonary stem in

mammals. In the method occurring most generally (man, cat, dog, rabbit, sheep,

cow, deer, and opossum) the original symmetry is disturbed by an absorption of the

proximal part of the left arch into the truncus pulmonalis, so that the left pul-

monary artery now rises from the bifurcation place into left and right arches while

the right artery comes off its usual distance from this bifurcation place. With

the destruction of the distal part of the right arch up to the point of origin of the

a. pul. dextra and the eventual atrophy of the corresponding part of the left arch,

the adult plan is reached, and this therefore means that we must consider the left

pulmonary artery as representing only the original embryonic one, but the right

pulmonary vessel has also as its most proximal part the right pulmonic arch. A
second method followed in the evolution of the adult mammalian pulmonaries is

exemplified by the pig and guinea-pig, in both of which forms the two early pul-

monary arteries are joined in a general capillary plexus, the anastomosis enabling

one root to serve as a common stem, which in the pig happens to be the left

original artery and in the guinea-pig the right. Consequently, in the former ani-

mal the blood to both lungs must first traverse the proximal parts of the left

arch and left original artery, and in the latter animal the corresponding parts on

the right side. Sakurai (1904) has declared that the left artery in the deer moves
toward the right past the bifurcation of the truncus pulmonalis to the right arch,

but Bremer questions his interpretation, and the case here must rest till an exam-
ination of more abundant material in the stages implicated. In the meanwhile,
Bremer's work has shown the incorrectness of the conventional diagram in which
both definitive pulmonaries are shown as sharing equally the proximal parts of the

sixth arches, for in no mammal is this true. Man and most of the other members of

the class have a right a. pulmonalis which is of this nature, but an a. pul. sinistra,

which is merely the original pulmonary arterj^ of that side, the corresponding proxi-

mal part of its arch having been assimilated in the truncus pulmonalis.
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the caudally placed root stem. These changes have been described
as a " moving down " of the insertion place of the truncus, and
are doubtless due to the same phenomena of unequal growth which
cause the apparent rapid descent of the heart from its earliest
position at the end of the fore-gut. This change takes place in
a regular and characteristic way, as Figs. 425, 426, 427 clearly
indicate. Originally, when only two arches exist, the truncus may

V. um-_
bili calls"

Vv. omphalomesentericEe

Vv. omphalomesentericffi.

Fias. 425 and 426.—RecoastructioQ of the aortic arches in two human embryos, measuring 2.15 mm.
and 3.2 mm. respectively. (After W. His, Anat. menach. Embry., iii, Leipzig, 1885, p. 186, Fig. 119, and
Atlas iii, Taf. ix, Fig. 12 and 15.)

be described as splitting to send on either side of the gut an ascend-

ing and descending limb—the first and second arches respectively.

Soon the full complement of arches is present, and the downward
progression of the aortic truncus with respect to the gill bars now
gives a different arrangement of its arches from the parent stem.

Both of the first two arches arise together from an ascending stem,

while the third arch courses back practically horizontally from the

truncus and the last two come off together from a descending
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stem. Nest an exaggeration of the length and importance of the

common ascending stem for the first two arches (the stem which
will later constitute the external carotid trunk) occurs and a truly-

ascending course for the third arch, although the latter has not

yet been incorporated in the larger ascending trunk (Fig. 426). In

the next changes which take place, the third arch has been carried

up in the general ascending trunk (now the common carotid trunk),

V. umbilicalii

Vv. omphalomesentericae

Fig. 427.—Reconstruction of the aortic arches in a human embryo 4.2 mm. long. (See Figa. 425 and 426.)

whereas the fourth tends to course more nearly horizontally.
Eventually even the fourth and sixth arches come to have an
ascending course.

At the same time that these changes in the arrangement of
the arches have been taking place, another of a more general
nature has transpired, for not only the heart but the whole system
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of arches also has moved down toward the thorax. A reliable

criterion of this general dislocation is furnished by the relation

of the arches to the dorsal segmental arteries, for the latter have
a fixed relation to the somites of the dorsal body wall. Before
the stage of five millimetres, all the series of dorsal segmental
arteries, including the hypoglossus artery, are considerably below
the junction place of the sixth arch with the dorsal aorta. By the
stage of seven millimetres this place corresponds to the first cer-

vical dorsal segmental, by the stage of nine millimetres to the second
vessel, and by the time the embryo has reached eleven and a half
millimetres to the sixth or even the seventh cervical segmental,
from which trunk the subclavian and vertebral arteries arise

(Tandler). This relation is at last almost that of the adult, where
the subclavian comes off the transverse portion of the aortic arch.

At the stage of seven millimetres, a splitting of the truncus
begins, proceeding from above downward and separating the

fourth arches, with the system lying above them, from the sixth

ones. The latter then come to have an independent common trunk,

—the truncus pulmonalis,—and this, as is well known, is exclus-

ively connected with the right heart, whereas the truncus aorticus

is similarly in relation with the left.

Still another growth change in the arrangement of these ves-

sels is to be mentioned. We left the last three arches in a markedly
ascending course. Such a course obtains for the pulmonic arches

so long as they persist, but after the division of the truncus the

systemic truncus elongates much, pushing, as it were, the proximal
portions of the third and fourth arches again upward and giving

them a horizontal or even slightly descending course (Tandler).

The dorsal part of the right fourth arch now atrophies beyond
the origin of the subclavian stem, and this whole segment now con-

stitutes but a branch of the persisting a. anonyma.
A. Cakotis Inteena and its Branches.—It has already been

emphasized that the earliest branch of any of the arches consists

in that given off by the dorsal part of the first arch toward the

embryonic mid-brain. This persists and is of increasing im-

portance, and when the atrophy of the connecting portion of the

dorsal aorta between the third and fourth arches results, it con-

stitutes, together with this part of the dorsal aorta and third arch,

the internal carotid artery. The internal carotid, then, consists of

three morphologically different portions,—a proximal or root por-

tion derived from the third arch, an intermediate portion consist-

ing of the original aorta dorsalis from here to the first arch, and

an end portion which is the earliest branch of the first arches and

is the chief supply of the brain. ^^

"Injections of very early bird and mammalian embryos show that the

trunk of the internal carotid artery extending from the first arch distalward is
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It is to be noted that, besides the larger internal carotid which

is given off from the end of the first arch, the aorta dorsalis also

sends several smaller branches toward the hind-brain before the

region of the primitive segments is reached, and, when, at length,

the latter territory is reached, the dorsal segmental vessels. Those

dorsal branches which are in front of the segmental area are very

transitory, and attract our interest chiefly because they represent

the first vascular sprouts sent out by the dorsal aorta into the_ tis-

sues of the embryo in this region and, directed toward the sides

of the medullary tube, are directly responsible for the formation

of the V. capitis medialis.'^

represented at first by the outgrowth of a plexus of capillaries from that arch (Figs.

393, 394). This' plexus spreads over the sides of the early mid-brain first, then over

the fore and hind-brains (Fig. 395). Soon out of the several capillary stems of origin

from the first aortic arch, one is chosen to become the artery and the remainder perish.

Gradually the plexus of capillaries invades the ventral surface of the brain and

tends to halt there on either side of a narrow mid-ventral non-vascular strip. In

the meanwhile the continuation of the main arterial stem is being evolved out of

this plexus in such a way that the carotid, after giving off an a. ophthalmica, appears

to have two terminal branches anterior and posterior. The latter connects up with

the medial ventral margin of the capillary mesh on each side, and so there come to

be in the midventral region two long parallel vessels, the continuation of the pos-

terior terminal branches of the two carotids. This conversion of the medial margins

of the ventral capiUary mesh here is analogous to the formation of the aortas from

the medial margins of the vitelline capiUary plexus. It will be shown that in

the spread of the capillary plexus over the spinal cord an exactly similar phe-

nomenon takes place,—that is, the capillaries halt along two parallel lines on either

side of the midventral plane. In the cord region also these two plexus margins

are converted into two transitory longitudinal arteries, furnished at every segmental

point by blood from the segmental arteries and connected headward with the same
vessels supplied by the carotid arteries. The whole structure from head to tail has

been called by Sterzi the tractus arteriosus primitivus; by De Vriese the primitive

anterior spinal arteries. It will be evident from all this that this primitive midventral

vessel is the earliest arterial anastomosis between the carotids and dorsal segmental

vessels. The second of the dorsal segmentals is the hypoglossal artery, and that part

of the anastomosis between it and the carotid is of the greatest importance, for it,

according to De Vriese, is the a. vertebralis cerebralis of His; at any rate it

is destined to form the basilar artery in the region beneath the hind-brain. Thus
the basilar artery is primitively paired and gets its chief supply of blood from the

carotids, for the hypoglossal artery cannot figure greatly. Gradually the double
basilar is replaced by a single vessel, which is really formed through the develop-
ment of anastomoses between the two parallel trunks permitting the original left

vessel to persist in some areas and the right one in others. This is also what hap-
pens as regards the anterior spinal artery. Very soon after the unpaired basilar

is produced, its lower source of blood exceeds its upper in importance, and when
the cerebral vertebrals are taken over by the cervical vertebrals, the latter vessels

are the main supply of the basilar.

" These pre-segmental branches of the aorta have, of course, another interest,

inasmuch as we may be dealing with evidences of a segmentation of the head in

front of the occipital somites. Be this as it may, Tandler (1902) has seen a remark-
able row of these vessels in the rat, where they seem to arise at regular intervals.
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As soon as the region of the somites is reached the dorsal
aortic branches are strictly segmentally arranged,—ie., they
course between successive somites. The pair between the first and
second somites, however, early atrophy, and the pair situated
between the second and third somites and which are in relation with
the hypoglossus nerve remain somewhat longer and, as the so-called
hypoglossus arteries, constitute the first of the series. In embryos
of five mm. length (Tandler 1902, Ingalls 1907) the hypoglossus can
be seen giving off a long longitudinal cranial-coursiagbranch, which
headward anastomoses with the a. carotis interna on each side,
thus making two long arterial arches. This branch of the hypo-
glossus artery is the a. vertebralis cerebralis. Later, as has been
mentioned, the a. vertebralis cerebralis is taken over by the first

cervical segmental artery, and the hypoglossal artery atrophies,
and still later, as was first shown by Hochstetter (1890), an anas-
tomosis between the first seven cervical segmentals (aa. vertebrales
cervicales) enables the seventh of these vessels to act as the origin
for the vertebral artery. De Vriese has pointed out that in all

early embryos the carotid, after giving off the ophthalmic artery,
may be considered as dividing into two terminal branches, anterior
and posterior, the latter of which turns round to anastomose with
the a. vertebralis cerebralis and is by far the more important of the
two. When the cerebral vertebrals fuse to a basilar artery beneath
the hind-brain, the two posterior terminal branches of the carotids
consequently join each other in this trunk. This is the condition
of the arteries in the head in embryos measuring nine millimetres
(Fig. 428). Here the ophthalmic artery is not illustrated, but the
carotid is seen splitting into its two terminal trunks, a small
anterior and a strong posterior, the latter continued into the
basilar. The anterior terminal trunk immediately gives off the
anterior chorioidal artery and proceeds as a prominent vessel on
the side of the fore-brain, encircling the optic cup from above and
meeting its fellow of the opposite side just behind the olfactory

pit. This vessel is the a. cerebri anterior, and gives off many rami
to the cerebral vesicle, which are later represented by a single

(Compare his Fig. 8, p. 302.) De Vriese (1905) mentions their appearance in

the rabbit (see her Fig. 28, planche 16), and for the area in front of the hypo-

glossus vessel mentions two as being more constant, one at the level of the otic

vesicle and the other near the gasserian ganglion. In the human embryo Kroemer-

Pfannenstiel (N.T. 3), with six somites, I have found two of these vessels on the

left in front of the first somite, and in the Etemod embryo, with eight somites,

one behind the region of the first aortic arch, just in front of the second pha-

ryngeal outpocketing; whereas in the Spee embryo No. 52 there are on each side,

although not paired, four of these pre-segmental dorsal branches of the aorta.

Finally, Ingalls in his 4.9 mm. embryo distinguished clearly four of these vessels

on the left side. The relation of these vessels to the cranial nerves or visceral

arches awaits demonstration.
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trunk, the middle cerebral. The posterior terminal branch of the

carotid gives off many branches to the sides of the mid-brain, and

these later are also represented by a single trunk, the posterior

cerebral. In the next succeeding stages we see an increase in the

A. chorioidealis^
ant.

A. cerebri ant. et med

Fia. 428.—Graphic reconstruction of the arterial system in the brain of a human embryo 9 mm. long.

(After Mall, Amer. Jour. Anat., vol. iv, Plate I, Fig. 4.) (Mall No. 163.)

importance of the anterior chorioidal artery (Fig. 429), but it is

remarkable that single large stems representing either the middle

or posterior cerebral artery are very late in appearing. Mall is

Vena cerebral,
post, (later sinus-

petros. sup.) Sinus sagit. iHti

. cerebri ant.

Fig. 429.—Graphic reconstruction of the vessels of the brain in a human embryo 38 mm. long. (From
KoUmann, after Mall.) (Mall No. 145.)

of the opinion that we must consider the last-mentioned artery as

being represented originally by all the small branches which come
off from the carotid between the third and fourth nerves behind and
the middle cerebral in front. In older embryos (48 mm. long) these
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many branches are represented by a large mesencephalic artery and
a small true posterior cerebral (Mall) ; in older fetuses the latter

branch absorbs the former.
The ophthalmic artery is the first branch of the internal

carotid to develop. In embryos measuring seven millimetres it

can be seen to course toward the eye, dividing in its mid course
into the a. ciliaris longa temporalis and a common trunk, after-
wards splitting into the a. ciliaris longa nasalis and the a.hyaloidea.
The latter artery pierces the optic cup, courses through the vitre-

ous body, and reaches the posterior surface of the lens in capillaries.

The arrangement and size of these branches of the ophthalmic are
such that the a. ciliaris longa temporalis appears as the continuation
of the main stem, and this is true up to the stage of 20 millimetres
at least. The ciliary arteries supply a capillary plexus represent-
ing the chorioidea. Dedekind (1908) has reconstructed this simple
vascular scheme in an embryo measuring 19 millimetres (Fig. 430
and 431) . The hyaloid artery is noted by Dedekind as turning into

an arterial plexus before being resolved into the capillaries consti-

tuting the tunica vaseulosa lentis. Here, then, is another instance
of several paths being used by the arterial blood before the reduc-
tion to a single path. The hyaloid artery serves as the later a.

centralis retinae, but no retinal vessels are present till late. The
researches of 0. Schulze (1892) had indicated the same fact in

other mammals. Versari (1903) has stated, indeed, that the human
embryo reaches 120 millimetres in length before the retinal vessels

are formed. In an embryo of 33.4 millimetres Dedekind has re-

corded the a. lachrymalis, aa. ethmoidales, and a. nasofrontalis.

We have as yet only an incomplete record of the development of the eye

vessels in man, but Versari has furnished important observations on older stages

(beginning with 22 mm.). In the splendid paper by Schultze the older stages in

many mammals were beautifully portrayed, and some of the eye vessels in human
fetuses of the sixth and eighth months shown. However, only Fuehs's careful study

in the rabbit can lay any claim to completeness.

Fate op the Second Aortic Abghes.—As a rule, no trace of

the first arch is seen in embryos of 7 millimetres and only the

dorsal and ventral ends of the second arch are evident. Tandler

(1902) has recently declared that in man and other mammalian
embryos the dorsal parts of the second arches become the root

portions of the stapedial artery on each side.^*

The a. stapedialis persists throughout life in some mammals,

—

e.g., the rat,—but normally atrophies in man. At the height of

°* Although the recognition of an embryonic artery piercing the mammalian

stapes dates back some thirty years (Salensky, 1880), no one had before established

the relation of this vessel to the aortic arches.

Vol. II.—40
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A. ciliaris longa temporalis

Nervua opticus

A. hyaloidea

Point of entrance of the a. hyaloidea in the optic nerve

Tunica vasculosa lentis

Inner lamella of
optic cup
Outer lamella
of optic cup

Lens

Fig. 430.—Left eye of a human embryo 19 mm. long, opened through a horizontal section. X 66. (After

Dedeldnd. 190S.)

A. ciliaris longa nasalis

y. ophthalmica
superior

Nervus optiow

Bulbus

Fig, 431.—Left eye of the same embryo seen from the temporal side. X 66. (After Dedekind, 1908.)
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its development it possesses, after piercing the anlage of tlie stapes,
three branches, which follow the three divisions of the fifth nerve

;

these are the supra-orbital, the infra-orbital, and the mandibular
rami, respectively. The first of these (ramus snpra-orbitalis) leaves
the mam stem, shortly after the stapes is passed, so that the infra-
orbital and lower-jaw rami have a common stem (Fig. 432). The
infra-orbital division of this stem passes behind the third division
of the fifth nerve to gain the second division, which it follows.
Later (in embryos of 15 to 17 mm.) the external carotid artery
anastomoses with the common trunk for the infra-orbital and
mandibular rami, just at the point where these vessels are given off.

The infra-orbital ramus gains the outer side of the third branch

Fig. 432.—Profile reconstruction of the head vessels and nerves in a human embryo 12.5 mm. long,

(After Tandler, Morph. Jahrb., xxx, Taf. v, Fig. 21.) R. s., R. %., R. m., ramus supra-orbitalis, infra-

orbitalis, and mandibularis of the a. stapedial Z/., a. hngualis of the a. car. ext.

of the fifth nerve by the development of an arterial loop around the

nerve and the atrophy of the medial limb of the loop. Soon the

original common trunk of the infra-orbital and mandibular rami

(which lies above the point of the anastomosis with the external

carotid) becomes surrounded by the auriculo-temporal nerve and

we can recognize in it the future a. meningea media. Now the

stapedial atrophies from its origin to its division place into the

three rami, and consequently these branches are then all supplied

by the a. carotis externa, the stem of supply for the supra-orbital

branch being the old common stem for the two lower branches, in

which the flow is now reversed ; this is, as has been said, the middle

meningeal artery, whereas the ramus infra-orbitalis is the a. infra-
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orbitalis of the internal maxillary, and the ramus mandibularis, the

a. alveolaris inferior. This is clear from the diagrams in Fig. 433.

The place of origin of the stapedial artery and its relation to the stapes

identify it accurately with the second visceral arch, but its territory of supply,

when its three typical rami are developed, is entirely in the province of the first

arch. This becomes intelligible when we know that these rami are later acquisi-

tions of the stapedial, that primarily they arose from the first arch, and were

later added to the a. stapedialis. Such, at any rate, is the case in the rat, as

Tandler was able to show that the blood supply of the jaws (upper and lower)

came originally from the dorsal part, of the first arch. To the stem supplying the

jaws, a supra-orbital vessel was added, and then from the stapedial vessel an

anastomosis with this common stem developed, whereby the three branches went

Fig. 433.—Schemata showing the fate of the a. stapedialis in the human embryo. (After Tandler,

1902.) a represents the conditions present in a human embryo 17 mm. long, b those in one 19 mm. long,

and c those in one 23 mm. long, /i., second branch of the trigeminus; ///., third branch of the trigeminus;

A,m.m>, a. meningea media; A.c.c, a. carotis communis; .A.c.e., a. carotis externa; A.c.i., a. carotis

interna; iV.a. (., nervus auriculotemporalis; R.i,, ramus infra-orbitalis; 22. 7n., ramus mandibularis; R.8,,

ramus supra-orbi talis.

to the a. stapedialis. This early history of the three stapedial branches has not

as yet been secured in man, but the facts at present known make it none the less

certain that the stapedial artery here has gained the territory of the first arch only

secondarily. In man the three branches of the stapedial, instead of being derived

from the dorsal end of the first arch, are probably derivatives of the ventral por-

tion of that arch and the aorta ventralis."

" It has been known since the time of Rathke that in many adult reptiles

an artery exists which pierces the columella. The same reptiles possess another
artery which supplies the upper jaw and courses with the vidian nerve. It would
be of the greatest interest if embryologieal observations here should establish the

origin of the vidian -accompanying artery from the first aortic arch and the colum-
ella-piercing vessel from the second arch, like the stapedial of mammals. Evidence
that this may be true is furnished by an interesting variation found by Grosser

(1901) in a young mammalian embryo (bat). Here the infra-orbital branch of
the stapedial artery was not a member of the usual trunk, but an independent branch
of the carotis interna, having a definite relation to the vidian nerve, just median
to which it coursed. If these homologies, which were suggested by Tandler, are
established, then
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A. Caeotis Estbena.—The trunk of this vessel may be con-
sidered the aorta ventralis from the origin of the third arches
cranialward. His indicated that the lingual artery was among the
first of its important branches to develop, and at 17 millimetres
(N.T. 65) Tandler identified the superior thyroid, lingual, and ex-
ternal maxillary arteries. These vessels are, in fact, present at
14 millimetres, when the internal maxillary is also being evolved
from the anastomosis of its trunk of origin with the stapedial (Fig.
434)

. At this stage one also sees a prominent branch of the carotis
externa coursing dorsalward. This is the a. occipitalis, having the

A. occipitalis

A carotis ext. ..,

A. carotis
com.

^'- A. lingualis

Fia. 434.-

A. tliyreoidea \

superior \
A. maxillaris ext.

-Graphic reconstruction of tlie face vessels in a human embryo measuring 14 mm. (No. 144
Mall collection.)

position and typical relations of this vessel to the muscle masses.
Its proportionately great development in these early stages is

probably to be explained by its importance as a meningeal vessel.

1. The territory of the first aortic arches in all the higher vertebrates is

supplied at first by vessels coming from that arch. The stem for these vessels

or one of them may course with the vidian nerve.

2. The territory of the second arch possesses a vessel normally related to the

columella (or stapes)

.

3. The second vessel (stapedial) remains in its original state in the reptiles

mentioned, but in the mammals usually annexes the branches developed from the

first arch.

4. In adult mammals the stapedial artery secondarily surrenders these

branches to the external carotid and atrophies, or, in the cases where is persists,

at least loses its mandibular ramus to the external carotid artery (rat), and in some
eases also its infraorbital one (bat).
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At 15.5 millimetres, the chief superficial branches of the carotis

externa are evident, the a. auricularis posterior and a. temporalis

superficialis.

Nothing is known of the development of the coronary arteries.

Tandler has noted their beginnings in a 17 mm. embryo (N.T. 65).

The only observations known to me (1904) on this subject are the frag-

mentary ones of Martin (1894) and those of F. T. Lewis (1904). Lewis has called

attention to the fact that the heart of early embryos is nourished by diverticula

of the ventricular lumen which course between the muscular trabeculse—sinusoids

of Minot, the chief method of nourishment of the myocardium in the lower verte-

brates. Later the coronary system supervened and there was a great regression

of the extensive sinusoidal system characteristic for the preceding stages. Lewis
records the coronary arteries being first recognizable in rabbits of 14 days and 18
hours.

Variations.—The variations in the great vessels arising from the aortic arch
have been known for a long time and could be explained satisfactorily on an

FiQ. 435.—Reconstruction ot the lung anlagen and their vessels in a human embryo 10.6 mm long.
(After His, 1887.)

embryological basis ever since the work of Rathke. They have been classified by
Krause, for instance, and by so many, following him, that it will not be necessary to
consider them here. De Vriese's work has shown the morphologieal character of
the posterior communicating artery,—i.e., this vessel represents the original caudal
continuation of the posterior terminal branch of the carotid. Consequently, cases
in which the posterior cerebral arteries appear to be supplied by strong posterior
communicating vessels, represent merely a retention of normal embryonic condi-
tions, whereas the complete atrophy of the posterior communicating is an exag-
geration of normal development. Islands in the course of the basilar are readily
intelligible from the original paired nature of this vessel.

Comparative.~In the fish, amphibia, birds, and reptiles the internal carotid
artenes are the sole source of supply for the brain, or nearly so, since the verte-
brals are ummportant. The carotid in these classes divi'des into its anterior
and posterior terminal branches, and the latter are continuous down the spinal
cord with the anterior spinal artery, having formed the basilar in the region of the
hmd-brain. This is the simple scheme represented in early mammalian embryos.

The development of the main vessels in the early Inng is
known to ns from the observations of His (1887). His showed
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that the two pulmonary arteries are from the first asymmetrical,
in that the right vessel passes in front of the so-called eparterial
bronchus, whereas the remainder of its course, like the entire extent
of the opposite artery (a. pulmonalis sinistra), is behind the

bronchial tree (Fig. 435) . The pulmonary veins, on the other hand,
are placed ventral to the bronchial system, and this relation per-

sists throughout life, giving us arteries separated everywhere from
veins by the corresponding divisions of the bronchial tree.^®

Flint (1906) tas followed the developing vessels in the lung of the pig,

more completely than has been done in the case of any other mammal. The pul-

monary veins are reported by most observers as growing out of the sinus venosus

before the development of the pulmonary arteries (see also Federow, 1910). In
this connection, Flint has suggested that the early appearance of a drainage channel

ventral to the pulmonary anlage and the ventral projection of the anlage from the

walls of the foregut combine to favor the mechanical establishment of arterial

paths dorsal to the organ. These early relations are only repeated in growth, and
hence may be regarded as fundamental in determining the architectural interrelations

of bronchial and vascular trees in the adult organ. In relation with this is the

fact that the eparterial bronchus receives a ventrally placed arterial supply, and
that here, consequently, the veins and arteries are accompanying vessels. It seems

hardly necessary to refute the error of Aeby (1880) and others who attempted to

make the arrangement of the arteries responsible for the form of the bronchial

tree. As Flint has emphasized, the arteries are mere passive followers of the

bronchi in development, and arise secondarily from the capillary mesh which envel-

oped a newly formed diverticulum of the bronchus."

THE BEANCHES OF THE AOKTA.

As has been seen from the preceding description, the history

of the development of the arterial system in the human embryo
shows that at first two long channels exist—the descending aortas

—

whioh course through the entire length of the embryonic body and
emerge in the belly stalk without having sent off any branches into

the tissues of the embryo. The aortas and their system of branches,

then, do not develop like many other vessels of the body, but

pursue an elongated unbranched course over an area into which

later they are destined to send out a copious supply of arteries.

When, as development proceeds, capillaries are finally sent into the

embryonic tissues, these sprout from the aorta, dorsally at strictly

inter-segmental points, often ventrally and laterally also at such

points, but in the case of these vessels usually more irregularly.

The segmental position is strictly observed only in the case of the dorsal

branches. These from the first course only in the planes between the primitive

segments. The ventral branches, however, are often found arising at more fre-

°° Since the above went tp press I note that Pensa has given us reconstructions

of the pulmonary arteries in two human embryos, 11.5 and 25 mm. long respectively.

Antonio Pensa, " Osservazioni sulla morfologia e suUo sviluppo della arteria pul-

monalis nell' uomo." Boll, della Soe. Med. Chir. di. Pavia Comunicazione fatta nella

seduta del 8 Aprile, 1910. Pavia, 1910.
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quent intervals from the aortic wall, while the lateral branches, except the earliest

stages, depart furtherest from a segmental alignment. Both ventral a^d lateral

branches, however, show a tendency to adhere to the segmental plan. Recent

investigations on mammals and birds indicate that the branches supplying the limb

arise from the aorta at multiple irregular points as a typical capillary plexus (see

beyond), but are later segmentally arranged, as is the ease in the earliest stages yet

seen in man.

The aortic branches fall into three groups or rows, a dorsal

row, a lateral row, and a ventral row. At first the dorsal seg-

mentals supply only the central nervous system, (the spinal cord

and its ganglia), the lateral row, only the Wolffian body, and the

ventral row, only the primitive intestine.^* But of these branches,

those which are at first purely neural in their area of distri-

Longitudinal anastomoses
-j

along the neural tube
Longitudinal anastomoses

along the neural tube

V. card. post.

ramus seg. dors.

ramus lat.

Fig. 436.—Reconstruction to show the branches of the aorta in a human embryo with 23 somites (NT. 7).

The reconstruction was made from six successive sections in the mid-thoracic region.

bution come eventually to supply also the body wall with its

muscles and skin, and those at first purely nephric to supply also

the adrenals and the sex glands ; the gut branches which persist.

"' I am aware that Broman, for instance, bases much of his discussion of the

position of the ventral branches and their changes on the supposition of their being

primarily segmentaUy arranged. This, however, is not the case, as my experience

with embryos of from six to twenty-three somites clearly proves. Many of the

ventral branches are unquestionably as far as possible from a segmental align-

ment, so that the most which can be said here is that a segmental influence is evi-

dent, but expresses itself imperfectly. Later, however, there is a marked agreement

with the seg:mental plan, so that we have conditions analogous to what occurs in

the limb buds where stages of a more irregular row of primitive limb arteries are

succeeded by those in which these vessels are segmentally arranged.
" Felix (1910), chiefly on comparative grounds, assigns the primitive func-

tion of the intestinal arteries to the supply of the pronephros. There seems,

however, little evidence for this in human ontogeny, where these arteries are from
the first truly intestinal vessels and where the pronephric rudiments are not in

relation with these but with the primitive lateral branches of the aorta.
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however, supply, as they do in the embryo, the alimentary tract,
the organs derived from it (liver, pancreas), and the spleen.

It is interesting to note that Maekay (1889) constructed a hypothetical schema
classifying the branches of the aorta in a similar way, some twenty years ago.
The main features of Mackay's classification are thus substantiated by development,
for, though he confused some secondary with the primary characters of these
vessels, he recognized that there were three kinds of them, naming them, from the
influence of adult anatomy, the parietal, the intermediate, and the visceral branches.

The ventral branches arise first, owing to early importance of
the vitelline circulation, the dorsal branches quickly after them,
and, after an interval, the lateral branches. Although Eternod
(1898) did not find any of these branches in his embryo of 1.3 mm.

Fig. 437.—Cross sections of injected chick embryos showing the development of the dorsal segmental
vessels. A, cross section of a chick of 50 hours (24 somites), showing the 15th dorsal segmental vessels:

B, a chick 60 hours old; C, 78 hours old; and D, 116 hours old: all in the neighborhood of the 20th seg-

mental vessels, S.A., dorsal segmental artery; P, C, posterior cardinal vein; S.V., dorsal segmental
vein; >S.C. P., spinal ganglion's capillary plexus; iil.B., ventral radicular branch of the segmental artery;

S., first extra-myotomal or skin branch of the segmental artery; A. C, a. centralis: *S. P., superficial capil-

laries without the myotome; /., probable intercostal artery.

length, many of the ventral branches and two of the dorsal series

occur in embryos with six somites (N.T. 3), while in an embryo
with thirteen somites (N.T. 6) many distinct lateral branches can

also be recognized. Both ventral and dorsal branches grow out

before the primitive aortse fuse, and consequently when this occurs

an accurate apposition of the two aortse permits these branches to

come off in pairs from the single aorta descendens.

DoESAL Segmentals (Neural Segmentals, "Segmental Ar-

teries" (of many authors), Interprotovertebral Arteries (P. Al-

brecht), etc.).—The dorsal segmental branches of the aorta have

often been referred to as the parietal or body wall segmentals, and,

inasmuch as they furnish the large well-known intercostal and lum-

bar arteries, their segmental nature is preserved and recognizable
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in the adult. These later branches of the dorsal segmentals (i.e.,

aa. intercostales et lumbales) so far outstrip the primary trunks in

growth that in the adult they themselves become known as the

branches of the aorta, and the original dorsal segmentals merely

Ramus cutaneus
dorsalis medialis

Ramus cutaneus
dorsalis lateralis

Ramus dorsalis

of the anterior
branch of the a-

.intercostalis

Ramus posterior medialis

Ramus spinalis

^Ramus anterior canalisespinalis

'A. spinaUs anterior

A. intercostalis

Fig. 438.—Diagram of the [behavior of a typical dorsal segmental artery in the; human adult. (Founded

on Toldt, Spalteholz, Sterzi, and Grosser.)

Fig. 439.—The first dorsal segmental artery in a human embryo with 8 somites. (Collection of Professor

Eternod, videp. 594.) The endothelium is seen growing in the loose tissue of the first intersegmental cleft.

as their posterior branches (rami posteriores). The course of

development, however, shows clearly that the reverse is actually

the case.

The dorsal segmentals begin to grow out from the aorta at

about the time that the embryo possesses six somites (Fig. 410).

The number of dorsal segmental arteries increases rapidly, and in
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embryos in which the extremities are recognizable, almost the
whole series is present. The first pair of these vessels between the
first and second somite early atrophies, although they are still

clearly evident ia embryos of 14 and 15 somites (N.T. 7 and embryo
Graf SpeeNo. 52).s9

The second pair constitute the vessels which are known as the
hypoglossus arteries. These remain in embryos of five mm. in

length, but shortly thereafter also atrophy, so that the first cervical

pair

—

i.e., the arteries between the third and fourth somite, which
course with the nn. cervicales 1—are next the first of the series.

As Hochstetter long ago showed for the rabbit, and as is evident

for man from the Normentafel of Keibel and Elze, the whole upper
six of the cervical dorsal segmentals atrophy and the seventh only

is permanent as the trunk of origin of the vertebral and subclavian

arteries; this also functions as the root of origin for the eighth

cervical and first (or first and second) thoracic arteries by its

strong a. intercostalis suprema, so that the next permanent dorsal

segmental behind the seventh cervical is the second or third

thoracic one.

The following table shows the number of dorsal segmental
arteries present in several young embryos.

Designation of embryo. Number of
somites.

No. of dorsal
segmental
arteries.

Probable identity of the dorsal
segmental arteries.

PfflTinenstiel-Kroemer, NT. 3. . .

Eternod
6

8
13-14
. 15
23

oaSO
35
40

2
4
6
11

21
23
29
29

Oi, O2.

Pfa,TiTienstiel III, NT. 6
Graf Spee No. 52
Rob. Meyer 300, NT. 7
Broman, NT. 11

G. 31, NT. 14

Oi, O2; C1-C4.
Oi, 0.; Ci-C,; Ti.

?; Ci-Ca; T1-T12; Li.— O2J Ct-Csj T1-T12; Li, L2.

Chr 1, NT. 28 J Ci"~C8 J Xi—X12J Iji—Lej Si—S4,

In their simplest form the dorsal segmental arteries consist

of single capillary loops which extend from the aortae to the

vense cardiaales posteriores (Fig. 437, A), yet numerous other

capillaries soon sprout out from these loops; and the aortic end

of the original capillary loop becomes the dorsal segmental artery

and the venous end the dorsal segmental vein.

Inasmuch as the dorsal segmental arteries constitute at first

the arterial supply of the spinal cord, their history belongs to that

of the blood supply of the cord.

°' The first pair of the dorsal segmental arteries is not generally referred to.

Hochstetter (1903), for instance, states that the first pair of these arteries courses

with the hypoglossus nerve, as a result of the embryos which he, Zimmermann (1890)

,

and Piper (1900) had studied. These embryos were so old that the first pair of the

segmental arteries had already atrophied.
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With the exception of the brief account by His (1886), this subject has not

been followed in detaH in man; on the other hand, the main facts m the history

have been ascertained for the birds (chick) and the mammalia sheep, pig) by a

series of injections, and the brief description given is based mainly on these.

The single capillary loops which constitute the early dorsa segmentals

approach the spinal cord near its ventrolateral angle and th6_ ventral part of its

lateral surface. In succeeding stages these loops give oS delicate sprouts, which

reach the cord at the area mentioned and anastomose with corresponding capillary

sprouts given off by the adjacent segmentals, thus forming a longitudinal cham ot

Fig. 440.—Successive stages in the development of the anterior spinal artery in the pig. The em-
bryos were injected and the cord dissected in the region of the first three thoracic segments. A, an embryo
8.5 mm. long, B 9 mm. long, C 14 mm. long, D 15.5 mm. long, and E 28 mm. long.

capillaries on the lower lateral surfaces of the cord. These capillaries soon increase,

growing over the spinal ganglia and forming a close plexus over the lower lateral

surfaces of the cord, which extends dorsally as far as the under edges of the

ganglia and their roots. Ventrally this plexus extends to the ventrolateral margin

of the cord. Along the latter line sprouts begin to grow ventrally, and the earliest

and more important of these, occurring near the chief trunfa of the dorsal seg-

mentals, represent the future aa. radiculares ventrales. As yet no capillaries have

extended beyond the myotomes. Such are the conditions which occur in mam-
malian and human embryos until a body length of six or seven millimetres is

reached. In the succeeding stages the blood stream in the segmental artery em-
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phasizes in each case two main branches out of the many capillaries, an upper or
dorsal and a lower or ventral branch. The upper branch courses just ventral to

the spinal ganglion and the dorsal nerve roots, joining the general plexus that

more intimately invests the cord just ventral to the line of emergence of the dorsal
roots,—«. radicularis dorsalisj the lower branch courses ventral to the ventral roots,

extending on to the ventral surface of the cord,

—

a. radicularis ventralis. In the

next changes which occur the most striking feature is the behavior of the capil-

laries on the ventral surface of the cord. The plexus which had previously begun
to extend there advances from both margins until a line is reached on each side

corresponding to the lateral limits of the bodenplatte; along this line they halt

temporarily in their spread, thus producing a peculiar and highly characteristic

vascular pattern which leaves the middle third of the ventral surface—^beneath

the bodenplatte—devoid of vessels but its outer thirds covered with a close net.

The medial margins of this net are soon somewhat enlarged, constituting two
parallel longitudinal vessels, the primitive anterior spinal arteries (traetus arteriosi

primitivi). Very soon delicate transverse capillary bridges cross the middle area

which was previously non-vascular (Fig. 440). Some capillary sprouts arising

from these primitive anterior spinal arteries push into the substance of the cord

and course dorsally, ending usually within the gray matter of the ventral horns.

These are the future aa. sulci (Adamkiewicz), or aa. centrales. This stage

of double anterior spinal arteries was first seen in the human embryo by His

(1886). It is probably most definite and typical for human and mammalian
embryos from 9 to 11 mm. in length. His's observations showed it well marked in

the human embryo of 10.9 mm. and stiU apparent in one of 13.8 mm.
The anterior radicular arteries contribute directly to the anterior spinal on

each side, and the latter vessel is really to be viewed as merely a particularly

prominent anastomosis between these aa. radicales ventrales. In like manner, in

later stages, a strong arterial anastomosis develops between the posterior radicular

arteries and is known as the posterior spinal artery.

To return now to the general development of the dorsal segmental vessels

and their system of branches, we find, at the stage which we are considering, these

vessels each possess two chief branches, the anterior and posterior radicular ar-

teries, which are concerned respectively in the formation of the longitudinally

coursing anterior and posterior spinal arteries, and which as development pro-

ceeds become separated more and more from the cord itself by thei formation of

the meninges, which (in the adult) they must pierce before reaching the cord.

But besides these two branches of the dorsal segmentals, another soon

develops which sprouts out beyond into the skin. This is the representative of the

trunk which later gives of£ both the muscular and cutaneous rami; the former do

not as yet exist, so that the vessel may be said to be the ramus cutaneus dorsalis

medialis (ramus posterior medialis of Grosser, Fig. 438). Below this another

branch of the dorsal segmental now extends out ventral to the anlage of the rib.

This, the intercostal sprout, represents the ramus anterior of the adult vessel. Its

future great growth makes it the chief portion of the final vessel, but embryology
shows plainly that the posterior ramus is the parent, and, again, that of the

branches of this posterior ramus, the spinal branch is the primary or parent one

and others (rami cutanei et musculares) secondary branches of it. From their

origin to the point of division into posterior and anterior rami, then, the inter-

costal and lumbar arteries represent the original dorsal segmentals, hut beyond

the latter points they are entirely new and secondary formations. One may com-
pare the above figures of the dorsal segmentals of embryos with the schema which

I give in Fig. 438 to represent the adult.

Mall (1898) has shown that in the 16 mm. embryo anastomoses

connect all the intercostal and lumbar arteries among themselves
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as well as with the subclavian above and the femoral below. In this

way, then, arise the a. epigastrica inferior and the a. mammaria in-

terna, and along with the rectus, nerves, and ribs shift later into

the mid-ventral line (Fig. 441). He thus explains the formation of

the superior intercostal artery: "The descent of the heart into the

thorax on the inside with the descent of the arm over the clavicle

on the outside of the body causes great tension on the upper inter-

costal arteries, and favors the new formation of blood-vessels in

FiQ. 441.—Arteries of the trunk in a human embryo 16 mm. long, showing the formation of the
internal mammary and deep epigaatnc arteries. (Mall collection, 43.) (After Mall, Johns Hookins
Hospital Bulletin, 1898.)

a more direct line. This is the reason why the main branch of the
superior intercostal is a secondary and direct artery from the sub-
clavian." Whereas the first two intercostals passed dorsal to the
sympathetic chain originally, they now pass ventral to it.

Concerning the development of the muscular rami which
belong to the dorsal segmentals little is known.

The cutaneous rami, though at one time thought to develop
equally and symmetrically (Manchot, 1889), do not do so, as
Grosser (1905) has recently been able to show. In fact, the seg-
mental symmetry of these vessels is quite completely destroyed in
the adult.

It is entirely probable that in the early stages of development the twigs which
represent the blood supply of the skin are arranged perfectly symmetrically and
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segmentally. They doubtless correspond accurately with the segmental cutaneous

nerve branches. Both, passing out from their source, find their territory of distri-

bution opposite them and at the same level. But the skin does not keep its rela-

tion with the skeleton, but shifts over it, dragging, as it were, its nerves and vessels

with it. Thus it happens that in the adult the segmental vessels and nerves no
longer supply the skin area opposite them. Since in the thoracic region this shift-

ing is chiefly caudalward, the cutaneous nerves all supply territories lying below

their points of emergence from the intervertebral foramina. The arteries, how-
ever, though tending to follow the same law, also acquire new connections with

the skin territories secondarily opposite them, and accordingly also supply besides

their own proper segmental area territory which originally belonged to the adjoin-

ing more cranial segments. Such a departure probably does not obtain in the

nervous system, where we may perhaps rely on the innervation of a skin territory

to reveal its primary segmental position. In the case of the vascular system the

departure is doubtless due to the tendency of a blood current to take the shortest

possible path—a fundamental law in the development of the vessels. Some
others accomplish T;his shorter path by the employment of anastomoses normally

existing between the various cutaneous rami, and so come to course not only

downward with the nerve of their own original segment, but also directly outward

with the cutaneous nerves of contiguous upper segments and emerge with the

latter into the skin. The original segmental skin arteries of these more cranial

segments thus vicariously supplied may no longer play any role in the supply

of the skin and in this way the number of actual skin vessels is reduced. Another

cause, besides this shifting and secondary assumption of a shorter path, operates

to disturb a primary segmental symmetry in the skin vessels. This also is funda-

mental in the development of the vascular system—the tendency of favored

vascular channels to annex contiguous ones. Such a tendency is shown to a

remarkable degree in cases of certain twin embryos, where we appear to have a

contest between the two hearts. In the skin plexus the favored channels supply-

ing this net enlarge at the expense of others, and this may result in the complete

assumption of the territories of some three original skin rami by the vessel

originally belonging to only one. It is probable that this tendency would operate

in the absence of any shifting of the skin even though it is encouraged by the

latter, for it is unlikely that exactly equal conditions should obtain in the case

of supply of all the segmental skin areas, and a disproportion once established

is rapidly exaggerated. This is without doubt the reason why both the posterior

rami (rr. eutanei dorsales mediales et laterales) of a paxtieular vessel seldom per-

sist, usually the medial rami alone persisting in the upper segments and the

lateral rami in the lower ones.

The further history of the anterior spinal artery may be briefly given here."

His (1886) had noticed that in the human embryo of 18 mm. the single

anterior spinal artery of the adult was finally present, and indicated that its

definitive singleness was attained by a medial dislocation and fusion of the two

primitive trunks, a process typified, for instance, by the well-known fusion of the

two aortK. This view has never rested on any embryological evidence, Kadyi

(1889), Hoffmann (1900), and others merely accepting it tentatively, following

His. Although such a fusion seems to be actually the case in the elasmobranchs

(Sterzi, 1904), in the higher vertebrates, and especially in all the mammalia, a

or a

° Sterzi has pointed out that the condition of paired anterior spinal ai-teries

u± a tractus arteriosi primitivi," is never developed in the mammals to the degree

seen in the birds. In the latter class they form large, much stronger and less

transient trunks,—e.^., lasting from the third to the twelfth day in the chick. It

is interesting to note that this condition is definitive in the cyclostomes.
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series of more elaborate changes must occur before the single vessel is formed.

These changes do not involve a fusion process, but consist essentially in the selec-

tion of one of the possible paths offered by the primitive vessels and a plexus which

has sprung up between them. The single definitive vessel may thus be unilateral,

median, or even oblique in origin (Sterzi, 1904, Evans, 1909). In the first case the

adult vessel represents one of the original primitive paired vessels, in the other

cases it is formed from the median plexus which connects the two primitive

vessels.""

The single anterior spinal begins to be formed in human embryos when a

length of about 15 to 16 mm. is attained. The irregular, " vacuolated " character

of the young primitive trunk (Fig. 440, E) betrays its origin from the original

plexus, as elsewhere ia the developing vascular system.

Variations.—The studies of Kadyi (1889), Burrows,"'' and others show that

the form of the adult anterior spinal artery often bears the stamp of its method of

origin, being median in some areas but in very many others truly right or left

sided. In some areas it even retains its original plexus character (eirculi arteriosi

meduUares), and in others consists of two strong parallel trunks which again unite,

—e.g., Kadyi (1889), Taf. 3, Fig. 11.

His stated that the double aa. sulci were later shifted together in the mid-

line, but this does not rest on evidence differing from that for his statement of

the fusion of the anterior spinals. Usually, indeed, the aa. sulci or centrales are

distinctly separate in man, even in the adult (Kadyi), thus disclosing their

original paired origin from the primitive anterior spinals : a thing which Kadyi

first discovered in man, Hoche (1899) in the rabbit and dog, and Sterzi has recently

shown from many other instances to be the general mammalian plan.

Even in those rare instances in which some of the aa. centrales have a

common trunk, this does not arise) from fusion of the two original ones, but from

the development of an anastomosis between these and the persistence of only one

of the two penetrating trunks below the level of the anastomosis, as is normally

the ease in the birds (Sterzi). (Vide Sterzi's figure, page 311.)

The aa. centrales are evident in cMck embryos of the 96th

hour and in sheep embryos of about 6 mm. In human embryos of

10-11 mm. they form two distinct rows of delicate vessels which
enter the cord at the margin of the primitive ventral sulcus and,

anastomosing on each side among themselves, produce two vertical

or dorso-ventral planes of capillaries. These two rigid planes of

capillaries form a striking picture of the internal circulation of

the cord at this time.

*'" Sterzi was the first to show that the anterior spinal artery usually seen in

the adult is only formed after the appearance of a series of anastomoses between

the two parallel primitive trunks. The final vessel, according to him, may in

some regions be derived from the left primitive vessel and in other regions from
the right one, according to chance. The development of the anastomoses between

the two primitive vessels permits the branches of that one destined to perish to be

taken over by its more successful neighbor. Probably the usual anterior spinal

is thus really unilateral in origin. At the same time, however, another plan may
be followed in some areas. The anastomoses between the two primitive anterior

spinals may become so large and numerous as to completely destroy in

places the paired character of the arterial channels of the ventral cord surface

and in such areas the cord is nourished by a rather wide median arterial plexus,

from which later an exactly median vessel can emerge (Evans).
"•> Burrows, M. T., unpublished obseri'ations.
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This is the earliest method of blood supply of the cord in all the higher
vertebrates, a sole exception being made for the urodelous amphibia, in which the
first cord vessels penetrate from the lateral surfaces (Sterzi).

The further development of the cord vessels is as follows : Some time after
the entrance of the aa. centrales into the cord, other vessels also penetrate it from
the lower lateral surfaces opposite the level of the dorsal margins of the anlagen
of the ventral gray columns (aa. periphericce). For a while, although both these
ventral and lateral penetrating vessels exist, the dorsal two-thirds of the spinal
marrow is still non-vascular. The whole lateral sides of the cord and its ganglia
are quickly covered with the capillary plexus, but few if any sprouts have ventured
on to the dorsal surface (7 mm. pig embryos). Thus the cord presents the remark-
able condition of a close capillary investment everywhere save on its upper surface,
which is as yet non-vascular. However, this surface is now rapidly covered, at

first by delicate transerse capillaries which bridge the gap just as they do at first

between the primitive anterior spinals. Gradually then a close mesh is formed
here. The gray matter of the cord is better and better supplied by secondarily
arising penetrating arteries, which may arise as far dorsally as just beneath the

posterior nerve roots (sheep embryos of lOVz mm.). Eventually the aa. periph-
ericffl exceed in importance the origmal aa. sulci, an event which occurs not only
in man, but also in the rodents, artiodactyls, perisodactyls, and carnivores, in all

of which the peripheral penetrating arteries come ultimately to supply the greater

part of the cord substance. In the chiroptera and inseetivores, on the other hand,

the original ventral segmentals remain always the 'chief arterial supply of the

cord. The white matter of the cord is always supplied late, it remaining practically

non-vascular in sheep embryos until a body length of almost 50 mm. is reached.

Gradually there develop on each lateral half of the cord four longitudinal anas-

tomotic chains; the first to arise and more important of these forms at or just

medial to the line of exit of the posterior roots (sheep, 50 mm.). This is the pos-

terior spinal artery of descriptive anatomy {tractus arteriosus postero-lateralis of

Kadyi), and corresponds to the tractus arteriosus lateralis of Tnost mammals. Next,

a similar but weaker anastomosis develops along the line of exit of the ventral

nerve-roots (tractus arter. ventro-lateralis) (tractus arteriosus antero-lateralis,

Kadyi). Finally, anastomotic arterial chains are established dorsal to the dorsal

roots {tractus arteriosus posterior, Kadyi), and opposite the ligamenta denticula

{tractus arteriosus lateralis), the latter being peculiar to man and the apes. Of
the various longitudinal venous trunks which develop, the order of establishment is

similar to that for the arteries, the ventral, lateral, and finally dorsal appearing

successively.

Anomalies of the Dorsal Segmental Arteries.—As regards their manner of

origin from the aorta, the dorsal segmental arteries show two main types of anomaly.

They may (1) either disappear completely on one or both sides, their branches being

taken over by the adjacent cranial or caudal segmentals, or they may (2) fuse with

the vessel of the opposite side into a smgle median stem, a process normal to the

ventral segmentals {vide infra).

Examples of the first type of anomaly are not infrequent in man, Krause

having recorded cases in which as many as four interstitia intercostaliawere supplied

by a single intercostal artery. It is interesting to note that such a condition occurs

on one or both sides in the normal development of certain fish, amphibia, and birds.

The second type of anomaly in which the two dorsal segmentals of one and the

same segment fuse to a common stem is also common in man. Ernst has recorded

a remarkable case in which all the intercostal and lumbar arteries arose in

this way,^^.e., for each segment from a single median trunk. Broman has

found this second type of anomaly occurring in instances in the early embryo

(13 mm.), and advances the notion that it occurs through an actual fusion rather

Vol. II.-41
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than through the atrophy of one of the pair.*'=^ Many years ago Krause em-

phasized that the two places in which this anomaly was commonest were m_ the

lowest intercostal and lowest lumbar regions, and Broman suggests that this is

connected with the fact that the aortse first fuse in the lower thoracic region and

that a marked fusion process, normally bringing the roots of the two common iliacs

together, occurs in the lower lumbar region. Common stems are normally produced

in the case of some or all the dorsal segmental pairs in some mammals,—Lepus

(Ernst), Halichoerus (Hepburn).

Arterial arches,
cut off

Aorta descendens
dextra

7th dorsal branch
^^ Arteria cceliaca

primitiva

Arteria omphalo-
mesenterica

Arteriae umbilicales

Arteria caudalis
dextra

Cranial root of a. umbilicalis | Caudal root of a. umbilicalis
'

21st dorsal branch

Fig. 442.—^Reconstruction of the aorta and its branches in a human embryo 3.4 mm, long. (After

Broman, 1908.)

The Ventral Segmental Aeteeies. (Gut Segmentals, Yolk

Segmentals, "Visceral Circle" [Maokay]).—The first branclies

to be given off by the aortse, if we except the precocious and im-

mense umbilical arteries, are those which course on to the primitive

gut and the yolk-sac. Here the primitive aa. vitellinae were first

seen in the human embryo by Mall (1897).

BischofE (1842) has usually been given credit for the discovery of the row
of yolk arteries given off by either aorta ; his observations were made on the rabbit.

"^ But see Hochstetter, 1911.
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Von Baer (1827), however, had preceded him, for in his " de ovi mammalium et

hominis genesi epistola " (Fig. VII a) he shows some six or seven pairs of yolk-
sac arteries in a young dog embryo.

When the two aortae have met and fused, opposite ventral
arteries are quite accurately matched, as is always the case with
the dorsal segmental arteries, so that from the now single aortic

tube there go off at many places pairs of ventral or gut arteries

which are also often accurately segmentally (i.e., intersegmentally)
placed.

It should be mentioned, though, that, while this is the case

for most of the aorta's length, in its most cranial portion the

ventral branches have perished before the aortic fusion has taken
place, so that a condition of paired ventral vessels from the single

aorta does not ever come about in this region,

—

i.e., in the terri-

tory of the occipital and six upper cerical segments.

The most ei-anial lying ventral branches are very transitory, and the very first

of them have entirely escaped notice until recently. In the Mall embryo No. 391

(Dandy, 1910) possessing seven somites, the ventral or gut brajiehes extend as

far forward as the first intersegmental cleft (Fig. 408). By the time the embryo
possesses fourteen somites (2.1 mm., Mall, 1897, Pfannenstiel III, N.T. 6) the

most cranial ventral branches appear in the region of the fourth and fifth somites.

In the embryo with twenty-three somites (Eobert Meyer, No. 300, N.T. 7) the

ventral vessels opposite the next three caudally lying somites are also in degenera-

tion, so that the vessels near the beginning of the eighth somites constitute the

first of the functioning series.

In the Broman embryo of 3 mm. (N.T. 11) (Fig. 422) the ven-

tral vessels opposite the 7th cervical dorsal pair constitute the

most cephalic of the series, and this pair is probably the most
cranial of the ventral branches to persist long enough for fusion

of the aort« to occur in their neighborhood.*^ By the time the

embryo attains a length of five millimetres, all of these ventral

pairs have given place to single median stems (Fig. 443). Bro-

man (1908) believes this to take place first in the middle of the

unpaired aorta and to have proceeded cranially and caudally from
this point. In a human embryo of five millimetres which

Tandler (1903) has described, all of the ventral pairs have "fused"
and there exists a complete series of unpaired or median ventral

segmentals from the seventh cervical to the second lumbar seg-

ments inclusive. Broman (1908) describes these vessels as repre-

senting in each ease a fusion of the original segmental pairs, and

not, as has been supposed (Thane, 1892, and others), persisting

right or left members of the original pairs; but it is possible, as

^ Whether the oesophageal arteries which Broman and I have seen in quite

young embryos are remains of these eephalically lying original vitelline vessels

or entirely new sprouts does not permit of determination.
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Felix remarks from his study of the embryo of 23 somites, that this

is often not the case, since here occasionally right members of the

ventral pairs were already larger. The question is an open one.

Broman has attempted to explain the normal fusion of the ventral segmentals,

in contrast to the persistence of the paired condition -which the dorsal segmentals

Aorta
descendens ^^-^

dextra Truncus arteriosus

A. eoeliaca
'

^r\

A. um-
bilicalis

dextra

A.
mesen-
terica
supe-
rior

**ilt llMI
I

ill

ir-

--''-'-
.._

^"^i-

A. eauda

Caudal
root

Craaial
root

Fusion
gaps
23d righfc
-dorsal
branch

"iT"—\r

Fig. 443.—Reconstruction model of the aorta and its branches in a human embryo 5 mm. long,

(After Broman, 1908.) The cranial end of the right mesonephros and the position of the metanephrio

anlage are indicated by dotted lines.

exhibit, by affirming that the ventral vessels are from the very beginning placed

nearer each other than are the two dorsal stems. This statement, of course, will

not hold, as can be seen from the study of younger embryos than were at his

disposal, (Fig. 444). The coalescence of the ventral segmentals is doubtless con-

nected with those forces which pull the intestine farther away from the aortic

wall to produce the dorsal mesentery.



DEVELOPMENT OF THE VASCULAR SYSTEM. 645

It is quite possible that the seventh pair of ventral segmentals
remain longer than those above them just because they function

as one of the roots of the cceliac artery. At the stage of five

millimetres, although the series of mid-ventral segmentals may be
uninterrupted, some of the members of the series are already much
exaggerated over the remainder and enable us to recognize them
as forming the cceliac and omphalomesenteric arteries respectively

(Pig. 445). The former vessel arises by two roots from the sev-

enth and eighth ventral segmentals and, coursing ventrally, forks,

the two branches being traceable forward toward the portion of

the alimentary canal from which later the stomach and liver are

respectively derived. The omphalomesenteric artery is by far the

largest of the ventral series, and, while its main trunk is the con-

Caudal end of the
3d somite

Coelom

Centre of the
3d somite

"'»!><,jl^^ljjj^-.

Ccelom

4tli ventral "<'V«*
segmental artery ^# J •

Fig. 444.—Cross section of a human embryo of 7 somites, showing the primitive ventral (segmental)

branches of the aorta. The yolk-sac is so spread out that these branches appear as lateral derivatives of

the aorta, although later ventral. (After a drawing kindly placed at my disposal by Dr. Walter E. Dandy )

tinuation of the thirteenth segmental vessel, the four ventral seg-

mentals cranial to this also share in giving origin to it, for. they

are connected with this artery by a series of longitudinal anas-

tomoses. As can be seen from Fig. 445, the omphalomesenteric

artery splits on reaching the intestine and surrounds the latter at

its junction with the ductus omphalo-entericus, with an arterial

ring, before proceeding on its way to its final field of distribution

on the yolk-sac. Fig. 446 shows conclusively that the left limb of

this ring has atrophied, since the artery now passes entirely on

the right side of the gut.

Anomalies.—Sometimes a considerable part of the old omphalomesenteric ar-

tery persists in those rare cases of the most primitive type of Meckel's diverticulum.

In such eases what is undoubtedly the original artery courses beyond the gut and

it? diverticulum to the umbilicus, and a determination of on which side of the
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gut the vessel courses wiU disclose whether the right or left limb of the early

arterial ring has persisted. All of the more advanced types of the diverticulum,

in which the process is merely supplied by an unusually strong vessel but in which

the old trunk cannot be identified with certainty, must be inadmissible for the

determination of this point, for the diverticulum is a healthy functioning pocket

of the bowel and as such could have secondarily attracted^_^for its supply branches

from the vessels of either contigaious wall of the intestine."

Ductus omphalo-entericus

A. omphalomesenterica'

Ductus Wolffii

7th dorsal segmental
artery

A. umbilicaliS'

Fig. 445.—Sagittal reconstruction showing the aorta and its branches in a human embryo of 5 mm. (After

Tandler, Anat. Hefte, Bd. 23, p. 192, Fig. 1.)

Opposite the lower colon, no one of tlie ventral segmental
arteries is especially enlarged above its fellows, and the equal part

which all of them play in the nourishment of this part of the bowel

"It is of interest to note that Allen (1883) some years ago pointed out that

remnants of both the a. and v. omphalomesenterica are normally found in the new-
born of the cat, dog, and guinea-pig in a strand of tissue which reached the navel.
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prevents us from identifying any one of them as the a. mesenterica
mferior. Nevertheless, in an 8 mm. embryo the latter artery is
apparent as the 20th ventral segmental (Broman, 1907).

_

In the succeeding stages in the life of the embryo, the vessels
which we must recognize as the coeliac, superior mesenteric, and
mferior mesenteric respectively are all found at successively lower
levels on the aortic wall, a fact which is to be correlated with the
descent of the intestinal viscera (their territories of distribution)
into the abdomen. This highly interesting phenomenon, the so-

9th dorsal
segmental artery

A. cceI.

A. omph.-meg.

A. mes.

Fig. 446.- -Sagittal reconstruction showing the aorta and its branches in a human embryo measuring 9 mm,
(After Tandler, Anat. Hefte, Bd, 23, p. 197, Fig. 2.)

called "caudal wandering" of the visceral arteries, was first dis-

covered by Mall (1891), and has since been abundantly confirmed

and extended by the studies of Tandler (1903) and Broman (1908).

The subjoined table shows the position of these vessels in a number
of human embryos during the time of their migration (p. 648).

The cceliac artery thus wanders from the seventh cervical to

the twelfth thoracic segments, a displacement of some eleven

segments, and the superior mesenteric artery almost equally as

far (ten segments, second thoracic to first lumbar) ; whereas the

inferior mesenteric artery wanders through but three segments

(twelfth thoracic to third lumbar). The great change which the

levels of origin of the first two vessels undergo, in contrast to the

slight one of the third, is readily intelligible from the proportion-
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ately great dislocation which the upper part of the alimentary

tract undergoes. All of these vessels usually attain their adult

levels by the time the embryo is 17 mm. long.

This shifting of the intestinal arteries is not produced by a

displacement of the aorta on the vertebral column, but is an actual

Length of embryo. Position of a. coeliaca. Position of a. mes. sup. Position of a. mes. inf. Observer.

1 4.9 mm . .

.

4.5 mm . .

.

C 7 T. 1,2, 3, 4

T. 2andT. 3

T. 1,2, 3, 4, 5....
T. 4 and 5
T. 5 and 7

Betw. T. 5 and 7

.

T.4,5,6
T. 5, 6, 7

Ingalls.'*''

2 Betw. C. 8 and
T. 11 Broman.

3 5 mm ....
5 mm. . .

.

6.75 mm..

C. 7andC. 8
C. 8 and T. 1

T. 2

Tandler.
4 Broman.
5

fi T. 5 L. 1

Elze.

Elze.
7 ! 8 mm T. 2 T. 12 Broman.
8 9 mm ....

9 mm ....
10 mm . . .

10.3 mm..
11 mm. . .

11.7 mm.

.

11.7 mm

T. 4 T. 12 Tandler.
9 T. 4 T. 6, 7 L. 1, 2 Tandler.
10 T. 8 T. 9, 10 L. 2
11 Betw. T. 7 and T.8

T. 6, 7, 8

Betw. T. 7 and 8 .

.

T. 9

T. 9, 10 Betw. L. 1 and 2 .

.

L. 312 T.8, 9
13 T. 9 Betw. L. 1 and 2 .

.

L. 214 T. 10 BroTYifl.n

15 12.5 mm T.8 . T. 10 L. 2
L. 2

Tandler
16

j

13.2 mm.. T.8, 9 T. 10, 11 Broman
17 ' 14 mm. . . T. 10 T. 10, 11 L. 2
18 ' 14.5 mm.. T. 9. 10 T. 11 L. 2

Betw. L. land 2..

L.2
L. 2

Tandler
19 i 14mm. . .] T. 10 T. 11
20 14mm. . .i T. 11 T. 12 Tandler
21 15.5 mm.

.

16 mm. . .

T. 11
T. 12

T. 12
22 T. 12 L. 3 Rrnmfl.n
23 ; 16.2mm..; T. 11

24 1 16 mm ... 1 T. 11 (lower cart)

.

T. 12
T. 12 (upper part)
T. 12 (lower part).
L.l
L.l
L. 1

Betw. L. 2 and 3 .

.

L.2
Broman.

25
26

16 mm. . .

17 mm. . .

19 mm . . .

T. 12 (upper part)
T. 12

L. 2 (lower part) .

.

L. 3
L. 3

Author.
TflTiHlpr

27 T. 12

28 19 mm . . . T. 12 (lower part)

.

L.3 Author

shifting of these ventral branches when cc

branches of the same trunk.* ^

)mpared with the dorsal

" " Zwisehen dem fiinften und. sechsten Rumfgajiglion findet sich ein bis an
den Darm verfolgbares Gefass, das vielleicht als a. mes. inf. anzusehen ist."

(Ingalls.)

" The exact manner in which this wandering of the gastro-intestinal vessels
is accomplished has not as yet been established. Undoubtedly one possible method
in early stages is by means of the anastomoses which connect the ventral vessels.
This, however, will only account for very early shiftings, for the studies hitherto
made show that very soon there may not be a single other vessel between the
points of origin of the three chief vessels {e.g., Tandler's embryo K.S.). Conse-
quently other methods have been called on to explain this caudal wandering. These
are

—

1. That it takes place through the formation of special non-segmental
anastomoses between the wandering arteries and the aortic wall below them, with
the ensuing atrophy of the older roots. The chief evidence in favor of this view
consists in the frequent presence of non-segmental roots of origin for these vessels.
The original roots being all supposedly segmental, any non-segmental position for
the vessel is explained by the acquirement of secondary non-segmental roots. Such
a view overlooks the fact that even in the beginning non-segmental ventral branches
are present (see, for instance, the vessels in Broman's Pig. 1, page 646).
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Eegarding the development of the peripheral branches of

these arteries in man almost nothing is as yet known.*" Tandler
has identified the a. pancreatico-duodenalis superior in an embryo
13 mm. long (N.T. 57). At 15.5 mm. (Mall's collection, 390) the

cceliac axis possesses the following branches : a. phrenica inferior,

a. gastrica sinistra with oesophageal rami, a. hepatica with its a.

cystica (strongly developed), a. pancreatico-duodenalis superior,

and a. lienalis (Fig. 447).

Interest attaches to the development of the ventral branches
which the adult aorta is known to send to the oesophagus, especially

as to whether these also are descended from the early segmental
branches. Some of these aa. cesophageales have moreover been
identified in relatively early stages, but they are apparently new
formations.*''

2. That it takes place through an active ventral wandering, by which it is

understood that the caudal wall at its junction with the aorta bulges itself out,

while the cranial wall at a corresponding place is taken up by the aortic wall.

There is no evidence for this view.

In discussing the subject it is to be pointed out that the cceliac and superior

mesenteric arteries have their roots in an uninterrupted chain of anastomosing

vessels, and there is no a priori reason why the vessel functioning as the superior

mesenteric in one stage may not subsequently be used as the cceliac channel. As
the area of distribution of one of these vessels shifted eaudally, the blood stream

could adapt itself to a more direct path by the employment of these anastomoses

which enable it to come from successively lower segments of the aortic wall.

It seems to me most probable, however, that the identity of the three main

vessels is established permanently very early, and that the great shifting is due

to an entirely different phnomenon,—namely, to the unequal growth of dorsal and

ventral walls of the aorta. Attention may be called here to the remarkable shift-

ing undergone by the fourth aortic arch, for instance, compared with the dorsal

segmental vessels, and yet the arches have not been thought to climb down by
special secondary roots, etc.

"'Fransen has studied the branches of the a. mesenterica inferior in two

human fetuses between the eighth and ninth month. The six chief branches which

he finds going off from this artery he interprets not as the usual branches of the

third order, but as original ventral segmentals from the aorta and sacralis media,

which subsequently became united through a longitudinal anastomosis (the ascend-

ing and descending rami of the a. mesenterica inferior), whereas the root portions

die. There is nothing embryologieally to establish this claim. These lower ventral

segmentals do not exist long enough to leave a permanent trace in the mesenteric

plexus. Like the earliest limb vessels they are usually of a capillary nature. The
establishment of the inferior mesenteric artery rearranges the whole vascular pat-

tern of its territory of distribution, and the six branches to which Fransen refers

came out of this plexus.

" In an embryo of 4.5 mm. Broman has identified three of these vessels rising

from the right aorta opposite the third and fourth dorsal segmental vessels, and

reports them in embryos of 10.3 and 14 mm. I have myself seen them in embryos

of 10 and 14 mm. In the embryo of 15.5 mm. shown in Fig. 447 they are shown

as delicate twigs opposite the sixth and seventh thoracic segments, and have been

seen in this location or slightly lower in five other embryos measuring from 19

to 23 mm. (Numbers 229, 368, 108, 57, and 382, Mall's collection). In the older

of these embryos they were represented by a fairly strong vessel opposite the eighth

thoracic segment.
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I. Bupraorbi-
talis (arteriEe-

stapediales)

ami oesophageales, a. gastric, sin

A. gastrica sin,—

-

. cystica

A. pancreatico-
duoden. sup.

A. epigrastica inf.*--

A. femoralis--

A. pudenda interna —

-^'-^ ' ^j A. phrenica inf.

~A. cceliaca

A. mesenterica sup.

A. lienalis

A. mesenterica inf.

3d lumbar segmental arter^

A. sacralis media

— A. iychiadica

Fig. 447.—Graphic reconstruction of the arterial system of a human embryo 15,5 mm. long, which
had been injected while the heart was still beating by Mr. Broedel. The embryo was subsequently cut into

a series of sagittal sections. (No. 390, Mall collection.)
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As far as I know, nothing has been ascertained concerning
the development of the bronchial arteries. In the embryo of 15.5
mm. (Fig. 447) three ventral branches of the aorta are seen to
constitute aortic vasa vasorum.

The main branches of the mesenteric arteries are formed very
early and can be identified in mammalian embryos well under 10
mm. in length. From the time of the earliest existence of the
ventral segmentals, the gut is supplied with capillarifis, and in
the early embryo these form a close plexus in the tissues of the
simple intestinal tube.

The earliest capillaries plexify in a fairly definite plane whicli corresponds
to the future submueosa. This tunic—the so-called "tunica vasculosa" of the
older anatomists—contains, as is well known, the chief plexus of intestinal vessels

in the adult; there the chief vessels of the intestinal wall are found, and it is from
them chiefly that the muscular rami and all of the mucosal rami are derived. This
fact finds a better comprehension from the history of the vascularization of the
gut wall, for in the submueosa the earliest and hence oldest vessels are found.

From this layer of vessels, with the progressive development of the museularis

and the mucosa, there sprout out the rami which nourish these tunics. When the

first villi are formed they receive simple capillary loops and sprouts; from the

capillary plexus of the older villi, the villous arteries and veins are formed. The
increase in complexity of the proper intestinal vessels proceeds from above down-
ward, just as does the development of the intestinal walls and especially the vUli;

the vessels of the small intestine much precede in complexity those of the large

bowel, and the latter portion, for a long time smaller in girth, remains supplied

only with a single, simple, submucosal net at a time when the small gut has mani-

fold muscular and mucosal rami.

Anomalies.—The coeliac and superior mesenteric arteries sometimes arise from
a common trunk—the so-called " cceliaco-mesenterica," Rathke. This is an entirely

normal condition in the Anura, some of the Chelonia and Lacertilia, and some of

the Mamm.alia (Phoeasna [Cuvier], Talpa [Tandler], Echidna [Hyrtl], etc.). The
formation of such a trunk has been interpreted as due to the approach and fusion

of the coeliac and superior mesenteric arteries (Howes, Klaatsch, Pransen, etc.).

Tandler (1904), however, has studied the embryonic development of Talpa, in

which this occurs as a part of normal development. He finds a strong longitudinal

anastomosis between the various early segmentals of the coeliac and superior mesen-

teric group. Only one of these early segmentals remains as the permanent trunk,

and it has as its chief cranial branch a longitudinally coursing vessel, which is

doubtless the old longitudinal anastomosis between the segmental series, the cranial

members of which have now degenerated. Prom this longitudinal vessel the

gastric (sinistra), hepatic, and splenic arteries are later distinguished as arising.

The main part of the permanent trunk is the omphalomesenteric channel; in this

way, then, the anastomosis enables the latter vessel to take over the branches which

usually belong to the cceliac. Tandler has applied these findings to explain also the

anomalous occurrence of an a. cceliaco-mesenterica in man. If his schemata are

interpreted liberally as signifying any mesenteric anastomoses by virtue of which

one vessel can take over the whole or part of its neighbor, they deserve to stand as

the most reasonable and plausible explanation for these anomalies. It is significant

that it is always the stronger vessel—the a. mesenterica superior—and never the

weaker coeliac which performs the annexation, a fact in conformity with our

general ideas of the method of development of the vascular system. Tandler in

fact recognizes a general anastomosis between the branches of aorta in this



652 HUMAN EMBRTOLOGT.

region, constituting, as it were, a general ccKliaco-mesenteric complex. Normally

there occurs a later separation of the coeliac and mesenteric systems. Broman, on

the other hand, thinks that from the earHest time at which they can be recognized

these two vessels with their multiple roots are entirely separate; this is because

the human material hitherto explored has not revealed a complete chain of anas-

tomoses between the two vessels, as it has in Talpa. The limitations of method

of attack here make it probable that these vessels can not always be seen and that

future researches will show them present. If they are not present, another method

of formation of a truncus coeliaco-mesenterieus may be the correct one; this is the

active outgrowth of a wandering root from the coeliac which attaches itself to the

superior mesenteric rather than the aorta (Broman).

The rather commoner, longer anastomoses between the coeliac and upper

mesenteric arteries are doubtless more secondary developments from the plexus

in the primitive mesentery. (In this category are to be placed the cases reported

by Aeby, Biihler, Fawcett, Tandler, Thane, Toldt, and others.) The superior

mesenteric artery has also been reported as taking over the field of the inferior

mesenteric (Fleischmann, 1815), but this is doubtless an anomaly of the greatest

possible rarity, because the lower vessel is initially so far removed from the

superior one as to be from the beginning a far more effective supply for the

bowel which is opposite it.

Lateral Bkanches. (Nephric Segmentals, Intermediate Ar-

teries (Mackay), etc.).—Mention has already been made of the

occurrence of primitive lateral branches of the aorta in human em-

bryos of 15 and 23 somites (see Fig. 436). The relation of these

vessels to the lateral branches of the aorta present in embryos of

4 to 5 mm., and which are now clearly concerned in the supply of

the Wolffian body, is not clear, and will not be so until intermediate

stages are possessed. I shall discuss here only the latter arteries,

which we may designate simply as lateral branches of the aorta

or the mesonephric arteries.

His (1880) first observed multiple branches of the aorta sup-

plying the mesonephros in a seven millimetre embryo, ajid Mall

(1891) emphasized the tendency of these to be segmentally arranged
in early stages.** Broman has recently given a more extended

account of them and their fate in a series of embryos, and I fol-

low him.

At first, when the Wolffian bodies are relatively small, the num-
ber of mesonephric vessels is correspondingly small and these

" Tandler has confirmed this tendency for a segmental arrangement of the

mesonephric arteries, but the studies of Broman, Ingalls, Elze, etc., show that

many non-segmental arteries exist either from the beginning or as a result of shifting

of original ones and we must admit that the metameric arrangement of the Wolf-
fian body arteries is soon completely lost. Hochstetter has called attention to the

fact that the mesonephric vessels in Selachians are described as coming from
the segmental body wall arteries (Dohm), and in Amphibia as being true seg-

mental offshoots of the aorta ( Semon) . He is of the opinion that the correspond-
ing vessels in amniotes were also segmentally arranged 'in correspondence with
segmental mesonephric glomeruli, each of which had itS' own artery. Actual observa-
tions on amniote embryos which will support this have not yet been made.



DEVELOPMENT OP THE VASCULAR SYSTEM. 653

come from only the middle portion of the aorta (2d to 8th thoracic
segments)

; but when, at the end of the first month, the mesonephros
reaches its greatest development, it receives many direct branches
from the aorta at levels cranial as well as caudal to the original
ones. The following table will indicate this

:

Length of embryo

6 mm.
6 mm.
7 mm.
8 mm.

Level of origin of meaonephric arteries.

2d to 8th th. segments . . . .

1st to 12th th. segm
8th cerv. to 12th th
8th cerv. to 12th th. segm

.

No. of
mesonepliriG arteries

on each side.

7 .

13
14
20

Observer.

Broman (1908)

.

Tandler (1903).
Mall (1891).
Broman (1908).

The last vessels added to the series appear to grow out from
the level of the first lumbar to second lumbar segments in embryos
of 10 millimetres. These indeed are destined to persist in the adult
representatives of these arteries, for all the remainder atrophy by
the time the embryo is from 16 to 19 mm. long. When the sex
glands and the adrenal arise, they are supplied by branches from
many of the neighboring mesonephric arteries.

Gradually the sex gland loses all but a single one of its many
arteries, and this is the branch from the mesonephric vessel

opposite the second lumbar segment. The atrophy of the Wolf-
fian body permits the entire blood stream in this artery now to

supply the sex gland, and thus the a. spermatica interna appears
to be a direct branch of the aorta (Hochstetter for mammals, Bro-
man for man).*^

The branches of the mesonephric arteries to the adrenal gland
are originally many (6 at least), and come off from the higher
members of the series,

—

e.g., in a 10 mm. embryo, from the meso-
nephric arteries arising from the sixth to eighth thoracic segments.

But eventually, with the relative descent of the adrenal, it acquires

branches from the Wolffian body arteries at lower and lower levels.

At last in 16 mm. embryos the adrenal arteries are branches of

three mesonephric vessels near the first and second lumbar seg-

ments.^" With the atrophy of the Wolffian body, these three

adrenal arteries persist and consequently take over the entire blood

current, thus appearing as three independent branches of the aorta.

Before the adult state is reached, the upper and lower members of

the series of three adrenal vessels acquire important secondary con-

" Along with this goes the fact that the recog-nizable rudiments of the Wolf-

fian body in the adult—the epididymis or epoophoron—are naturally supplied by

the sex gland artery.
°° It is to be noted that at this stage these ^e at last the only meso-

nephric arteries existing,- with the exception of the very last member of the series

—

that of the second lumbar segment—which sends a branch to the sex gland.
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nections, for the latter comes to supply tlie permanent kidney {a.

renalis), ^^ and the former the diaphragm (a. phrenica inferior).

These secondary fields for the upper and lower adrenal vessels

soon exceed in importance their adrenal territory, and so, in the

adult, we only speak of the upper and lower adrenal arteries as

small branches of the large renal and inferior phrenic vessels,

though embryologically the reverse is the case. The a. renalis soon

takes a descending course, and only in the second half of fetal

life does it appear transverse.' ^ Luna (1908) has shown that the

a. phrenica inferior does not surpass its adrenal branch in size

until about the seventh embryonal month.

Asa result of all observations hitherto made, it may be stated

that the permanent kidney in mammalian embryos certainly does

not receive any large and readily appreciable arterial supply until

its definitive position is reached. Hochstetter has stated that the

vv. renales also wait such a time for their development. These

facts, however, can not be taken to mean that the renal anlage

possesses no circulation during the important early period of its

development. For it can be shown, even from ordinary histo-

logical sections, that the kidney during this time possesses many
small vessels in its walls, and ISroman (1907) has recently traced

connections between these and the posterior cardinal veins, on the

one hand, and with the efferent Wolffian body veins, on the other.^^

This is not the only source of blood for the early metanephros, for injections

of mammalian embryos (pig) indicate that its capillaries receive arterial blood

from the a. sacralis media (Fig. 448) and inferior mesenteric artery. (See Jeidell,

1911.)

Variations.—Supernumerary renal arteries have been known for a long time

(Macalister [1883] records a ease of seven), but until the embryology is accurately

known explanations for their occurrence will be highly speculative, as they have

been in the past. From the time of Meckel onward, there have been observers will-

ing to postulate a hypothetical " splitting " of the usual single renal artery to explain

this! {e.g., Kolster, recently). However, other observers have stated their belief

"^ Hochstetter declares the a. renalis of other mammals to be a direct secondary

outgrowth of the aorta, and the same history was described by Hill for the pig.

The subject is worthy of reinvestigation in very early injected embryos.
°^ Broman explains this by a descending course of the a. suprarenalis inferior

at the time the a. renalis supplants it. Formerly these vessels were transverse,

but after the closure of the diaphragm he thinks the latter successfully prevents

any upward extension of the adrenal, and that adrenal growth from now on con-

sequently pushes down its lower pole together with the a. suprarenalis attached

there.

" From such a finding Broman concludes that the post-cardinal venous blood

flows to the kidney and is drained out again into the vv. revehentes of the Wolf-
fian body; this would furnish a renal-portal system for the early metanephros

comparable with the renal-portal system so well known in the case of the meso-

nephros, and in accord with similar observations made some years ago by Hoch-
stetter on the metanephros of reptiles.
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in the derivation of supernumerary aa. renales from Wolffian body vessels, and
Broman's derivation of the normal a. renalis from this source makes this explana-
tion of multiple renals the most plausible. The abnormal origin of the renal artery
m common with other trunks is of some interest, inasmuch as we caii now explain
a large number of these embryologically. The inferior phrenic, adrenal, and sex-

gland arteries being derivatives of the original mesonephric vessels, all combina^
tions in the origin of the former vessels may be expected. Thus the origin of

the a. spermatica interna from the a. renalis is not uncommon, the common origin

of a. renalis and a. suprarenalis inferior is normal, and the other adrenal vessels

may likewise come from the renal. It is now possible, in view of new observa-

tions on the earliest blood supply of the metanephros, that certain types of origin

aorta
abdominalis

- V. card, post.

V. segmentalis dorsalis

a. segmentalis dorsalis

. segmentalis dorsalis

it. segmentalis dorsalis

,a. sacralis media

;V. ischiadica
a. segmentalis dorsalis

corresponding v. segmentalis dorsalis

V. segmentalis dorsalis
a. segmentals dorsalis

Fig. 448.—^Arteries to the permanent kidneyin a pig embryo 14 mm. long, after an injection of the
living embryo. The arteries in question are the small upwardly-directed branches which arise from the
a. sacralis media and the lateral plexus formed by the a. sacralis media. The same plexus is seen to give

rise to the aa. segmentales dorsales on each side.

of the renal artery from lower sources

—

e.g., from the a. mesenterica inferior or

a. sacralis media—represent the retention of its first vascular connections when
the gland was pelvic in position. There still remain, of course, many remark-

able anomalies of all these arteries which indicate entirely secondary shiftings or

connections,

—

e.g., the origin of the a. spermatica interna from certain lumbar

arteries. Broman has emphasized that the mesonephric arteries may come off at

variable points from the lateral aortic circumference, many of them, in fact, being

ventrolateral derivatives. It is easy to understand how, in the latter cases, in

further growth the mesonephric artery may come to be incorporated with a con-

ti<nious ventral branch of the aorta. The most common instance of this is afforded

by the common origin of coeliac and inferior phrenic arteries.

End Beanchbs of the Aorta (Caudal, Lower Limb, and Pelvic

Arteries).—In all vertebrates in which the hind limbs are im-
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portant, the aorta does not appear to go over insensibly into the

a. caudalis, but is rather drained of most of its blood by the mighty

iliac branches, which we have come to speak of, in addition to the

caudal vessel, as the end branches of the aorta. The simplest

arrangement of the aortic end branches is that seen in man, and

involves merely a tripartite division into the two common iliacs

and the a. caudalis (a. sacralis media ).>^* In many mammals, in-

cluding man, later shifting makes the sacralis media appear as a

dorsal derivative of the aorta and not as its direct continuation,—

e.g., in the human adult it almost constantly arises cranialward

from the "bifurcation place" of the aorta.^^

In the human embryo we have seen that the tremendous im-

portance of an early placental circulation has "pushed forward"

the development of the umbilical arteries so that they much pre-

cede of course the appearance of limb arteries.

Studies on early embryos show that the umbilical artery is

relatively farther cranial in position than it subsequently comes

to be,

—

i.e., it appears to wander caudally. We have seen that the

primitive umbilical arteries possess many roots of origin from the

aorta which are in fact only the caudal members of the general

vitelline series (aa. vitellinse)."'^

" Hoehstetter has shown that in some mammals, although this plan is origin-

ally followed, there subsequently occurs a disappearance of the common iliac ves-

sels, so that the external and internal iliacs arise separately from the aorta (eat).

Hoehstetter in 1903 felt inclined to explain this as due to a splitting of the aa.

Uiaca communes, Broman (1908), by a fusion of the umbilicals down to the point

of origin of the external iliacs. Very recently now, Hoehstetter (1911) has sub-

jected the matter to a careful restudy, and comes to the conclusion that the cat's

truncus hypogastricosacralis comes through a,;wandering upward of the origin of

the a. iliacse externse from the wall of the a. iliacee communes to that of the

aorta; a similar thing apparently occurs as regards the a. iliolumbales which wander
from the external iliacs to the aorta.

" Young has attempted to maintain that the umbilical arteries really represent

the original continuations of the aortte which have fused only down to the point of

origin of these vessels. He goes over into a hypothetical and poorly founded
realm in declaring that the aortse thus bend around into caudal arches comparable
with the aortic arches. He explains the a. sacralis media as a secondary branch,

being much impressed with its dorsal origin from the aorta at a point cranial to

the iliacs rather than at the exact division place. Nevertheless in development the

sacralis media goes off at the point of origin of the a. umbilicales, and in addition

behaves like the aorta in its position, dorsal segmental branches, etc. Broman ex-

plains the definitive origin of this artery cranial to the division of the aorta into

its iliacs by assuming that the last part of the aortic stem is formed by a second-
ary fusion of the aa. umbilicales for a short space at their proximal ends. No
evidence exists for this view, and if relative growth differences cannot completely
account for the apparent cranial shifting of the sacral arterj', we must assume
a true wandering to have taken place.

°° In this connection it is of interest that in some mammals the omphalomesen-
teric artery first appears to take origin from the umbilical by a stem which leaves the
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In very early stages this caudal migration of the umbilical
artery is unquestionably brought about by the caudal growth of the
aorta itself together with its intestinal branches, the whole forming
a plexus with which the umbilical arteries are constantly in rela-

tion and by means of which the blood to them gradually flows in

more and more caudally placed ventral branches. Thus, in the
Kroemer-Pfannenstiel embryo of 6 somites (N.T. 3), these ves-
sels arise at about the level of the future seventh or eighth segment,—i.e., the fourth cervical somite. In embryos measuring less than
4 mm. the artery is almost at the level of the first lumbar vessels.

It is probable that the single or at most double roots which
the a. umbilicalis possesses at this stage are its final ones which
belong to the original vitelline series. These roots, however, are
themselves displaced or "wander" caudally, so that in embryos of

5 mm. they are found at or slightly below the level of the third

lumbar vessels.^^ They do not, however, constitute the definitive

roots of these arteries, for, as Hochstetter (1890) some years ago
showed for rabbits, the umbilical arteries of mammals next gain a

more laterally placed root of origin from the aorta by the develop-

ment of an anastomosis with the posterior limb arteries, whose
origin from the aorta now becomes the root trunk of the umbilical

artery, the original ventral umbilical root now atrophying. Hoch-
stetter showed clearly that both ventral and lateral roots for the

umbilical may exist for a short time coincidently {e.g., in rabbits

of eleven days, two hours), and so form an arterial ring enclosing

the Wolffian duct and coelomic cavity, lateral to which the secondary

roots and medial to which the primary roots course. Such a condi-

tion can be seen in human embryos of about 5 mm. (N.T. 16) as

Keibel and Elze (1908) first reported and as may be seen from

latter vessel and courses eranially toward the place where later strong arterial con-

nections with the aorta enable the proper omphalomesenteric artery to displace it.

Those are the conditions seen by Kavn (1894) in the rat and mouse, and I can report

an almost similar phenomenon in early embryos of the pig. Here injections show

that there exists for a time (7.5 to 9 mm.) a strong arterial route for the omphalo-

mesenteric artery which arises from the a. umbUieaHs and courses eranially to

join the former vessel. These phenomena were quite unintelligible before we

were aware, as we now are, that the entire viteUine-umbilical complex of vessels is

originally one and the same system.

"Broman has explained this caudal "migration" of the umbilical arteries

by the successive development of "wandering" roots by virtue of which the

artery acquires lower and lower connections with the aorta. As evidence of this

he points to the double-rooted condition in which the artery may be found. This

coincides with his explanation for the descent of the gut arteries. It is to be

pointed out that many embryos do not show these multiple roots, and the appear-

ance, even when found, is possibly merely an instance of inselbildungen. Dispro-

portionate growth of the two aortic walls may again be responsible for this

dislocation, or we may have to do with an actual active caudal migration of an

individual trunk.

Vol. II.—42
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Felix's Fig. 449, drawn from the Keibel embryo. In the embryo of

7 mm. (N.T. 28) only the secondary root is found, and the vessels

are at their permanent location (at or slightly below the level of

the fourth lumbar dorsal segmentals ).«8 i^ embryos of this age,

then, the strong umbilical arteries are found giving off, shortly

after their origin from the aorta, a distinct branch, which courses

somewhat downward and outward to the posterior limb, where it

goes over into a capillary plexus. This is the primary artery of

the limb, the a. ischiadica, and, while originally reaching the limb

I
Lateral root
of the
a. umbilicalis

Renal bud

Fig. 449.—Reconstruction of the a. umbilicalis in a human embryo 5.3 mm. long. (Collection of

Professor Keibel, No. 1420.) The umbilical artery is seen to arise from the aorta by three roots, a visceral

and two parietal. (After Felix, 1910.)

tissue without piercing the lumbar-sacral nerve plexus, at length

the ventral growth of the latter makes this necessary in embryos
of 91/2 mm. (Elze, 1907).

Soon there also arises, from the upper side of the umbilical

artery, the second vessel to the limb, a. femoralis, and we may now
designate the umbilical trunk from the aorta to the femoral branch,

the common iliac, for what is at first merely a femoral soon gives

off the a. epigastrica inferior and other branches and consequently

"According to the investigations of Hochstetter (1911), they have, indeed,

wandered to a position farther caudalward than that in which they are normally

found in the adult, for in embryos of this age (6.5 to 10 mm.) the fifth lumbar
arteries still usually arise from the division place of the aorta, whereas in later

embryos, as in the adult, the aortic bifurcation is " pushed up " to lie opposite

the fourth lumbar vessels, so that the aa. lumbales V can no longer be found
coming from the aorta directly but are given off by the a. sacralis media. The
latter vessel appears to wander cranialward independently, and so comes to arise

from the dorsal wall of the aorta rather than at its exact division place; it may
even be found giving rise to the aa. lumbales TV.
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comes to be tlie a. iliaca externa of the adult. The remainder of

the umbilical trunk together with its a. ischiadica constitutes the

definitive a. hypogastrica. Now the ischiadica is soon not merely
that vessel, for in the 15.5 mm. embryo it gives off a prominent
a. pudenda interna (Fig. 447). The root portion of the ischiadica

from umbilical to this division place is consequently probably the

great anterior division of the a. hypogastrica in the adult, and

after the origin of the internal pudic comes to be the a. glutea

inferior before at last the a. comes nervi ischiadici is reached.

We are still without any series of observations on the development

of the pelvic vessels.

EXTREMITY VESSELS.

For no portion of the vascular system do we stand in such

need of a series of well-verified observations as we do in the case

of the embryology of the extremity vessels. This field is of pro-

found interest, too, from two stand-points : first, because the devel-

opmental history ought to furnish us with a key for the explana-

tion of the many anomalies which the limb vessels show and which

have formed the basis for classic studies on the variation of the

vascular system {e.g., Baader 1866, Euge 1883, etc.) : and, secondly,

because enough has already been learned to indicate that the first

arterial tree in the limb recapitulates in a striking way the simpler

conditions which are definitive for some of the lower vertebrates

(Zuckerkandl, 1894). The subject gains added interest also from

another aspect, for from a closer study of the extremity vessels,

Miiller (1903) and De Vriese (1902) in recent years have been

led to advocate the idea of a capillary plexus ancestry for vascular

trunks, in contrast to notions which had previously prevailed.

Subsequent research has confirmed this general idea, extending it

in some places and restricting it in others, as has already been

mentioned. However our exact knowledge of the development of

the subclavian tree is still scanty, and there is an even greater

dearth of observations in the case of the lower limb.

Aeji.—The earliest channels of an arterial source into the

anterior limb buds are doubtless capillaries which arise directly

from the lateral aortic wall at many points and anastomose pro-

fusely in the early limb. tissue.

This stage has yet to be described for man, but may be shown clearly by

injections of embryos of the chick and duck (Fig. 391). That it also obtains in

the mammalia has been recently indicated by the reconstructions made by Goppert

(1908) for the early subclavians in white mice (Fig. 450). Thus, as many as

eleven of these earliest subclavians have been seen in the birds and five in the

mammalia (Goppert). The capillary plexus which is formed by the anastomoses

and further extension of these delicate vessels into the tissue of the limb is

uniformly distributed in the blastema of the latter, save in a definite marginal
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zone which constitutes a narrow non-vascular shell of mesenchyma lying beneath

the ectoderm. The plexus is drained into the posterior cardinal and umbilical

veins through a series of smaU venules, and later, after the survival of only a

single subclavian artery, the well-known marginal vein of Hoehstetter is estab-

lished.

7ery soon after the outgrowth of these early multiple sub-

clavians, changes occur which involve a disappearance of those

vessels not arising at intersegmental points, so that the arrange-

ment retained consists of two or more subclavian arteries which

are located exactly opposite the dorsal segmental vessels in this

neighborhood and are hence "segmental subclavians. " In the

mammalia, including man, one of these segmental subclavians is

always opposite the seventh cervical dorsal segmental vessel (ac-

cording to Hoehstetter 's method of counting, the sixth), and others

Ao. V. card. C. Ao. V. card

i

Fig. 450.—Reconstructions of the arterial system in the arm buds of embryos of the white mouse, 8 days

old. (After Goppert, Verb. d. anat. Gessell., Vers. 22, Anat. Anz., 1908, p. 94, Figs, la and lb.)

may have persisted at segmental points above or below this.®^

Very soon after the establishment of strictly segmental sub-

clavians, these vessels are incorporated in common stems of origin

with the dorsal segmental vessels, so that they no longer appear

as direct lateral derivatives of the aorta, as was the case earlier,

but become strong side branches of the dorsal segmentals.

All the stages just mentioned, however, are passed over by the

time the human embryo attains a length of five millimetres, for at

this stage only a single member of the early subclavian series

remains to constitute the definitive subclavian artery, the vessel of

™ Thus, three segmental subclavians have been seen in the rabbit and mouse,

and several cases of two segmental subclavians reported for man. The human
embryos 16 and 17 of the N. T. possess subclavians from the sixth and seventh

segments. Embryo 148 in Mall's collection has segmental subclavians from the

seventh cervical and first thoracic segments. These observations show the possibility

of four segmental subclavians in man,

—

i.e., from the last three cervical and first

thoracic segments.
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the seventh, segment. It forms now the sole supply of the capillary
plexus formerly nourished by multiple vessels and, after a sho,rt
course to the root of the extremity, is soon resolved into a "spray"
of many capillaries. As Miiller (1903) has shown, the main stem
of the artery at this stage, while tending to be a fairly strong
trunk, centrally located, often shows island-formations in its

course, and eventually, before the true capillaries arise, becomes
quite plexiform in character (Fig. 451).^°

.r^_ ,,.,,#,;,^

\
^:

Arterial island.,--
formation \

j

^ ' __-'—- y
N-,-—"""'

^'

Fig. 451.—Arm bud of a human embryo 5 mm. long, showing central arterial net. (After Miiller, Anat.
Hefte, Bd. 22, Taf. 25-26, Fig. 1.)

In the next stage which has been described, that of a 7 mm. embryo in the

excellent study by Elze, but little change has occurred. No inselbildungen happen

to occur into the proximal course of the artery, nor, apparently, is there any

plexiform condition of the artery before the capillaries are given off.

In an embryo of 8 mm. Miiller found the subclavian giving off

a branch just before the ventral nerve mass was penetrated ; this

branch continued for a short distance still medial to the ventral

nerve, eventually plunging obliquely through the latter and joining

the main stem, which has kept along the lateral side of the nerve

;

from this arterial loop, the main stem continues along the lateral

°° Within the tissues of the limb, then, the central arterial channel is not

everywhere in the form of a single tube, but is rather constituted by an axial

arterial plexus from which the capillaries are given off. The same character for

this central nourishing channel of the early limb can be demonstrated by injections

of the vessels in other mammalian embryos, and may be correctly taken to indicate

that for a time the arterial current employs several instead of a single channel out

of many available channels open to it by reason of the pre-existing general

capillary mesh.
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side of the nerve, and other fine vessels are given off to course just

ventral to the dorsal nerve mass of the limb, as well as ventral

to the ventral nerve.

This is evidently the condition occurring still in the 9.5 mm.

embryo which Elze (1907) has carefully reconstructed, although

the branch of the subclavian given off to continue medially along

the ventral nerve does not anastomose with the main vessel, which,

as in the previous stage, continues along the lateral side of the

ventral mass, especially along the m. medianus ; a more dorsally

directed branch can be followed along the radial nerve (Figs. 452

and 453).

Arterial branch which pierces

the plexus brachiahs between
n. eerv. 5 and n. cerv. r

N. radiaUs

Arterial branch
following

radial nerve

N. musculo-
cutaneus

N. medianus Main artery of the limb N. phrenicua

Fig. 452.—Reconstruction of the arteries and nerves of the right arm of a human embryo 9.5 mm. long,

viewed ventrally. (After Elze, Anat. Hefte, Bd. 35, Taf. 17-18, Fig. 3.)

Some years ago Leboucq (1893) reported that in human em-

bryos of about this age (7 to 11 mm.) the primary vessel of the

limb coursed in the forearm between the anlagen of the radius

and ulna, and represented the a. interossea volaris. Zuckerkandl

had been led to expect this fact by comparative-anatomical studies

which indicated that the interossea volaris was the oldest trunk

in the lower arm, as well as by eijibryological observations on other

mammalian embryos. His studies, constituting the first researches

on tfie development of these vessels, remain of fundamental value.

Comparative.—Zuckerkandl (1894) thus described the condition of the ves-

sels in the fore limb of rabbit embryos 8.9 mm. long, in which the skeleton was
just indicated by mesodermal thickenings. The brachial artery, after accompany-

ing the median nerve in a typical way in the upper arm, is continued in the
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forearm as a stem lying next the skeletal anlagen, covered by the flexor pre-musele

mass. Just below the elbow, the artery gives o££ a branch which goes through

to the dorsal side of the forearm (a. interossea dorsalis). As the main artery

continues to go distally, the median nerve turns away from it to become super-

ficial, leaving its internal interosseus branch to accompany the axial vessel, which

may thus now be called the a. interossea volaris. As the main part of the median
nerve leaves the stem artery it is supplied by the latter with an accompaniment of fine

vessels which continue with it along its entire superficial course to the palm, where
they constitute a superficial palmar plexus. The axial artery itself divides at the

distal end of the forearm into a ramus volaris, which breaks up to constitute a

delicate deep volar plexus next the skeletal anlagen, and a strong ramus dorsalis

which supplies the back of the hand. In rabbits somewhat older the fine vessels

N. cerv. 6

A. subclavia

N. medianus N. musculo- Main artery
cutaneus of the limb

L/ Branch directed
cranially

FiQ 4S3 —Vessels and nerves of the same arm (Fig. 452) shown from above. (After EIze, Anat. Hefte,

Bd. 35, Taf. 17-18, Fig. 4.)

along the main median nerve constitute an artery large enough to begin to dispute

the field with the interossea volaris, the a. mediana, while the ulnar nerve has a

small accompanying vessel, a. ulnaris. Essentially the same conditions are shown

in an 11 mm. cat embryo.

De Vriese has found tliat in the human embryo of 10 mm. the

chief nerve trunks are all accompanied by capillary vessels," and

has chosen to represent these as already constituting arterial

" Injected mammalian embryos show that this is partially true, although the

poor material with which De Vriese worked has justly led to the conviction that

perineural spaces were confused with true capillaries, a fact which the illustrations

accompanying her research leads us to suppose.
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pathways. It is doubtful whether these should all be given the

valuation which she has set on them, and it must be left to future

research to modify or confirm the conception of an already quite

complicated arterial system which her description gives us.

The author recognizes at this early stage the a. n. interossea dorsalis, a._ n.

radialis, a. n. ulnaris, a. n. mediani, and a. n. interossea volaris, the last of which

constitutes the continuation of the axial stem and divides just above the carpus

into dorsal and palmar branches, which are themselves m communication by

means of a small a. perforans carpi. Four vascular planes are distinguished in the

hand, two palmar and two dorsal.

In an embryo measuring 11.7 mm. Miiller has reconstructed

the chief arterial system of the limb, and, inasmuch as the nerves

and the anlagen of the humerus, radius, and ulna were evident,

homologized the vessels present with those occurring in the adult

(Fig. 454).

Fia. 454.—Reconstruction of the arteria system of the arm in a human embryo 11.7 mm. long.

After Muller, Anat. Hefte, Bd. 22, Taf. 26-26, Fig. 9.) a.o., a. axillaris; a.b.s.a., a.braohialis superfioialis

superior; a.5.8.m., a. braohialis superflcialis media; a.b.s.i., a. braohialis superficialis inferior; S., widening

of the arterial tube after it has passed through the ventral plexus plate; a.b.a., distal part of the a. braohi-

alis superficialis; a.b.p., a. brachialis profunda; a.r., a. radialis; o.i., a. interossea; a.m., a. mediana;

a.u., a. ulnaris; a.a.b.8., a. antibrachii superficialis.

The subclavian perforates the brachial plexus in the usual manner from its

ventral side, but the strong branch which, as in previous stages, is given of£ just

before the penetration of the plexus to continue on the medial side of the latter,

sends an anastomosing branch through the ventral nerves to join the main vessel.

This anastomosing branch joins the main stem at or near the origin of the radial

artery from the latter, and on its course toward the chief trunk splits into other

branches, as the figure shows. Two of these branches also run into the main

trunk, one by piercing the median nerve, the other by going under the same,

while another branch courses along volar to the median to anastomose eventually

with the median artery branch of the main stem again. In the other limb of the

same embryo three strong perforating branches join the part of the main artery

medial to the ventral nerve mass with the stem lying lateral to the same. So that

in both limbs we are dealing with a rather plexiform condition of the axillary

artery."^

" Great interest attaches to the arterial plexus formed by the three vessels

which penetrate the brachial plexus in this embryo, for it again indicates the em-

ployment by the arterial stream of several rather than a single channel from the

pre-existing capillary plexus. This transitory plexus axillaris arteriosus of

Muller has also been seen in other mammals (Goppert in the mouse). It by no
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The main vessel pursues a general course along the radial
border of the median nerve to become in the forearm the a. inter-
ossea volaris. In its upper-arm portion it gives off, in addition to
the a. mediana, a small vessel which joins a chain of capillaries
lying in front of the radius anlage (identified by Miiller as the
a. radialis). Another branch of the main stem joins correspond-
ingly snaall vessels lying along the ulnar nerve, and constitutes the
a. ulnaris.

In his embryos of 14 mm. Miiller has identified the a. pro-
funda brachii, the a. mediana, a. interossea vol., a. radialis, and a.

ulnaris.®^ The main vessels in a 16.2 mm. embryo may be seen
at a glance from Fig. 455, in which the lower-arm and hand areas
have been omitted.

Mention has already been made of the fact that if, for example,
the point of union of the sixth aortic arch with the aorta dorsalis

be taken as a fixed point, the subclavian artery appears to wander
upward. Whereas in the embryo of 4.9 mm. the a. subclavia is

some eight segmental spaces below this point, in the embryo of

7 mm. it is but six spaces below it, and in the embryo of III/2 mm-
it is opposite the sixth arch.

The a. mammaria interna and the a. thyreo-cervicalis are con-

spicuous stems in the embryo of 15.5 mm. (Fig. 447). The a.

thyreo-cervicalis courses for some distance in the wall of the

jugular lymph-sac in this embryo, and, as McClure has observed

the same thing in embryos of the cat, the relation is probably of

general significance.

In reviewing the facts hitherto acquired concerning the history

of the arm vessels, one must be struck with the need of more careful

means constitutes an invariable intermediate stage in the development of the arm
vessels, but, as Miiller himself has shown, may occur on one side of the embryo,

while the opposite axiUary is composed of but a single trunk. Such phenomena
may be expected to occur somewhat more frequently in the developing vascular

system than m the adult, inasmuch as the increasing blood current exercises a

more definite choice to the elimination of multiple paths, but that they may persist

even here is shown by the occasional presence of islands in the course of adult

arterial trunks.
'^ In two 14 rmn. embryos Miiller has found the main artery splitting into

two branches which surround the median nerve and fuse again, and is conse-

quently of the opinion that we have here a retention of the arterial paths ventral

to the median nerve shown in the previous stage. That this has been the case

is strengthened by the fact that the two limbs of the brachialis meet again at the

place of origin of the a. radialis which is quite an exact correspondence with the

pla<;e of opening of one of the anastomosing channels shown in Fig. 454. In

one of these embryos the artery lying ventral to the median nerve is the larger

of the two, while in an older embryo (W. P. 20.5 mm.) it is the persisting one.

It seems reasonable to suppose that we are dealing here with instances of a

so-called superficial brachial artery, which, as is well known, lies on the volar

side of the median nerve, while the normal brachial is dorsal to the latter.
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studies here. "* The reconstructions of Miiller and Elze are our sole

possessions in this field. Viewed from a more general stand-point,

however, the history of the arm vessels in man certainly con-

firms the conclusions arrived at some years ago by Zuckerkandl in

his studies on the general morphology of these vessels, for in man
also the primary artery is an axial stem, from shoulder to hand and

in the forearm constitutes the later a. interossea volaris. There is

also a very general agreement among all observers in the important

role played by the embryonic a. mediana.®-'^ However, there is as

complete an agreement in the recognition that at first the volar in-

terosseus is the chief lower-arm vessel, and no support whatever for

the idea of Janosik who speaks of the mediana in that primary role.

Fig. 455.—Reconstruction of the nerves and arteries of the arm in a human embryo 16 mm. long.

(After Muller, Anat. Hefte, Bd. 22, Taf. 27-28, Fig. 6.) The vessel accompanying the radial nerve is the

a. profunda brachii (a. nervi radialis of De Vriese). A, a., a. axillaris; A.i., a. interrossea; A.m., a. mediana;
A. r., a. radialis; A. u., a. ulnaris; A^. m., n. medianus; N. m. t., n. musculocutaneus; N. r., n. radialis;

N. u., n. ulnaris.

Comparative.—The a. interrossea volaris with a. perforans carpi is the chief

vessel of the forearm in the adult in amphibia, reptilia, and in Omithorhynchus
among the mammalia (Zuckerkandl). It is also apparently the plan in the embryos

of all the mammals. (Zuckerkandl, rabbit, eat; Hoehstetter, Echidna; Grosser,

bats; De Vriese, calf.) In very many mammals the chief definitive arterial stem

is the a. mediana (marsupials, edentates, most carnivores, bats, etc.). In the primates

its territory is taken over by the ulnar. A vessel accompanying the ulnar nerve,

hence an a. nervi ulnaris, occurs in adult amphibia and reptiles and apparently

constantly in the embryos of mammals. In the adults of the latter class the artery

is not, as a rule, important and may be lacking entirely (most ungulates). A vessel

which can be designated the radialis is not of general occurrence till the maromals
are reached, and in the majority of these is a superficial radial. It comes to possess
its deep volar territory in the higher mammals, but its proximal end is still

superficial (really the superficial brachial here) in many of the primates, as Bayer
has well shown.

"Very recently Goppert (1910) has supplied us with the history of the de-
velopment of the arteries in the arm of the white mou.se, an account which is by
far the most complete we possess for any mammal.

"The observations of De Vriese even indicate that this vessel is not finally

displaced from the hand until the embryo reaches almost 30 mm. in length.
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Variations.—Many of the variations of the arm vessels must remain uncertain

in origin until we possess a well verified series of observations on their embryology.

There can be no doubt, however, that Miiller has demonstrated the manner in which

a superficial brachial may arise, for arterial channels are retained on the ventral

side of the median nerve in most of his specimens. It may be pointed out, also,

that cases of persistence of great median or even volar interosseus arteries (Baader)

are unquestionably survivals of embryonic conditions, and we may have all possible

degrees of variation in the part taken by these vessels in the supply of the hand
(Schwalbe and others). Krause pointed out that high origins of the radial or

ulnar arteries usually involved a superficial course for the proximal part of these

vessels, a fact which may be explained by the retention of a brachialis superficialis

inferior. Attention may also be called to the very ingenious series of schemata

which Miiller has constructed to explain the lower-arm arterial anomalies, but until

more is learned of the normal history here, we can not venture to present satis-

factorily founded diagrams for anomalies.

Aeteeibs of the Lowee Limb.-—In human embryos measuring
from 5.5 to 7 mm. and shortly after the umbilical arteries have
acquired their secondary, more lateral, stems of origin from the

aorta in the neighborhood of the fourth or fifth lumbar seg-

ments, there can be seen going out from these vessels on either side,

a small artery which penetrates the tissues of the posterior limb

bud (Fig. 420). When the nerve-plate for the lower limb grows

out farther, it surrounds this vessel, so that the extremity artery

appears now to pass through it, just as is the history with the

subclavian artery and the brachial plexus. Later the ischiadic

nerve joins this vessel and it may consequently be identified as

the a. ischiadica.^^

Probably injections of earliest stages here would show that the a. ischiadica

is really only the exaggerated member of a series of vessels, which originally supply

the limb tissue, as is the ease with the upper limbs.

This vessel (a. ischiadica) forms a central or axial nourishing

channel for the early leg bud, just as is the case with the sub-

clavian and early arm bud. Leboucq (1893) first called attention

to the fact that the primitive blood supply of the hind limb con-

sisted in a single axially-coursing artery, the a. ischiadica, which,

as soon as skeletal elements could be recognized, continued to

course in the lower-leg region between the anlagen of tibia and

fibula, and ended chiefly as a strong branch which perforated the

interspace between the elements of the first tarsal row, to reach

the dorsum of the foot. Lately De Vriese ^'' has confirmed this.

='
It is to be noted that in mammalian embryos, where the history of the leg

vessels has been followed more carefully, the a. ischiadica is primarily a branch of

the aorta, and its proximal portion serves later as the stem of origin for the

umbilical 'artery when the latter abandons its ventral roots (Hochstetter,^ 1890).

The origin of the a. ischiadica from the aorta has not yet been observed in man.

" De Vriese has considered the history of the leg vessels in man. I will not,

however, detail her account, for reasons given above in the account of the arm

vessels.
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It may be well to refer here to the important previous observations of

Zuckerkandl (1894-95), who described the leg arteries in a rabbit embryo of 7.7

mm. somewhat as follows: The a. ischiadica is continued in the lower leg as a

strong axial vessel nest to the skeleton. It sends two perforating branches towards

the side of the hmb, the upper of which probably corresponds to the a. tibialis ant.,

while the lower supplies the dorsum of the foot. The distal end of the axial

vessel supplies the depths of the sole. Fine vessels accompany the posterior tibial

nerve in its lower course, and in embryos of 13.5 mm. these constitute a distinct

artery, a branch of the axial vessel. The further history in this animal disclosed

the a. saphena (from the a. femoraHs) taking over the posterior tibial trunk.

The supremacy of the a. iscMadiea in the supply of the ex-

tremity is soon disputed by the appearance of a new vessel, the

a. femoralis, which in the embryo of 15.5 mm. (Fig. 447) is already

the chief vessel in the limb. The femoral soon gains all the

branches of the a. ischiadica in the territory of the lower leg {e.g.,

tibialis posterior et anterior), by anastomosing with the ischiadica

near the knee ; we know the a. ischiadica of the adult only as the

stem portion of the a. glutea inferior.^*

This ontogenetic history of primary and secondary vessels

for the human leg is closely paralleled by the vessels found in an

ascending vertebrate series, as Zuckerkandl showed.

Comparative.—The a. ischiadica is the chief vessel of the thigh in the adult for

amphibia, reptilia, and the birds, yet the femoral in the latter class may attain

quite an area of distribution, and in some {e.g., Spheniscus,) even behaves as in

mammals by taking over the chief rami of the a. ischiadica and constituting the

chief limb vessel (Hochstetter). On the other hand, among the mammalia the

atrophy of the ischiadica is the rule. Yet it may persist in part, as, for example,

forming the a. tibialis anterior of bats (Grosser, 1901).

The appearance of an a. ischiadica in the embryos of all mammals was in-

dicated by the observations of Hochstetter and Zuckerkandl. The chief lower-leg

portion of the a. ischiadica in adults in the amphibia, reptiles, and birds behaves

exactly as it does in the early stages of the embryo of man, namely, courses be-

tween the tibia and fibula and supplies the dorsum of the foot by means of a large

perforans tarsi. Other stages in the ontogeny of man's leg vessels are found
definitive in various mammals, e.g., the stage in which a distinct superficial plantar

arch or plexus exists, as well as a deep one. This is the case in most apes, as

Popowsky has shown, and is lost in the anthropoids, where, as in man, the lateral

plantar artery is larger than the medial and the deep plexus practically the only

one present.

Much interest attaches to the saphenous artery. The , earlier work of Zucker-

kandl emphasized the very general occurrence of this vessel in all the mammalia,™
and led him to declare it the oldest (phylogenetically speaking) branch of the

°° According to Hochstetter's (1891) investigations on mammals the a. comes
n. ischiadici does not appear to be a relic of the old ischiadica, although this

assumption is made by most authors. De Vriese describes the lower leg portion

of the original axial artery (a. n. interossei cruris) as becoming the a. peronea of
the adult, giving over all of its important branches in the territory of the foot to

the a. tibialis anterior.
°° With the exception of Bradypus bidactylus. Lemur catta, and man, in

which it is much atrophied.
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femoral. In its lower portion this artery usually takes over the dorsalis pedis

artery, or the primary tibialis posterior, or both, in which latter case it con-

stitutes the chief or only vessel for the supply of the foot. The vessel retains

its importance in the primates,

—

e.g., in Cebus, where it supplies the entire

foot. Popowsky has recalled the anomalous occurrence of this vessel in man and

reported two interesting cases in which the a. saphena was large, in both cases

anastomosing with the posterior tibial artery and in one ease in addition with the

dorsalis pedis. He has again called attention to the frequent great development

of this vessel in the monkeys, where, even in the anthropoids, it supplies the dorsalis

pedis. Popowsky, evidently much influenced by this, states his belief that this

vessel must play a prominent role in the development of the leg arteries of man.

There is no evidence, however, that such is the case. The work of De Vriese

indicates there is apparently no necessity for the recapitulation of a stage in which

the saphenous functions as the chief artery of the lower leg. In the reworking of

this field, nevertheless, great interest will attach to the re-examination of the em-

bryonic importance of this vessel, for the reasons above given.

Variations.—Dubrueil, Krause, Euge and others have described cases in which

the a. ischiadica was the chief vessel of the limb in man, which is quite evidently

a survival of embryonic conditions. The occurrence of an a. saphena magna,

following the saphenous nerve, has already been mentioned, the first case having

been observed by Zagorsky in 1809. Normally this vessel probably reaches the

lower third of the leg, for in well-injected subjects I have traced it this far, as

Hyrtl first did. Krause and more recently Salvi report cases where an artery

accompanies the n. cutan. suras lat. This corresponds to an embryonic vessel seen

by De Vriese at the peroneal side of the leg in the 13 mm. embryo, but it usually

disappears entirely. Cases in which the a. peronsea instead of the tibialis ant.

supplies the dorsum of the foot are not rare, and represent again the embryonic

picture where the axial artery behaves normally thus. Most interesting are cases

in which a perforans tarsi persists, joining the dorsalis pedis with the deep

plantar vessels. In the adult also a superficial plantar arch occasionally occurs,

as Krause, Gegenbaur and others mention.

D. The Development of the Veins.

1. The venous types.

2. The ground-plan of the young venous system.

3. Transformations of the vv. umbilicales et vitellinse.

4. Transformations of the vv. cardinales anteriores.

5. Transformations of the w. cardinales posteriores.

6. The development of the veins of the body walls.

7. The development of the veins of the extremities.

1. THE VENOUS TYPES.

In the adult, as has been recognized for a long time, the veins

tend everywhere to follow the arteries,

—

i.e., the majority of the

veins are w. comites. In the embryo, however, it is possible to

satisfy one's self that this is not the primary arrangement, for, if

one studies carefully the developing vessels in any area, it will

be seen that the earliest arterial and venous trunks are separated

from one another so as to stand in reciprocal relation as regards

the general capillary bed. Should this primary separation of
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arteries and veins be perpetuated as the vascular trunks continue

to grow, we have the plan which obtains, for instance, in the cir-

culation of the brain or lung, where larger arterial and venous

vessels instead of coursing together are arranged so as to stand

opposite one another. As a rule, however, as development pro-

ceeds the main vascular stems are found coursing together,

—

i.e.,

the veins are true w. comites. We have to recognize, then, two

types of veins, primary and secondary veins, primary veins stand-

ing opposite or alternating with the arteries and trunks, secondary-

ones coursing in company with the corresponding arteriesJ° Venae

comites, which are, then, always later formations, may arise either

as a result of shifting of primary trunks in growth or entirely

de novo.''^ Splendid examples of the persistence of primary veins

are furnished by the great subcutaneous veins of the limbs and

trunk (v. basilica, v. saphena, v. thoraco-epigastrica). These are

in fact remains of the early border veins of the extremities and of

very early body wall trunks and it may hence appear more reason-

able why they possess no corresponding accompanying arteries.

2. THE GEOTJND PLAN OF THE YOTJNG VENOUS SYSTEM.

If now one turns to the details of the developing venous sys-

tem in man, it will be recalled that the remarkable precocious

development of the chorionic circulation gives us the vv. umhilicales

at stages much earlier than obtain in the mammalia generally. In

embryos of 6 somites (N.T. 3) we can also trace clearly the vv.

vitellince and it can be seen that in their terminal portions the um-
bilical veins join the heart by receiving the vitelline veins and
coursing now as a common vitello-umbilical trunk.'' ^ At the mar-
gins of the anterior intestinal portal, this vessel turns inward,

courses in the mesial wall of the pleuropericardial passage, and in

the mesodermic tissue ventral to the foregut anastomoses with its

fellow of the opposite side to constitute the sinus venosus. The
latter is at first situated in front of the first somite (Mall embryo
391, with seven somites), but in the fifteen somite embryo (Graf
Spee No. 52) is opposite the body of the first somite, and in the

twenty-three somite embryo (N.T. 7) is opposite that of the sixth

(Thompson, 1908). In this last stage there open into the sinus

™ Even though their peripheral portions, of course, always exhibit a primary
separation from the arteries.

" The primary circulation schema and the secondary birth of venae comites

may be seen beautifully in such an expanded flat area as the area vasculosa of
the chick (cf. PopofE), but no less clearly, for example, in the extremities, where
the primary border vein drains aJl the blood from the central artery, whereas
secondarily vense comites arise (Hochstetter, 1891).

'^ This common vitello-umbUical vein of man corresponds really to the end
portion of the vitelline veins of other early mammalian embryos in which always
umbilical veins secondarily appear later (e.g., rabbits).



DEVELOPMENT OF THE VASCULAR SYSTEM. 671

the anterior and posterior cardinal veins by means of a ductus
Cuvieri, but earlier, when the sinus lies more cranialward, the
anterior cardinal vein joins the common vitello-umbilical vein (em-
bryo of fifteen somites). The intermediate stages are not known
in man.

At twenty-three somites, then, we have present the four pairs
of veins (the vv. cardinales anteriores et posteriores, the w. um-
bilicales, and the w. vitellinse), which form an entirely symmetrical
venous ground-plan, characteristic not only for man but for all the
vertebrates. This ground-plan of the venous system remains in

embryos which are approximately a centimetre long, and its exist-

ence in man has been known to us since the classical descriptions

of His (1880 to 1885).

It will be convenient to study the development of the adult
venous tree as a modification of each of these primitive systems.
The proximal ends of the umbilical and vitelline veins enter into

special relations with one another in the region of the liver,

and with the further growth of the liver bud are converted
into the two venous trees of that organ, the vv. hepaticse

and w. portae. On account of the early inauguration of these

changes, they may be described first.

3. THE TEANSPOEMATIOK OF THE UMBILIOAX, AND VITELLINE VEINS.

Mention has already been made of the fact that the vitelline

veins are first interrupted in their course to the sinus venosus by
the growth of the liver bud, which in embryos from three milli-

metres on Lq length, begins to cause the interposition of many
smaller vessels (sinusoids of Minot) in the venous current through

the liver. The early stages in this process can be seen in the fig-

ures supplied us by His (Figs. 425 and 426), where both vitellines

have as yet a fairly direct path through the liver region and open

on either side into the sinus venosus. Very soon, however, the left

V. omphalomesenterica is more effectively cut up into nourishing

liver capillaries (sinusoids), although these still drain into the left

horn of the sinus venosus by way of the old opening there of the

original vein, which hence constitutes a primitive v. hepatica sin-

istra (Pig. 456).

This persists as late as in embryos of 7 mm. (Elze).

The umbilical veins next gain connections with the liver sinus-

oids and eventually lose completely their early superficial course

in the region between liver and heart, a fact first noted by H.

Rathke (1838).^* The umbilical blood is now poured into the liver

channels, the largest of which is the old direct path of the right

omphalomesenteric to the corresponding horn of the sinus venosus.

In the mean time the two vitelline veins have anastomosed with

'Cited after His, Anat. Mensch. Embryonen III, S. 210 (1885).
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each other by cross connections, which go, first ventral, then dorsal,

and again ventral, to the gut tube and so form two venous rings

around the duodenum, as may be seen from Fig. 456.'^ The

middle or dorsal of these anastomoses receives the vem from the

intestine, the true mesenteric vein.

His pointed out that the usual fate of these venous rmgs m-

volved always the atrophy of certain limbs and the persistence of

others in such a way that an S-shaped course is now described

Ductus venosus Arantii

Sinu9'\'"enn'sus,

right,linrn

Junction between the ductus Arantii

and the end piece of the left yolk vem

Sinus venosus, left

horn

V. omphalomesen-
terica sinistra

Cranial anastomosis
of the vitelline veins

V. umbili-,
calls dextra

Middle anastomosis
of the vitelline vein

Caudal anastomosis of the
vitelline vein

Right vitelline vein
^ett vitelline vein

Fig. 456.—Schema of the liver circulation in a human embryo 4.9 mm. long (NT. 14). (After Ingalls, 1907.

by a conunon vitelline trunk in reaching the liver. It is important

to note that during this time the left umbilical vein has effected a

direct connection with the cranial venous ring and that the right

umbilical atrophies. The right vitelline vein also disappears, so

that by the time the embryo is 7 millimetres in length the main

source of blood for the liver comes from the left vitelline and left

umbilical veins.'^® The liver end of the former vessel is the old

S-shaped common vitelline trunk, and where it becomes dorsal to

the gut, consequently the place corresponding to the early dorsal

venous anastomosis,—the middle one of the three,—it receives the

" The researches of Hoehstetter make it probable that these venous rings

(first seen by His in the human embryo) are of very general occurrence among

the mammalia.
" The umbilicalis dextra still connects with the liver sinusoids in the 7 mm.

embryo (Elze).
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mesenteric vein. Somewhat further headward and after it has
turned around the right side of the gut to become ventral to it,

and at a place corresponding to the former cranial venous ring,
this, now the omphalomesenteric trunk, receives the left umbilical
vein.

_

For a time the chief channel for all this blood through the
liver is the intrahepatic course of the former right vitelline vein
(Mall) (Fig. 458). Soon the development of an anastomosis (al-
ready indicated in Fig. 456) enables the vena hepatica sinistra to
lead its blood also into the right end of the sinus venosus, near the
opening of the right vitelline trunk (secondary v. hepatica sin-

istra), while the former multiple afferents of the left omphalo-

Venae revehentes Ductus venosus Arantii Pane. d. Venae reveRentes

Cranial end of the v.
umbilicalis dextra

Stomach

Vense advehentes

Ductus choledochus
'

V. umbilicalis dextra

Cranial end of the
.' V. umbilicalis sinistra

" Venfie advehentes

Liver

V. umbilicalis sinistra

Obliterated part of Duo- V. vitellina V. viteUina An. v. u. Obliterated part of
the venous ring denum dextra sinistra the venous ring

Fig. 457.—Schema of the liver circulation in the human embryo at a later stage than that shown in Fig. 456.
(After His, from Marshall.) Pane, d., pancreas dorsale; An. v. c, annulus venosus caudalis.

mesenteric into the left lobe of the liver are now reduced to a single

larger supplying trunk, the ramus angularis (Mall).

When, with the growth of the right lobe of the liver, the intra-

hepatic course of the right vitelline becomes shifted so as to con-

stitute a somewhat circuitous route, a new direct one to the sinus

venosus is formed; this is the ductus venosus Arantii. Mall's re-

searches show that the former intrahepatic course of the right

vitelline does not completely atrophy without a trace, but leaves

representatives in the form of its end, which drains into the

sinus venosus, and its first portion, which leaves the umbilical vein,

for these are now incorporated as parts of the supplying (portal)

and draining (hepatic) systems of the liver, and become respec-

tively the ramus dexter venae hepaticse and the ramus arcuatus (et

descendens) vense portse. At this stage, then, we have for both of

Vol. ir.-43
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the two main divisions or lobes of the liver, portal or supplying

and hepatic or draining trunks ; on the left, the ramus angularis

vense ports, the blood from which is drained into the ramus sinis-

tra venae hepaticae, on the right, the ramus arcuatus of the portal

vein, opposite to which stands the ramus dexter of the hepatic

(Mall) Fig. 459).

In an embryo 11 mm. long two trunks have been added to both

the supplying and draining systems, and four units or lobes may
be described as being present. To the portal system have been

added the right and left arborizations of the recessus mnbiliealis

(Eex, 1888), to the hepatic the ramus medius and vena cava

inferior (Fig. 460). Now the middle and left hepatic veins both

Fig. 458.—Semidiagrammatic reconstruction of the veins of the liver of a human embryo 5 mm. long,

(Mall No. 80.) (After Mall. 1906.) L., liver; u. v., umbilical vein; v. o. m., right omphalomesenteric vein;

r.h.8., ramus hepaticus sinister; r. w., recessus umbilicalis; r.a., ramus angularis; m., mesenteric vein;

/., intestine.

Fig. 459.—Semidiagrammatic reconstruction of the veins of the liver of a human embryo 7 mm. long,

(Mall No. 2.) (After Mall, 1906.) Z.., liver; u.v., umbilical vein; m., mesenteric vein; r.u., recessus

umbilicalis; d. v. ductus venosus; r. a., ramus arcuatus; r. ?i. d., ramus hepaticus dexter; r. A. s., ramus
hepaticus sinister.

divide, and consequently by the stage of 26 millimetres we find six

collecting trunks, the upper and the lower right hepatic (the latter

a branch of the inferior cava), the right and left media, and the

upper and lower left hepatics. Correspondingly six supplying
trunks exist, for the right portal branch splits into a ramus as-

cendens as well as ramus dexter, and, in addition to the ramus
angularis, we have also the left arborization of the recessus um-
bilicalis and two other prominent branches of this trunk, one of

which may be identified as its right arborization (Fig. 461). Mall
has pointed out that these six primary lobules of the liver corres-

pond with the six lobes to be recognized in the morphology of the

adult mammalian liver (Eex).

It has been pointed out that at the stage of 4.9 mm. the dorsal
anastomosis between the vitelline veins receives the mesenteric vein
draining the intestine. After the S-shaped common vitelline vein
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is formed out of these anastomoses and after the right vitelline
vein has atrophied, the left vitelline becomes the sole efferent from
the yolk-sac and receives the mesenteric vein at the earlier point
of union of the latter with the dorsal anastomosis. From here on
to the liver then this vein is properly the omphalomesenteric vein,

but in most of its course it has been free from the mesentery,
crossing the ccelome independently of the latter. On the other
hand, the omphalomesenteric artery, which supplies both gut and
yolk-sac, courses in the mesentery. The artery is directly trans-

Fig. 460.—Reconstruction of the vascular system of the liver of a human embryo H mm. long.

(Mall No. 109.) (After Mall, 1906.) i/.. v., umbilical vein; p. v., portal vein; r.a., ramus angularis; r.u.,

recessus umbilicalis; r. rf., ramus descendens; r. a., ramus arcuatus (possibly ramus ascendens); r.c, right

arborization of the recessus umbilicalis: r. ?., left arborization of the recessus umbilicalis; d. v., ductus
venosus; v. c, vena cava; v, o m., omphalomesenteric vein; r. m., ramus medius; r. s., ramus sinister.

formed into the superior mesenteric artery, but its accompanying
vein (v. mesenterica superior) is a secondary channel which has

arisen to drain the gut wall and it alone, the yolk-sac drainage

going by way of the former left vitelline vein. Only a small part

of the vitelline vein is incorporated in the vena portce of the adult,

namely, that part proximal to where the mesenteric vein is re-

ceived.''^

™ It was Luschka (1863) who first pointed out that the vitelline vein does not

persist in the v. mesenterica superior, althoug-h this is largely true for the cor-
'

responding artery. Dexter (1902) and Lewis (1903) for the eat and pig, and

Bonnot and Seevers (1906) in the ease of man, have called specific attention to

this fact.
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4. THE TEANSFOEMATION OF THE ANTEEIOE CAEDINAL VEINS.

The anterior cardinal vein suffers profound modifications,

for it and its derivatives come to form the sinuses of the dura

while its proximal portion constitutes the great internal jugular

trunk of the adult. We have already seen that in human embryos

of 15 somites the anterior cardinal or, better, the primitive head

vein can be identified from the region of the fore-brain to its open-

ing into the common vitello-umbilical vein opposite the third somite,

and that it can be divided into a longer portion lying in front of

the region of the somites and a shorter portion in the segmental

Fig. 461.—Reconstruction of the vascular system of the Hver of a human embryo 24 mm. long*

(Mall No. 6.) (After Mall, 1906.) u. v., umbilical vein; v. p., vena portse; r. u., recessus umbilicalis; r. a.,

ramus arcuatus; r. d., ramus descendens; r. a., ramus angularis; r. c, right arborization of the recessus

umbilicalis; r. I., left arborization of the recessus umbilicalis; v. h.t vena hepatica; d. v., ductus venosus;
d. 8., vena dextra superior; d, i., vena dextra inferior; m. d., vena media dextra; m. a., vena media sinistra;

8. a., vena sinistra superior; s. i., vena sinistra inferior; v. c, vena cava.

area ; the former portion lies close at the sides of the hind-brain

and should be known as the v. capitis medialis (Grosser, 1907)

;

the latter is situated more laterally and is the true cardinalis

anterior.''^ Both portions of the primitive head vein are in fre-

" Grosser first separated these two portions of the primitive head vein,

which occur in all vertebrates, and called attention to the fact that only the

caudal part is homologous with the posterior cardinal and hence merits the name
cardinalis anterior. He remarks that the cardinals are probably especially related

to the segmental excretory system and that the anterior cardinal is likely evi-

dence of the former ceDhalic extent of this.
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quent connection with ttie aorta by means of numerous small direct

branches, the v. capitis medialis by means of dorsal presegmental
arteries, the true cardinalis anterior by means of the dorsal seg-

mental arteries as well as by direct lateral branches of the aorta.

Later all of these aortic offshoots atrophy, and the chief source of

the blood drained by the primitive head vein is supplied by the a.

carotis interna. When the anlagen of the cranial nerves first

appear, they are found lateral to the vena capitis medialis, but in

later stages, as Salzer (1895) first showed, the vein is gradually

shifted lateral to the nerves by the formation of channels which
course on the outer side of the latter, and the v. capitis lateralis

thus produced gives us a secondary, wholly lateral, head vein.

Fig 462 —Reconstruction of the veins of tlie head in a human embryo'9 mm. long. (Mall No. 163.)

(After Mall, 1905.)

The development of vascular sprouts which enable the medial head vein to

begin to circumvent the ganglia of the cranial nerves occurs early. In embryos 3

mm. in length (Broman, NT. 11) it has shifted lateral to the acustico-facialis, the

otic vesicle, and the glosso-pharyngeus. This position we saw it had retained in

the embryo of 4.9 mm. (NT. 14). When the sixth nerve can be identified, it also

is medial to the vein. Next the tenth ner\-e is surrounded by a venous ring and

the lateral path around this nerve chosen, to the elimination of the medial one.

Such a ring around the vagus may be seen in 7 mm. embryos (Fig. 420) or, again,

may not be formed when a length of 9 mm. is reached (Fig. 462). Gradually a

similar loop forms around the Gasserian ganglion (Fig. 463). From the fifth nerve

caudalward to the twelfth, then, the medial head vein has become the v. capitis

lateralis.
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The V. capitis medialis in the region of the fifth nerve is

retained to become the sinus cavernosus of the adult (Mall), but

otherwise the early medial head vein leaves no trace of its exist-

ence. The V. capitis lateralis is entirely without the skull, or,

more accurately, leaves the skull with the seventh nerve to empty

its blood into the internal jugular vein, and so it takes no part in

the formation of the permanent head sinuses, although its chief

tributaries do so, as Mall has shown in the following way. At

the stage of which we are speaking, the v. capitis lateralis possesses

three main tributaries, the anterior, middle, and posterior cerebral

veins respectively (Mall). The first of these drains the eye (v.

ophthalmica) and cerebral hemispheres as well as mid-brain; its

most cephalic extension courses on either side of the mid-dorsal

Fig. 463.—Reconstruction of the veins of tlie head in a human embryo H mm. long.

(After Mall, 1905.)

(Mall No. 109.)

line in the region of the fore-brain and constitutes the anlage of the

superior sagittal sinus, thus primitively paired. The middle cere-

bral vein drains the anterior part of the hind-brain (cerebellum)

and joins the main trunk between the fifth and seventh nerves.

Since the v. capitis lateralis leaves the skull in company with the

seventh nerve, it is apparent that through this foramen the venous
blood of the fore-brain, mid-brain, and cerebellum is drained. The
last tributary of the lateral head vein joins it behind the otic

vesicle, leaving the skull through the embryonic jugular foramen
(v. cerebralis posterior). This posterior cerebral vein drains the

remainder of the hind-brain (medulla) and first portion of the

cervical cord. As the anterior cerebral vein extends forward to

the top of the cerebrum, so also the posterior cerebral reaches
the mid-dorsal region of the hind-brain (Fig. 464).

Now anastomoses develop between these three primitive cere-

bral veins and the v. capitis lateralis atrophies, so that not only
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the hind-brain blood but that of the entire brain is drained out
through the foramen jugulare, and the old anterior exit with the
n. facialis disappears.^*

The anastomoses which develop between these three primitive
brain veins begin the changes that convert these to the head
sinuses. The blood from the sinus sagittalis superior is no longer
returned by way of the anterior cerebral vein, but courses dorsally

by means of a new anastomosis which links it to the upper end
of the cerebralis media. Very soon, though, an anastomosis is

carried still further caudally, so that the blood now enters the

posterior cerebral vein, which leaves the skull through the jugular
foramen. This last and most important anastomosis forms the

Fig. 464.—The right vena cerebralis posterior (Mall) draining the roof of the hind-brain in a human
embryo 11 mm. long. (Mall No. 353.) Injection preparation. (After a sketch kindly placed at my
disposal by Mr. Max Broedel.)

major portion of the lateral sinus, and in the fetus of 33 mm. is a

large channel which has completely supplanted the old v. capitis

lateralis. This great channel is gradually shifted backward in

later stages by the growth of the cerebral hemispheres. The

'*Salzer and Mall call attention to the fact that in all probability KolUker

mistook this exit of the v. capitis lateralis from the skull as a drainage of the

early head by the external jug^ar vein, and hence thought that he had confirmed

Luschka, who believed that this was the ease and that only secondarily did the

internal jugular drain the brain. Luschka fancied that the foramen jugulare

spurium, to which he first called attention, represented this primary exit of the

skull drainage. The internal jugular, however, is from the first the only vein of

the brain, and this is true also after the skull begins its development. The external

jugular vein is an entirely secondaiy channel much later to develop. It is of

interest to note that Hochstetter has shown that in the adult of Echidna the blood

of the anterior part of the brain is drained by the persisting part of the v. capitis

lateralis, which leaves the skuU with the facialis and thereafter joins the internal

jugular trunk. In Omithorhynchus also, as Hochstetter has shown, the same vein

exists, but it is only supplementary here to the vein traversing the foramen

jugulare.
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original cerebralis media is probably incorporated to form the

superior petrosal sinus, but tbe inferior petrosal sinus is a later

formation.''*''

The V. jugiilaris externa is a secondary venous channel which

in man, as in the mammals generally, appears relatively late (em-

bryo of 16 m!m., F. T. Lewis, 1909; see also Schawlowski, 1891).

We possess as yet no connected history of the vein for man.

The reader will find the mention of some stages in the development of this

vein in the guinea-pig given by Salzer (1895) and in the bat by Grosser (1901).

We have seen that in early embryos the floor of the branchial

region is drained on each side by a vein which originally joinsi

the duct of Cuvier but is soon a tributary of the anterior cardinal."*

Lewis (1909) has traced this vein in a series of embryos, and

believes it can be recognized as the linguo-facial vein of the adult,

where it usually belongs to the external jugular trunk. Its trans-

fer from the internal to the external jugular appears after the

stage of 16 mm.
The proximal ends of what were originally the anterior car-

dinal veins do not continue to open into the heart separately,

—

i.e.,

by means of two duets of Cuvier, formed by the union of anterior

and posterior cardinal veins on each side. Only the right opening

persists, and this is possible by the development of a great anas-

tomosis between the anterior cardinals (Fig. 478) which enables

the left vein to conduct all its blood into the right one. The
anastomosis becomes the v. anonyma sinistra,*" and that portion of

the right anterior cardinal between the opening of the v. anonyma
sinistra and the right subclavian vein is known as the v. anonyma
dextra, whereas the lower portion of the right anterior cardinal and

the right ductus Cuvieri becomes the vena cava superior. The
original portion of the left anterior cardinal below the transverse

anastomosis becomes the end portion of the v. hemiazygos acces-

soria, the remainder of which is constituted by the left posterior

cardinal; of the left ductus Cuvieri only the proximal portion is

preserved as the sinus coronarius (Marshall, 1850).

"» Grosser (1907) has shown thisj to be homologous with the inferior jugular

vein of fishes.

™'' The reader is referred to the recent study of the development of these veins

made by J. Markowski (1911). (Markowski, Ueber die Entwieklung der Sinus

durae matris und der Hirnvenen bei mensehlichen Embi-yonen von 15.5—49 mm.
Scheitel-Steiss lange, Bull, de I'Aead. des Sciences de Cracovie, Juillet, 1911.)

™ Schawlowski (1891) and Anikiew (1909), from fragmentary observations

on hmnan embryos, conclude that veins draining the thymus gland are concerned

in the formation of this anastomosis (v. anon3rma sinistra).
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5. TEANSFOEMATIONS OF THE POSTEEIOR CARDINAL VEINS.

We have seen that the posterior cardinal veins form two long
symmetrical drainage channels which receive dorsally segmental
afferents^i (vv. intercostales et lumbales) and ventrally many small
tributaries from the Wolffian bodies, and that, when the hind
limbs develop, their chief afferent—the fibular border vein—also

opens into the posterior cardinal.

G-radually, now, two veins arise to assist in the drainage of

the mesonephros. These are the vv. subeardinales (F. T. Lewis,

1902), and have already been noted in the preceding accounts of

several embryos {vide pp. 604, 612). They lie on the ventral sur-

face of the mesonephros on each side, and each of them is not
only connected at either end and at many other points with the
corresponding posterior cardinal vein, but also joins its fellow of

the other side by means of cross anastomoses across the front

of the aorta. The latter communications are soon confined to

one large connection just below the origin of the a. mesenterica
superior and at the level of the future w. renales.

Although for a time the subcardinal veins can only thus be
considered accessory and tributary to the posterior cardinals, the

right subcardinal acquires another highly important connection

headward with the vascular system of the liver (the hepatic half),^^

and it is afterward possible for a great part of the blood from the

hind end of the body to stream directly into the heart by means
of the common hepatic vein (v. hepatica revehens communis).*^

This connection inaugurates a profound change in the drainage

of the legs and lower trunk, the end result of which is the sub-

stitution of a single large channel-—the vena cava inferior—in

place of the earlier multiple and symmetrical veins.

For the details of this change we are indebted mainly to the investigations

of r. Hochstetter and of F. T. Lewis on the rabbit. A complete account for man,

^ It may again be emphasized that in the beginning the posterior cardinals

receive more of the cervical segmental veins than later. These, with the exception

of the first, drain into the v. cardinalis posterior, but with the descent of the heart

and great vessels, the cervical veins become tributaries of the anterior cardinal.

'*It is of interest to note that Davis (1910) has demonstrated open con-

nections between the subcardinal veins and the portal system in early embryos

of the pig, but these reach their maximum and are obliterated before the vena

cava is formed.
"^ Hochstetter thus names the trunk passing from the liver to the heart and

formed, as we have already seen, from parts of the hepatic, umbilical, and omphalo-

mesenteric veins. It has been pointed out that some of the blood from the lower

limbs and tail can stream through the sinusoidal vessels of the Wolffian body and

join the vena cava, thus giving us a partial renal-portal system for the mesonephros

of mammals. Yet in mammalian embryos we must grant Hoehstetter's remarks

that the characteristic renal-portal system of Sauropsida is only approached.
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founded on a satisfactory series of human embryos, is still lacking. I shall ac-

cordingly content myself here with a brief presentation of the essential facts won

from other mammalian embryos and of the probable history in man. This is

the more justifiable also, since we possess many scattered observations, on such

human material as has been at hand, by Hochstetter, Zumstein, and KoUmann,

among others.

The exact manner ia which the cardinal system is tapped by the hepatic

was pointed out by F. T. Lewis (1902) and more recently by D. M. Davis (1910).

The latter observer has shown that the capillaries on the ventral surface of the

Wolffian body proliferate in a cephalic direction, fusing with capillaries which

surround the oesophagus (peri-oesophageal plexus) and which course also on the

Lung Cava mesenterii

I

Capillaries on
the end of the

subcardinalis

V. portffi

Anastomoses between
the umbilical veins

Anlage of the Anlage of the dorsal Aorta
ventral pancreas pancreas

FiQ. 465.—Sagittal section through a pig embryo 8 mm. long, showing the hepatic and subcardinal capil-

laries approaching one another to form the vena cava inferior. (After Davis, 1910.)

wall of the stomach. Thus the drainage territory of the subcardinal vein is ex-

tended headward. On the right side, beyond the anterior limit of the Wolffian

body, this skirmish line of capillaries grows in the connective tissue of the eaval

mesentery which has also been invaded by hepatic capillaries in advance of' liver

ceUs. Soon hepatic and subcardinal capillaries meet and fuse, and for the first

time a vascular path is offered from the right subcardinal to the common hepatic

vein (rig. 465). Inasmuch as both subcardinal and cardinal veins are in fre-

quent connection, this new path diverts much of the blood stream of the lower

posterior cardinal, which formerly went to Cuvier's duct, through this new channel.

Thus in the posterior cardinal veins we may now be said to have two blood streams,

for the current in the lower part of both veins turns ventrally into the upper right

subcardinal vein by virtue of the great anastomoses between cardinals and sub-



DEVELOPMENT OF THE VASCULAR SYSTEM. 683

cardinals, whereas in that part of the posterior cardinals above the level of the

Wolffian bodies the blood goes upward to the ductus Cuvieri. This leads to

a more or less complete separation of the two portions of the posterior cardinal

vein. The upper portions of these veins are transformed into the system of the

azygos and hemiazygos veins of the adult; the lower portions undergo still other

changes.** Tor a while, although disturbed by the migration of the permanent
kidneys,'" they remain quite symmetrical, and so the vena cava appears double

in the region below the great anastomosis above mentioned.'" Eventually, however,

only the lower segment of the right posterior cardinal persists to constitute the

peripheral segment of the single adult vena cava inferior, for the left vein

atrophies*' in virtue of anastomoses between the two cardinals which enable the

right channel to drain satisfactorily all the blood. The chief of these anastomoses

(the transverse iliac vein) enables the blood from the left pelvic region and the

left limb to drain practically entirely into the right cardinal. In this way the

transverse iliac vein constitutes the terminal portion of the left common iliac, which

has hence a morphological value different from the terminal part of the right v.

iliacus communis.'' Anastomoses also enable the left lumbar veins to be carried

across the vertebral column to open into the right lower cardinal (cava), whereas

the upper great anastomoses between the cardinals remains as the proximal part

of the left adult renal vein. It is only necessary to add that the subcardinal veins

below the level of the great transverse anastomoses atrophy, while that portion

of the left vein above this level functions as the proximal part of the left adrenal

vein. It hence goes into the renal vein (which represents in part the original

great trans-anastomoses), rather than into the vena cava directly, as the right

adrenal vein does.

The vena cava inferior, then, is a composite vessel, and is

formed, from the liver downward, of parts of the following veins

:

right hepatic vein, connecting vein in the caval mesentery, right

upper subcardinal vein, and right lower posterior cardinal.

°* These lower portions of the posterior cardinal veins persist symmetrically

in some mammals and so form a vena cava which is double below the level of the

vv. renales (Echidna, Edentates, Cetacea).
" As the anlage of the permanent kidney ascends from the pelvis to its

permanent position, it appears to push in between the aorta and the posterior

cardinal vein and to displace the latter ventral- and lateralward. A more direct

collateral venous path is developed going dorso-medial to either the ureter or the

kidney anlage, which may for a time be thus surrounded by a venous ring. (Vide

Hochstetter, 1893; Zumstein, 1887 and 1890; Grosser, 1901; Lewis, 1902.)

" An arrangement which may persist in those well-known anomalies in which

we have a double cava below the kidneys.

"Hochstetter states that the lower left cardinal obliterates up to the point

of reception of the spermatic (ovarian) vein, and that consequently the end por-

tion of this lower left cardinal is represented in the most proximal part of the

left spermatic vein of the adult. The opinion that part of the lesft cardinal is

represented by the ascending lumbar vein (Lewis, Bryce) is disputed by him, on

the ground that the latter has a more lateral position. He assigns the origin of this

vein to secondary anastomoses which establish a chain between the thoracic and iliac

region. It is of interest to note that the atrophy of the left lower cardinal

is not the only method by which a single adult cava is produced in the region

below the kidneys. In some mammals this is attained apparently by a true fusion

of the two cardinals dorsal (Omithorhynchus) or ventral (most Marsupials) from

the aorta (Hochstetter).
"' Which is probably only the proximal part of the early v. ischiadica.
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The upper portions of tHe posterior cardinal veins are un-

doubtedly concerned in the formation of the vv. azygos and hemi-

azygos.*" Here again, though, we possess as yet no accounts for

the embryo of man. The arrangement of the veins in question in

the adult shows that normally in further growth an asymmetrical

development of these two veins occurs. This, nevertheless, is not

Fig. 466.—Injection of a pig embryo 8 mm. long, showing the extensive system of transverse body-
wall tributaries to the umbilical vein. (After Smith, 1909.) Y . I. /., vena linguo-facialis; S, r., sinus

reunions; Pars swp. v. r,, pars superior v. umbilicalis; m. r., membrana reuniens; v. u. d., vena umbilicalis

dextra; V. c. a., v. cardinalis anterior; V. c. p., v. cardinalis posterior.

usually so extreme as is the case, for instance, with the rabbit,

where the right vein alone persists. In man, as is well known, the

left trunk is only interrupted, for, while the lower portion joins

" In all accounts hitherto given us, the upper portions of the original posterior

cardinal veins have been described as entirely separated from their lower portions

by the great deflection of the venous blood current due to the appearance of the

inferior cava, and this "separation" occurs at such a level (e.g., the eighth thoracic

segment, rabbit) that these upper portions of the posterior cardinals must be

subsequently extended to the end of the thoracic region to constitute the azygos

of the adult. They are, in fact, described as actually "growing down" secondarily.

Hochstetter (1903, p. 604) comments on the conditions he found in a 15.5 human
embryo, in which the adrenal glands destroyed the symmetry of the posterior
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the right vein (v. azygos) by means of one or more large cross anas-
tomoses, its upper portion, the so-called v. hemiazygos accessoria,
continues to Cuvier's duct.^"

Information on the exact details of the transformations effected in these
venous channels in various mammals should be sought in the papers of Hochstetter,
Zmnstein, Lewis, Grosser, McClure, Gosset, Parker and Tozier, Van Pee, Beddard,
Soulie and Bonne.

Plexus V. V. s.

Fig. 467.—Injection of a pig embryo 18 mm. long, showing the superficial body- wall veins. (After

Smith, 1909.) Plexus v. e. 8., plexus of superficial epigastric vein; V. m. i., v. mammalia interna; V. t. e.,

V. thoraco-epigastrica.

6. THE DEVELOPMENT OF THE VEINS OP THE BODY WALL.

We have seen that in young embryos the body walls are

drained into the umbilical vein by an extensive system of tribu-

cardinals :
" Auch hat dieses Organ (die Nebenniere) das Kopfende der Urniere,

welches sich somit schon sehr stark retrahiert hat, so weit lateralwarts abgedrangt,

dass ein Zusammenhang der v. azygos und hemiazygos mit den Venen dieses Organs

nicht mehr bestehen kann. Der gesehilderte Befund lasst bedeutende Zweifel

dariiber aufkommen, ob die v. azygos und hemiazygos beim Menschen in ihrer

TotaUtat als Reste der hinteren Kardinalvenen aufzufassen sein werden."

""But exceptional cases in which an entirely symmetrical doubled schema is

preserved are by no means uncommon in man, and in some mammals, on the

other hand, this is a normal course of development,

—

e.g., Echidna (Hochstetter).
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taries. There is no doubt, then, but that we must regard the v.

umbilicalis as the primary drainag-e channel for the body wall.^i

Its domain here is next disputed by the appearance of the

V. thoraco-epigastrica,^^ which forms on the lateral body wall just

caudal to the arm bud. Proximally, the thoraco-epigastrica unites

with the primitive ulnar vein to constitute the v. suhclavia, which,

as Hochstetter (1891) first showed, at first courses dorsal to the

brachial plexus and subclavian artery to enter the v. cardinalis

anterior (embryo of 10 mm., F. T. Lewis, 1909), but in slightly

Fig. 468.—Injection of a pig embryo 15 mm. long, showing symmetrical mid-ventral veins draining the

plexus situated in the membrana reuniens over the heart.

older embryos possesses also an opening ventral to these struc-

tures, so that in the latter stage (embryo of 11.5 mm., F. T. Lewis,

1909) the a. subclavia and plexus brachialis are enclosed in a

venous ring, only the ventral limb of which will persist.

" Since the complete system of these veins has not yet been figiired for human
embryos, I present here three figures to show their extent in another mammal (the

pig). Miss Smith's fig^ures (Figs. 466, 467) have been secured from injections of

living embryos, and I supplement them by a figure to show the plan of mid-ventral

drainage (Fig. 468). Here one remarks that the membrana reuniens over the

upper portion of the heart territory is drained by two parallel mid-ventral veins

which eventually join the v. umbilicalis. (In some instances they also end by
branches which sink in directly to the vessels of the liver.)

"" Homologous with Hochstetter's "Seitenrumpfvene" of the lower verte-

brates.
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Owing to the fact that at first the lateral body walls greatly
exceed in extent the dorsal and ventral surfaces, their chief drain-
age channels, the vv. thoraco epigastricce, are the most important
body-wall veins nntil relatively late (embryo of 50 mm). What
proportion of the body-wall drainage they still control in an em-
bryo of 35 mm. can be seen from Fig. 473. At this later stage,
however, the more ventrally lying veins begin to play a significant
role, among which are to be mentioned the superficial epigastrics
and the perforating branches of the vv. mammaria internee and in-

tercostales. In embryos of 50 mm. injections show that the ter-

ritories of these latter veins have grown very appreciably, yet there
do not occur as yet any appreciable anastomoses, such as produce
here the great venous plexus well known in the adult (Fig. 472).

7. THE DEVELOPMENT OF THE VEIKS OF THE BXTEEMITY.

We lack as yet any thorough-going account of the development
of the extremity veins in man. Nevertheless, the researches of

F G. 469.—Injected human embryo 11 mm. long, showing some of the chief superficial veins. (From
a drawing by Mr. Max Broedel.) (Mall No. 353.) T. e. v., thoraco-epigastric vein; P. c. v., posterior

cerebral vein; U. v., umbilical vein.

F. Hochstetter (1891) on the extremity veins of Amniotes and the

scattered observations which have been made on the human embryo,

together with some others which will be presented here, enable us

to outline the essential facts in this field.

The first veins of the limb bud in man, as in other mammals
and in the chick, are small direct vessels which drain the early

capillary plexus of the limbs into the posterior cardinal and um-
bilical veins. These venules thus constitute two sets—a dorsal

series, which are the tributaries of the posterior cardinal vein,
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Fia. 470.—Injected human embryo 20 mm. [ong, sbomng some of the chief superficial veins.

(After drawings kindly placed at my disposal by Mr. Max Broedel.)

(Mall No. 349.)

Fig. 471.—Injection showing the thoraco-epigastric and superficial epigastric veins in a human
embryo 35 mm. long. (Mall No. 449,)

Fig. 472.—^The same in an embryo 50 mm. long. (Mall No, 458.) The relative growth of the lower
^vein is evident. No anastomoses between the two systems are yet present.

and a ventral series, the tributaries of the umbilical vein. Such are
the conditions in human embryos under five millimetres in length.
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Ramus perforans
V. mammariEe

internae

Rami perforantes
V. mammarisB
internas

.V. epigastrica
superficialis

V. femoralis
superficialis
externa

V. saphena magna

"^V. saphena parva
(v. saphena accessoria)

Vv. dorsaiis penis cutaneas

Fig. 473.—Body-wall veins of a human fetua 35 mm. long. (Mall No. 449,) The specimen was secured
alive through the kindness of Dr. Thomas CuUen and injected through one of the aa. umbiUcalea.

But there is soon established in both limbs (in the anterior

limb first and later in the posterior) a harder vein which sur-

rounds the paddle-like extremity,®^ a vein which Hochstetter has

shown to be characteristic for the limb bud of all the amniota. The

*^ The observations of Lewis and Grosser have indicated that both radial

and tibial border veins are extremely transitory; Grosser, in fact, was not able to

find a tibial border vein in the bat; however, Bardeen fignires this clearly in his

study of the leg bud of a 11 mm. human embryo (Amer. Jour. Anat., I, 1901,

PL IV, Fig. D, p. 36).

Injections of the limb buds of pig embryos show that the border vein is

constructed out of the peripheral margin of the capillary plexus of the limb.

Vol. IL—44
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upper (radial and tibial) portions of these border veins are quite

insignificant, but the lower (ulnar and fibular) ones are relatively

large »* and constitute the chief channels of drainage of the ex-

tremities. Moreover while the radial and tibial border veins com-

pletely atrophy, the ulnar and fibular veins persist, their peripheral

portions constituting the basilic and small saphenous veins of the

arm and leg respectively. Proximally the ulnar border vein con-

stitutes the definite branchial, axillary,, and subclavian vein. For

a considerable time this is the only important venous channel in

the arm, and, although its proximal portion still functions as the

VJiny-fac-

Fios. 474 and 475.—Reconstructions of the veins of the right arm in two human embryos 10 and 11.5

mm. long respectively. (After F. T. Lewis, 1909.) V.card.ant-, vena cardinalis anterior; V-card.com.,

V. cardinalis communis; V.card.post., v. cardinalis posterior; V.ling.fac.t v. linguo-facialis; V.scl.d., v. sub-

clavia dorsalis; V.scl.v., v. subclavia ventralis; V.th.ep., v. thoraco-epigastrica ; V.uhp., v. ulnaris prima.

chief vein in the adult limb, its distal superficial territory is soon

greatly exceeded by the development of the v. cephalica.

In embryos of ten millimetres and under, the proximal portion

of the ulnar border vein, after receiving the thoraco-epigastric

vein from the lateral body wall, drains into the posterior cardinal

or common cardinal vein by taking a course dorsal to the brachial

plexus and subclavian artery (Fig. 474, F. T. Lewis). Shortly after

this stage, however, a venous path is also found ventral to these

structures, and after a short time, during which the brachial nerves
are enclosed in a venous ring (Fig. 475), the dorsal path finally

Tor some reason the limb capillaries will not approach very close to the ecto-

dermal covering of the limb bud, but leave a narrow sub-ectodermal zone of

mesenchyme non-vascular; hence the marginal vein which is formed from the
" frontier line " of these capillaries follows faithfully the boundary of the rim.

"* Hoehstetter observed in living embryos that the direction of blood

flow for practically the entire extent of the border vein of the upper limb is from
before backward, i. e., into the ulnar extremity.
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^^^-V^card.ani>.

V^card. cam.

ycwrd.post

Fig. 476.—Reconstruction of the veins of the right arm in a human embryo 16 mm. long. (After F. T,
Lewis, 1909.) V. ceph., v. cephalica. For other abbreviations see Figs, 85 and 86.

Vcm,.dext.

sin.

VmoTTi.^nt.

V-th-ep.

Fig. 477. Reconstrnction of the right shoulder region in a human embryo 22.8 mm. long. (After

F T Lewis.) Ribs, clavicle, scapula, and humerus have been stippled and the subclavius muscle has been

drawn. V. an. dext., v. anonyma dextra; V. an. sin., v. anonyma sinistra; V. 6r., v. brachialis; V. ceph.,

v. cephalica; V. jug. ant., V.jug.ext, V. jug. int., v. jugularis anterior, externa, et interna; V.mam.int.,

V. mammaria interna.
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atropines. Moreover, wMle the subclavian vein at first opens

into the posterior cardinal, it eventually is found joining the duct

of Cuvier, and in still older embryos '(16 mm.) the anterior cardinal

or jugular vein, a phenomenon to be associated with the descent of

the heart and main vessels into the thorax.

The cephalic vein is entirely secondary, and appears first in

man, as in the rabbit (Fig. 469),^^ ^s a small vessel which collects

the blood from the outer side of the hand plate and fore-arm anlage

and flows into the radial end of the ulnar border vein near the

elbow.^® Very soon this vein can be traced upward along the

c=:

V. jugulo-cephalica

V. iugulai. int.

Anastomoses
between tne
\v. anonymae

/

V. cepha- >2^^

lica-—

'

V. basilica

V. brachialis

V, thoraco-epigastrica

Fig. 478.—Reconstruction of the relations of the great veins of the arms and neck in a human embryo 20
mm. long. (Mall collection, No. 349.)

radial side of the upper arm (Figs. 476, 477), and in an embryo
of 22.8 mm. Lewis has shown that the cephalic vein now joins the

external jugular, an arrangement which is true for the embryo
figured in Fig. 478, but in which there is also now present a con-

nection between the cephalic and the subclavian veins which is to

function as the definitive proximal ending of the cephalic vein in

man. This earlier drainage channel of the cephalic into the ex-

ternal jugular vein may persist {jugulocephalic vein), as has been
noted for many years in descriptive human anatomy.

The cephalic vein at the stage last mentioned has become the

chief superficial vein of the arm, for, with the breaking up of the

"" Compare with Hoehstetter's fi^re 2 a, Taf . III. Morph. Jahrb., 1891, for the

rabbit.
"° This connection of basilic and cephalic veins has nothing to do with

the V. mediana cubiti, which is a late connection and formed long after the primitive

junction of the two veins has disappeared and they have existed as two independent

channels. (See beyond.)
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border vein by the outgrowth of the digits and the formation of
interdigital veins, we have a transferral of the latter veins to the
system of the v. cephalica, which now, collecting its blood from the

back of the hand, courses along the radial border of the forearm
and arm entirely distinct from the ulnar border vein (the v.

basilica, Fig. 479). As is well known, in the adult these two great

veins are connected in a wide-meshed plexus. A complete injection

^Vv. intercapitulares V. mediana
antibrachii

V. basilica

Figs. 479 and 480.—The superficial veins of the right arm in a human fetus 35 mm. long. From an injec-

tion. (The specimen is the same as that shown in Fig. 473.)

of the arm veins in an embryo 35 mm. long shows that even at this

stage there are not yet formed the many connections between ba-

silic and cephalic veins which constitute the well-known venous

plexus of the dorsum mani and the forearm. It is thus possible

to state that the great subcutaneous venous plexuses of the ex-

tremity are not partial remains of a primary embryonic more
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extensive plexus, for the only primary plexus existing here is again

a general capillary mesh, and the larger venous connections which

characterize the adult are clearly secondary formations. In the

arm figured, one may see the earliest veins of the volar surface

of the forearm, and, especially clearly, the method of formation of

the V. mediana antibracMi through the enlargement of parts of the

general capillary mesh (Fig. 480).

In the posterior limb bud it has already been mentioned that

the superficial portion of the fibular border vein persists, for it

can be identified in a series of embryos (15.5, 20, 23, and 26

mm. long) and seen to constitute the v. saphena parva. The

Fig. 481. Fig. 482.

Fig. 481.—The fibular border vein in a human embryo 16.5 mm. long. (Mall collection, No. 390.)

(After a sketch kindly placed at my disposal by Mr. Max Broedel.)

FiQ. 482.—The fibular border vein in an injected human embryo 21 mm. long. (Mall collection, No.
460.) The vein is seen to drain the dorsum of the foot by a distinct venous arch; the proximal portion of

the original border vein can be recognized.

deep portion of this vein accompanies the sciatic artery

and nerve in the region of the thigh and through the foramen
ischiadicum into the pelvis ; it is hence the v. ischiadica. It joins

the posterior cardinal vein, of which it constitutes the chief radicle,

for the caudal vein {v. sacralis media) is inconspicuous. At a

later stage (Fig. 485) the vein formed from the union of the

femoral and great saphenous veins joins the proximal portion of

the ischiadic vein just before the latter ends in the v. cardinalis

posterior. In human embryos measuring 10 mm. or less, the ischi-

adic vein constitutes the chief drainage channel of the lower limb,

but in its superficial extent the vein is soon exceeded by the v.

saphena magna, a secondary channel, and in its deep territory by.
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the V. femoralis, which has developed along the permanent artery
(a. femoralis) of the limb (the v. ischiadica in the adult being
important only as a collateral path for the blood). The early

Fig. 483.—The fibular border vein (v. saphena parva) in a human embryo 23 mm. long (Mall No. 462)
at a time when toes and heel are clearly evident.

FiQ. 484.—Drainage of the perineum and buttocks into the v. saphena magna, in a human fetus 50 mm.
long. (Mall No. 458.) (From an injection by Mr. Broedel.)

development of the v. saphena magna in man is not known, but

at the stage of 23 mm. it already constitutes the chief superficial

vein of the leg.

In embryos of 24 and 25 mm. length, anastomoses on the in-

ner side of the thigh have begun to direct the blood stream in the
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saphena parva to the v. saphena magna, and in an embryo measur-

ing 35 mm. and in three embryos of approximately 50 mm. in

V. cava inf.

ii
V. epigastrioa
superficialis

Vena femoralis
superficialis externa

-^^*:^^_ V. saphena
magna

JMij N*_ V. femoralia

)fftir^
V. ischiadica

V.
r
saphena parva ,

Vv. sacrales medise

Fig. 485.—Reconstruction of the chief veins of the pelvis and lower extremities in a human embryo 20 mm.
long. (Mall collection, No. 349.)

V. femoralis
superficialis externa

V. saphena par\'a
(v. saphena accessoria)

Fig. 486.—The superficial veins of the leg in a human fetus 35 mm. long. (After an injection of the living
embryo; secured through the kindness of Dr. Thos. Cullen.) (Mall, No. 449.)

length, I have found this connection a constant feature, prac-
tically all the blood of the lower leg vein {v. saphena parva) going
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into the greater saphenous channel.^^ In the youngest of these em-
bryos the saphena parva continues up the inner side of the thigh
before joining the saphena magna (a condition which has been
observed as a variation in the anatomy of the adult for a long
time), but in all the other cases the small saphenous vein pours
its blood into the v. saphena magna near the knee. Eventually the
V. saphena parva joins the deep vein {v. femoralis) in this neigh-

Fig, 487.—The superficial veins of the leg in a human fetus 50 mm. long. (After an injection
by Mr. Broedel.)

borhood, as is well known to be its definite normal ending, al-

though in a great percentage of cases the connection here with the

saphena magna is also retained to form a subsidiary channel {e.g.,

Quain's Elements of Anatomy, 10th Ed., Vol. II, Part II, p. 538,

London 1894.)

" Wbether we are dealing here with a general fact or not is impossible as

yet to decide. If such is not the case, it must be remarked as unusual that I have

found the six lower limbs of the three embryos measuring fifty millimetres to

be absolutely indentical in this respect. I note also that Bardeleben refers to a

similar arrangement of the saphenous veins. " Temer mundet bei jenen (d. h.

Feten) die v. saphena parva, Avelehe der basilica homolog ist, in die saphena

magna" (Bardeleben, 1880, p. 604).
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In the development of the leg, the proximal portion of the

extremity is for a while buried, as it were, in the tissues of the

embryo, and only in embryos of some 20 mm. in length, and in those

older than this, can we speak of a cutaneous surface belonging to

the inner side of the thigh. Consequently the saphena parva is in

the position to drain the early venules which come from the

neighborhood of the perineum and buttock (if we may yet speak

of the latter), as Fig. 481 will show. With the "pushing out" of

the thigh, this is no longer possible,^* for the proximal end of the

saphena parva is carried out with the knee, and the saphena magna

is now the direct and natural channel for this blood. In embryos

measuring 50 mm. in length the vessels draining the back of the

buttocks into the saphena magna constitute a large and prominent

system (Fig. 484).

As Bardeleben first indicated and as has been shown by the

work of Hochstetter and of Lewis, the limb veins which are true

accompanying vessels to the arteries are the last to develop.''^
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IV. THE DEVELOPMENT OF THE LYMPHATIC SYSTEM

By FLORENCE R. SABIN.

Recent work on the development of the lymphatics has given
us a new conception of the general morphology of the system as a

whole. It has related the lymphatics to the vascular system and
separated them from the system of tissue spaces. The study of

human embryos ^ has sharpened this conception and made it pos-

sible to go a step farther,—namely, dividing the development of

the system into two stages. The primary stage consists of a series

of isolated lymph-sacs, which are clearly derived from the veins,

and which become united into a system through two agencies,— (a)

' Many of the facts concerning the development of the lymphatic vessels

in human embryos have been obtained from the study of the Mall collection.
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by the thoracic duct, which connects these sacs with each other,

and (b) by the formation of a secondary opening into the veins at

the jugular valves. The secondary stage involves the peripheral

growth of lymphatic vessels which sprout from the endothelial

lining of these sacs and spread out over the body. The invasion

of the body is gradual, and in certain areas never takes place,

as, for example, the central nervous system and the skeletal mus-
cles. Since this new conception is not wholly accepted,—in fact,

since most of the tests on anatomy and zoology describe the lym-

phatics as arising out of tissue spaces,—the evidence for the con-

ception presented here will be given in detail as well as certain

important general conclusions.^

The first evidence of the formation of the lymphatic system
is the development of symmetrical sacs in the neck, which have
been called the jugular sacs. These are found first in a human
embryo 10.5 mm. long {S.l.j., Fig. 488) as endothelial-lined sacs

just lateral to the internal jugular veins (Sabin, 1909). In the

same year Lewis (1909) described the jugular lymph-sacs in four

human embryos, finding the beginning of the sac in an embryo 10

mm. long, in which it consisted of a single sac against the vein.

In an embryo of 11.5 mm. he found four or five of such small

sacs. His four stages are shown in excellent figures. He called

attention to the fact (which is, I think, quite clear) that Ingalls

(1908), in tracing the origin of the sac in an embryo 4.9 mm. long,

was confusing veins and lymphatics. This jugular sac remains as

the only sac until the embryo is 20 mm. long. The sac is formed

in the following manner. Along the course of the jugular vein

in early stages there is a series of branches which form a capillary

plexus. Much of this capillary plexus disappears entirely, not

being used to form the permanent branches. This destruction of

capillaries is one of the fundamental factors in the evolution of

' The fact that until very recently the weight of evidence rested on the

side of the theory that the lymphatic system arose from tissue spaces will he
shown in the following quotation from the last—that is, the 6th—edition of

Kolliker's Geweblehre, 1902, page 681, " Ranvier glaubt daher, dass die Lymphge-
fasse vom Venensystem nach der Peripherie in ahnlieher Weise durch Sprossung
fortwachen, wie eine Driise mit verzweigtem Gangssysteme von einer Schleim-
hautrohre aus . . . Die Aufstellungen Eanvier's sind keineswegs sieher
erwiesen und stehen im Gegentheile in Widerspruch mit den anderen gefundenen
Tatsachen; sie wurden jedoeh hier angefuhrt, weil durch dieselben der Vorstellung
von der ganzlichen Vershiedenheit von Bindegewebespalten und eehten Lymphge-
fatsen der scharfste Ausdruch gegeben wirt." Eanvier's comparison of the growth
of the lymphatic system to the growth of a gland seems an unfortunate one, since
the truer and more obvious comparison of the growth of lymphatic capillaries
to blood capillaries, both invading by the same method, is thereby lost sight of.
The second point brought out by Von Ebner, that, should the new theory prevail,
it would lead to the sharpest possible separation of the lymphatics and the
tissue spaces from the anatomical stand-point, is exactly what has happened.
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the vascular system. In certain places, and first along the jugular
vein, at the level of the primitive ulnar and cephalic veins, in
embryos between 8 and 10 mm. long, some of the capillary plexus
becomes cut off from the parent vein, and remains for a short time
as a group of isolated endothelial-lined spaces close to the vein.
The extent of this zone, which probably varies considerably in
different specimens, can be seen in Fig. 489, which is from a recon-
struction of the jugular sac of the same embryo shown in Fig.
488. These isolated capillaries, the anlage of the lymphatic system,
gradually dilate and coalesce to form symmetrical endothelial-lined

Fig. 488.—Transverse section through the neck of a human embryo 10.5 mm. long, showing the sym-
metrical jugular lymph-sacs. (Mall's collection, No. 109.) X about 36. A., artery; iV.^., nervus sym-
pathicus; N.X., nervus vagus; Oe., oesophagus; P., pericardial cavity; S.l.j., saccus lymphaticus jugularis;
T., trachea. The jugular veins are iilled with blood and lie just medial to the lymph-sacs.

sacs, which subsequently rejoin the vein in such a way as to form
a valve at the opening (Fig. 492). The time of the formation of

the valve is in embryos between 10.5 and 12.5 mm. in length.

It is now necessary to prove that these jugular sacs are lymphatics, and;

as this involves the use of the injection method on abundant material, it could

not be done on human embryos. Conclusive proof that the jugular sacs are a

part of the l3anphatic system is readily obtained by injecting the lymphatics in

the skin of the neck of other mammalian forms, as for example pig embryos,

and proving that the lymphatic vessels empty into the sacs. This can be done

in pig embryos from 18 to 20 mm. long. Below this stage the sacs could be

identified in specimens in which the blood-vessels had been injected. After the

position of the sacs had been determined, it was found that direct puncture

of the sacs was the best method of obtaining extensive injections of the lymphatics

which radiate out from them, thus indicating not only that the sacs are l3rmphatics

but that they are important centres for the radiation of the lymphatic ducts.

That there are two large sacs in the neck of young sheep embryos, and

that these sacs are lymphatics, was noted by Saxer (1896). Saxer, however,

represents the theory, together with Gulland (1894), that the lymphatics come

from tissue spaces, finding that the first lymph-vessels are in the subcutaneous

tissue and are present in bovine embryos 25 mm. long. In 1900 Sala described

the origin of the posterior lymph-sacs close to the veins in chick embryos. He
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had, however, no conception of the significance of this discovery; if the earliest

lymphatics are sacs close to the vems, the foundation is laid for the theory

that the lymphatics grow from the veins to the periphery. Sala says that the

Fig. 489.—Reconstruction of the right jugular lymphatic sac, shown in solid black against the jugular
vein, in a human embryo 10.5 mm. long. (Mall's collection, No. 109.) X about 14. G.N.V., Gasserian
ganghon; 5.»., sinus venosus; V.c, vena cephalica; Y.c.i., vena cava inferior; V.h., vena hepatica; F.j.i.,

vena jugularis interna; V.p., vena portse; V.p.c, vena cardinahs posterior; V.sc, vena subcardinalis;

F.w.(p.), vena ulnaris (primitiva); V.U., vena umbilicalis; W.h., Wolffian body.

posterior sacs arise from the veins and again that they are tissue spaces, two
statements which mutually exclude each other. In addition he finds that the

thoracic duct arises as solid cords of cells which secondarily become hollowed

out into tubes and join the veins. If this be true, it can not, as Von Ebner
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f^ ™ Kolliker's Geweblehre (Bd. 3. p. 682) in regard to these results of Sala's,
Wohl nieht bezweifelt warden, dass die Milehbrustgange beim Hiichchen selb-

standige Bildungen sind imd nicht aus den Blutgefassen hervorsprossen." But
it IS quite certain that in mammalian embryos the thoracic duct never arises as
a solid column of cells. To return to the lymph-sacs, their significance as the
first lymphatics, together with the fact that the lymphatics grow from centre
to the periphery, lays the foundation for the new theory as was brought out
by myself in 1901 in the study of the system in pig embi-yos.

F. 1. Lewis then showed, in 1906, that in rabbit embryos the jugular
sacs are immediately preceded by a plexus of blood capillaries, so that they
themselves are transformed capillaries. During the same year (1908) this method
was confirmed in pig embryos by the method of injection by myself and in cat
embiyos by the method of wax plate reconstruction by Huntington and McClure
together." In pig embryos between 10 and 13 mm. long the entire plexus
of capillaries external to the jugular vein can be injected from the vein, while
in embryos 13 to 14 mm. long the plexus injects less and less from the vein
until the sacs are formed. In one specimen the sac itself on one side received
some of the ink which had been injected into the vein, showing conclusively

that the sacs come from the capillary plexus. In pigs from 15.5 to 16 mm. long
the sacs are never injected from the veins, and hence they are either entirely

cut off, which condition lasts a short time, or the opening is guarded by a valve.

Huntington and McClure (1910) traced this process by a complete series of wax
models of the jugular region in cat embryos. The capillary plexus which is •

the anlage of the sacs, they called " veno-lymphatics." It may therefore be
considered as proved that the jugular sacs are lymphatics and that they are

transformed veins. The proof that they are the only lymphatics for a con-

siderable time, until the embryo is 20 mm. long, that none of the tissue spaces,

coelom, or the arachnoid spaces are a part of the lymphatic system, will be taken
up later, in connection with the general consideration of the relation of the

lymphatic system to tissue spaces.

The extension of the sac along the jugiilar vein may be by the

addition of more of the capillary plexus, as is suggested by Figs.

490 and 491. These two figures are coronal sections from an em-
bryo 11 mm. long. If they are superimposed, which can readily

be done by matching the curve of the arm bud and the cephalic

vein, it will be seen that the capillary plexus, the anlage of the

lymph-sac, extends from the root of the primitive ulnar vein along

the internal jugular vein into the neck. The full series shows
that the plexus also extends a short distance into the arm bud along

the primitive ulnar vein. The linear extent of the plexus is about

1.2 mm., an increase over the length of the preceding stage, which
was 0.7 mm.. The plexus is filled with blood, as if the secondary

opening had not yet formed, and indeed, though the place of the

valve is indicated in Fig. 490 by the projection of the sac into the

"Huntington and McClure in 1907 had advanced the view that the lym-

phatics came from clefts between the intima of the veins and the connective

tissue, calling these clefts "extra-intimal" anlages; but they retracted this theory,

as far as the jugular sacs were concerned, during the following year (1908), and

accepted the idea that the jugular sacs are venous in origin, though they think that

the rest of the lymphatics are either "extra-intimal" or of tissue space origin.
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angle between the internal jugular and cephalic veins, no break in

the endothelium could be made out. This fact—that the endo-

thelium shows no break in sections—is the only evidence on which

rests the idea that the permanent opening is secondarily acquired.

This contrasts sharply with the condition shown in Fig. 492 from

an embryo 17 mm. long. The valve is first definitely open in an

embryo 12.5 mm. long, as stated in the table on page 733, at which

time the plexus has been transformed into a definite, long, empty

sac of the type shown in Fig. 492. The valve is formed by a pro-

jection of the lymph-sac deep into the cleft between two veins,

and it is so placed as only to be clearly evident m coronal sec-

FlQ. 490.—Frontal section through the arm bud of a human embryo 11 mm. long, to show the develop-

ing lymphatic sacs along the internal jugular vein. (Mall's collection, No. 353.) X about 37. S.i.j.,

aaccus lymphaticus jugularis; V.c, vena cephalica; V.j.i., vena jugularis interna.

Fig. 491.—Frontal section through the arm bud of the same embryo as Fig. 489, to show the relation

of the lymphatic-sac anlage to the primitive ulnar vein. X about 37. S.I.J., saccus lymphaticus jugularis;

V.c, vena cephalica; V.j.i., vena jugularis interna; V.t.l., vena thoracica lateralis; V.u.(p.), vena ulnaris

(primitiva).

tions. In transverse sections, as can be readily noted by com-
parison with Fig. 492, the valve is simply a tiny vessel between
two larger veins; in sagittal sections it is even more difficult to

locate.

There is no increase in the length of the sac in embryos be-

tween 12.5 and 17 mm. long, but from now on there is a rapid
increase in size up to its maximum, which is reached in an embryo
30 mm. long, when the size is 5 mm. in length. This stage, which is

an important landmark in several ways, is shown in a series of

four figures,—493, 494, 495, and 501. Fig. 493 is a reconstruction
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of the primitive lymphatic system in an embryo 30 mm. long and
shows that the stage which marks the maximum development of the

jugular sac shows also all the other sacs and that they have been
united into a complete system through the thoracic duct. Theperiph-
eral system is also well under way, even much more than is shown
in the figure, for the two stages of the lymphatic system—namely,

the primitive central system of sacs and the peripheral system of

ducts—overlap in their development. The position of the jugular

sac can be seen by comparing Figs. 493 and 494. The level of

the section shown in Fig. 494 corresponds with the line on Fig.

493. Both figures show the great size of the sac, it being by far

•S?'//-

Fig. 492.—Frontal section through the arm bud of a human embryo 17 mm. long, to show the open

valve of the jugular lymph-sac in relation to the veins. (Mall's collection. No. 296.) X about 26. S.l.).,

saocus lymphatious jugularis; V.c, vena cephalica; VJ.i., vena jugularis interna; V.u.(.p.), vena ulnaris

(primitiva)

.

the largest vascular structure in the neck. As shown in Fig. 493

it is now pierced by branches of three of the cervical nerves,

namely the third, fourth, and fifth. These nerves help to orient

the sac.

In the embryo 17 mm. long there was a slight extension of the

jugular sac into the arm bud. This extension is now much larger,

making a definite subclavian sac (S.l.s.) along the primitive ulnar

vein (V.u.p.).^

The jugular sac in this stage shows two other important

points,—namely, its relation to peripheral lymphatics, and an ex-

* This origin of the subclavian sac in human embryos as an extension of the

jugular sac is interesting in connection with F. T. Lewis's (1906) discovery, that

in rabbits the subclavian sac arises independently from the veins.
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tensive bridging of its dorsal border, which is the process by which

the sac is transformed into a chain of lymph-nodes. These two pro-

cesses are closely related in function. In Fig. 493 one enormous

superficial lymphatic vessel (V.l.s.), which arises from the lateral

surface of the sac, extends out to the skin, and spreads out into

a plexus of large capillaries in the subcutaneous layer. One of

the smallest of these superficial lymphatics is shown on the left

side of Fig. 494.

This group of vessels is the first set of lymphatics to reach the skin. This

has been abundantly proved in pig- embryos by many injections into the skin

(Fig. 507). In pig embryos this set of vessels reaches the skin in the neck at

about 18 mm.; in human embryos about 20 mm. long. At this stage no injection

of any layers of the skin in any other place except the neck has ever entered

lymphatics. The great size of these early lymphatic vessels to the skin is in

some sense represented in the adult by the greater size of the vessels of the deep

subcutaneous plexus in contrast with the superficial plexus, and calls to mind

the size of the subcutaneous lymph-sacs of the amphibia.

In Fig. 493 are seen lymphatics extending over the skin of

the head as a superficial plexus (V.l.s.) and deep lymphatics

(V.l.p.) extending from the subclavian sac along the course of the

primitive ulnar vein into the arm bud.

The bridging of the jugular sac along its dorsal border is

shown in Fig. 495. The level of this section is also indicated on

Fig. 493. This process of bridging or the cutting of the lumen of

the sac by bands of connective tissue begins early, being first noted

in an embryo 14 mm. long. It is a process by which the sac,

originating from a plexus of blood-capillaries, is reconverted into

a capillary plexus this time lymphatic in character. This lym-

phatic plexus is far more extensive than the preliminary blood-

capillary plexus, as may be seen by comparing the early sac of

Fig. 489 with the one in Fig. 493, from which the lymphatic plexus

is formed, or by comparing the length of the blood-capillary

plexus along the vein, 0.3 to 0.7 mm., with the length of the sac,

5 mm.
To complete the account of the jugular sacs as far as they

have been studied—that is, up to the stage when the fetus meas-
ures 80 mm.—the sac becomes more and more encroached upon by
the connective-tissue bridges, until it is transformed into a plexus

of lymphatic capillaries, out of which chains of lymph-glands are

evolved.

In Fig. 493, beside the jugular-subclavian sac, there are three

other sacs, the retroperitoneal, the posterior, and the cisterna

chyli. None of these sacs nor any anlage of them has been made
out in embryos under 20 mm. in length. The retroperitoneal sac

and cisterna chyli are present in a human embryo 23 mm. long,

while all three are present in one 24 mm. long.
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Fig. 493.—Profile reconstruction of the primitive lympiiatic system in a human embryo 30 mm. long.

(Mall's collection, No. 86.) X about 5.8. C.c, cisterna chyli; L.g., lymphoglandula; N.III., N.IV., and
JV.y., nervi cervicalis; S.l.jug., saccus lymphaticus jugularis; S.l.mes., saccus lymphaticus retroperitonalis;

S.l.p>, aaccua lymphaticus posterior; S.l.s., saccus lymphaticus subclavius; V.c, vena cephalica; V.c.i.,

vena cava inferior; T./., vena femorahs; V.j.i., vena jugularis interna; V.l.p. ,vasa lymphatica profunda;

V.l.a., vasa lymphatica superficialia; V.r., venarenalis; V.s., vena sciatica; V.u.{p.), venaulnaris (primitiva).
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The retroperitoneal sac was discovered as a part of the lymphatic system by

F. T. Lewis (1901-02 and 1906). Baetjer (1908) found in carefully tracing its

history in embryonic and fetal pigs, that it is preceded in embryo pigs 17 to

18 mm. long by a plexus of capillaries in the root of the mesentery, which

drained into the large anastomosing vein at the hilum of the two WolflSan bodies.

These capillaries are readily injected from the vein, as is seen in Fig. 496. The

same figure shows the large renal anastomosing vein between the Wolffian bodies

ventral to the aorta. It also shows well the mass of connective tissue between

the vein and the mesentery in which the retroperitoneal sac develops. The

plexus retains its connection with the veins until the embryo is 20 mm. long, as

is shown in Fig. 497. Other sections of the same series showed more of the

ink within the plexus, but this section was chosen to show the connection with

FlQ. 494.—Frontal section through the jugular lymph-sacs in a human embryo of 30 mm. (Mail's

collection, No. 86.) X about 9. The level of the section is shown on the reconstruction of Fig. 493. The
section shows the complete lymph-sac on the right side and the valve on the left. S.l.j., saccus lymphaticus
jugularis; V.i., v. innominata; V.j.i., v. jugularis interna; V.l.a., vasa lymphatica superiicialis; Oe.,
oesophagus; T., trachea.

the vein. From this time on, the plexus is readily transformed into a sac, as

shown in Fig. 498 in an embryo 23 mm. long, in which the sac is entirely separate

from the vein. The sac joins the cistema chyH, through which it can drain

into the thoracic duct and the veins, in embryos 27 mm. long (Fig. 499). These
four figures are the best representation that we have of the proof of the

transformation of a venous plexus into a lymphatic sac.

In human embryos the stage corresponding to Fig. 496, in

which there is a plexus of veins ventral to the renal anastomosis,
has been identified In an embryo 20 mm. long, while at 23 mm.
there is a definite retroperitoneal sac and a cisterna chyli. The
retroperitoneal sac lies in the root of the mesentery adjacent to

the great masses of the suprarenal bodies and the sympathetic
nervous system (8 and G.s., Fig 500). It extends from a point
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opposite the fourth lumbar vertebra anteriorly, to the point where
the superior mesenteric artery enters the mesentery. The posi-

tion of the retroperitoneal sac is also shown in Fig., 493 and its

relation to the renal vein in Fig. 501, which corresponds with
the line so marked on Fig. 493. The sac has never been found
as large in human embryos as it is in the pig. In a fetus 80

mm. long it is represented by a long chain of lymph-glands or a

plexus of lymph-vessels which form the anlage of the glands ventral

to the aorta. It has recently been shown by Heuer (1909) that

injections of the retroperitoneal sac enable one to follow the

progression of vessels from this sac out into the mesentery along

Fig 49S —Frontal seotion through the jugular lymph-sac of the same embryo, at the level shown in

Fig. 493, to show the bndging of the sac which is the anlags of the first lymph-gland. X about 19. S.l.].,

saocua lymphaticus jugularis. -.> uji- t i.

Fig 496 —Transverse section through the renal anastomosis of the subcardinal vems of an embryo

Dig 18 mm. long. (After Baetjer.) X about 43. A., aorta; (?.£., genital anlage; M.C., retroperitoneal

capillaries; Mes., mesentery; B.A., renal anastomosis; W.B.. Wolffian body.

the superior mesenteric artery. Within the mesentery is formed

a secondary great lymphatic plexus, the anlage of the lympho-

glandulse mesentericse {Lg.m.), as shown in Fig. 502. From the

mesenteric vessels lymphatics gradually invade the intestinal wall.

The posterior lymph-sac has as yet been identified only in pig and in human

embryos among mammals. It has, however, been worked out in chick embryos

by Sala (1900), where it is a true lymph-heart with muscle in its wall, as in

the amphibia. Sala's work has already been referred to; it is the most recent

work based on the theory, also brought out by Gulland (1894) and Saxer (1896),
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that the lymphatics arise from tissue spaces, unless one includes the work of

Huntington and McClure who hold a modified form of this theory (1910). Sala

found that the posterior lymph-hearts begin at the middle of the seventh day

in connection with the lateral branches of the first five coccygeal veins. He

says that corresponding to these veins there are excavations in the mesenchyme

which soon enter mto communication with the lateral branches ("E sono rappre-

,

sentati da spazi seavati nel mesenchima che sta lateralmenti ai miotomi caudali,

a livello delle prune cinque vene coecygee," p. 292) ; and in fact one would say

that these fissures are simply dilatations of the veins themselves (" Si direbbe

anzi che esse non sono che semplici dilatazioni, ramiflcazioni delle stesse vene,"

p. 269). These two statements, of course, contradict each other, for spaces can

not be both fissures in the mesenchyme and dilatations of the veins. Then he

Fig. 497.—Transverse section through the renal anastomosis of the subcardinal veins in an embryo
pig, 20 mm. long. (After Baetjer.) X about 43. In this section the venous channels in the root of the

mesentery are beginning to show definite evidences of fusion and sac formation, though they are still con-

nected with the veins, as is shown in the figure. A., aorta; G.A., genital anlage; M.C., retroperitoneal

capillaries; Mes., mesentery; R,A., renal anastomosis; W.B., Wolffian body.

describes these fissures as becoming more abundant and confluent. By opening

up communications with each other they form a sac or lymph-heart in the

mesenchyme. This sac, he says, is lined with flattened mesenchyme cells, which,

if it were so, would, according to our stand-point, exclude it from being a vein.

He found muscle in the wall of the hearts on the ninth day, and was able to

inject the heart directly by the second half of the tenth day. Sala's description

of the origin of the posterior lymph-hearts in the chick is, nevertheless, so clear

and graphic, and corresponds so closely with the method of origin of the lymph-
sacs in mammals, that one easily suspects that the two processes are the same,—
that the sacs arise from the veins in both cases. The fact that Sala uses the

description as evidence of the old conception, of the lymphatic system as coming
from tissue spaces, does not necessarily confuse the picture. Mierzejewski (1909),
working on the chick, has confirmed Sala's description, and evidently is of
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the opinion that both Sala and he find the sac arising from the veins, for he
states that "An den Enden der lateralen Aeste der ersten fiinf Coccygealvenen
bilden sich kleine, blasenartige Ausbuehtungen, die sich bestandig vergrossem
und am siebenten Bebriitungstage eine Reihe von segmental naeheinanderfolgen-
den, mit den Vene in Verbindung stehenden Spalten im embryonalen Bindege-
webe bilden. Diese Anlagen des spateren Lymphherzens nehmen im Verlauf der
Entwieklung an Grosse zu und nahern sich einander immer mehr und mehr, so
das sie schlieszlich miteinander an den Stellen, wo sie beriihren verschmelzen."
He also states that he agrees with Sala, except that the process begins a little

earlier than Sala described,—namely, in the middle of the 6th rather than the
beginning of the 7th day. Thus it seems a fair conclusion that the weight of
evidence from the study of the posterior hearts in the chick is on the side of
their venous origin.

In a human embryo 20 mm. long there is a plexus of capillaries
along the v. ischiadica which forms the anlage of the posterior sac.

Fig. 498.—Transverse section througk the rena anastomoses in an embryo pig 23 mm. long. (After

Baetjer.) X about 53. This is the first appearance of a definite sac in the exact location of the venous
plexus in the earlier stages. It will be noticed that the irregular margins suggest the fusion of many small

vessels. At this stage no connection can be traced between the sac and either the lymphatic system or the
veins. A., aorta; M.S., retroperitoneal sac; R.A., renal anastomosis; W.B., Wolffian body.

The saccns posterior or ischiadicus is first found in an embryo 24

mm. long, and is well shown in Fig. 493 in the embryo 30 mm.
long. Here it is a long narrow sac—seen also on one side in Fig.

501—which extends along the external surface of the v. ischiadica

primitiva (S.l.p.), from the posterior end of the cisterna chyli to

the bifurcation of the v. femoralis and the v. ischiadica. The sac

reaches an apparent maximum in fetuses 80 mm. long. It is

shown to great advantage in sagittal section in a fetus 80 mm.
long in Fig. 504. The posterior sac is now clearly a pelvic struc-

ture, being transformed into a chain of lymphoglandulae iliacae.

Vol. II. -46
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The question of the origin of the cisterna chyli and the thor-

acic duct has proved a difficult problem because the region is

hard to eject.

Recent studies on pig embryos throw some light on the thoracic duct.
^
In

a pig embryo 23 mm. long (measured fresh along the mesencephalosaeral line;

compare Chap. VIII) the left jugular sac was filled with ink through the

superficial lymphatics. The needle was then withdrawn and pressure applied to

the head. By a fortunate chance most of the ink ran over into the thoracic

duct while very little ran into the veins. Usually the ink passes readily through

Fig. 499.—Transverse seciion through the early cisterna chyli and retroperitoneal sac in an embryo
pig 3 cm. long. (After Baetjer.) X about 40. The section shows the connection of the cisterna chyli

and the retroperitoneal sac, by large channels along the lateral margins of the aorta. A., aorta; if., kidney;
/., intestine; M.S., retroperitoneal sac; R.C., cisterna chyli; P.C.V., postcardinal vein.

the valve into veins. In this specimen it can be shown that the jugular sac

anlage of the thoracic duct has three connections with the jugular sac, and
passes as a plexus of lymphatic vessels toward the median line between the

sympathetic nerve and the common jugular vein (these relations can be made
out in rig. 488). The two ducts, the thoracic duct and the right lymphatic duct,

extend in the loose connective tissue dorsal to the oesophagus about to the level

of the arch of the aorta. At this stage there are no lymphatics corresponding

to the cisterma chyli, but there are especially abundant median anastomoses

of the posterior cardinal or azygos and hemiazygos veins dorsal to the aorta

opposite the adrenal anlages.
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In the next stage—namely, in an embryo 25 mm. long—the jugular sac
anlages are more extensive and now symmetrical, for the right duct has turned
ventralward toward the root of the lung while the left, or thoracic duct, remains
near the aorta. A second change of importance has taken place,—namely, the
separation of a new lymph-sac from the veins, the cistema chyli, which exactly
replaces the previous plexus of veins. An abundant plexus of lymphatic vessels
encircles the aorta from this cistema chyli, so that one can not in this region
speak of a right and left duct, but rather of an aortic plexus. This fact is

interesting in comparison with Pensa's (1908 to 1909) figures showing the compar-
ative morphology of the duct in various forms, for he shows that in a number
of forms the lower part of the thoracic duct is an abundant plexus of lymphatic
vessels. By the time the pig is 27 mm. long the relations of the three prevertebral

FiQ. 500.—A composite diagram made by superimposing the sections showing the relations of the
retroperitoneal sac and cistprna chyli to the veins, in a human embryo measuring 27 mm. (Mall's collection,

No. 382.) X about 8. A.m.B., a. mesenterica superior; C.c, cistema chyli; G.s., ganglia sympathioa;
S.l.m., saccua lymphaticua retroperitonealis; S., suprarenal body; V.a.,v. azygos; u.c.i., vena cava inferior.

lymphatic anlages are established, the right lymphatic jugular sac anlage, making
the right duct, has reached the root of the lung, while the left jugular sac anlage

has anastomosed with the cistema chyli anlage along the aorta, making the

thoracic duct. All the specimens studied show some isolated endothelial-lined

spaces which cannot be traced to connect with the thoracic duct in serial sections.

The existence of these isolated spaces was pointed out by Lewis (1906), and,

since he could trace a few of them to join veins, he suggested that there might

be multiple venous anlages of the lymphatic vessels analogous to the lymph-sacs.

Since these spaces or isolated islands are found along other veins as well aS'

the azygos veins, they will be discussed under the general considerations (p. 737).

The other recent work on the thoracic duct is by McClure (1908), in which

he agrees with Lewis that the thoracic duct arises by multiple anlages from
the veins. This view he retracted in 1910 in favor of the extra-intimal theory;

biut, since he did not retract the evidence in his first paper but only the inter-

pretation of the observations, it must be stated that he confused veins and lymph-
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atics, calling certain veins lymphatic anlages, when it is easy to demonstrate that

these same veins persist as veins after the thoracic duct is formed.

In human embryos the observations on the thoracic duct are

still scanty. In the embryo shown in Fig. 488, which is 10.5 mm.
long, there is on the left side a small vessel extending from the

Fig. 501.—Frontal section through the retroperitoneal sac of the human embryo, at the level indi-

cated on Fig. 493. X about 40. .A., aorta; G.s., ganglia aympathioa; /C., kidney; S.Z.m., saccus lymphati-
cus retroperitonealia; S.l.p., saccua lymphaticus poaterior; V.c.i., vena cava inferior; V .r., vena renalis.

sac toward the median line. In an embryo 16 mm. long there are

symmetrical jugular sac anlages of the thoracic and right lym-
phatic ducts, which, however, do not reach the zone dorsal to

the oesophagus. The first appearance of the cisterna chyli is

in an embryo 23 mm. long, as shown in Fig. 500. Here it is a
definite sac opposite the third and fourth lumbar vertebrae, at
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the point where the vena cava curves ventralward and where it

anastomoses with the azygos vein. By the time the embryo is 30
mm. long, as shown in Fig. 493, the thoracic duct is complete.
The lower or cisterna chyli portion is much simpler than in the
pig embryos, in fact there is a right and a left vessel, and the

right duct crosses behind the aorta in the thorax to join the
left. Thus the human embryos illustrate the double origin of the
duct from the jugular sacs on the one hand and from the cis-

terna chyli, a true lymph-sac, on the other.

Fia. 502.—Transverse section through the abdominal cavity of a human embryo 80 mm. long. (Mall's

oollection, No. 172.) X about 8. A.m.s., arteria meaenterica superior; Cc, oisterna ohyli at its lower

border; Lg.m., lymphoglandulce mesentericse; S.l.m., saceus lymphaticus retroperitonealis.

The question of the peripheral growth of lymphatics is one

which really lies at the root of the new conception of the origin

of the lymphatic system from the veins. In studying the peripheral

lymphatics it was found that they converged toward or radiated

out from certain centres. These centres proved to be the lym-

phatic sacs. The lymphatic sacs become united into a system

by means of the thoracic duct, and connected with the veins

by the development of valved openings. The sacs and thoracic

duct may be termed a primary system, which is shown on Fig.

493. The secondary or peripheral lymphatics, according to our

view, grow out from the primary system. In tracing the peripheral
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lymphatics we may refer again to Fig. 493, which shows not only

the primary system of sacs complete but the beginning of the

peripheral vessels. The earliest peripheral lymphatics that have

been made out in a human embryo are those from the jugular

sac to the skin of the neck in an embryo 20 mm. long. These
vessels are shown (V.l.s.) in the embryo 30 mm. long in Fig.

493, and again as the large deep vessel behind the ear and pointing

toward the shoulder in Fig. 505. At the stage of 30 mm., beside

the superficial vessels for the back of the head, there are deep
lymphatic vessels (V.l.p.) extending along the subclavian vein.

The transformation of the jugular subclavian sac into a chain

Fig. 503.—Sagittal section of a human embryo measuring 50 mm., showing the posterior lymph-sao
within the pelvis and its extension along the femoral vein. (Mall's collection, No. 96.) X about 8. F.,

femur; Lg., lymphoglandula (femoralis); O.s., os sacrum; S.l.p., aaccus lymphaticua posterior with lymph-
gland in the border; V.s., vena sciatica; V.I.V., vetrebra lumbalis V.

of lymph-glands makes the primary group of glands for these
two sets of vessels. In Fig. 493 is shown a small gland (Lg.) on
the course of the plexus of lymph-ducts at the edge of the sub-
clavian sac. This marks the beginning of secondary glands, that
is those that form on the course of lymph-ducts. From the pos-
terior sac two sets of peripheral vessels are extending, one along
the V. femoralis, shown as V.l.s., while the second set, which fol-

lows the V. ischiadica to the hip, is not shown. The vessels along
the V. ischiadica have, however, reached the skin and spread out
over hip and back at this stage, as can be seen for the pig
in Fig. 507.

Eecently I have had the privilege of studying a remarkable
specimen of a lymphatic distention in a human embryo. The
embryo, which is 5.5 cm. long, was injected through the umbilical
artery by Professor Max Broedel while the heart was still beat-
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ing. It was then placed in formalin and left there for about a
year. Dr. H. M. Evans then began to study the vascular injec-

tion in the skin vessels, and while working on it put the embryo
into freshly made-up 50 per cent, alcohol. To his amazement,
there appeared a wonderful injection of air in the skin, which
proved to be a complete injection of the superficial lymphatic
system. The irregular lymphatic plexus shown in silvery lines

was of great beauty. Two tracings were made of the specimen
under direct sunlight, with the aid of a camera lucida, one a side

Fig. 504.—Transverse section through the pelvis of a human embryo 80 mm. long, to show the pos-

terior lymph-sacs. (Mall's collection, No. 172.) X about 9. £., bladder; Lg.t lymphoglandula; R., rectum;

SJ..post., saocus lymphaticus posterior.

view shown in Fig. 505, the other a dorsal view, Fig. 506. The
injection gradually disappeared, but for a few days could be

restored by the use of fresh alcohol.

The specimen is of the same stage as the largest pig embryo
figured in my article (1904) on the superficial lymphatics, and

the two specimens make an interesting comparison. It is the

stage of the single primary lymphatic plexus, and only in one

area, namely in front of the ear, was there a double plexus, deep

and superficial.
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Notwithstanding the great irregularity of the plexus, a quite

definite pattern is to be made out. The vessels all drain into

two areas, as shown on the side view. First the vessels from the

head, neck, arm, and thorax run toward the jugular-subclavian

sac, and secondly those from the leg, hip, and abdominal wall run

toward the groin to the posterior sac. These points of drainage

Fig. 505. Fig. 506

Fig. 505.—Distention of the lymphatic vessels with air of a human fetus 5.5 cm. long, drawn by
means of a camera lucida. (Mall's collection, No. 448.) X about 2. The drawing had to be completed
without the object, a-b, area without lymphatics.

Fig. 506.—Distention of the lymphatic vessels with air in the same fetus as in Fig. 505.

are marked on the surface by the few large definite trunks that

radiate toward them. The vessels which drain toward the neck
and axilla—^namely, the trunk behind the ear and the pectoral

trunks below the arm—have valves. The vessels on the abdom-
inal wall pointing toward the groin are large and irregular, but
are as yet without definite valves. Valves are wanting in all the

rest of the vessels. It is striking how completely the entire lym-
phatic plexus anastomoses, so that theoretically one can inject the
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entire lymphatic system through any one vessel whatever. The
natural flow of lymph toward the sacs, however, is indicated by
the size of the main trunks.

The extent of the injection is most interesting. There is a
small area on the head in the mid-line (between the letters a and &

in Fig. 505) which never showed any lymphatics. It is the same
area, only less extensive, that could never be injected in the pigs

of this stage, and thus is probably entirely free from lymphatics.

The fingers, toes, the palms of the hands, and soles of the feet

likewise had no injection whatever.
The pattern of the vessels over the head shows a number of

interesting points. Over the face the mesh is much finer than
over the scalp. The eyelids show a few vessels, the ear none.

Behind the ear is shown a large deep "trunk, seen in both figures,

which drains the back of the head and neck and undoubtedly
enters the jugular sac or gland. This trunk is to be compared
with the vessel marked V.l.s. in Fig. 493 and in Fig. 494. There
is probably also a deep, large channel in front of the ear, for the

vessels of the face and chin converge there, but the double plexus

of capillaries was so dense there that none could be made out. On
the back of the head, long parallel vessels drain toward the jugular

trunk on either side, while in the centre the plexus is fine-meshed

toward the top of the head and coarse-meshed toward the neck.

The vertebra prominens is marked by being rather free from lym-

phatics, and the same is true of the bony prominences at the elbow

and ankle.

The arm shows a fime-meshed plexus; the vessels reach the

cleft between the fingers in each case. The pattern of the forearm

is made by long parallel vessels running lengthwise, while in the

upper arm the vessels run around toward the axilla.

The plexus over the ventral surface of the body is fine-meshed,

and there is a complete anastomosis across the mid-line ; over the

back the plexus is coarse-meshed. A few large vessels over the

chest and back drain toward the axilla; a similar set converge

to the groin. The latter do not yet show valves. The especial

characteristic of the back region is that the mid-line is bridged

by long, rather slender parallel vessels. This is more marked in

the lower third. ^

On the foot the vessels reach the clefts between the toes just

as on the hand they reach the clefts between the fingers. The
malleoli are quite free from vessels. On the leg the vessels run

obliquely rather than lengthwise on the lateral aspect, while on

the thigh the plexus points toward the groin.

The double injection of blood-vessels with Prussian blue and

of the lymphatic capillaries with air enabled one to see their rela-

tive positions with great clearness. The large main blood-vessels
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of the skin were deeper than the lymphatics, while the entire

system of smaller arteries and the blood-vascular capillary plexus

lay superficial to the much larger lymphatic plexus.

The development of the peripheral lymphatics out from the sacs to the

ultimate eapiUaries has been worked out in the skin of the pig, of the bird,

(Mierzejewski, 1909), and of bovine embryos (Polinski, 1910). In the skm

(Sabin, 1904) a great number of injections have brought out the fact that the

vessels spread out from two great centres, the neck and the groin, so that the

vessels gradually extend from lymphatic to non-lymphatic areas. Fig. 507 will

Fig. 507.—The lymphatic vessels of the akin of an embryo pig 4.3 cm. long. X about 2J4. The
injected vessels form the primary subcutaneous plexus and represent a complete injection except in the

area dorsal to the ear,—that is to say, the uninjected areas have not yet received lymphatics.

serve to show the spreading out of the lymphatics in the primary subcutaneous

plexus. The group in the neck is growing out from the jugular sac, the group

over the hind leg is extending from the posterior sac. Both of these injections

are complete or nearly so, showing that there is a large non-lymphatic area at

this stage. Later a secondary, finer-meshed, and more superficial plexus develops.

Prom the retroperitoneal sac, the peripheral spread of the lymphatics to

the ultimate laeteals of the intestine has been worked out by Heuer (1909) in

the pig. Fig. 508, taken from this paper, shows the entrance of the groups
of lymphatics from the mesentery into the intestinal wall, and the primary sub-

mucosal plexus not yet complete. Later a finer-meshed plexus forms in the

mucosa, and from this plexus the laeteals grow into the villi.
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This point of the gradual progression of the lymphatics within an organ
out to the ultimate capilliaries, which is one of the strongest proofs of the
growth of lymphatics from the veins to the periphery, rather than from the
periphery to the veins, is also very convincingly shown by H. M. Evans. Mg.

FiQ. 608.—Loop of the small intestine of an embryo pig 100 mm. long, to show the growth of the
lymphatics into the intestine, and the formation of a primary submucosal plexus out of a series^of lymphatic
loops. (After Heuer.)

509 is taken from this paper, which describes a case of sarcoma of the intestine

in which there is a growth of new lymphatics out into the tumor mass. It will

be noticed that the growth is from the mucosal or capillary plexus, that at the

edge of the tumor the new vessels are like normal lacteals, while within the

Fig. 609.—^A piece of adult intestine showing a sarcomatous nodule which is being invaded by grow-

ing lymphatic capillaries from the mucosal plexus. The transition from the normal lacteals to the new
vessels is to be noted in passing from right to left. The large submucosal ducts are seen in the shaded

area. (After Evans.)

nodule there is an over-development of lymphatics in the form of an advancing

plexus. It has also been pointed out to me by Dr. Evans that in the adult intestine

the valves of the lymphatics occur at the base of the capillary bed, that is in the

submucosal ducts, and that they mark the place of transition between the duct
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and the capillary. Thus the mucosal plexus and the laeteals are the ultimate

capillaries. This agrees with the general theory of Ranvier, that in the lymphatic

system vessels without valves have the structure of capillaries. The discovery

that the lymphatic vessels invade each organ, that the invasion can be demon-

strated by injections of successive stages as soon as the line of growth or point

of entrance is known, together with the fact that the valves develop at the base

of the capillary bed, gives us the key by which the relations of the lymphatic

system within each organ can be worked out from the primary distributing

plexus of ducts to the ultimate capillaries. It may be well to note here that

the lymphatics as they enter an organ are always capillaries, that is the growing

zone is always the capillary bed.

To sum up, the peripheral spread of lymphatics thus far ob-

served in human embryos, from the jugular-subclavian sac, two

sets of vessels extend, one to the skin of the head, neck, and

shoulder, the other as deep lymphatics to the arm. From the pos-

terior sac two sets of vessels develop, one along the v. ischiadica to

the skin of the hip and back, a second set along the v. femoralis

to the leg (Fig. 493). The retroperitoneal sac sends vessels into

the mesentery (shown as Lg.m. in Fig. 502). On the course of

these vessels a mass of IjTuph-glands develops and vessels extend

out from these glands to the intestine. The cisterna chyli drains

both the retroperitoneal and the posterior sacs (Fig. 493). The
progression of the lymphatics in the Mall collection is summed
up in the following table.

In regard to the development of lymph-glands the series of

human embryos serves to establish an interesting general rela-

tion and to illustrate certain phases in the development of an
individual gland. In general, the first stage in the development
of an embryonic lymph-gland is the formation of a plexus of

lymph-ducts. This was one of the earliest points established

and goes back to the time of Breschet (1836). The first lymph-
gland to appear is through the transformation of the jugular
IjTiiph-sac into a plexus of lymph-vessels. This bridging of the

sac is shown in Fig. 495, and is simply a reduction of the sac

into a plexus of lymph-vessels lined with endothelium, with bridges
of connective tissue between, in which the mesenchyme is slightly

denser than in the surrounding tissue. All the primary lymph-
sacs are thus transformed into a plexus of lymph-vessels. In the
jugular sac the transformation extends over a series of embryos
and fetuses from 14 to 80 mm. long. The bridging of the retro-
peritoneal sac is illustrated in Figs. 501 and 502, in the posterior
sac in Figs. 503 and 504. The cisterna chyli becomes bridged only
along its borders^ (Fig. 502). Primary groups of glands may be

°In this connection it is interesting to note, that in the amphibia the pul-
sating lymph-hearts have exactly the same relation to the peripheral vessels as the
sacs in mammals have to the corresponding vessels. Thus the sacs and primarj-
lyraph-glands represent the amphibian lymph-hearts.
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defined as those whicli develop from the lymph-sacs. They are the

jugular-subclavian chain, the retroperitoneal or pre-aortic chain,

and the chain of lymphoglandulse iliacse. All the lymph drains

through these chains.® Secondary lymph-glands develop around

plexuses of the peripheral vessels, and two of these are shown in

Fig. 493, one in the arm, and the second in the leg. The secondary

group from the retroperitoneal sac is shown in Fig. 502 as the

mesenteric group of glands (Lg.m.). The ultimate lymph-glands

which develop at the base of the final capillary bed as the lymph-

follicles of the intestine were not found in the series ; they are

probably the last to develop. This is in harmony with the findings

of Anton (1901) in connection with the lymph-glands of the Eus-

Fig. 510.—Reconstruction of an axillary ympli-node anlage from a human embryo 70 mm. crown-rump,
ehowing the primary plexus of lymphatic capillaries. (After Kling.) X about 41.6. b, the bands of con-

nective tissue between the lymphatics; these are shown as darker than the lymphatics; d, dorsal; I, lym-
phatic vessels; Is, blind end of a sprouting lymphatic capillary.

tachian tube and the middle ear. He found no glands there in the

fetus, while during the first two years of life there was a gradual

development of lymphocytes which subsequently formed definite

follicles.

In regard to the development of an individual node, the im-

portant stages can be well illustrated in human embryos.''^ The

" This idea finds a very interesting confirmation in the work of Jolly (1910)

on the lymph-glands of birds, for he finds that the first IjTnph-glands, the jugular

and ischiatie groups, are centrally placed, and thus support Ranvier's theory of

the growth of lymphatics from centre to periphery.
' The development of lymph-nodes has been followed in a number of recent

papers by Saxer (1896), Gulland (1894), Kollmann (1900), Kling (1904), Sabin

(1905 and 1909), and Jolly (1910), of which Kling and Sabin refer to human
embryos.
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first step in the formation of lymph-glands is a plexus of lymphatic
capillaries, and this is true whether the gland forms out of one
of the primary sacs or along the course of peripheral lymphatic
vessels. This first stage of a lymph-gland is illustrated in section
in Fig. 495 for the jugular lymph-gland in an embryo measuring
30 mi^,^ long. The character of the lymphatic plexus is also well
shown in Fig. 510, after Kling, from a reconstruction of the sub-
clavian or axillary group of a fetus somewhat larger, measuring
70 mm. In the primary stage the lymph-node is wholly lymphatic
in structure,

—

i.e., it consists of a plexus of lymphatic capillaries
with undifferentiated connective-tissue septa.

1
vas.cL

tM ir'.Afl^^^^^l^Bic^'.>'' \^ T r%flHiC^^^^V^Mpkti11"^m^91
1i^y^"""'"'"^'^^r

1^ .

Fig. 511.—Reconstruction of a lympK-node from a human embryo 270 mm. long, showing the periph-

eral and central sinuses. (After Kling.) X about 41.6. b, connective-tissue bands; sin.m., sinus mar-
gmalis; sin.im., intermediax sinus; vas. a., vas afferens; vaa. e.. vas efferens.

The second step of the development of the node is the heaping

up of lymphocytes or wandering cells in the connective-tissue septa,

forming follicles. These masses of cells are shown in Kling 's

first model as the darker masses labelled b, some of which are oval,

while more are irregular in shape. In our series the first definite

follicles are found in a fetus 50 mm. long. The follicles are asso-

ciated with a plexus of blood-capillaries. All the recent investi-

gators note these blood-capillaries in the connective-tissue septa.

Thus, in the second stage a lymph-gland contains two elements,

a lymphatic element, or the plexus of lymphatic capillaries, and
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a vascular element, consistiaig of blood-capillaries surrounded

bv lymphocytes in the meshes of the connective tissue, making the

follicles. The follicles are well shown in Figs. 503 and 504.
_

The

first two stages, while they can be sharply separated in a series of

early embryos, in later embryos develop side by side.

The third stage in the development of a gland is the forma-

tion of the sinus out of the plexus of lymphatic capillaries. That

the sinus is a capillary plexus, as dense as the blood-vessels in

cavernous tissue, is shown most beautifully for the adult in the

injections of lymph-glands in Teichmann 's Atlas. The reorganiza-

tion of the node, the development of the peripheral and central

sinuses, together with the great increase in the follicle, is well

*—.—

^
«/ '1 *l

-C. b. c.

P. b.

-B.v.

Fig. 512.—Hemal node from the neck of an embryo pig 245 mm. long. B.v., blood-vesael at hilum; C.b.c,

central blood-capillary; P.b.s., peripheral blood-sinus.

shown in Fig. 511, after Kling. It shows a model of the lym-

phatic part of a lymph-gland from a fetus 270 mm. long. The very
great size of some of the vessels of the marginal sinus is to be
noted. In the development of the various nodes the greatest

possible variations occur in the proportion of the lymphatic ele-

ment or follicle. The sinus formation is also shown in Fig. 504.

The sinus differs from the primary lymphatic plexus in the extreme
thinness of the connective-tissue septa. It remains to be shown
whether it differs also in the nature of its endothelium,—that is,

whether the sinus, which begins as a dense plexus of closed lym-
phatic capillaries in fetal stages, is a closed system in the adult

or not.
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In the alimentary canal there are certain special lymph-glands—namely the
tonsils, solitary follicles, and Beyer's patches—that develop in the capillary bed
close under the epithelium. In connection with these nodes there has been con-

siderable confusion in regard to their development. This confusion was the

more easy as long as it was thought that the thymus, derived as it is from
epithelium, was lymphoid in character. Stohr (1891 and 1898) and KoUmann
(1900) have pointed out that the lymph-nodes in the mucosa of the alimentary
canal are mesodermal in origin, as is all the rest of the lymphatic system, rather

than ectodermal.

Hemal glands have not been found in human embryos. In pig embryos they

appear only in late stages, the first and simplest type, shown in Fig. 512, being

found in the neck of a pig 245 mm. long. Here the gland consists of a single

follicle around a plexus of blood-capillaries and surrounded by a sinus of blood-

vessels. It is thus possible to define the follicle as a collection of lymphocytes

around a blood-capillary plexus. The foUicle is surrounded by a sinus which

may be made of a plexus of lymphatic capillaries forming a lymph-sinus, or by
a plexus of blood-capiUaries making a blood sinus. The lymphatic sinus is found

in the lymph-glands, the blood-sinus is found in the hemal node and in the spleen.

A group of l3miph-follicles makes a lymph-gland; a group of blood foUicles

makes a hemal node. In shape the follicle is primarily round, but where the

lymphocytes extend along the course of the artery the follicle becomes elongated

into the ellipsoids of the spleen or the cords of the lymph and hemal glands.

Meyer (1908) showed, by hundreds of injections of hsemolymph or better hemal

nodes, that they are not connected with the lymphatic system nor are they inter-

eallated in the course of the veins.

General Consideeations.

It is now necessary to bring out certain general considerations which follow

from the recent studies on the lymphatic system.

The relation of the lymphatic system to tissue spaces has been one of the

greatest questions in connection with the system since it was first vaguely sug-

gested by Aselli (1622) about three centuries ago, and clearly ' formulated by

Lieberkiihn (1760) in connection with the discovery of the central lacteals of the

villi and the supposed opening of these lacteals into the connective tissue. The

history and bearing of this great question were best brought out by His (1863)..

The general conception of the morphology of the lymphatic system has passed

through a series of phases. The early experiments of Nuck (1691), of injecting

air into the arteries and noting its return through the lymphatics, led to the

theory of the connection of the finest arteries and lymphatics. These hypothetical

connections may be grouped together under one general term by which they

were known, namely vasa serosa. The vasa serosa are associated with a variety

of names, notably Boerhaave, Haller, and Bichat (1818). It was the theory

of Haller that the vasa serosa were so small that the red blood-corpuscles could

not pass through them, and hence only the fluid of the blood ran over into the

lymphatics. As the methods of injecting the fluids were perfected it was noted

that only in exceptional cases did fluid forced into the arteries enter the lymphatics.

But these observations did not have as much weight in overthrowing the theory

of vasa serosa as the development of the ideas of Schwann (1839) and especially

of Virchow (1863). From Schwann's observations on the capillaries in the

tadpole's tail, he suggested, in connection with his discovery of cells in the

animal body, that capillaries were a network of anastomosing cells making canals

all over the body. Virchow overthrew the idea of the vasa serosa, as will be seen

in the following quotation from the English translation of his Cellular Pathology

(p. 76): "Amongst these different species of connective tissue, the most

Vol. II.—47
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important for our present pathological views are, generally speaking, those in

which a reticular arrangement of cells exists, or, in other words, in which they,

anastomose with one another. Wherever, namely, such anastomoses take place,

wherever one cell is connected with another, it may with some degree of certainty

be demonstrated that these anastomoses constitute a peculiar system of' tubes or

canals which must be classed with the great canalicular system of the body, and

which particularly, forming as they do a supplement to the blood and lymphatic

vessels, must be regarded as a new acquisition to our knowledge, and as in some

sort filling up a vacancy left by the old vasa serosa, which do not exist." Thus

Virchow substituted the"^ idea of hollow connective-tissue cells to connect arteries

and lymphatics for the vasa serosa. The methods of injection, however, led to

sharper and sharper conceptions of the lymphatic capillary, and made, as His

(1863) says, the obscure lymphatic roots more and more of a myth. The

beautiful injections of Teichmann, together with his own work, led His (1861)

to formulate the opinion that " Die ersten wurzeln des Systems^ durchweg der

eigenen, isolierbaren Wand entbehren, es sind Kanale in das Bindegewebe der

Cutis, der Schleimhaute usw. eingraben."

The next great step was the discovery that capillaries are lined with endo-

thelium, one of the most important discoveries in histology. This dates back to

the work of Hoyer in 1865. The names of KoUiker, Teichmann, His, Hoyer,

Ludwig, and von Recklinghausen are to be associated with the development of

the conception of a lymphatic capillary as an endothelial lined structure, either

in the form of a network or as blind ends like the lacteals. The introduction of

silver nitrate injections by Hoyer (1865), His (1863), and von Recklinghausen

gave a method by which the limits of the endothelium of the lymphatics were

more sharply determined; but the silver-nitrate pictures led von Recklinghausen

astray, as we believe, to a conception of Ijrmph radicles or tissue spaces as a

part of the lymphatic system. The stomata and stigmata by which the lymphatic

vessels were thought to connect with the lymph radicles have not been confirmed,

and are more and more clearly seen to be mechanical defects of the silver-nitrate

method. The question now presents itself in two phases, first the relation of the

lymphatics to the tissue spaces in general, and secondly to certain special tissue

spaces like the piarachnoid. To the first important question, the theory that the

lymphatics come from the veins has a perfectly clear and satisfactory answer,

and may be considered to have settled a difficulty which has faced anatomists for

three hundred years. The lymphatic sacs and capillaries have exactly the same rela-

tion to the tissue spacesi as have the blood-capillaries. Both are foreign structures

that grow into or invade the mesenchyme. Tissue spaces are no more a part of the

lymphatic system than they are of the blood-vascular system. Thus, fluid within

the veins should be called blood-serum, the fluid in the tissue spaces might be

termed plasma, while the term lymph should be reserved for fluid within the

lymphatics. The use of three distinct expressions as indicating three distinct

elements would be a decided advantage. Von Recklinghausen's silver pictures

show two different systems, the lymphatic vessels and the tissue spaces or lymph
radicles. Melzer (1896 and 1911) has brought out well the physiological meaning
of these distinctions.

In embryos before the formation of lymphatics, the mesenchyme varies

greatly in different places, that is, it is considerably differentiated. In certain

special constant places the meshes of the mesenchyme are very large,—for example,

around the central nervous system. These spaces around the nervous system
have especial significance in connection with the lymphatics, for these mesenchyme
spaces, the anlage of the piarachnoid spaces, extend along the peripheral nerves

in young embryos and have been confused with lymphatics.

Sections of hmnan and other mammalian embryos will show spaces along
the growing nerves, contracted at the origin of the nerves but widely expanded at

the growing tips. These spaces may be termed perineural spaces.
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In studying a long series of pig embryos injected into the piarachnoid
space, it IS found that often the injection mass runs out . into the perineural
spaces, thus outlining the peripheral nerves. Such injections do not enter true
lymphatics, thus showing the independence of these two systems. In a study
of the arachnoid made by the mjection method in the Anatomical Laboratory
of the Johns Hopkins University by L. L. Reford, and as yet unpublished, it

has been shown that the thinning out of the mesenchyme around the central

nervous system is not haphazard, but that injections of the same stage give the

same pattern, and that the form of the arachnoid space changes as the brain
develops. That is to say, the arachnoid space has as definite a form as the

eoelom and it never connects with the lymphatics. Moreover, no injections of

lymphatics run over into the arachnoid or perineural spaces, showing that the

great arachnoid and perineural space system is not a part of the lymphatic system.

Through the work of Budge (1880, 1887) there developed a theory that

the eoelom had a genetic relation or developed in common with the lymphatic

system. He injected the extra-embryonal eoelom in chick embryos, and found
that the fluid passed out into the area vasculosa in forms simulating vessels and
thought that this formed a primitive lymphatic system.

The finding that the lymphatic system arises from the veins, and that the

tissue spaces and all the serous cavities of the body therefore stand in the same
fundamental relation to the lymphatic system as they do to the blood-vascular

system, marks a definite advance in our conception of the general morphology
of the body, and is perhaps the most valuable result of the recent studies on

the lymphatic system. This is as true for cavities like the various bursas and

chambers in the eye as for the piarachnoid, the eoelom, the pleural and peri-

cardial cavities.

Closely associated with the question of the relation of the lymphatics to

tissue spaces are two points—^namely, the question of growth of the lymphatic

capillaries and the time-honored question of open and closed lymphatics—which

are the most interesting of all problems associated with the structure of the

l3rmphatic system.

The question of the growth of lymphatics is the crucial point in connection

with the new theory. That the lymphatic capillaries and blood-capillaries grow

by the same method was suggested by KoUiker as early as 1846 in a study of

the living tadpole's tail. The matter could not be on a firm basis until after

the important discovery that blood-vessels were lined by endothelial cells. The

idea of the growth of blood-capillaries by sprouting had its earliest beginnings

in the work of Schwann (1839), and involves a long series of observations in

which the most telling are those on the living amphibian larva. That the growth

of the lymphatic capillary, like that of the blood-capillary, is from the sprouting

of their endothelial lining cells was first discovered by Langer in 1868 in a

study of the tadpole's tail.

These observations, long unnoticed, were rediscovered by Eanvier (1895-1897)

in a series of studies on amphibian and mammalian embryos. Ranvier saw that

with this method of groAvth it was impossible to think of lymphatics starting as

dilated tissue spaces and growing toward the centre. MacCallum (1902) was

the nest to call attention to this method of growth, and he added the observation,

that, in watching the injection of these growing capillaries under the microscope,

there were no lymph radicles connecting the lymphatics with the tissue spaces as

seen in silver-nitrate specimens, but that the lymphatics had a complete wall

and ruptured explosively under too great pressure, and were hence anatomically

closed vessels. The lymph radicles are tissue spaces. Bartels (1909) has repeated

the injections of MacCallum, and obtains the same figures of the long sprouts

of endothelium; he suggests, however, the theoretical objection to the theory growth

of lymphatics by sprouting that this involves an idea of growth against the pressure of
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the fluid contained (pp. 46-47). This theoretical difficulty is not a real one, since it

is possible to watch the lymphatics grow in the living form. The final proof that

lymphatics grow by sprouting of their endothelium has been given by E. R. Clark

(1909 and 1911), who watched the growth of a given lymphatic vessel in the same

tadpole's tail under the high powers of the microscope for long periods of time.

He describes, that, from the sides and ends of the growing vessels, long processes

of protoplasm push out into new territory; these processes now advance, now

bend far out of their course to pick up some stray blood-corpuscles, and now

retract entirely like long slender pseudopodia. Moreover, by subjecting the

tadpole to lower temperatures, the activity of the endothelium can be checked,

while under the stimulus of heat numerous tiny threads of protoplasm are pushed

out, only a few of which grow into permanent lymphatics. Moreover, he has added

an important discovery on the nature of the endothelium. He finds that the

growing tip consists of a hyaline membrane, in which the nuclear areas, that is

nuclei hidden by granular protoplasm, divide and move up and down the wall

Fig. 513.—View of the blood-vessels and lymphatics (solid black) of a tadpole's tail (Hyla Picker-

ingii 10 mm. long). Fixation in Zenker's fluid. (After Clark, 1911.) The oblique lines represent the myo-
tomes, and the numbers indicate the corresponding vessels of Fig. 514.

and out into the growing tips, even passing one another, so that the growing
tip is unquestionably a synecytium. This clears up one difficulty long associated

with the idea of growth by sprouting—namely, whether endothelial strands were

individual cells which subsequently became hollowed out. The tiniest vessels are

hollow tubes of protoplasm. This discovery enlarges our conceptions of endo-
thelium, especially in connection with Mollier's (1911) beautiful specimens show-
ing the endothelium of the splenic veins in the form of a reticular protoplasmic
syncytium.

It cannot be said that there is agreement among the recent workers on
lymphatics. This "disagreement, we think, rests on a fact noted by His as far
back as 1863, that " Eine nieht injizierte Lymphwurzelrohre zu erkennen, beinahe
unmoglich ist." The lymphatic capillaries in early mammalian embryos seen in

serial sections are conspicuously large in contrast with the blood-capillaries, but
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they are at the same time extremely irregular and the largest vessels are often

connected by the tiniest threads of endothelium. In 1906 F. T. Lewis showed
in rabbit embryos certain small isolated spaces arranged in bead-like rows along

the primitive veins extending out from the regions of the primitive sacs. These

vessels are probably lymphatics; they are lined by true endothelium, are empty,

and are larger than blood-capiUaries. Their interpretation is given in Clark's

figures 513 and 514. The study of these spaces, in their relation to the lymphatic

system, resolves itself into an analysis of the limits of error of different methods.

The three methods employed have been the study of the living by Clark, the study

of serial sections of uninjeeted embryos by Lewis, Huntington, and McClure, and

of injected embryos by myself. That the study of serial sections yields valuable

results is unquestioned; the observations on the general distribution of the

lymphatics in human embryos were made on such material. But in determining

the essential point—namely, the method of growth of the lymphatic tip, whether

by the addition of connective-tissue spaces, or by numerous venous anlages, or by

Fig. 514.—The same area as in Fig. 513. (After Clark, 1911.) Reconstruction from serial sections

10 »« thick, stained with hsematoxylin and Van Gieson's mixture (acid fuchsin and picric acid), made by

the use of an oil-immersion lens (Zeiss obj. 2 mm. and ocular 6).

the growth of its own endothelium—the method of the interpretation of sections

fails, because the point at issue lies within the limits of error of the method.

The relative value of the method of uninfected and injected sections was

in part tested in the skin of the embryo pig (Sabin, 1908), but the whole question

has been much more conclusively tested by Clark (1911) in the tadpole's tail.

His figures, two of which are copied, show the essential points. He first studied

the entire lymphatic system as it can be seen in the living tadpole's tail. There

is no question but that all of the lymphatics, to the last endothelial cell and

protoplasmic sprout, can be seen. Moreover, the entire system so seen can be

injected and nearly as much can be made out in a total specimen in alcohol.

Such a specimen was drawn (Fig. 513). The tadpole was then sectioned and

exactly the same area reconstructed. It was found, in the first place, that the

amount .which could be reconstructed varied greatly with the intensity of the stain.
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With weak stains, like eosin or eongo red, comparatively little could be seen,

but an intense fuchsin stain gave the maximum advantage. By using a high dry

lens (Zeiss 4 mm.) in specimens stained in fuchsin, both blood-cajjillaries and

lymphatics split up into isolated islands or Lewis anlages. With the oil-immersion

lens (Zeiss 2 mm.) more of the vascular and lymphatic systems could be recon-

structed, but the isolated vessels were more distal, but still numerous, as seen

in Fig. 514. This fig-ure represents the maximum amount of blood-vessels and

lymphatics that can be reconstructed in the tadpole's tail under the favorable

conditions of knowing the extent of the lymphatics in the exact area and of

intense protoplasmic stains. Clark regards this, and I think properly, as a crucial

test of the relative value of methods.

The work of Hunting-ton and McClure (1908-1910), presented for the most

part in joint publications, advances a different idea in regard to the lymphatic

system. Their position is a complicated one, for they hold that the lymphatic

system arises by three different methods : first, that the jugular lymph-sacs are

venous in origin; secondly, that some of the peripheral lymphatics are clefts

between the endothelium of the veins and the surrounding mesenchyme, their so-

called extra-intimal space theory; and thirdly, that some of the peripheral

lymphatics arise as tissue spaces. In regard to the first point, they originally

thought that the jugular lymph-sacs were extra-intimal (1906-08), but abandoned

that idea in 1908. The extra-mtimal theory is not a serious obstacle in connection

with the lymphatic problem. Huntington and McClure find in specimens which

have been fixed in Zenker's fluid, that the endothelium of the veins shrinks away
from the surrounding tissue. This phenomenon they find more common in veins

which are degenerating. In studying through a series of human embryos which

show a great variation in the amount of maceration and in quality of fixation,

we have found that such spaces vary according to the fixation. Moreover, in

studying human embryos, it becomes clear that there are certain constant areas

of unusually loose mesenchyme and these areas are the first to show the effects of

maceration. In the living tadpole no extra-intimal spaces are to be seen, while

in fixed specimens they are present. Thus the extra-intimal space is open to the

charge of artefact, and, in order to be taken seriously, must at least first be

shown to occur with all of the best fixatives. In connection with the lymphatics

it can be shown that the growing lymphatic does not always follow the vein.

Here it should be emphasized that the blood-capillaries lie in perfectly definite

and constant areas, so that whether lymphatics actually replace them or not is

readily tested. The lymphatic sacs do replace the veins; some at least of the

peripheral lymphatics which McClure (1910) claims are extra-intimal do not

replace veins, but exist beside them. Huntington and McClure show a tendency

to abandon the extra-intimal theory in favor of the old theory of the connective-

tissue origin of all the lymphatics save the jugular lymph-sacs. The theoi'y that

lymphatics grow by the addition of tissue spaces rests on the observations of

sections. The appearances in sections remain open to a variety of interpretations,

in contrast with the simplicity and sharpness of the appearances in the li^-ing form.

Therefore for the theory that the lymph-vessels develop otherwise than by the

sprouting of the endothelium of preceding vessels we have no sufficient proof.
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V. THE DEVELOPMENT OF THE SPLEEN.

By FLORENCE R. SABIN.

The fundamental problem in connection with the spleen is its

general morphology,—that is, to which germ layer does it belong,

—

and to this question there is a clear, satisfactory answer in human
embryology. The spleen is entirely mesodermal in origin. This

was first suggested by Miiller (1871) from a study of human em-

bryos. He described the splenic anlage as a thickening of the

peritoneum which took place early in the life of the embryo. The
spleen arises from a thickening of the dorsal mesogastrium,^ and
is readily made out in embryos of the fifth week, 8 to 10 mm.
long. Its relations to the stomach and omentum can be seen in

Fig. 515 (after Kollmann, from an embryo 10.5 mm. long) and in

Fig. 516 (after Tonkoff, from an embryo 20 mm. long).

In 1889 Toldt advanced the idea that an important part of the

mesodermal anlage of the spleen came from the deeper layers of

the coelom epithelium. This has been confirmed and illustrated by

Kollmann (1900) and by Tonkoff (1900). All three of them find

that in human embryos about 10 mm. long the ccelomic epithelium

over the splenic anlage is several layers thick, and that from the

'Kolliker (1854), Kollmann (1900), Phisalix (1888), Piper (1902), Toldt

(1889), Tonkoff (1900).
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deepest layers cells are being transformed into mesenchyme cells.

Later the epithelium becomes again a single layer and then this

transformation ceases.

The next problem in connection with the spleen is the develop-

ment of its vascular system. Here it is impossible to give a satis-

factory account, for our knowledge is but fragmentary
._

It will,

however, be possible to indicate certain lines of investigation which

promise 'to be fruitful. The study of the vascular system involves

Liver --=0 8 ©^^- : i^^g hepato-gastric

Ccelom epithel

Mesog.

Ccelom epithel.

Mesoderm

Pancreas

Stomach

-i-5C^--^^-- Mesog. post.

Ccelom epithel.

Fig. 515. Fig. 516.

Fig, 515.—Aniage of tlie spleen in tlie posterior mesogastrium of a human embryo 10.5 mm. long.

X 30. (After Kollmann.)
FiQ. 516.—Diagram of tlie spleen showing its relations to the stomach and the omentum in a human

embryo 20 mm. long. (After Tonkoff.)

the use of the injection method, and hence we shall turn to a study

of injected pig embryos and fetuses.

In maMng injections of pig embryos through the umbilical artery, it is

striking in how few cases any of the injection mass enters the splenic artery.

For example, out of 22 specimens of apparently complete injections made into the

umbilical artery, the spleen was injected in only four. Since the injections were

all made on living embryos, this is probably due to the relative thickness and power
of contraction of the muscle in the splenic artery. To get good injections it

is best to open the embryo, .tie off the aorta above and below the coeliac axis, and

then inject the aorta with a hypodermic needle. When this small length of aorta

is well filled, the fluid will run into the splenic artery. In a fetal pig 3 cm. long,

the entire splenic circulation consists of a capillary network which extends

throughout the organ. This condition is maintained until the fetus is 7.5 em.

long, as shown in Tig. 517. This represents the tip of the spleen and shows the

central artery and vein which run along the hilum of the organ. As is shown
in the figure, the branches of both artery and vein are soon lost in a diffuse

capillary network. The branches of the artery can be distinguished for a short

distance by being narrower than the veins. Thus the spleen confirms the principle

that the primitive circulation of any organ is in the form of a capillary network
out of which the arteries and veins are formed. The spleen is characterized by
a long persistence of the primitive capillary network.
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The embryo pig 10 cm. long marks the transition stage between this primi-
tive condition and the type of circulation peculiar to the adult spleen. This point
is shown in Fig. 518, where it will be seen that the branches of the central artery
and vein extend much farther toward the border of the spleen, and the arterial
branches lead into tufts of capillaries, making the aniage of the vascular unit.
These capillaries have a wider calibre than those of the preceding stage.

When the fetus is 12 cm. long, as shown in Fig. 519, the transformation
of the vascular system has been sufiaciently marked to give the key to the adult
circulation. By comparison with Fig. 518, which is at the same magnification,
it will be seen that between the stages of 10 and 12 cm. there is a rapid increase
in size, the spleen more than doubling in width. The position of the central

artery and vein allows the comparison. As seen in Fig. 519, the central artery
of the hilum gives ofE a series of branches of the first order which anastomose.
These arteries bifurcate into branches of the second and third orders. The
branches of the fourth or fifth orders lead into spherules of arterial capillaries

which can be seen throughout the spleen, but best at the edge. Most of these

spherules have only one artery, but a few receive two; most of them are isolated,

but a few are connected by anastomosing loops. In the upper left-hand corner
of the figure can be seen the relation of these spherules of arterial capillaries to

the veins. The spherules lead by wide openings into a wide-meshed plexus of

venous capillaries, which drain into the still wider venae comites of the arteries

of the third order. Thus is illustrated the separation of the artery and vein

in the zone of the capillary bed.

At the edge of the organ, it can be seen in total mounts that each spherule

of capillaries lies in the centre of a small compartment bounded by trabeeula;

from the capsule. The spherules are the splenic capillaries, characterized by
being wider than the usual capillaries. They are at the same time splenic pulp and
represent the structural units of Mall (1900). It is the development of these

spherules of capillaries that accounts for the rapid increase in the size of the

spleen at this time. That they are not accidental is shown by several points,—1,

their constant occurrence at the centre of the lobule at the end of the artery in

injections; 2, their approximately uniform size; and 3, their definite connection

with the veins.

It appears that the number of the structural units of Mall is fixed fairly

early; for example, in three fetuses 17 cm. long the number of units along the

edge was 150, 204, and 230 respectively, while in three adult spleens the numbers

were approximately 190, 180, 260. The size and complexity of these units, how-

ever, change greatly; for example, at 17 em. the average width of a unit is

about 0.1 mm. while in the adult it is about 1 mm. Moreover, the embryonic

unit consists of one central artery with a single bunch or spherule of capillaries

leading to the vein, while the adult unit, as shown in Mall's Fig. 1 (Amer. Jour,

of Aiiat., vol. 2, p. 321, 1902-1903), consists of a central artery with branches

which end not in a single spherule of capillaries but in clusters of capillaries

like a bunch of grapes. These clusters are the splenic capillaries or pulp. One

of the spherules on the edge of the spleen in Fig. 519 shows the bifurcation

of the central artery; how this complex unit of the adult is made out of the

simple one of the embryo is yet to be determined, but the evidence of embryology

is that the capillaries of the spleen are of a wider calibre than the usual capil-

laries, and that the wider capillary bed is compensated for in the development

of the musculature of the spleen by which the capillary bed can be emptied

with ease.

Mall (1902 to 1903) proved, by the method of subjecting the living adult

spleen to a variety of injection methods, of which the most crucial test was the

fixation of the spleen by the injection of formalin into the living animal, that
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the splenic pulp is the capillary bed of the spleen; that the pulp intervenes

between the artery and vein, and, in the normal, living animal, is engorged with

blood when the spleen is hyperaemic. Hence the capillary circulation of the adult

spleen is a cavernous one. The point at which the type of circulation of the

early fetal stages—namely that of a primitive system of closed capillaries like

the rest of the vascular system—changes over into the secondary t3rpe of circulation

of the adult, namely a cavernous circulation, is shown in Pig. 519, for the fetal pig.

The work of Mollier (1911) carries us a step farther, by his beautiful

specimens of the structure of the wall of the splenic veins. He also, as MaU had
done, overthrows the idea of a homogeneous membrane around the endothelium

of the adult splenic veins. He shows that the wall of the splenic veins consists

of a reticular sjmcytium of endothelium with denser masses of protoplasm around
the nuclei and wide-open meshes between.

It has thus become clear that there is a direct pathway from the terminal

artery through the cavernous capillary system into the venous sinuses, and that

A.b.c. A.b.c

. C.a.l.

Fig. 517. Fig. 518.

Fig. 517.—Piece of a total mount of an injected spleen of an embryo pig 7.5 cm. long, showing the
capillary plexus which is characteristic of the circulation at this stage. X 47. A., artery; C a , central
artery of hilum; C.v., central vein of hilum.

FiQ. 518.—Piece of a total mount of an injected spleen of an embryo pig 10 cm. long, showing that
the anlage of the splemc unit is a tuft of widened capillaries. X 47. A.b.c, anlage of capillary spherules or
umts; C.a., central artery of hilum; C.a.l, central artery of lobule or unit; Co., central vein of hilum.

to investigate the nature of the endothelium of the cavernous capillaries or splenic
pulp is a problem which is becoming more and more hopeful. The transition
stage between the two types of capillaries is the next point of attack.

The third problem in relation to the spleen is in connection
with its function of the formation of red blood-cells. KoUiker
(1854) was the first to suggest the idea of the spleen serving as
a place for the formation of erythrocytes and leucocytes, and
called attention to the relation of the giant cells to red-blood forma-
tion. Luzet (1901) pointed out in human embryos of from 3
to 5 months there were more nucleated red blood-cells than in
the heart's blood. Sophie Lifschitz (1906) has shown, in a work
which I regard as important, that the active formation of red
blood-cells takes place in fetuses between 15 and 30 cm. long.
She plotted the curve both of the number of red blood-cells and
of the giant cells of the spleen, and found that both increase
together to a maximum in fetuses 18 cm. long, while the curve
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decreases at 24 cm. and is almost at the zero point at 30 cm.
Moreover, she noted that the nucleated red blood-cells form
clusters around the giant cells. It may be noted that this

period of red blood-cell formation corresponds with the
period of the formation of the capillary spherules or spleen
pulp, which makes the spleen fall in line with the recent work
on the bone-marrow by Bunting (1906), and on bone-marrow in
the kidney of Maximow (1907), that red blood-cell formation

Y.c.p.

A. 6.

-^ FiG. 519.—Piece of a total mount of an injected spleen of an embryo pig 12 cm. long, showing the
vascular units. X 47. The arteries are shown darker than the veins. A.&., anastomosis between two
capillary balls; c.a., central artery of hilum; c.&., arterial capillary ball; c.v., central artery of hilum; Ti,

vein of first order; this vein up to the point marked X was taken from another area of the same slide where
the injection was more complete ; it is the rule that the veins accompany the artgries in this manner

;

F.C3., vena comites of the third order; u.c.p., capillary plexus of veins.

goes on within the capillary bed, that it is intravascular.

Lifschitz (1906) also called attention to the rapid increase in size

of the spleen during the period of red blood-cell formation, which

was also noted in connection with the period of spleen-pulp forma-

tion. The injection experiments show that its meaning lies in

the rapid increase in the size of the capillaries. The fundamental

point that the early spleen is only undifferentiated mesoderm, and

that this condition remains until the embryo is 7 cm. long, was
noted by Van der Stricht in 1892. He states that there is a
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primitive stage in which the structure of the spleen is more or

less uniform before there is any differentiation into splenic pulp

and Malpighian corpuscles; then he finds a transitional stage

characterized by an increase in white corpuscles in certain areas,

an increase in erythroblasts and a retardation of the circulation,

and finally a secondary stage in which the adult organization

of the spleen with pulp and Malpighian corpuscles is established.

The fourth problem in the development of the spleen is

in connection with the ellipsoids and Malpighian corpuscles. It

is definitely known that these structures belong to the latter half

of fetal life. In the spleen, as has been shown in the lymph-glands,

the lymphocyte first appears in the adventitia of the artery, so

that, though red blood-cell formation is within the capillary bed,

the lymphocyte is extravascular. The ellipsoids, or capillarhiilsen

of Schweigger-Seidel, which are on the course of the smallest

arteries, appear, as Bannwarth (1891) has shown, before the

Malpighian corpuscles, which are the round follicles along the

larger arteries. He found the ellipsoids in a four-months human
fetus, whi^e later—that is, in a seven-months fetus—the ellipsoids

had disappeared and follicles were present. The follicle is found

only in mammals and some bircls, while the ellipsoids occur in fishes

as well, as has been shown by 'vYliiting (1895). Thus the ellip-

soid is the primitive lymphoid icfucture of the spleen. In describ-

ing their development, Bannwarth shows that in the spleen, as

in the lymph-gland, leucocytes appear in the loose adventitia of

the artery, and at the same time there is a development of this

adventitia, by which the connective-tissue fibrils are laid down
in more or less concentric rings around the artery, forming the

delicate reticulum characteristic of the lymph-follicle in general.

Thus, the spleen, hemal glands, and lymph-glands are all vascular

structures and are all built on the following simple plan : 1, along
the arteries are clumps of lymphocytes in a reticulum called

ellipsoids or Malpighian corpuscles or follicles; the ellipsoid is

a special name used in the spleen for the oval masses of lympho-
cytes which lie nearest the capillary bed ; 2, the capillaries, whether
they be lymphatic capillaries in lymph-glands or blood-capillaries
in the hemal nodes or the spleen, are all wider in calibre than
other capillaries. They are densely packed together, and have
been termed either sinuses in lymph-glands or pulp spaces in the
spleen.
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XIX.

THE DEVELOPMENT OF THE URINOGENITAL
ORGANS.

By W. FELIX, Zubich.'

The urinary and reproductive organs, notwithstanding their

diverse functions, have been regarded in systematic anatomy and

in embryology as constituting a single system, an arrangement

which is undoubtedly correct for two reasons. In the first place

both groups of organs open into the enlarged caudal portion of the

digestive tract, the cloaca; by a subdivision of this cloaca into a

ventral portion, which furnishes the anlage for the urinary blad-

der, the urethra and the urogenital sinus, and a dorsal portion, the

rectum, the digestive tract becomes completely and permanently

separated from the urinogenital organs, but, on the other hand,

these remain connected by the urogenital sinus. In the second

place one of the urinary organs, the mesonephros, unites with the

reproductive gland and, giving up its provisional function of manu-
facturing and excreting urine, enters permanently into the service

of the reproductive apparatus as the male efferent duct. The
urinary and reproductive organs consequently form an inseparable

whole in the adult organism.

The study of the development of the urinogenital apparatus
divides itself into four portions. These are: (1) the development
of the excretory glands and their ducts; (2) the development of

the reproductive glands and their efferent ducts; (3) the develop-

ment of the urogenital union, i.e., the union between the urinary

and reproductive glands; and (4) the development of the sinus

urogenitalis and in connection with this the development of the

external genitalia.

'That it has been possible to base this entire chapter on my own observa-

tions, I ajn indebted to the generous assistance of colleagues who have un-
selfishly placed at my disposal series of sections from their private collections

and from institute collections. In this connection I desire to thank Professor
Grosser, Geheimrath Professor E. Hertwig, the late Geheimrath Professor His,
Professor Hochstetter, Professor Keibel, Professor E. Meyer, the late Geheimrath
Professor Pfannenstiel, Professor Stoerk, and the late Hofrath Professor Zueker-
kandl. My colleague, Eob. Meyer, in addition to placing at my disposal over
sixty series of sections, has given me the benefit of his rich experience. To
my colleagues Dr. Baltischwiler, the late Professor U. Kronlein, Professor Wyder
and Professor 0. Wyss I am indebted for fresh material and would also express
to them my sincere thanks.
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I. THE DEVELOPMENT OF THE EXCRETORY GLANDS AND
THEIR DUCTS.

Introduction.

In most vertebrates the development of the excretory system from its first

formation until its completion occupies an interval which is long in comparison
with that shown by other organs. In this interval its activity becomes modified

in accordance with the growth of the entire organism, and this modification of the

organ, still in the process of development, impresses upon the development of the

kidney its distinctive feature. We have to deal not with the gradual development

of a single organ, which is laid down and brought step by step to its definitive com-

pletion, but with a saltatory development; three organs (pronephros, mesone-

phros, and metanephros) are developed in succession, and each of these organs

is apportioned and adapted to a definite period of one entire development. Each
new excretory organ supplants its predecessor and the last to develop, the third,

the metanephros, becomes the permanent kidney. The pronephros and mesone-

phros are merely provisional kidneys, whose activities become superfluous and
are supplanted on the formation of a new excretory organ. But when a structure

in the animal body becomes functionless it undergoes degeneration; consequently

the entire pronephros and the greater portion of the mesonephros disappear.

The lesser portion of the mesonephros enters the service of the reproductive appa-

ratus and is permanently retained in this new connection.

The development of the excretory system presents practically the same begin-

ning and the same course throughout the entire series of vertebrates. Only the

final results are different; the higher the grade of organization of the individual

vertebrate classes, the higher the grade of development of the excretory organ;

the number of provisional excretory organs stands in direct relationship lo the

grade of organization of the animal. In amphioxus and the myxinoids only a

single excretory organ (the pronephros) is formed, in the teleosts and ganoids, \he

selachians, the petromyzonts, dipnoans and amphibia there is one provisional organ,

the pronephros, and one permanent organ, the mesonephros. In the amniotes there

are two provisional organs, the pronephros and mesonephros, and, as a perma-

nent organ, the metanephros. The succession pronephros, mesonephros, meta-

nephros, occurs not only in the ontogenetic development of the individual, but

also has occurred in phylogenetie development of the kidney within the vertebrate

group. The pronephros, which is a provisional organ in the classes mentioned

above, corresponds in part to the persistent excretory organ of amphioxus and the

myxinoids, just as the mesonephros of the amniotes corresponds to the permanent

excretory organ of the teleosts, ganoids, selachians, etc.

A knowledge of the entire developmental history of the kidneys is very neces-

sary in the consideration of human development, in which the pronephros and

perhaps also the mesonephros no longer function as excretory organs, but repre-

sent only inherited stages of development.

Each excretory organ, whether it be provisional or permanent, represents

a gland with its gland substance and duet. The gland substance is formed of

individual urinary tubules, which in the primitive condition run transversely to the

long axis of the body and may, therefore, in contrast with the longitudinal duct,

be termed the transverse tubules. The duct, which is lacking only in amphioxus,

opens into the cloaca. The transverse tubules open either directly or indirectly by

means of a collecting canal into the duct. This opening into a common duct

unites the separate urinary tubules to a single structure, the gland substance ; when

the duct is lacking each tubule stands by itself and represents an independent

unit. The individual tubules are named according to the nature of the entire

Vol. 11-48
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gland, pronephric, mesonephric, or metanephrio tubules. The pronephric and

mesonephric tubules are recognized by their openings being into the original or

primary duet, the metanephric tubules by their opening into a secondary duet (the

ureter) specially developed for them.

Differentiation of tlie Mesoderm.

GENERAL.

The excretory system is of mesodermal origin. The story of

the development of its parent tissue may begin with the fully

formed but as yet vmdifferentiated mesoderm.
The account that I shall give will not be based on any definite

example, but will rather represent a schema based upon the study

of the development in the craniotes in general. The mesoderm
forms a wedge-shaped plate on either side of the medullary tube

(Fig. 520a), the base of the wedge being its medial surface directed

toward the medullary tube and the notochord, its edge being the

lateral border. Each mesoderm plate differentiates in two rapidly

succeeding intervals into three portions : 1, the primitive segment
in its narrower sense, 2, the primitive segment stalk, and 3, the

lateral plate. In the first interval only the dorsal portions of

the wedge and a narrow strip in its immediate proximity are

divided into a series of successive and approximately equal por-

tions, the primary primitive segments; the lateral, broader part

of the mesoderm plate remains undivided and forms the lateral

plate (Fig. 520 b). In the second interval the primary primitive

segments become more sharply marked off from the lateral plates

by their lateral portions being folded in from all sides and so

converted into a stalk, which bears at its extremity the medial,

unaltered portion of the primitive segment (Fig. 520 c) ; this

medial, larger portion is termed the secondary primitive segment,

the lateral, smaller one the primitive segment stalk (connecting

cord, intermediate cell-mass, nephrotome, gononephrotome)

.

The primitive segment stalks furnish the material from which
the tubules of all three excretory organs are developed, and it fol-

lows from this that the anlage of the excretory system cannot be a
unit, but must be composed of as many parts as there are primitive

segment stalks entering into its formation. Furthermore it fol-

lows that the tubules are formed outside the body cavity enclosed

by the lateral plates, i.e., they are from the beginning retro-

peritoneal.

With the progress of development the secondary primitive

segments and the stalks become separated, the opening in the

wall of each at the point of separation closing at the same time.

The stalk presents quite different arrangements in the representatives of the

various vertebrate classes. It may: 1, preserve the form of an epithelial canal

and its connection with the lateral plate, and be directly transformed into a
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uriniferous tubule; 2, it may become separated from the lateral plate and form
either an isolated vesicle or an isolated solid mass of cells, and in this form it

may be directly transformed into a tubule; 3, it may be ^adually taken up into
ihe lateral plate by an extension of the coelomic cavity of the plate, and is then only
distinguishable from the lateral plate by its further development; 4, it may be
transformed into a solid mass of cells and fuse with the neighboring stalks, simi-
larly transformed, to form a single cord, known as the nephrogenio cord, which
may or may not retain its connection with the lateral plates; or it may finally

be transformed into mesenchyme tissue by the separation of its cells, this tissue

Primary prim, aegraent

Primary prim, segment

Fig. 520 a, b, and c.—Diagram illustrating tlie segmentation of tlie mesoderm, a sliows tlie unseg-
mented mesoderm; b shows the first stage of segmentation, the separation of the primary primitive segment
from the dorsal part of the mesoderm wedge; c shows the second stage of segmentation, the formation of

the primitive segment stalk and the division of the primary primitive segment into the secondary primitive
segment and the primitive segment stalk.

thfin fusing with the mesenchyme of the sclerotome to form a single mass in which

the source of the constituent parts can no longer be determined. Several of these

five modes of development may occur in the same embryo, and, since neighboring

segment stalks develop similarly, groups of segment stalks may be distinguished.

Each primitive segment stalk may develop several tubules in succession.

Since it itself passes along a definite path of development, during which its form
changes, an opportunity is afforded for differences between the earlier and later

formed uriniferous tubules. Pronephric and mesonephric tubules of the same

animal need not therefore show a similar development, if, between their forma-

tions there occurs a distinct interval, during which their common source has ac-

quired a new form. Similarly the pronephric tubules of different animals show

profound differences in their development, differences which find an explanation

in the time relations of the formation of the tubules. The change of form which

accompanies the progressive development of the common source of the organ
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suffices to explain the difference in the development of a pronephric, mesonephric,

and metanephric tubule.

Each primitive segment stalk has theoretically the potentiality of producing

all three kinds of tubules; a very complicated organ would be produced in this

manner. Actually the arrangement is simpler, since the primitive segment stalks

of the cranial zone produce only pronephric tubules, those of the middle zone only

mesonephric tubules, and those of the caudal zone only metanephric tubules, stalks,

however, which produce two kinds of tubules, occurring in the intervals between

the different zones.

THE SEGMENTATION OF THE MESODERM IN MAN.

In the human embryo the ccelom first appears as the exocoelom

and at an early period separates the mesoderm into intra- and
extra-embryonic portions, the boundary between the two being

indicated by the adjacent vena umbilicalis (Fig. 521). The intra-

embryonic mesoderm is at first absolutely solid, and while it is

still in this condition its first segmentation takes place; the rela-

tions are accordingly as yet somewhat obscure. The formation of

the primary primitive segments precedes the formation of a primi-

tive segment plate, that is to say, the primary segments are

separated from the lateral plates before they become separated

from each other, and in an embryo with 5 or 6 pairs of

primitive segments the primitive segment plate therefore extends

almost to the caudal extremity of the embryo. The grooves which
delimit from the primitive segment plate the 5 or 6 cranial seg-

ments do not separate the primary primitive segments throughout
their entire width, but penetrate only to the lateral border of the

future secondary segment, the segment stalk therefore remaining
at first unseparated. Fig. 521 is taken from an embryo with

5 or 6 primitive segments ; on the right side (the left in the figure)

the section passes through the sixth primitive segment, which is

not yet separated caudally, and on the left side it passes througF
the primitive segment plate at a level corresponding to about the

middle of the future seventh segment. The intra-embryonic meso-
derm of either side is not yet cleft. While on the right the pri-

mary primitive segment is not delimited from the lateral plate, and
there is no indication whatever by which to distinguish the seg-

ment stalk from the secondary segment, on the left the arrange-

ment of the nuclei indicates the future triple division of the intra-

embryonife mesoderm into the secondary primitive segment, the seg-

ment stalk and the lateral plate ; two crosses in the figure indicate

the limits of the three portions. During the segmentation the for-

mation of the cavity in the intra-embryonic mesoderm occurs.

The ccelom may form discontinuously both in the cranio-caudal and
frontal directions; the clefts which succeed one another in the

cranio-caudal direction do not show a segmental arrangement,

but, on the other hand, those following in the frontal direction may
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Aniage of the
umbilical vein

Left

.Visceral
mesoblast

Fig. 521.—Transverse section of a human embryo of 1.38 mm. greatest length (aa determined from the
series) and with 5-6 pairs of primitive [segments. (Embryo Pfannenstiel-Kromer, from the collection of
Professor Pfannenstiel ; slide 6» row 3, section 7.) X 120. The section passes on the right through the 6th
segment and on the left through the primitive segment plate at the level of the future 7th segment. The
section shows the coelom relations. Only the exocoelom is present. On the right there is no apparent differ-

entiation of the intra-embryouic mesoderm; on the left a beginning differentiation of the secondary seg-
ment, the segment stalk and the lateral plate is visible and is indicated by two crosses (x). The peri-

intestinal rete and the anlagen of the aorta can be seen. An injury to the embryo accounts for the
peculiar bending downward of the endoderm and visceral mesoblast in the left side.

Amnion

V. umbilicalis"

Aorta with communi-
cating ram. intestinalis

Vascular
aniage

of the rete -<^ /
peri-in- J V<

testinale '
. «'

Medullary tube

--V. umbilicalis

"' ^'k^ Lateral plate

r~w-^ii/^ fc ''"d seg-

ment stalk

Vessels of the rete peri-intestinale

Fig. 522.—Transverse section of a human embryo with 9-10 pairs of primitive segments and 1.73 mm.
in length (determined from the series). (Embryo R. Meyer No. 335, from the collection of Professor R.

Meyer, Berlin; slide 7, row 2, section 2.) X 135. The embryo is torn in the region of the medullary tube;

there is a medullary tube and not a medullary groove. The yolk-sack is greatly folded, so that it appears

aa if divided into two portions; hence the peculiar appendage on the right side of the figure, which is the

connection with the second portion of the yolk-sack, not represented. The section passes through about

the middle of the 7th primitive segment. The lateral plate contains a single wide ocelomic cavity, which is

not, however, in communication with the exocoelom. The segment stalk is not distinguishable from the

lateral plate. The visceral mesoblast of the yolk-sack is giving rise to the rete peri-intestinale.
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correspond to the region of the lateral plates and that of the

primitive segment stalks; the lumen of the lateral plate is not

at first continuous with that of the exoccelom (Fig. 522). In an

embryo with from 8 to 10 pairs of primitive segments the second-

ary segments are completely delimited and enclose a distinct lumen

(the myoccel), hut their stalks are not yet separated from the

lateral plates (Fig. 522). The first distinctly separated segment

plates are shown by the anterior 8 or 9 segments of an embryo

Fig. 523 a and 6.—Diagram of tlie development of the pronephros, a. The principal tubules 5, 6, 7, and 8

develop by evagination from the parietal mesoblast of the primitive segment stalk. They grow caudally

(3 and 4) and reach and overlap the succeeding tubules passing laterally to them (2) . The principal tubules,

which are thus brought into apposition, fuse, and a collecting duct (1) is formed, b. The collecting duct
remains in connection with the various segment stalks by means of the principal tubules.

with from 12 to 14 pairs of primitive segments; from the tenth

segment onward all the stalks are united with the nephrogenic

cord. In the same embryo the degeneration of the more anterior

segment stalks has begun; they are becoming mesenchyme tissue.

In an embryo with 23 pairs of segments isolated segment stalks

are to be distinguished only indistinctly, but, on the other hand,

a nephrogenic cord extends from the 13th segment to the unseg-

mented mesoderm.
The human embryo forms, therefore, both secondary primitive

segments and segment stalks. The latter retain their individual-
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ity only in the anterior 8-9 segments, and from the tenth segment
outwards they fuse to form a nephrogenic cord or are separated
from the unsegmented mesoderm as such a cord. The connection
between the nephrogenic cord and the lateral plate is sometimes
retained and sometimes lost; but the connecting bridges, when
present, show no segmental arrangement.

The Development of the Pronephros.

GENERAL.

The pronephros in man no longer functions as an excretory
organ and its development has therefore become abbreviated, in-

complete, and in consequence obscure. And a further difficulty is

introduced by the fact that its appearance and formation occur in
very early stages of development, for the study of which good
material is only sparingly available ; consequently the account of

the development of the human pronephros must be incomplete.
I shall therefore present a review of the development of the pro-
nephros within the vertebrate stem and what is known as to its

development in man may be readily included in this review.

The first anlage of the pronephros consists in the development of the pro-

nephric tubules. The parietal layeri of each primitive segment stalk forms an
evagination directed toward the ectoderm, the principal tubule (Fig. 523 a, tubules

7 and 8). Each principal tubules extends caudally beneath the ectoderm, without,

however, uniting with it (Fig. 523 a, tubules 6, 5, 4, and 3). The tubule reaches

the next succeeding one, grows backward along its lateral surface (Fig. 523 a,

tubule 2), and fuses with it (Fig. 523 a, tubule 1) ; by the fusion of all the prin-

cipal tubules a longitudinal canal, the collecting duct, is formed and this is con-

nected with each primitive segment stalk by a principal tubule (Fig. 523 h). The
principal tubules of the various segments do not appear simultaneously, but are

formed in successive groups, cranial ones first and then caudal ones. Once the

collecting duct and the principal tubules are formed a differentiation of the primi-

tive segment stalk begins (Fig. 524 a, h, and c). In Fig. 524 a a transverse section

through the segment stalk and the pronephric tubule is represented, the segment

stalk being hatched and the tubule black. In Fig. 524 6 the secondary primitive

segment has separated from the segment stalk, the stalk which has thus become

free separates the elements of its medial portion to form mesenchyme tissue, indi-

cated in the figure by the three dots, and the lateral porticm of the stalk closes the

opening thus formed and now appears as a connecting caEal between the principal

tubule and the lateral plate; we shall term it the supplemental tubule. In Fig.

524 c the principal tubule (black) and the supplemental tubule (hatched) have

elongated; the supplemental tubule, by the broadening of the portion immediately

adjacent to the principal tubule, has become divided into two parts, a broad medial

one, which is invaginated by a vascular glomerulus, and a narrow lateral one,

which establishes the connection with the lateral plate. The broad part may be

termed the inner pronephric chamber, the narrow one the nephrostome canal. A
vascular glomerulus similar to that which invaginates the medial wall of the pro-

nephric chamber, pouches out the visceral layer of the lateral plate close to the

opening of the nephrostome canal into the body cavity (Fig. 524 c). Both glom-

eruli are supplied by branches from the aorta; they may be termed the internal
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and external glomeruli. The internal one is a portion of the pronephric canal, the

external one is an independent structure and is related to the pronephric tubule

only by its neighboring position. The portion of the body cavity that contains

the external glomerulus may separate from the rest of the coelom and thus con-

stitute an outer pronephric chamber. These are aU the constituent parts of a

pronephric tubule, and together they form a pronephric segment; this in its fully

Principal tubule

Medial portion of Supplemental tubule
the segment plate

Principal tubule

Primary duct

Inner pronephric chamber

Nephrostome canal

External glomerulus

Aorta

Fig. 524 a, h and c.—Diagram of the development of a pronephric segment. The segment stalk is

hatched, the principal tubule is black, a. The principal tubule arises as an evagination of the parietal

layer of the primitive segment stalk, its lumen being continuous with that of the segment stalk and through
this with that of the lateral plate. 6. The segment stalk has lost its connection with the secondary prim-
itive segment, its medial portion has become converted into mesenchyme tissue and its lateral part has
united with the principal tubule. The lateral part of the stalk thus becomes a tubule supplemental to the
principal tubule, c. The supplemental tubule (hatched) becomes divided into the inner pronephric
chamber and the nephrostome canal. A glomerulus, forming the internal glomerulus and supplied by the
aorta, invaginates into the inner pronephric chamber, the external glomerulus projects into the general body
cavity (coelom of the lateral plate). The pronephric segment is now complete in all its parts; starting from
the collecting duct we have the principal tubule, the pronephric chamber with the internal glomerulus, the
nephrostome canal and the external glomerulus.

developed condition consists of the principal tubule, the pronephric chamber, the

nephrostome canal, the internal and external glomeruli and, in some cases, the outer

pronephric chamber.

Originally each primitive segment stalk throughout the entire length of the

body cavity produced a pronephric tubule. By the union of these tubules an
excretory duct, the collecting duct, was formed, extending throughout the entire

length of the body cavity, and this, or the last tubule, opened into the cloaca.

This arrangement still persists in the myxinoids and the telosts, probably also in

the ganoids, petromyzonts, amphibia and dipnoans. In the remaining classes, the
selachians, gymnophiones and amniotes, there is an abbreviation of the pronephric
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anlage, so that pronephric tubules are formed only in a varying number of the

cranial segments. But since the excretion must still be conveyed to the cloaca,

one of the most caudal tubules elongates on its own account and becomes the ex-

cretory duct. It grows caudally between the ectoderm and mesoderm and thus

reaches the cloaca. During its elongation it lies in close apposition to the ecto-

derm, but probably is not in connection with it. In such a pronephric excretory

duct, which we will term a primary excretory duct, two portions may be distin-

guished : one, the collecting duct portion, formed by the fusion of the principal

tubules, and another, the free terminal portion, produced by the independent back-

ward elongation of a pronephric tubule. If the pronephros of the selachians,

gymnophiones and amniotes is an organ which has undergone retrogression, if its

excretory duct has been formed under coenogenetic conditions, the results of their

ontogeny must be received with caution. At all events clear evidence as to the

relation between pronephros and mesonephros cannot be obtained from these forms.

THE PRONEPHROS IN MAN.

The human pronephros is a quite rudimentary organ and its

development is accordingly abbreviated and incomplete. The
abbreviation reveals itself in the transitoriness of its occurrence,

the incompleteness in the imperfection of the individual pronephric

segments and in the small number of primitive segment stalks that

form pronephric tubules. The abbreviation of the entire anlage

necessitates—according to the general description (p. 753 and

p. 759)—the division of its development into two portions : first,

the development of the glandular portion—the pronephric tubules

and the collecting duct—and, second, the development of the free

terminal portion of the primary excretory canal.

The first anlage of the pronephric glandular portion occurs

in an embryo with from 9 to 10 pairs of primitive segments and a

greatest length (determined from the series) of 1.73 mm. A stage

of greatest development cannot exist, since the cranial canals have

already dissolved into mesenchyme tissue while the caudal ones

are developing; the complete formation of these last is almost

reached in an embryo of 2.5 mm. greatest length, with 23 pairs of

primary segments. The degeneration of the pronephros is

already well advanced in an embryo of 4.25 mm. vertex-breech

length with from 27 to 28 pairs of primitive segments and, accord-

ingly, takes place between the stages with 23 and 28 pairs of seg-

ments. The time of disappearance of the pronephros cannot be

determined definitely, since it extends into the territory of the

mesonephros, and the cranial tubules of this also degenerate im-

mediately after their formation; it is consequently impossible to

determine the significance of the remains of a tubule occurring

in the pronephric region; it may represent a pronephric tubule,

it may be a mesonephric tubule in process of degeneration, or,

finally, it may be the remains of a primitive segment stalk or of

the nephrogenic cord. As the approximate time for the complete

disappearance of the pronephros a stage of 4.9 mm. vertex-breech
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length may be named. But it is to be remembered that one con-

stituent of the pronephros, the external glomerulus, may, on

account of its independence, persist far beyond this stage.

The pronephric anlage extends from the 7th to the 14th primi-

tive segment. It is very probable, however, that it may extend

further forwards, since an embryo of 2.6 mm. greatest length and

with 12-14 pairs of primitive segments showed on one side pro-

nephric rudiments in the 2nd, 4th and 6th segments. The condi-

Pronephric tubule

Vena
umbiliealis'

Left

Fig. 525.—Human embryo with 9-10 pairs of primitive segments and a length of 1.73 mm. (determined
from the series). (Embryo R. Meyer 335, in the collection of Professor R. Meyer, Berlin; slide 7, row 3,

section 4.) '/ 135. The section passes on the right side through the cranial wall of the 8th primitive segment,

on the left through the interstitium between the 7th and 8th segments (reversed in the figure). The ccelom
is continuous with the exocoelom, the original boundary between them being marked by the vena umbiliealis.

The coelom is greatly enlarged, only the medial portion, corresponding to the primitive segment stalk,

remaining narrow. On the left side of the figure the ccelom of the primitive segment stalk and that of

the lateral plate are separate, and the parietal layer of the segment stalk is outpouched to form the first

pronephrio principal tubule.

tions in the other amniotes are also in favor of the possibility of

this arrangement. The anlagen probably appear successively in

groups. In an embryo with 9-10 pairs of primitive segments the

pronephros extended from the 7th to the as yet unseparated 11th

segment, and in one with 12-14 pairs of segments it reached from
the 7th to the 14th segment.

The pronephric tubules appear as ridge-like thickenings of the

parietal layer of the individual primitive segment stalks, and the

lumen of the stalk may usually be followed into the thickening.

Fig. 525 shows the pronephric tubule of the 7th segment (which

is also the first pronephric segment) of an embryo of 1.73 mm.
greatest length (determined from the sections) and with 9-10
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pairs of primitive segments. The anlage begins in the posterior
lialf of the 7th segment and extends to the anterior half of the
8th segment. The next anlage begins in the posterior half of the
8th segment, the third at the anterior edge of the 9th segment.

Only the most anterior anlagen are independent and com-
pletely separated from one another, showing a certain metamerism.

I

VIII. 2. ],

(Fig. 528) IX. 3. 4.

(Fig, 529) X. 3. 2.

(Fig. 530) XII. 1. 5.

VIII. 2. 1.

Primitive segment atalk.

Supplemental tubule

IX. 3. 4.

Principal tubule

Fig. 526.—Reconstruction of the right pronephric anlage of an embryo of 2.6 mm. greatest length,

with 13-14 pairs of primitive segments. (Embryo Pfannenstiel III, from the collection of Professor Pfan-
nenstiel.) The contours of the embryo, the medullary canal and the intestine are outhned, the mesoderm
(secondary primitive segment, segment stalk and lateral plate) is shaded, the pronephric anlage is black.

The anlage consists of five parts, a rudimentary tubule in the 7th segment, two well-developed tubules in

the 8th and 9th segments, a pronephric ridge in the 10th, 11th and 12th segments and another ridge in the

13th and 14th segments. Lumina in the principal tubule and in the primitive segment stalks are left white.

For the posterior ones one or two continuous longitudinal ridges

are formed, which lie in a direct line with the isolated tubules;

I shall call these the pronephric ridges to contrast them with the

pronephric tubules. The ridges are in some places separated

from their parent tissue, in others they remain in connection with

it and at each of these connection regions they possess a lumen.

In Figs. 526 and 527 I give a reconstruction of the pronephric

anlage of an embryo of 2.6 mm. greatest length and with 12-14

pairs of primitive segments ; the pronephros here reaches its great-
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est extent. The arrangement is somewhat clearer on the right

side (Fig. 526) than on the left. The secondary primitive seg-

ments, the segment stalks and the lateral plate are shaded and

the pronephros is black; the supplemental canals and the coanec-

tions of the pronephric ridges with the segment stalks or the

nephrogenic cord, have been in the figures displaced laterally to

the boundary line of the lateral plate, although in reality they

FiQ. 527.—Reconstruction of the left pronephric aniage of the embryo shown in Fig. 526. The prone-
phros consists of rudiments in the 2nd, 4th, 6th, 7th and 8th primitive segments and of a long pronephric
ridge extending from the 9th to the 14th segment. The horizontal lines in both figures indicate the locality

of the transverse sections.

lie beneath the nephrogenic cord. Finally, where a lumen occurs,

it is represented as white. In the 7th segment there is a rudimen-

tary aniage and the 8th and 9th each contains a completely devel-

oped one. There are therefore three separate pronephric tubules.

The second and third tubules are united together and with the

following pronephric ridge. In the stretch from the 10th to the

12th segment and again in that from the 13th to the 14th there

follow two pronephric ridges ; the lumina in the anterior one show,

though not strongly, a metameric arrangement. The left side
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of this embryo shows the rudimentary anlagen in the 2nd, 4th and
6th segments that were previously mentioned.

This embryo with 12-14 pairs of primitive segments already

shows progress in the development of the individual tubules. The
anlagen of the 8th and 9th segments have separated from their

parent tissue, have extended backwards to the next anlage and
have fused with it to form the collecting duct. This further devel-

Aorta

Primitive 3. Pronephric
% segment tubule

" • stalk

Fig. 528.—Embryo of 2.6 mm. greatest Jength and wltk 13-14 pairs of primitive segments. (Em-
bryo Pfannenstiel III, from tlie collection of Professor Pfannenstiel; slide 9, row 3, section 4.) X 182. The
section passes on both sides through the caudal wall of the 9th primitive segment. On the left side the third,

right pronephric segment, with the principal and supplemental canal, is cut. On the right side the section

passes through the caudal end of the third, left pronephric principal canal and shows its relation to the

primitive segment stalk. Between the ectoderm and the visceral mesoblast is the vascular layer, in which
are young red blood-corpuscles, distinguished by the abundance of chromatin in their nuclei. The tears in

the medullary canal and beside the pronepheric anlagen are artefacts.

opment corresponds in time with the establishment of continuity

between the exo- and entoccelom and with the enlargement of the

latter. In the entoccelom, however, only the coelom of the lateral

plate is enlarged, that of the segment stalk remains narrow so

that the stalk looks like a tubule and gives the false impression

of a direct origin of the pronephric anlage from the lateral plate.

Fig. 528 passes on the right (left in the figure; the location of the

section is shown in Fig. 527) through the cranial end of the third

pronephric tubule, which here, notwithstanding its shortness, con-
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sists of a principal tubiile and the supplemental tubule formed

from the primitive segment stalk. A comparison with the left side

(right in the figure), where the section passes through the sepa-

rated end of the third left pronephric tubule, shows that there

the principal tubule and the segment stalk are distinctly separate.

To show the arrangement in the pronephric ridge I give in Fig.

Remains of primi-
tive segment stalk

4th pronephric
tubule

Rete peri-intestinale

i.s!W»'

«

FiQ. 529.—Human embryo of 2.6 mm. greatest length and with 13-14 pairs of primitive segments,
(Embryo Pfannenstiel III, from the collection of Professor Pfannenstiel; slide 10, row 3, section 2.) X 182.

The section passes on both sides through the cranial half of the 11th primitive segment. On the right fleft

in the figure) the primitive segment stalk is cut and also the pronephric ridge and a lumen corresponding
to the 11th pronephric tubule. The pronephric ridge and the segment stalk are not delimited from each
other. On the right side the same arrangement. Between the visceral mesoblast and the digestive canal
are the cells of the vascular layer. On the right side a ramus intestinalis passes to the vascular layer.

529 a second section through this embryo, which on the right (left

in the figure) cuts the ridge just where it possesses a distinct

lumen. Here the segment stalk together with its pronephric
anlage is separated from the lateral plate, although it lies in close

apposition to it. The existence of the two components is to be
made out only by comparison with the anterior tubules and from
the further development. Finally the question as to the caudal
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end of the pronephric anlage is yet to be considered. In the
embryo with 12-14 pairs of primitive segments, in which the pro-
nephric anlage reaches its greatest candal extension, it passes
insensibly at its caudal end into the unsegmented mesoderm. The
section shown in Fig. 530 passes through the 13th or 14th segment

;

its location is shown in Figs. 526 and 527. On the left side of the
figure there is merely a thickened primitive segment stalk, sepa-

14th primitive
segment

Pronephric ridge and
nephrogenic cord

13th primitive
segment

Allantoic duct

Fig. 530.—Human embryo of 2.6 mm. greatest length and with 13-14 pairs of primitive segments.
(Embryo Pfannenstiel III, from, the collection of Professor Pfannenstiel ; slide 12, row 1, section 5.) X 182.
On the right side (left in the figure) the section passes through the forming cranial wall of the 14th primi-
tive segment, on the left through the caudal wall of the 13th segment. On the right (left in the figure) it

cuts the nephrogenic cord. A comparison with the right side of Fig. 528 shows at once that the primitive
segment stalk is greatly enlarged, the enlargement being due to the pronephric anlage. The anlage and
the primitive segment stalk together form the nephrogenic cord. On the left side (right in the figure) the
section passes through a point where the nephrogenic cord, delimited otherwise as on the right side, is fused
with the lateral plate and receives a cleft of the ccelom. The rete peri-intestinale is well developed, since

we are here in the region of the art. umbilicalis. Between the aorta and the rete there is on the right side

of the figure another ramus intestinalis.

rated both from the primitive segment and the lateral plate ; it is

termed in the figure the nephrogenic cord and pronephric ridge:

on the right side the segment stalk is in connection with the lateral

plate and the Imnen of the latter is continued directly into the

stalk. In Fig. 527 the leader *^Fig. 530" shows how far the Inmen

passes beyond the medial edge of the lateral plate. More caudally

the right (left in the figure) thickened segment stalk also becomes
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connected with the lateral plate and then the thickening fades out

so gradually that a definite limit for its extremity cannot be estab-

lished. The pronephric anlage is, accordingly, as far as the 14th

primitive segment purely mesodermal, any participation of the

ectoderm in it is excluded.

At this point there is a gap in the available material. The

next oldest embryo is 2.5 mm. in length and possesses 23 pairs of

primitive segments. The pronephros in this is almost completely

Inner prone-
phric chamber

Pronephric zone

Zone of the meso-
nephric vesicles

Nephrogenic cord

Fig. 531 a and 6.

—

a. Reconstruction of the left pronephric and mesouephric anlagen of a human em-
bryo of 2.5 mm. greatest length and with 23 pairs of primitive segments. (Embryo R. Meyer 300, from the

collection of Professor R. Meyer, Berlin.) The figures by Thompson were employed for the reconstruction.

The pronephros consists of seven tubules; the most anterior in the 9th segment is in process of degenera-
tion, the 2nd-5th have united to form the collecting duct, the 6th tubule is still free, but is about to unite
with the 5th and 7th. The 7th is continued into the free terminal portion of the primary excretory duct
and this extends to the unsegmented mesoderm. Beyond the 7th tubule is the beginning of the nephro-
genic cord and in the region of the 13th-15th segments mesonephric vesicles are developed within this.

b shows the pronephros under a higher magnification.

developed—so far at least as one may speak of its completion.

It consists, as is shown in Fig. 531 a and b, of a number of tubules

and the primary excretory duct. There are in all 7 tubules pres-

ent, the most anterior of which is not united with the succeeding

tubule, as was the case in the younger embryo. This fact, together

with what was found in the embryo with 8-10 pairs of primitive

segments, in which the most anterior anlage was in the 7th seg-

ment, and with what was found in the embryo with 12-14 pairs of

segments, in which degenerating anlagen occurred in the 7th and
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7tli pronephric chamber

6th principal tubule

Fig. 532 a, 6, c, and d.—Four sections from a human embryo of 2.5 mm, greatest length and with 23

pairs of primitive segments. (Embryo R. Meyer 300, from the collection of Professor R. Meyer, Berlin;

slide 11, row 5, sections 4 and 6; slide 12, row 1, sections 5 and 7.) X 238. a. Section through the 6th
pronephric segment ; the caudal wall of the pronephric chamber is just touched, the principal tubule is fully

cut. Ventral from the pronephric segment is the anlage of the v. cardinalis post. 6. Section through the

7th pronephric chamber and the 6th principal tubule; in the visceral mesoblast a genital cell. c. 7th pro-

nephric chamber and 7th principal canal continuous, d. 7th pronephric segment separated into pronephric

chamber and principal canal; rudim.entary 7th nephrostome canal. The sections are 5ju, thick; if a be taken
as the first, then b is the third, c the eighth, and d the tenth section.

Vol. 11—49
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Sth segments, confirms the conclusion that the cranial end of the

pronephros degenerates and that only the tubules of the 10th and

succeeding segments undergo a further development. The six

pronephric segments that are developed, the 2nd to the 7th, lie in

the 10th, 11th and 12th segments and in the interstitium between

the 12th and 13th. Whether this concentration of six pronephric

tubules within the limits of 31/2 body segments indicates a primary

dysmetamerism or has resulted from the approximation of origin-

ally more separated anlagen cannot be determined. Each pro-

nephric segment (Fig. 531 b) shows distinctly a thickened begin-

ning portion, the inner pronephric chamber, and a smaller canal-

like portion, the principal tubule. The cells in the inner pronephric

chamber are arranged in such a way as to be concentric to a latent

lumen (Fig. 532). The tubules 2-5 have fused and so form a col-

lecting duct (Fig. 531 b). The tubules 5, 6 and 7 are not yet

united but their union is imminent (Fig. 531 b) ; this finding is con-

clusive as to the pronephric character of the 6th and 7th and there-

fore of the preceding tubules. In Fig. 532 the detailed relations

of the 6th and 7th tubules are shown : section a cuts the principal

tubule of the 6th pronephric segment and the corresponding 6th

pronephric chamber is visible as a marginal section ; Fig. b shows

below the principal tubule of the 6th segment the primitive seg-

ment stalk of the 7th segment ; the arrangement of its cells divides

it into two portions, a medial thickened portion with its cells

arranged concentrically, the inner pronephric chamber of the 7th

tubule, and a lateral smaller portion whose cells are not concentric

;

tins can only be the portion that I have termed in the general

description the nephrostome canal, and section d shows its connec-

tion with the lateral plate. Section c shows the 7th inner pro-

nephric chamber with the 7th principal tubule arising from it.

Between this and the ectoderm are four additional cells, which
represent the pointed end of the 6th principal tubule. Finally

section d shows the 7th principal tubule separated from its pro-

nephric chamber ; the 6th principal tubule has disappeared.

In the region of the inner pronephric chamber there is never,

so far as the material furnishes a definite indication, a formation
of an internal glomerulus; but, on the other hand, in several

embryos there was a rudimentary external glomerulus in whose
interior sections of vessels could be seen. The external glomerulus
first becomes formed when the pronephros is in full degeneration.

The human pronephros is by far the best developed within
the group of the mammals. It shows its relations more clearly

than it does in the birds and is at least as distinct as in the reptiles.

With the exception of the internal glomerulus it possesses all the
constituent parts that have been given in the general description
as characteristic of a fully formed pronephric segment; the prin-



Fig. 533 a, b and c.—Three sections through the caudal end of the primary excretory duct. Human
embryo of 2.5 mm. greatest length and with 23 pairs of primitive segments. (Embryo R. Meyer 300, from
the cqllection of Professor R. Meyer, Berlin; slide 13, row 4, sections 5, 6 and 7.) X 180. a. The end of

the primary excretory duct is still to be distinguished from the ectoderm. 6. Between the end of the pri-

mary excretory duct, consisting of a single cell, and the ectoderm there is interposed a cell in the act of di-

vision; whether n belongs to the ectoderm or the duct is uncertain, v. Section immediately behind the
end of the duct; the ectoderm does not show the slightest alteration. The rete peri-intestinale between
the visceral mesoblast and the intestine. 771
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cipal canals and the collecting duct formed from them, the inner

pronephric chamber, rudiments of nephrostome canals and one or

several external glomeruli.

The development of the free terminal portion of the primary

excretory duct cannot be clearly made out from the available

material. While the embryo with 12-14 pairs of primitive seg-

ments did not possess such a structure, in the embryo with 23 pairs

of segments it is developed throughout almost its entire length.

It appears in this (Figs. 558 and 559) as a solid, semilunar mass
of cells, which is in apposition by its concave surface with the

nephrogenic cord or the mesonephric vesicles; it shows extensive

variations in calibre and remarkably rare mitoses, while these are

abundant in the neighboring tissues. Towards its caudal end it

gradually diminishes in size, until, finally, it consists of only 1-3

cells and ends at the ectoderm. In Figs. 533 a, b and c the two
last sections through the secretory duct and that immediately fol-

lowing are shown. One sees in section a the apposition of the

duct to the ectoderm, but the two may yet be distinguished to a cer-

tain extent. In Fig. h the distinction is no longer possible; a

mitosis is to be seen, but it is impossible to say whether it belongs

to the excretory duct or to the ectoderm, its spindle being so placed,

however, that the daughter cells must lie sagittally one behind the

other. Finally, in c every trace of the duct has disappeared and
there is not the slightest indication that preparations for its for-

mation are to be met with in the ectoderm. The entire apposition

has at most an extent of 50 micra and the sections that precede it

sometimes show a sharp delimitation of the duct from the ecto-

derm and sometimes do not. It may furthermore be noted that

the emigration of cells from the parietal mesoderm to form mesen-
chyme is already taking place and that these emigrated cells become
interposed between the parietal mesoderm and the ectoderm, just

as is the end of the primary excretory duct, and frequently their

delimitation from the ectoderm cannot be made out. This is the

only series which, perfectly preserved, shows the excretory duct
on its way to the cloaca. I can make out from it neither a con-
nection of the duct with the ectoderm nor a preparation for the
formation of the duct on the part of the ectoderm. I cannot settle

definitely the question as to the participation of the ectoderm in

the formation of the excretory duct, but I am inclined to deny any
such participation. As regards the formation of the duct from
the 13th segment caudally, where in the embryo with 23 segments
it lies free between the ectoderm and mesoderm, a definite con-
clusion is not possible. It may be recalled that in the embryo with
12-14 pairs of primitive segments the pronephric anlage was in
connection with the mesoderm to beyond the 14th segment and that
in its anterior and middle portions it was divided into pronephric
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tubules and collecting duct. It is accordingly quite possible that
the excretory duct bad also been formed in the 13tb and 14tb seg-
ments by splitting from the pronephric anlage and the possibility
that the same process is repeated in the more caudal segments
must be given consideration. The variations in the caliber of the
excretory duct and the lack of mitoses throughout its entire extent
indicate a formation in loco.

The free terminal portion of the excretory duct has reached
the cloaca in an embryo with 27-28 pairs of primitive segments
and of 4.25 mm. vertex-breech length. It runs in a straight course,

close to the ectoderm in the angle between the urogenital fold and
the parietal mesoblast, to the level of the caudal surface of the
28th primitive segment, and there it bends ventrally and terminates
in the angle between the cloaca and the ectoderm, close to the

.^s§^fek 4

^^t^

Wf.-.--Cloaca

^m^^^
i^-

Primary
-—excretory

duct

Fig. 534.—Human embryo of 4.25 mm. vertex-breech length and with 27-28 pairs of primitive seg-

ments, (Embryo H. M. I., from the collection of the Anatomical Institute, Zurich; slide 399, J. 13,2, row
15, section 5. ) X 150. The ends of the primary excretory ducts are on either side of the cloacal membrane.

cloacal membrane (Fig. 534). The actual situation of its contact

with the cloaca is caudal to the middle of the cloacal membrane
and at the junction of the middle and lower thirds of the cloaca

itself. The excretory duct is not evenly developed in this embryo

;

from the 9th or 10th to the 14th segment its diameter is small,

but from the 14th segment on it increases rapidly in size and re-

mains large to its termination, its blind end being enlarged to

almost double the original size. The lumen appears first at two

points, at the anterior end in the region of the 10th and 11th

segments and in the enlarged posterior extremity. Its further

development takes place discontinuously for the most part and

the various cavities show no regularity in their arrangement.

Frequently the lumen of the cloaca evaginates into the blind end

of the excretory duct.

The perforation of the cloaca by the duct is said to occur in

embryos of 4.2 mm. greatest length (Keibel, 1896), but I have first

found it in an embryo of 7 mm. greatest length.
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THE VESSELS OF THE PRONEPHROS.

In man tlie inner pronephric chamber, as it appears, is not

invaginated by a vascular glomernlus and the external glomerulus

is only a transitory formation ; it contains a vessel it is true, but

the relation of this" to the rest of the vascular system has not been

discovered. Where the actual pronephric vessels are to be looked

for must first be learnt from comparative embryology.

In amphioxus the vessels pass in arches from a longitudinal vessel, situated

ventral to the digestive tract, to a dorsal longitudinal vessel above the digestive

Longitudinal commiasure of the viscero-ventral arch system.

Dorsal longitudinal vessel

Ventral longitudinal vessel.

FlQ. 535.—Diagram of the viscero-ventral arch system in amphioxus.

tract; these arches lie between the wall of the digestive tract and the visceral

mesoblast (Pig. 535). To distinguish these arches from the dorsal arches which

supply the dorsal musculature, the spinal ganglia and the spinal cord, I ^haU

call them the ventral arches, and to further distinguish them from a second ventral

arch system which supplies the ventral musculature and corresponds to the inter-

costal system of arteries, they may be called the viscero-ventral arches, the inter-

costal arteries being then termed the parieto-ventral arches.

Pronephric arteries Aortic arches

VT

11
Caudal group Cranial group

of the viscero-ventral arch system

FiQ. 536.—Diagram of the viscero-ventral vascular arches of a selachian.

In the viscero-ventral arch system of amphioxus there are retia mirabilia

which surrounded the excretory ducts and their solenocyte areas, and these are

so arranged that they unite successive arches (Fig. 535) ; thus the paired longi-

tudinal commissure of the viscero-ventral arch system is formed.

In the selachians only a greatly reduced viseero-ventral system occurs. It

is no longer a continuous system, but is divided into two groups of arehes, a

cranial one, formed by the aortic arches, and a caudal one, formed by the pro-

nephric arteries (Fig. 536). The pronephric arteries, which, in consequence of the
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rudimentary development of the selachian pronephros, do not form retia mirabilia,

fuse later on the right side to form a simple and unpaired a. vitellina. The
arteries on the left side, which from the beginning are merely rudiments, vanish
completely. Later the a. vitellina gives off the a. mesenterica and becomes the a.

omphalo-mesenterica. The supply of the digestive tract is, accordingly, from a
part of the left viscero-ventral arch system.

In the ganoids (Fig. 537) we have the same division into groups and a still

greater limitation of the viscero-ventral system. A cranial group is formed, as in

the selachians, by the aortic arches, a caudal one—its relations in early stages of

Pronephric arteries Aortic arches

Caudal group Cranial group

of the viscero-ventral arch system

Fig. 537.—Diagram of the viscero-ventral vascular arches of amia calva.

development have not yet been studied—is foimed by the roots of the pronephric

vessels. This caudal group is, however, incomplete, since neither of the two arches

present reaches the longitudinal vessel on the ventral side of the intestine (v. subin-

testinalis). The glomerulus itself forms a rete mirabile, which is spread out

between the arches like a longitudinal commissure. The glomerulus is paired in its

cranial portion and unpaired caudally, so that its rete mirabile has two jft)les

cranially and one caudally. All three poles are in connection with longitudinal

vessels; the two anterior ones run cranially along the dorsal surface of the intes-

of the viscero-ventral arch system.

Caudal Middle Cranial group

A. vitellina Pronephric glomerulus

FiQ. 538.—Diagram of the viscero-ventral vascular arches of a trout,

tine, reach the arches of the cranial group and unite with at least the sixth and

fifth; the caudal longitudinal vessel passes backward as the a. mesenterica, supply-

ing the entire intestine as far as its terminal portion.

There are accordingly in the ganoids two paired commissural vessels, which,

like the paired longitudinal commissures of amphioxus, unite the arches of each

group and also the groups themselves. In the region of the caudal group the

paired commissures unite to form the unpaired a. mesenterica. Consequently in

the ganoids also the vessel which supplies the digestive tract arises from the

viscero-ventral arch system.
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In the teleosts (Fig. 538) there is again the same grouping of the viscero-

ventral arch system, the cranial group being formed by the aortic arches and the

caudal group by the pronephric vessels. The caudal group is again incomplete,

although not to the same extent as in the ganoids, for, in the first place, the

number of its arches is greater and, secondly, one arch—and that on the right

side—extends to the yolk-sack and so represents the a. vitellina. This fact jus-

tifies the assignment of the pronephric arteries of the ganoids and teleosts to the

viseero-ventral arch system. Between the individual arches of the caudal group

the glomerulus is again drawn out to form a longitudinal commissure. In its

cranial half it is paired, in its caudal half it is unpaired, and therefore has three

poles, as in the ganoids. It is prolonged, eaudally only, into a longitudinal vessel

that becomes the a. mesenterica. An important fact is stiU to be noted : the a.

mesenterica iu the embryo is connected with the aorta by arches not only in the

region of the pronephric glomerulus, but also throughout its further course; the

last arch occurs at the level of thd cloaca. The caudal group of the viseero-

ventral arch system accordingly extends in the teleosts throughout the entire poste-

rior half of the body.

Among the amphibia the urodeles possess numerous intestinal arteries, the

anura only one. The course of this single vessel is, however, such that we may
derive the arrangement in the anura from that occurring in the urodeles by sup-

posing the existence of a longitudinal commissural vessel, which united the indi-

vidual intestinal arteries of the urodeles and thereby furnished a possibility for

their intestinal arteries, with one exception, to relinquish their connection with the

aorta. The actual development of the arteries in the anura has not yet been

studied. But in any case it may be supposed that the urodeles possess both

groups of the viseero-ventral arches; the unpaired condition of the posterior

group offers, as we have seen, no obstacle to this homology.
- In the reptiles the region of the a. omphalo-mesenterica is originally sup-

plied by a large number of aortic branches, which arise for the most part in pairs,

but are partly unpaired. With the formation of a mesentery the paired vessels

unite together, and one of these unpaired vessels becomes the a. omphalo-mesen-
terica, while the others degenerate (Hochstetter, 1898). The original paired intes-

tinal arteries may be identified as the caudal group of the viseero-ventral arch
system.

In birds and mammals, finally, there are in early stages of development numer-
ous intestinal or vitelline arteries, arising from the as yet ununited aortse and
passing over into a vascular network that surrounds the wall of the yolk-sack.
There is not the slightest difBculty in the way of regarding these as the repre-
sentatives of the caudal group of the viseero-ventral arch system.

From what has been said above we arrive at the following
plan of development for the intestinal arteries. A viseero-ventral
arch system unites a ventral and a dorsal longitudinal vessel ; the
individual arches of the system may originally have been arranged
metamerically. In each of the various arches a rete mirabile is

interposed, surrounding the region of a uriniferous tubule and
uniting two successive arches. From the totality of these retia
mirabilia a longitudinal commissure is formed. The gills and
uriniferous tubules, originally lying in the same segments, migrate
into different regions of the body, and both become reduced in
number in the course of the phylogeny. There thus comes about
the separation of the viseero-ventral arches into a cranial and a
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caudal group. The anterior group enters the service of the
branchial apparatus as the aortic arches, the posterior one is at
first devoted to the supply of the pronephros and later, on the
degeneration of this, enters the service of the digestive system.
On the transformation of the caudal group of arches into the intes-
tinal arteries they undergo such changes that their original arch

i
'' Aorta

Primitive
segments

Rete peri-
intestinale

Vascular layer

Belly-stalk with a. umbilicalis

Fig. 539.—Reconstruction of the arterial system of an embryo of 1.38 mm. greatest length and with
5-6 pairs of primitive segments. (Embryo Pfannenstiel-Kromer, from the collection of Professor Pfan-
nenstiel.) The aorta is a continuous vessel with completely closed walls from the level of the second prim-
itive segment forward, from there backwards it is in anlage. On the posterior part of the yolk-sack and on
the end-gut is the anlage of the rete peri-intestinale. The a. umbilicalis arises from this rete.

character is completely lost; both the longitudinal commissural

vessels play an important part in the transformation^

Our task in connection with the investigation of the human
pronephric vessels is now defined. We have to seek for the caudal

group of the viscero-ventral arch system and its longitudinal

commissure. The study of the development of the intestinal arter-

ies and especially of the a. coeliaco-mesenterica must at some point

lead to the viscero-ventral arch system.
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The intestinal arteries in man develop from a vascular net-

work which surrounds the intestine and yolk-sack. Fig. 539 shows

the reconstruction of the vessels of an embryo with 5-6 pairs of

primitive segments. The aorta as far as the second primitive seg-

ment is developed as a tube with completely closed walls; from

there on it is still in anlage, appearing in section sometimes as

a closed riag, sometimes as composed of individual cells. From

the future 7th segment to the tip of the tail a vascular network,

the rete peri-intestinale, is interposed between the yolk-sac or

end-gut on the one hand and the visceral mesoblast on the other

Amnion

Medullary
groove

Visceral mesoblast

Rete peri-intestinale^

A. umbilicalis

Fig. 540.—Transverse section of an embryo of 1.38 mm. greatest length and with 5-6 pairs of primi-

tive segments, at the level of the cloaca. (Embryo Pfannenstiel-Kromer, from the collection of Professor

Pfannenstiel ; slide 7, row 3, section 3.) X 120. In consequence of a shrinkage the entoderm has separated

from the mesoderm, and the formation of vessels, which takes place from the entire visceral mesoblast, is

distinctly seen. It occurs by the separation of an entire cell layer from the visceral mesoblast, with which
it remains in connection by cell prolongations or cell groups. A distinction between rete peri-intestinale

and aorta caunot be made; it is rather a question of the formation of an intestinal blood-sinus, such as

we know from the invertebrates (Lang, 1903).

(Figs. 521 and 540). In the region of the mid-gut the meshes of

this network are already provided with distinct walls (dark red in

Fig. 539), hut in the end-gut region there are no meshes whatever,
but only a simple vascular layer (Fig. 540), which has separated
by delamination from the visceral mesoblast and has not yet
developed separatevessels (pale red in Fig. 539) ; the aorta becomes
lost in this. From this vascular layer, accordingly, the rete peri-

intestinale and the aorta develop. The umbilicalis stands in con-
nection with this vascular network and determines its early forma-
tion; a connection between the a. umbilicalis and the aorta does
not yet exist on the left side, but is present on the right.



DEVELOPMENT OF THE URINOGENITAL ORGANS. 779

Fig. 541 shows a reconstruction of the vessels of an embryo
with 12-14 pairs of primitive segments. The aorta is fully formed
up to the region of the end-gut ; a vascular layer is spread out over
the entire mid-gut (compare also Figs. 528 and 530) and is bounded

Cranial rete peri-intestinale

-Aorta doraalia

Ram. intestinalis
(solid)

Caudal rete peri-intestinale
,

Allantoic duct

A. umbili calls-

Cloaca

Ram. intestinalis
(tiollow)

Longitudinal
commiasure

Post-anal gut

^ FiQ. 541.—Reconstruction of the trunk arteries of a human embryo of 2.6 mm. greatest length and with
:^-14 pairs of primary segments. (Embryo Pfannenstiel III, from the collection of Professor Pfannenstiel.)

The rete peri-intestinale is developed over the entire mid-gut and end-gut and is connected "with the dorsal

aorta by rami intestiuales. The rete peri-intestinale and the rami intestinales are strongly developed at the

point where the A. umbilicalis arises from them.

dorsally by a sharp line ; it is represented in Fig. 541 by the pale

pink tint. In this vascular layer two independent networks have

developed, a cranial and a caudal one. The cranial network is in

connection with the v. omphalo-mesenterica and need not here con-
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cern us further. The caudal one shows an indistinct cranial and a

well-developed caudal region. The cause of the different develop-

ment of the two regions lies in the union with the a. umbilicalis,

which, making use of this network wanders gradually caudalwards

and only brings to complete development and preserves for a time

Fig. 542.—Reconstruction of the trunk arteries of a human embryo of 2.5 mm. greatest length and with
23 pairs of primitive segments. (Embryo R. Meyer 300, from the collection of Professor R. Meyer, Berlin

.

The dorsal aorta is completely developed and from it there arise the viscero-ventral and the dorsal systems
of arches. Between the arches of each of the two systems a longitudinal commissure is developed: the

A. umbilicalis arises from the commissural vessel of the ventral arch system.

those portions of the network which directly place it in connection

with the aorta. Between the vascular layer and the ventral periph-

ery of the aorta there are stretched partly hollow (dark red in

Fig. 541), partly solid (pale red) connecting vessels, the rami
intestinales (Fig. 529, left side; Fig. 541). In the entire embryo
there are developed 15 such arteries on the left side and 14 on the

right side ; on the left they lie in the regions of the 6th to the future
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17th segment, that is to say in 12 segments, on the right in the
regions of the 6th to the future 18th segment, that is to say in 13
segments ; a comparison of these figures shows the non-metameric
arrangement of the arteries. The rami intestinales are almost
equally developed on both sides of the embryo, but they are not
arranged in a perfectly paired manner ; their difference in number
depends on the variability shown by all organs in process of
degeneration. The solid rami intestinales lie in the zone in front
of the pronephros, in the 6th to the 9th primitive segments ; the
hollow ones lie in the pronephric zone, in the 9th to the 14th
segments. "Where the rami must effect the connection between the
aorta and the a. umbilicalis they are especially large and at this

point a longitudinal commissure between the rami begins to

develop.

In Fig. 542 the development of the vessels shows a great

progress. The aorta is developed as far as the tip of the tail and
shows a commencing enlargement in the region of the pronephros
(10th to 13th segments). In addition to the viscero-ventral arch

system the dorsal one is also developed and from this the parieto-

ventral one is beginning to form. With the formation of the yolk

stalk the rete peri-intestinale is carried far from the embryo and
is no longer shown in the figure. The number of rami intestinales

present is 29, and they' show no metamerism. The rami in the

neighborhood of the 10th to the 12th segments are the best devel-

oped, and next those that connect the aorta and the umbilicalis,

the latter having in the meantime wandered further caudally, In

the 10th to the 12th segments is the pronephros (compare Figs.

531 and 542) and a relation between it and the development of the

rami intestinales is therefore possible. Finally, it may be noted,

that in this series a distinct longitudinal commissure is formed,

extending as a continuous vessel from the tip of the tail to the 19th

ramus intestinalis and as a discontinuous one to .the 12th ramus.

In Fig. 543 I have reproduced a section that has cut a portion of

this longitudinal commissure lengthwise; the vessel is naturally

developed on both sides. Just as in the reptiles, birds and other

mammals, the paired rami intestinales become unpaired, as do also

the paired commissural vessels. The development of the intestinal

arteries from the unpaired rami intestinales and the unpaired

commissural vessel does not fall within the scope of this chapter.

The description of the pronephric vessels may be summed up

by stating that in the human embryo also a viscero-ventral arch

system is developed, which separates into two groups, a cranial

group of aortic arches and a caudal group of originally pronephric

arteries. Just as in Amphioxus, the Ganoids and the Teleosts,

a longitudinal commissural vessel develops between the arches of

the caudal group, the relation of this vessel to the pronephros
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no longer appearing in the development; it is possible, however,

that the vessel of the external glomerulus may be derived from it.

Of the veins in the neighborhood of the pronephros, the v. car-

dinalis posterior, in the act of developing, is shown in Fig. 5^2 a-d;

it arises in loco from elements which wander out from the middle

plate of the mesoderm. A relation between the venous system and

the pronephros cannot be made out in the limited material.

Commissural vessel of the
dorsal arch system

Primary's xcretory duct -^

Nephrogenic cord --

''16th primitive segment

/17th primitive segment

Primary excretory duct

20th ram. intestinalis

21st ram. intestinalia

22nd ram. intestinalis

.23rd ram. intestinalis

Fig. 543.—Transverse section of a human embryo of 2.5 mm. greatest length and with 23 pairs of

primitive segments. (Embryo E. Meyer 300, from the collection of Professor R. Meyer, Berlin; slide 14,

row 2, section 6.) X 120. The section passes through the tail bend and cuts, above, the 16th and 17th
primitive segments, below, the primitive segment plate. The aorta is cut twice and between the two aortae

are sections of four rami intestinales, which are united by the longitudinal commissural vessel. Above ia

the nephrogenic tissue and the free terminal portion of the primary excretory duct, below and on the left

is the end of the primary excretory duct at the ectoderm.

DEGENERATION OP THE PRONEPHROS.

The pronephros undergoes complete degeneration, but for a
time remains of the pronephric tubules and of the collecting duct
may be preserved. They are to be found in the retro-peritoneum
as completely closed vesicles of a spherical or cylindrical form.
Their independence of the mesonephros and the coelomic epithelium

permits their displacement either dorsally behind the aorta and
the V. cardinaJis posterior or towards the ccelom ; in the latter case
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they may be situated in fungiform folds projecting into the cojlom.
Similar displacements can also take place in the degenerating
tubules of the cranial portion of the mesonephros, so that they
constitute no specific characteristic of the pronephric remains.

The Urogenital Fold.

The mesonephros is formed along the posterior wall of the
body cavity. Only at the very beginning of its development does
it find sufficient space in the retroperitoneum ; as soon as it begins
to expand it needs more room and this it finds in the direction
of the body cavity, invaginating the ccelom wall as a fold into the
cavity. This fold later contains also the Miillerian duct and the

Dorsal angle of
the body cavity

Allantois

Fold of the
visceral
layer of

mesoblast

Fig. 544. Fig. 545.

Fig. 544.—Transverse section of a human embryo of 2.6 mm. greatest length and with 13-14 pairs of

primitive segments, at the level of the 13th segment. .
(Embryo Pfannenstiel III, from the collection of

Professor Pfannenstiel; slide 11, row 3, section 5.) X 50. The parietal and visceral mesoblasts of the lateral

plate meet to form an acute angle; there is only a dorsal body angle and no body wall. The aorta on either

side with a ramus intestinalis.

Fig. 545.—Transverse section of a human embryo of 2.6 mm. greatest length and with 13-14 pairs of

primitive segments, at the level of the 9th segment- (Embryo Pfannensteil III, from the collection of Pro-

fessor Pfannenstiel; slide 9, row 2, section 5.) X 50. Near the dorsal body cavity angle the visceral meso-
blast is forming a fold towards the dorsal surface of the intestine. The situation of the dorsal body cavity

angle is marked by the attachment of the primitive segment stalk. The^^aorta on either side with a ramus
intestinalis.

reproductive gland, in addition to the mesonephros, and is there-

fore termed the urogenital fold. It constitutes a region within

which a series of very important processes occur, and its origin

and fate may, therefore, properly receive attention at this point.

At first a posterior body wall does not really exist. The
parietal and visceral mesoblast of an embryo of 2.6 mm. greatest

length do not meet to form a surface but come together in an angle

(Fig. 544) ; to this angle the primitive stalk is attached. Then the

two layers of the lateral plate form folds one after the other, first

the visceral mesoblast along the dorsal boundary of the entoderm,
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towards the chorda, and then the parietal mesoblast towards the

ectoderm ; at the same time the body cavity, hitherto quite narrow,

enlarges. The result of these two processes, a posterior body wall,

is shown by an embryo of 2.5 mm. greatest length and with 23 pairs

of primitive segments (Fig. 546) ; the point of origin of the primi-

tive segment stalk marks as before the original angle of the body

cavity. This posterior body wall throughout its entire breadth

and almost throughout its entire length is invaginated into the

body cavity by the developing mesonephros and thus forms a por-

tion of the urogenital fold (Fig. 547) ; of the contents of the fold

the figure shows only the primary excretory duct (black) and the

Malpighian corpuscles (white circles). Both ate landmarks which

afford the possibility for a detailed description of the further

processes. The summit of the urogenital fold lies immediately

Primitive segment stalk

Middle plate'

Fig. 546.—Transverse section of a human embryo of 2.5 mm. greatest length and with 23 pairs of

primitive segments, at the level of the 12th segment. (Embryo R. Meyer 300, from the collection of Pro-
fessor R. Meyer, Berlin; sUde 12, row 1, section 4.) X 50. A fold similar to that of the visceral mesoblast
(Fig. 545) has also been formed by the parietal mesoblast. The dorsal body wall, middle plate, is formed
by the two folds. The former angle is again marked by the attachment of the primitive segment stalk. A
strong ramus intestinalis from the aorta on the left side of the figure (right side of the embryo)

.

below the Malpighian corpuscle and the excretory duct is not far

from its lateral surface. The first changes in the form of the fold

are brought about, first, by the entrance into it of the v. cardinalis

posterior and, secondly, by the extension of the body cavity be-

tween the lateral body wall and the base of the fold. By the

entrance of the vein, which at this time is still very large, the fold

increases in size and appears almost quadrangular in section

(Fig. 548). Two of the angles are formed by its base, a third

represents the original summit, just beneath the Malpighian cor-

puscles, and the fourth is a newly-formed summit lateral to the

primary excretory duct. A comparison of Figs. 547 and 548 shows
clearly the extension of the coelom on the lateral surface of the
fold, an extension that leads to the narrowing and modification of

its base. The fold, accordingly, is partly invaginated into the body
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cavity and partly carved out of the dorsal body wall. The position

of the primary excretory duct and that of the Malpighian cor-

puscles with reference to each other and to the surface have not

undergone any important modifications.

The formation of the urogenital fold begins in the fourth

cervical segment; it is limited at first to the cranial portion of the

body cavity and later extends gradually and continuously towards
the caudal end of the body cavity to about the 4th lumbar segment.

A stage of maximum extent from the 4th cervical to the 4th lumbar
segment does not occur, since a degeneration at the cranial end

accompanies the caudally directed growth; actual figures showing

the caudal growth and the cranial degeneration are given in the

following table:

Size of embryo. Number of trunk
segments.

Extent of the urogenital fold.

2.6 mm. greatest length 10- LI (13-14)1 4th cervical to 1st thoracic segment
2.5

(f u (( 20 (23) 5th 8th " "

4.25 " vertex-breech .

.

25 (28) 6th 2nd lumbar **

4.9 " nape-breech . .

.

30-32 (33-35) 6th 3rd It ii

5.3 " greatest length 33 (36) 4th 2nd (I it

7
(( a 36 (39) 8th 3rd *' it

9.5
le i( 2nd thoracic " 4th " it

10
ci a 3rd tt It 4th (( "

11
11 it 3rd tt 11 4th (( ti

13
{( n 8th K It 4th (( ^'

14.75
H it 9th It n 4th ({ "

17
({ it 10th a it 4th tt a

18
a li 9th tc It 4th " "

19.4
a It

... nth 11 ft 4th " *'

21 i( ti 1st lumbar " 4th it "

22.5 a c( 12th thoracic " 4th *' tt

26
ti a 1st lumbar " 4th 11 ti

28
it ti 1st

it ti 5th it ti

29
it ti 1st

tt (t 5th tt "

30 te n 3rd
It It 5th tt *'

35 a It n 3rd It it 5th ti it

50 *
' head-foot length 4th i( tt 5th ti tt

1 The numbers in parentheses are the numbers for the primitive segments.

From this table it may be seen: 1. That even in an embryo

of 9.5 mm. the caudal growth of the urogenital fold is completed

;

2. that the degeneration of its cranial portion is complete in em-

bryos of 2.6 mm. greatest length ; in these the fold is limited to the

lumbar region. In older embryos the descent of the cranial limit

shows a still greater progress, but this is no longer a result of the

abbreviation of the fold, but is due to its rate of growth lagging

behind that of the vertebrae.

In the course of its development the urogenital fold undergoes

a series of important changes. In the first place, it becomes

divided throughout its whole length, with the exception of the

cranial and caudal ends, into a genital and a mesonephric fold

(Figs. 550 and 552). The anlage of the reproductive gland natu-

rally precedes this division, and although the gland is not repre-

VoL. 11—50.
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sented in Fig. 550, its presence is nevertheless indicated by tlie

displacement of the Malpighian corpuscle (compare Figs. 548-

550) ; the space that is formed between this and the surface of the

fold is occupied by the genital anlage. The reproductive gland

does not, consequently, grow out into the body cavity, but into

the urogenital fold. Its growth is made possible only by the

displacement of the mesonephric tubules and this displacement

again only by the diminishment of the v. c'ardinalis posterior.

Once the reproductive gland is formed it becomes surrounded by

a fosse, deep grooves cutting into it laterally and medially. Fig.

549 shows the lateral groove at its first formation; in Fig. 550 both

the lateral and the medial grooves are already considerably devel-

V. cardinalis post

Lateral bay of ^ . ^ , ^

body cavity Prim, excret. duct

Medial bay
of body cavity

15th Malpigh. corpuscle

Fig. 547. Fig. 548.

Fig. 547.—Transverse section of the middle plate of a human embryo of 4.9 mm. nape length, at the
level of the 17th primitive segment. (Embryo 139, G. 31, from the collection of the 2nd Anatominal In-

stitute, Berlin [Professor O. Hertwig]. ) X 50. The middle plate is evaginated into the body cavity by
the development of the mesonephros; it forms the urogenital fold. The fold separates a medial and a lateral

bay of the body cavity. In this and the succeeding figures the excretory ducts are black and the Malpighian
corpuscles white. These latter lie just below the summit of Jhe urogenital fold, the excretory duct at the
ateral surface of its base.

, Fig. 548.—Transverse section of the urogenital fold of a human embryo of 7 mm. greatest length at

a level between the 13th and 14th trunk segments. (Embryo ChrT 1, from the collection of Professor Hoch-
stetter, Vienna; slide 8, row 6, section 7.) 50. By the ingrowth of the v. cardinalis posterior the uro-
genital fold is enlarged at the expense of the retroperitoneum, the lateral bay of the body cavity (Fig. 547)
penetrates deeply into the latter, and the modification of the base of the fold is thus begun. Compare the
depths of the lateral bay of the body cavity in Figs. 547 and 548. The Malpighian corpuscle determines,
as in the preceding figure, the position of the summit of the fold. A new summit has formed near the ex-

cretory duct.

oped. During the division of the urogenital fold it becomes still

more cut off from the dorsal body wall on its lateral and, as Fig.

550 shows, also on its medial side. Thus the urogenital fold, which
at its first formation has a broad base, becomes stalked (Fig. 548)

and, at the same time, the stalk becomes twisted; the fold, there-

fore, no longer lies sagittally (Figs. 547 and 548), but frontally.

The formation of a fosse around the genital fold begins somewhat
below the cranial pole of the reproductive gland and thence pro-

ceeds in a caudal direction. Fig. 552 shows the model of a divid-

ing urogenital fold; the division is here completed to both the

cranial and caudal poles.

The two grooves that form the fossse around the reproductive

gland anlage never meet, a portion of the urogenital fold persist-

ing between them and giving rise to the stalk of the genital gland

and to the mesogenitale ('mesovariuni, mesorchium) (Fig. 551).
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The breadth of the stalk varies ; at the cranial pole it is consider-

able, immediately below this it diminishes so much that the meso-
genitale becomes thread-like, and it remains in this condition as
far as the caudal pole of the reproductive gland, where it again
increases in size so long as the gland is not completely developed
in this region. Fig. 553 may serve to show the size of the urogeni-

tal fold as compared with the transverse section of the entire

embryo and also to make clear its topographic relations ; the fold

is here divided into the mesonephric and genital folds., both of

which seem very small as compared with the anlagen of the supra-

renal body, the enormously developed liver and the large stomach.

In the second place the mesonephric fold, separated from the

urogenital fold, becomes further subdivided in correspondence with

V. cardinal, post

Reproductive
gland area

Miillerian
duct

Lateral fossa of
reproductive gland

Reproductive gland

Lateral bay of

body cavity

Medial fossa of
~; reproductive

;o\~\'-- gland

.vs^iMedial bay
^' of body

cavity

Fig. 549. Fig. 550.

Fig. 549.—Transverse section of a human embryo of 12.5 mm. greatest length, at a level between the
18th and 19th trunk segments. (Embryo Ma. 1, from the collection of Professor Hochstetter, Vienna;
slide 8, row 4, section 5.) X 50. The urogenital fold has completely altered its position; its base is sagittal
and the tip in the neighborhood of the excretory duct has become the summit of the fold, so that a dorsal
and ventral slope must be recognized. The lateral bay of the body cavity has penetrated to the medial
surface of the the V. cardinalis post. Throughout almost the whole region of the ventral slope the repro-
ductive gland has developed and, by its growth dorsally, the Malpighian corpuscle has been forced in that
direction. A groove between the excretory duct and the lateral border of the reproductive gland begins'to
separate the reproductive gland area from the urogenital fold; consequently the summit of the fold contain-
ing the excretory duct projects in a tongue-like manner.

Fig. 550.—Transverse section of the urogenital fold of an embryo of 19.4 mm. vertex-breech length,

at a level between the 21st and 22nd spinal ganglia. (Embryo Ma. 2, from the collection. of Professor
Hochstetter, Vienna; slide 59, row 1, section 3.) X 50. The medial bay of the body cavity now also pen-
etrates into the retroperitoneum and narrows the base of the urogenital fold to a stalk. Two fossae sepa-
rate the area of the reproductive gland from the urogenital fold and bring about a division of the latter

into the mesonephric and genital folds. The point where these are still connected is the first anlage of the
mesogenitale. (Stiel = stalk.)

its contents. Proceeding medially from the lateral surface one

meets in it (Fig. 551) : the Miillerian duct, the excretory duct and

the convolutions of the mesonephric tubules. The fold forms first

a portion for the Miillerian duct, the tubar portion, then a common
portion for the excretory duct and the mesonephric tubuleg, the

gland portion, and, finally, the thread-like connection with the pos-

terior abdominal wall, the mesentery portion. The tubar and

gland portions regularly become separated by a slight furrow that

projects in from the lateral surface; the gland portion passes over

gradually into the mesentery portion. In the contents of these

three portions a sexual difference becomes evident to the extent

that while in female embryos the tubar portion contains only the

Miillerian duct, in males it contains both the Miillerian and the
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excretory ducts ; in the male, however, there is frequently formed

a secondary fold, the tubar portion becoming divided into a por-

tion for the Miillerian duct and another for the excretory duct.

The gland portion in male embryos contains only the mesonephric

tubules, in females these tubules and the excretory duct. In older

female embryos also the lateral portion, which contains the excre-

tory duct, becomes separated from the medial portion containing

the mesonephric tubules.

The formation of the various portions begins at the cranial

pole and proceeds caudally, and the lateral portions are formed

earlier than the medial ones. Consequently one sees at first only

Gland portion

Mesentery portion

Mesogenitale

Fig. 551.—Transverse section of tlie right urogenital fold of a human embryo of 5 cm. head-foot

length. (Embryo R. Meyer 272, from the collection of Professor R. Meyer, Berlin; slide 2, row 1, section

2.) The mesonephric fold is incompletely divided into three portions by a groove in its dorso-lateral sur-

face and by the narrowing of its base; the tube portion with the transverse section of the Miillerian duct,

the gland portion with the transverse section of the excretory duct and the mesonephric tubules, and the

mesentery portion. The mesonephric fold is beginning to grow around the reproductive gland portion.

the tubar portion and this only in the cranial region of the fold.

The separation of the tubar portion begins in embryos of 13 mm.
greatest length. It is the most freely movable portion of the

mesonephric fold and this mobility serves to explain the peculiar

wandering of the ostium abdominale which occurs later on.

A third change is in the course of the urogenital folds. Orig-

inally both folds lie parallel to the vertebral column, as may be
seen from the parallel course of both mesonephroi in an embryo of

9 mm. greatest length (Fig. 565) ; but as soon as new organs
appear between them in the middle line, they become displaced.

Already the influence of the suprarenal bodies may be seen in an
embryo of 9.5 mm. greatest length, the two folds, which originally

lay close together, becoming forced apart. What is begun by the
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suprarenal bodies is continued by the metanepbroi ; they displace
the two mesonephric folds still more laterally. We have seen
above that at first the whole posterior body wall was invaginated
into the body cavity as the urogenital folds. The folds can only
be displaced laterally by a broadening of the posterior body wall
and an increase in the frontal diameter of the body cavity. The
increase occurs apparently in the middle line, since the topographic
relations between the urogenital fold and the lateral body wall

Pericardium

Right lung
Left lung

Diaphragm

Vena cava inf.

Diaphragmatic
band of

mesonephros

Superior recess
of omental sack

Cranial
sagittal portion

of the meso-
nephric fold

Root of
mesentery

Horizontal
portion of the
mesonephric

fold

Caudal sagittal
portion of the

mesonephric fold

'Parietal] layer,of
> perito-

.Visceral ) neum

Diaphragm

Diaphragmatic
band of
mesonephros

Genital fold

Mesonephric fold

Suprarenal body

Inguinal fold and first bend
of the mesonephric fold

Second bend of the
mesonephric fold

Trigone of bladder

Primitive true pelvis-

Aa. umbihcales

Fig. 552.—Model of the posterior abdominal wall of a human embryo of 19.4 mm. greatest length.

(Embryo Ma. 2, from the collection of Professor Hochatetter, Berlin. The model was prepared by my
students Massard and Chom^.) The visceral layer of peritoneum la shown cut and one sees the superior

recess of the omental sack. The urogenital fold is divided as far aa ita upper and lower ends into the meso-
nephric and genital folds. The mesonephric fold is bayonet-shaped and an upper sagittal, a horizontal and
a lower sagittal portion, and a first and second bend may be distinguished. At the first bend the mesone-
phric fold is connected with the anterior abdominal wall by the inguinal fold. Between the aa. umbilicalea,

which still run horizontally, is the bladder plate.

do not alter, as is shown in Figs. 547-551. Caudal to the meta-

nephros the enlarging force ceases, and in this region the frontal

diameter does enlarge and the urogenital fold is not displaced.

The occurrence of a displacement above and its absence below

necessarily produces a bend of the fold. This is a double bend,

and the fold acquires by it a bayonet form; there may be distin-

guished an upper sagittal, a middle transverse and a lower sagittal

portion (Fig. 552). The more the suprarenal bodies and the

metanephroi grow later on, the more they cause the upper sagittal

portion of the fold to assume an oblique position. The mesentery
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V. lumbalis
opening in-

to V. cardi-
nalis post.

Fig. 553.—Transverse section of a human embryo of 19.4 mm. greatest length, at the level of the 21st

spinal ganglion. (Embryo Ma. 2; slide 58, row 2, section 1, From the collection of Professor Hochatetter,

Vienna.) The section is intended to show the topographic relations of the abdominal viscera. The stomach
has begun to twist to the left and, with the spleen, is in contact with the left urogenital fold. The two uro-

genital folds are still symmetrically placed; they are divided into the mesonephric and the genital folds.

Between the two urogenital folds are the adrenal bodies; behind these lie the metanephroi, surrounded by a
very loose tissue.

of the genital fold is fully formed only in the region of the upper
sagittal portion and this alone obtains from it a great mobility and
consequently alone can yield to the pressure of the neighboring
organs. The liver, which grows but does not undergo displace-

ment, does not exert the slightest influence on the urogenital fold,

but, on the other hand, both the stomach and intestine alter their
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position and both must therefore influence the position of the
urogenital fold. The stomach, and with it the spleen, becomes
displaced to the left side and is rotated; the large coil which be-

comes the large intestine tends for the most part to the left, and,
consequently, both it and the stomach will affect the left urogenital
fold, the descending colon coming to lie on its medial side, while
the ascending colon runs from the beginning on the lateral side of

the right fold. The left urogenital fold yields to the pressure of

the stomach and intestine and is displaced by it further in the same
direction as it was forced by the suprarenal body and metanephros.
This displacement may be carried to such an extent that the upper
sagittal portion of the left fold comes to lie horizontally and,

therefore, can no longer be distinguished from the horizontal por-

tion. This displacement I observed first in an embryo of 29 mm.
greatest length ; from that stage onward it was usually to be made
out in embryos of both sexes.

The influence of the intestinal tract in displacement may, of

course, be stronger and may therefore produce anomalies of devel-

opment. It will be seen in the following paragraph that the lower

. sagittal portions of the two urogenital folds unite throughout their

whole length in the median line ; the extent of the union may be

lessened or quite prevented by an abnormal influence on the part

of the intestine. This gives a possibility for the explanation of

double formations of the uterus. In the same way the pressure

of the stomach and intestine may give the reproductive gland a

position in which it cannot effect the connections made in normal

development; I refer, principally, to the connection of the testis

with the inguinal fold, whose failure results in a failure of the

testis to enter the inguinal canal.

A fourth change affects the caudal sagittal portion of the

urogenital fold. In this region the two folds come together and

fuse, and by this fusion a frontal partition is formed, which divides

the primitive pelvis into a ventral and a dorsal half; this frontal

partition is termed the genital cord (tractus genitalis) ; it fuses

with the floor of the body cavity and the partition is thus a com-

plete one. In Fig. 554 a, b and c three sections through the lower

portions of both urogenital folds are shown ; the mesonephric and

reproductive folds are separated, merely a thread-like mesogeni-

tale uniting them; the tubar portion and the lateral part of the

gland portion are thrown into an angle directed towards the

medial part of the gland portion and bend around the ventral sur-

face of the reproductive gland ; they are, however, still far from

the median line. In section h the mesonephric folds are nearer

together and in c their union has occurred. The formation of the

genital cord takes place in embryos between 19.4 and 21 mm.

greatest length ; the upper edge of the genital cord lies at the level



792 HmiAN EMBRYOLOGY.

Ureter

Mesonephric fold

Bladder M. rectus abdom.

Fig. 554 a, b, and c.—Three transverse sections through a human embryo of 30 mm. trunk length.

(Embryo R. Meyer 273, from the collection of Professor Meyer, Berlin; slide 11, row 4, section 2; slide 13,

row 5, section 2; slide 14, row 5, section 2.) The three sections show the formation of the genital cord.

The legends have been arranged so that different structures are indicated in each section and the reader

should first study the legends in all three figures, o. The mesonephric fold bends between the tubar and
gland portions at a right angle and is growing around the reproductive gland, so that the left and_ right

mesonephros come to lie in the same frontal plane. The excretory duct and the tube are shown in the

mesonephric fold. The originally lateral tube comes to Ue medially, as a result of the bending of the fold.

N. femoraljs

Inguinal fold

b. An evagination (the inguinal fold) extends from the mesonephric fold between the bladder and the
lateral wall of the body to unite with the posterior surface of the anterior abdominal wall (in Fig. c it is cut
throughout its entire length). The right and left mesonephric folds have come nearer together.

of the lower border of the third lumbar vertebra (embryos of 36

mm. greatest length), but later a passive displacement to the lower
border of the fourth or even the fifth lumbar vertebra may occur.
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The genital cord seems to be formed at once throughout its entire
length, since the upper boundary is found at the same place in all

embryos of this period.

Sexual differences appear with the formation of the genital

cord. Pig. 554 c is taken from a female embryo and in it one

sees a distinct excavatio vesico-uterina between the genital cord

and the bladder; in male embrj-os the mesonephric folds,

approaching one another in the median line, at once unite with the

wall of the bladder and they, therefore, do not possess a vesico-

uterine pouch (Fig. 555).

A fifth and last change in the urogenital fold is brought about

by its connection with the lateral, later the anterior, abdominal

A. iliaca commun

Genital cord

A. femoralis

Saccus vaginalis A. umbilicalis
Mesentery of bladder

c. The two mesonephric folds have united in the middle line to form the genital cord. By this and
the two inguinal folds the body cavity is divided into four parts,—the excavatio recto-uterina between the
posterior body wall and the genital cord; a space between the genital cord, the posterior wall of the bladder
and the inguinal folds, from which the excavatio vesico-uterina and the medial part of the saccus vaginalis
(see section on descensus) are formed; and two lateral spaces between the plica inguinalis and the lateral
abdominal wall, which become the lateral part of the saccus vaginalis.

wall. Already in an embryo of 13 mm. greatest length a knob-
shaped growth, the inguinal fold, forms at the first bend (Fig. 552).

In sections it resembles the anlage of the reproductive gland, which
lies on the medial side of the urogenital fold, except that it is a

true growth and is not, like the reproductive gland, grooved out

of the fold. The growing inguinal fold very soon reaches the

lateral abdominal wall in its dorsal half and then unites with a

ridge of the wall which I shall call the inguinal crest (Fig. 556 a

and b). By this union the horizontal portion of the urogenital

fold becomes dependent from the lateral abdominal wall; as a

result changes in the position of the urogenital folds must ensue.
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The anterior abdominal wall is now almost horizontal ;
immediately

at the oral slope of the genital tubercle the ectoderm of the surface

of the bodv passes directly over into the wall of the umbilical cord.

In Fig. 557 a median section of an embryo of 24 mm. vertex-breech

length is shown; the outer contour of the body extends from the

tip of the tail over the anal and urogenital orifices to the phallus,

and at the cranial surface of this it bends around and passes over

into the caudal surface of the umbilical cord. Later, on the closure

of the wide umbilicus, the anterior abdominal wall is bent upward

and becomes horizontal. That is one of the changes. The other

Bladde

Syraphysis-

Phallus

Orifice of sinu

Rectum

Fig. 555.—Median section of a human embryo of 50 mm. head-foot length. (Embryo R. Meyer
257, from the collection of Professor R. Meyer, Berlin; slide 16, row 3, .section 1.) X 8. On the develop-
ment of the genital cord the first indication of a sexual difference appears. In the male the two mesone-
phric folds fuse with the posterior wall of the bladder before they unite to form the genital cord, and this
fusion persists also after the union. The urogenital sinus is cut lengthwise: the anterior border of its ex-
ternal orifice reaches already the coronary sulcus of the glans. Between the external orifice of the sinus
and the anus the aboral periphery of the phallus and the perineum are beginning to form.

is best seen by comparing the position of the m. rectus abdominis
in embryos of different ages; as soon as muscle fibres are to be
made out, the muscle lies in the middle of the lateral wall of the

body, so that to acquire its definitive position it must be pushed
along the abdominal wall to the median plane. It may, in brief,

be said that the anterior abdominal wall is pushed in two direc-

tions, on the one hand cranially and on the other medially. The
pushing takes place during the division of the urogenital fold

into the reproductive and mesonephric folds and during the de-

velopment of the dilTerent parts of the latter. The inguinal fold

thereby arises finally from the tubar portion of the mesonephric
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Urogenital fold

Inguinal crest

Intermuscular
part of gubernac.

' limb

Fig. 556 a and h.—Transverse section through the urogenital fold at the level of the inguinal fold

in a human embryo of 22.5 mm. greatest length. (Embryo R.. Meyer 303, from the collection of Professor

E,. Meyer, Berlin; slide 34, row 2, slide 1 and row 4, section 1.) a. Passes through the inguinal crest and the

intermuscular part of the chorda gubernaculi. Bl., bladder. 6. Shows the union of the inguinal fold with

the inguinal crest, by which the urogenital fold becomes united with the lateral abdominal wall.

Umbilicus

Fig. 557.—Median section of the lower half of the body of an embryo of 24 mm- vertex-breech length.

(Embryo Hal. I, from the collection of the I Anatomical Institute, Vienna [Professor Zuckerkandl] ;
slide

44, row 1, section 2.) The urethral plate is reconstructed from four sections. An anterior body wall does

not yet exist; the umbilicus begins immediately at the oral slope of the phallus.
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fold (Fig. 554 b and c). The wanderings of the anterior abdominal

wall will affect the tubar portion and the adjacent part of the gland

portion, and we may theoretically assume a wandering of the

tubar portion, such as actually takes place in the formation of the

genital cord. If the formation of the anterior abdominal wall is

disturbed or delayed an effect upon the formation of the genital

cord is possible, and herein is a second possibility for double for-

mations of the uterus.

The Mesonephros.

GENERAL.

The mesonephric tubules develop after the pronephric. They
are formed from the same parent tissue, the stalks of the primitive

segments, in almost the same segments, and they make use of the

same efferent canal, the primary excretory duct. Comparative

embryology teaches that the mesonephric tubule, like the pro-

nephric one, is a composite structure. A mesonephric segment

consists of a principal and a supplemental tubule, the former being

an evagination of the parietal layer of the primitive segment stalk,

while the latter is the lateral portion of the segment stalk itself.

From the supplemental tubule there are formed the mesonephric
chamber, in this case termed Bowman's capsule, and the nephros-

tome canal, the distinction between the two resulting from the

enlargement of the medial portion of the supplemental canal to

form Bowman's capsule. This is invaginated by a vascular glome-

rulus, whose efferent stem arises directly from the aorta. A com-
parison of this account of the development of the mesonephric
tubule with that given on p. 759 for the pronephric tubule will

show a complete correspondence. The development of the meso-
nephric tubule might have been illustrated by printing for a second

time the plan of the pronephric segment, modification being neces-

sary only in two particulars, the formation of the collecting duct

and the external glomerulus. If then the correspondence between
the two sets of tubules is so close, how are they distinguished 1

In three ways : 1, by their appearance before or after the excretory

duct ; 2, by the presence or absence of an external glomerulus, and
3, by the point of origin of the principal tubule from the stalk of

the primitive segment.

Let us first consider the last point. The principal tubules

of the mesonephros arise more medially than do those of the
pronephros. This difference does not, however, suffice in all cases

for a differential diagnosis of the two kinds of tubules. If a pro-
nephric and a mesonephric tubule are formed in the same segment
and if, furthermore, the anlage of the mesonephric tubule appears
while the pronephric tubule is still present, then it is possible to
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distinguisli the two by their position, the pronephric tubule lying
lateral, nearer to the lateral plate, the mesonephric one medial,
nearer to the primitive segment. But whoever has studied the
development of the two provisional excretory organs in the verte-
brate series naust admit that these two conditions are very rarely
fulfilled. If in a given segment only one excretory tubule is
formed, or if the pronephric tubule is completely degenerated be-
fore the mesonephric one appears, then the position of the princi-
pal tubule under consideration, with reference to the primitive
segment stalk can give no conclusive evidence as"to its character,
and this for the following reasons : The supplemental tubule, which,
according to the account given above, is the same structure in both
the pronephric and mesonephric tubules, may with advancing de-
velopment be partly taken up into the lateral plate or into the
body cavity derived from it. If this shortening of the supple-
mental tubule occurs before the mesonephric tubule is formed, the
origin of the principal tubule of the latter may apparently lie at
the very spot where that of the pronephric tubule should occur,
namely quite laterally and close to the wall of the body cavity,

in some cases, inde'ed, at the wall. As to the second distinction

between the two tubules the following may be said : The occurrence
of external glomeruli is distinctive for the pronephros; their

absence, however, is no evidence that a tubule must be a meso-
nephric one, since the glomerulus may also be wanting to a pro-
nephric tubule. I have expressly stated above that the external

glomerulus is characteristic of the pronephros and not of a pro-

nephric tubule ; it is quite independent of its tubule and is merely
invaginated into the body cavity beside it. This independence
of the external glomerulus is shown by the fact that it degenerates
independently of the other constituents of the pronephric segment;
it always degenerates, but frequently only when the pronephric

tubule has already vanished and the mesonephric tubule has devel-

oped. An external glomerulus may therefore occur beside a meso-

nephric tubule as well as beside a pronephric one, and its presence

is no decisive evidence as to the character of the tubule occurring

in the same segment with it. It tells that in a given animal a

pronephros was present, but it does not say that the tubule occur-

ring beside it is a pronephric tubule.

There thus remains as a distinctive indication of whether a

tubule is mesonephric or pronephric only the first point, its rela-

tion to the excretory duct. Whatever tubules are developed before

or simultaneously with the excretory duct are pronephric, those

formed after it are mesonephric. This difference can only be

determined embryologically, it is of no avail in the case of devel-

oped tubules. It is not possible, therefore, on the first study of

a fullv formed organ to determine whether it is pronephric or
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mesonephric ; but if by earlier studies the limits of tlie two organs

have been determined and we know how far caudally the pro-

nephros and how far cranially the mesonephros extends, then, with-

out any further evidence, we may speak of pronephric or meso-

nephric tubules in the case of segments in which only one kind

occurs ; in all other segments the determination must rest upon a

study of the development.

In those vertebrates in which the pronephros extends the entire length of the

body cavity, it is at 'once evident that the pronephric tubules foi-m a first and the

me.sonephric a second generation of excretory tubules. The mesonephric tubules

are, accordingly, something new, distingaiishable from the pronephric tubules; it

will occur to no one to regard the fruit of one year as of the same generation as

that of a preceding year. In the vertebrates in which the pronephros is short-

ened, the matter is not so clear; indeed, it may be so obscure that one is led so far

astray as to regard the pronephric and mesonephric tubules as equivalent parts of

a single system. All investigations that have led to this estimate of the meso-

nephric tubules have been made on vertebrates with a shortened pronephros. Who-
ever examines the development of the pronephros and mesonephros throughout the

whole series of vertebrates cannot for a moment doubt that the pronephric and
mesonephric tubules are membera of two different systems.

So far as man, in particular, is concerned, the conditions are

more favorable for a distinction between the pronephric and meso-
nephric tubules. Man has such a high grade of organization that

the excretory organ has a long developmental path to traverse

before it reaches its completion. This path is shortened by the

pronephros developing only rudimentarily. So far as is yet

known, no human pronephric tubule develops an internal glome-
rulus, and, so far as known, every mesonephric tubule, even the

most cranial ones that at once undergo defeneration, develops one.

In the presence or absence of an internal glomerulus in the Mal-
pighian corpuscles of the human mesonephros we have, then, a
means, important because it is so readily made out,, of determining
the mesonephric character of a tubule.

THE PARENT TISSUE OF THE MESONEPHRIC TUBULES.

The parent tissue of the mesonephric tubules is furnished
by the primitive segment stalks. In describing the development
of the pronephros the process of segmentation of the mesoderm has
been considered. It presents two phases. The first phase, that

of transverse division of the mesoderm, brings about the formation
of the primary primitive segments, the second, that of the sagittal

division, divides the primary segments into the secondary segments
and the segment stalks (Fig. 520 a, h and c). In man the process
of segmentation does not take place quite according to rule. In
an embryo with 13-14 primitive segments all three mesodermal
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structures, the secondary segment, the segment stalk and the

lateral plate, are developed in the first ten segments, but from the
eleventh on, while the longitudinal divisions occur in the old direc-

tion, the transverse ones no longer occur lateral to the region of

the secondary primitive segment, so that while there are well-

defined secondary segments, there are no distinct primitive seg-

ment stalks. The segment stalks, cut out as a whole from the

mesoderm, form what is termed the nephrogenic cord. In an
embryo with 23 pairs of primitive segments (Fig. 531 a) this cord

not only extends throughout the entire segmental region, but also

through a portion of the unsegmental one to the region of the

cloaca; in other words, the segmentation process in the posterior

portion of the embryo passes through two phases, but they are in

inverted order. The sagittal divisions, which originally formed
the second phase, occur first and separate, at first incompletely,

the lateral plate, nephrogenic cord and primitive segment plate;

the transverse divisions, originally the first, now succeed as the

second phase, but they only divide the primitive segment plate

into the individual secondary segments, the nephrogenic cord re-

maining undivided. In an embryo of 4.25 mm. vertex-breech

length and with 28 pairs of primitive segments the nephrogenic

cord extends to the 28th segment, in any case as far as the point

where the primary excretory duct applies itself to the wall of the

cloaca ; here the cord appears somewhat thickened, its caudal end

being lost in the as yet undivided mesoderm of the tail. In no

embryo is the nephrogenic cord present in its full extent, for while

it is growing caudally it is dividing at its cranial end into the

anlagen for the individual mesonephric tubules.

The primary excretory duct in the pronephric territory lay

lateral to the primitive segment stalk. It retains this position in

its growth caudally and accordingly lies lateral to the nephrogenic

cord (Figs. 558 a, 559 and 562).

The nephrogenic cord in an embryo of 5.3 mm. greatest length

and 4.6 mm. nape length is interrupted in the 26th or 27th segment

(3rd or 4th lumbar segment). The compact cord, which is rather

sharply marked off from the surrounding mesenchyme, becomes

looser in this region, its cells separate from one another and,

finally, are no longer to be distinguished from those surrounding

it. Thus the cord becomes divided into two unequal portions, a

long cranial one, from which the mesonephric tubules develop, and

a short caudal one, from which the metanephric tubules arise.

Following Schreiner (1902) the two portions may be termed the

mesonephrogenic and the metanephrogenic cords. Nothing is to

be seen of the division of the nephrogenic cord in an embryo of

4.9 mm. nape-length ; in one of 5.3 mm. greatest length it is com-

pleted.
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FORMATION OF THE MBSONBPHRIC TUBULES FROM THE
MESONEPHROGENIC CORD.

Immediately after its formation the nephrogenic cord becomes

divided, at first only at its cranial end, into a series of spherical

masses of cells. In an embryo of 2.5 mm. greatest length and with

23 pairs of primitive segments, anlagen of mesonephric tubules

are present in the 13th, 14th and 15th segments, i.e., in the 2nd,

3rd and 4th thoracic segments (Fig. 531 a). In this embryo

neither has the nephrogenic cord completed its growth caudally,

nor has the excretory duct reached the cloaca. In an embryo of 4.25

mm. vertex-breech length and with 28 pairs of primitive segments,

mesonephric anlagen occur as far back as the 26th segment, i.e.,

as far as the third lumbar segment, and this caudal limit is not

exceeded at first. In this embryo the growth of the nephrogenic

cord is completed and the excretory duct has reached the cloaca.

The formation of the mesonephric tubules is, accordingly, com-

pleted in a rather short space of time ; they are formed almost at

a stroke. The mesonephros, however, grows not only caudally,

but also at first cranially. In an embryo of 2.5 mm. greatest length

the first mesonephric tubule lay in the 2nd thoracic segment, in

one of 4.25 mm. vertex-breech length and in one of 4.9 mm. nape

length the first tubule was in the 7th cervical segment, and, finally,

in one of 5.3 mm. greatest length in the 6th cervical segment;

cranial to the 6th cervical segment I have found neither anlagen

of mesonephric tubules nor tubules in process of degeneration.

Details of the development of the mesonephros may be obtained

from the appended table. Its anlage extends over 18 segments,

from the 6th cervical to the 3rd lumbar, and in these eighteen seg-

ments there are developed in maximo 83 tubules; this number I

have obtained by estimating from the table and adding together the

maximal number of tubules occurring in each segment. The dis-

tribution of the tubules among the various segments is unequal,

as will be seen from the table, but 28 occur in the last 4 segments.

Since the pronephros extends from the 5th cervical to the 3rd

thoracic segment, mesonephric tubules occur throughout almost

its whole territory. Why cannot these later cranial mesonephric
tubules be pronephric? At first they are not connected with the

primary excretory duct and might therefore represent degenerat-

ing pronephric tubules, similar to those which actually occur in the

6th segment of the embryo of 4.25 mm. nape length and in the

5th and 6th segments of the embryo of 4.9 mm. nape length. The
tubules, however, that I have regarded as mesonephric, are all in

statu nascendi, they do not differ in any respect from what are

undoubtedly mesonephric tubules in the more posterior segments
and they also later acquire a connection with the primary excre-

tory duct.



Table Showing the Length (Expressed in Segments) of the Mesonephros, and the Number and

Embryo
c mm

1

4.25' 4.9' 6.S'- 7.0 7.8 9.5
4/-, mm

r

11

Piatt 1

Position of the Mesonephric Tubules

12.5 """^ 13.0""^

r r

17' ^ a mm

r

19.4 21

I

EXPLANATION OF PLATE.
The mesonephros may be situated in the region between the fifth cervical and the third lumbar

segment. These segments are given in the first vertical column. In the lower thoracic and the lum-
bar segments the tubules are placed more closely, and consequently the intervertebral regions are indicated
by the fractions y\, ||, etc The completely developed tubules are indicated by Arabic numbers and a
cross (X) denotes a developing tubule. The Roman numerals denote tubules that are in process of
degeneration, and dots indicate tubules of which it is uncertain whether they belong to the pronephros
or mesonephros.

j

The extent of the various mesonepl

no comparison of absolute lengths. Th

of 5.3 mm. and the caudal in one of 7

degeneration sets in at the cranial end,

cranial outline of the mesonephros gradi

roi is shown in terms of the segments, and there is, accordingly,

table shows that the mesonephros, followed through embrycs
of different ages, grows both cranially sad caudally. The cranial growth is completed in an embryo

mm. Immediately on the completion of the cranial growth,
From embryos of 5.3 mm. to those of 21 mm. one sees the

ally sinking. At first the organ extends throughout the lower
cervical, the thoracic, and the first three Nmbar segments; eventually it is Hmited to the lumbar segm,ents.
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Nephrogenic cord

Primary excretory duct

Ccelom

3»i

Fig. S68 a and 6.—Transverse section of a liuman embryo of 2,5 mm. greatest length and with 23 pairs
of primitive segments, at the level of the 13th segment. (Embryo R. Meyer 300, from the collection of
Professor R. Meyer; slide 12, row 4, section 5.) X 317. The section passes through the nephrogenic cordm the interstitium between two anlagen of mesonephric tubules. The primary excretory duct lies on the
outer surface of the cord as a semilunar structure.

Primary excretory duct

Aorta

ST.*

'Aniage of V. cardinalis post.

Remains of nephrogenic cord

^ «

Fig. 559.—Transverse section of a human, embryo of 2.5 mm. greatest length, and with 23 pairs of

primitive segments, at the level of the 13th segment. (Embryo R. Meyer 300, from the collection of Pro-
fessor R. Meyer, Berlin; ahde 12, row 4, section 6.) X 317. The section passes through the middle of a
mesonephric vesicle ; the entire nephrogenic cord is not used in the formation of a mesonephric tubule, but
a portion of it, situated laterallj' or ventrally, persists for a time as a rudimentary nephrostome canal. Lat-
eral from the tubule is the semilunar primary excretory duct and the aniage of the V. cardinalis posterior.
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The anlagen of the mesonephric tubules are from the first

dysmetameric, as many as four occurring in a segment ; details as

to the numbers are given in the table facing p. 816. This is not

remarkable since the parent tissue has already lost all traces of

segmentation.

In the anterior segments, which are somewhat larger than

the posterior ones, the anlagen appear as spherical vesicles in

which no distinct lumen is yet visible ; in the posterior segments

23rd primitive segment

Primary excretory duct-

Mesonephric tubule 21

Mesonephric tubule 20

Mesonephric tubule 19

Coelom of lateral plate'

Mesonephric tubule 17

Mesonephric tubule 16

Mesonephric tubule 15

Primary excretory duct-

18th primitive segment

,22nd primitive
segment

21st primitive
segment

.20th primitive
segment

19th primitive
segment

18th primitive
segment

Fig. 560.—Frontal longitudinal section of a human embryo of 4.25 mm. vertex-breech length and with
28 pairs of primitive segments. (Embryo H. M. 1, from the collection of the Anatomical Institute, Zurich;

399, J. 13, row 4, section 5.) X 150. The section shows the positions of the mesonephric tubules relative

to one another and to the body segments. On the left side only mesonephric vesicles are represented and
on the right side only primitive segments. No cells occur between the various mesonephric vesicles.

they are more cubical on account of mutual pressure. Figs. 558

and 559 represent sections through the mesonephric region of an
embryo of 2.5 mm. greatest length and with 23 pairs of primitive

segments. Fig. 558 passes through the anterior wall and Fig.

559 through the middle of the third mesonephric vesicle. One sees

from both sections that the mesonephric anlage does not exhaust
the entire mesonephrogenic cord; a lateral portion remains to

form a solid union with the lateral plate and it corresponds to a



DEVELOPMENT OP THE URINOGENITAL ORGANS. 803

nephrostome canal. In both figures the primary excretory duct
lies lateral to the mesonephrogenic cord. The contour of the

vesicle projects beyond that of the mesonephrogenic cord, com-
presses the excretory duct to a semilunar structure, presses it

outwards, thins out the adjacent ectoderm and bulges it out. This
prominence of the mesonephric vesicle is the commencing develop-

ment of the principal tubule.

The section shown in Fig. 560 passes through the 15th to the

21st mesonephric anlagen of an embryo of 4.25 mm. vertex-breech

length and with 28 pairs of primitive segments. On the right side

of the figure only primitive segments have been cut, and on the

left side only mesonephric vesicles. One sees the mutually flat-

tening, almost quadrangular mesonephric anlagen so closely

apposed that there is scarcely room between them for a single cell.

A comparison of the right and left sides of the figure shows the

dysmetamerism of the anlagen.

The mesonephric vesicles now undergo a series of modifica-

tions, which succeed one another in a cranio-caudal direction. I

give a diagramatic representation of them in Fig. 561. The sphere

or cube (Fig. 561 a) first becomes an olive-shaped vesicle by becom-

ing hollow and by the lateral growth of the principal tubule (Fig.

561 h), the free end of this latter unites with the primary excretory

duct (Fig. 561 c), and the original mesonephric vesicle enlarges,

its wall at the same time becoming thin, to form a structure resting

upon the principal canal just as the transverse bar of the letter

T rests upon the upright. The transverse bar has a cranio-oaudal

direction, which is not shown in Fig. 561 c. In the angle between

the upright and transverse bars the glomerulus appears, sometimes

lying on the cranial and sometimes on the caudal side of the

upright ; the part of the transverse bar with which the glomerulus

is associated later becomes much more strongly developed than the

other part. Once the connection with the primary excretory duct

is accomplished and the anlage of the Malpighian corpuscle is

laid down, the tubule begins to bend (Fig. 561 d). The result is

two loops with a limb in common (Fig. 561 e). The lumen of the

tubule appears first at its medial end and thence extends through

the entire tubule to its opening into the primary excretory duct.

Of the three limbs the most ventral one situated toward the sum-

mit of the mesonephric fold (Fig. 562) becomes the Malpighian

corpuscle, from the common limb there is formed a portion of the

tubule which we shall term the secretory tubule, and from the

third, dorsal limb another portion of the tubule, the collecting

tubule (Fig. 561 e). Fig. 562 shows the general topography of

a mesonephric tubule ; the section passes through the 16th right

(on the left in the figure) and the 18th left mesonephric tubules

of an embryo of 4.9 mm. nape length. The mesonephric fold is
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Lateral
1 Medial

Excretory duct

almost completely filled by the tubule, which, shows its S-shaped

bends and the commencing transformation of the ventral limb into

the Malpighian corpuscle. The primary excretory duct lies quite

laterally in the fold and beneath it is the forming v. cardinalis

posterior.

As to the details of development the following may be noted. In an embryo

of 2.5 mm. greatest length and with 23 pairs of primitive segments there were 8

anlagen of mesonephric tubules, all in the vesicle stage.

In an embryo of 4.25 mm. vertex-breech length and with 28 pairs of primitive

segments, of the 28 righttand 29 left mesoneph-

ric anlagen the two first were in the olive-

shaped stage (rig. 561 b), all the rest were

round or flattened vesicles. None of the anlag'en

are connected with the primary excretory duet.

In an embryo of 4.9 mm. nape length

and with 33-S5 pairs of primitive segments

there were 36 tubules, and of these the 1st to

the 18th have an S-shape (Tig. 561 e), the 19th-

20th the fonn shown in Fig. 561 d, the 21st-33rd

are olive-shaped, and the 34th-36th have a round

vesicular form; the 35th and the 36th are

connected by remains of the nephrogenic tissue

and the 36th is not yet separated on its caudal

side from the nephrogenic cord. The 1st to the

25th tubules are connected with the primary

excretory duet, the 26th-34th have grown to-

ward the duct and are in apposition with it, the

35th and 36th are still free. In the 2nd-12th

tubules there is a developed Malpighian corpus-

cle, in the 13th-18th tubules the corpuscle is

forming.

In an embryo of 5.3 mm. greatest length

and with 36 pairs of primitive segments there

were 32 tubules, and of these the first 25 are S-

shaped, the 26th-28th olive-shaped, the 29th-

31st are round vesicles and the 32nd is not yet

fully differentiated. The lst-20th tubules open

into the excretory duct, the 21st-24th are in

contact with it, the 25th-32nd are still free.

Tubules 1-4 are provided with Malpighian

corpuscles.

In an embryo of 7 mm. greatest length

of the 31 tubules the lst-25th were S-shaped,

the 26th-31st olive-shaped. All 31 tubules were

connected with the primary excretory duet.

Tubules 1-28 showed Malpighian corpuscles (Fig. 565).

In an embryo of 9.5 mm. greatest length all the tubules were S-shaped, all

opened into the primary excretory duct and all possessed Malpighian corpuscles.

"With the appearance of the typical S-shape the mesonephric
tubule has essentially completed its development; what follows

is an elongation of the individual limbs and their histological dif-

ferentiation. Fig. 563 shows all parts of a mesonephric tubule

in the same section. The Malpighian corpuscle has become a large

Malpighian corpuscle

Fig. 561 a, 6, c, d and e.—Diagrams
showing the development of the individual

mesonephric vesicles, a. Solid vesicle. 6.

Appearance of the lumen and growth of the
principal tubule towards the primary excre-

tory duct. c. The principal tubule reaches
the excretory duct. d. Beginning of forma-
tion of the Malpighian corpuscle and the
secreting and collecting tubules, e. Develop-
ment completed.
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12th spinal ganglion

.

15th primitive segment

16th mesonephric
tubule

V. umbilicalis
dextra

I5th primitive segment

—'13th spinal ganglion

16th primitive
segment

18th mesonephric
tubule

19thmesOnephric
tubule

V. umbilicalis
sinistra

Venous, branches^

A. umbilicalis, sinistra

26tb primitive segment—
27th primitive segment

Fig. 562.—Transverse section of a human embryo of 4.7 mm. vertex-breech length, 4.9 mm. nape

length, and with 33-35 pairs of primitive segments. (Embryo 137, G. 31, from the collection of the II

Anatomical Institute, Berlin, Professor 0. Hertwig; slide 12, row 2, section 1.) The^sectiou shows in its

upper part the position of the completely developed mesonephric canal in the urogenital fold and the size

of both relative to the entire embryo. In its lower part it still shows the nephrogenic cord plainly, on the

left it is in process of breaking up. In the cloaca the rectal_portion is beginning to differentiate from the

urogenital sinus portion.

vesicle that is invaginated by the vascular glomerulus only at a

limited region. The Bowman's capsule would enclose the glome-

rulus twice over; the smallness of the glomerulus in contrast

with the size of the capsule must be taken as a characteristic of the

human mesonephros. In the 22nd tubule only the edge of the

vascular glomerulus is cut; in the 23rd tubule it is more distinct.

The section through the corpuscle of the 24th tubule goes through

a point where there is no invagination. All the vesicles are lined
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on their parietal wall by a flattened epithelium; the visceral epi-

thelium, which covers the glomerulus, is of a low cubical form.

At the transition of the capsule into the secretory tubule the

lumen of the Malpighian corpuscle diminishes and the flattened

epithelium becomes cubical and finally cylindrical. The most char-

acteristic feature of the secretory tubule, in addition to the cylin-

.«Mk

Secreting
tubule

Primary
excretory

duct

22nd Malpighian
corpuscle

23rd Malpighian
corpuscle

24th Malpighian
corpuscle

Reproductive gland area

Fig. 663.—Transverse section of the urogenital fold of a human embryo of 9.5 mm. greatest length

and with 38-39 pairs of primitive segments. (Embryo Ma. 3, from the collection of Professor Hochstetter,

Vienna; slide 12, row 1, section. 1.) X 175. The section passes through the 10th thoracic segment. In

the fold there succeed each other in the dorso-ventral direction the v. cardinalis post., the complete 22nd
tubule, a section of the Malpighian corpuscle of the 23rd tubule and a section through a portion of the

Bowman's capsule of the 24th tubule, without any vascular glomerulus. From the Bowman's capsule of

the^tubule the[secretory tubule gradually develops, it ascends upwards for a short distance and then bends
medianly almost at a right angle, enlarges, and again bends around and runs as the collecting tubule to

the primary excretory duct. At the point where it bends around to become the collecting tubule it makes
a smalliloop and here the tubule appears to be interrupted, the ends of the secretory and collecting tubules

appearing^^in section. The 14th mesonephric artery arises from the aorta, but it cannot be followed further.

The reproductive gland anlage is of great extent, but has not yet begun to proliferate.

drical form of its .cells, is their clear appearance. Tlie cell boun-

daries become distinct, the oval nucleus passes into the basal half

of the cell and the other half becomes eosinophilic. Very fre-

quently the secreting tubule enlarges in a spindle-shaped manner,

as is shown in Fig. 563 ; on the other hand, the transitional region

into the Malpighian corpuscle and the collecting tubule always

remain narrow. The epithelial differentiation is already indi-
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cated in an embryo of 5.3 mm. greatest length in the anterior
tnbnles, the spindle-shaped enlargement was first seen in an em-
bryo of 8 mm. nape length. The transition of the secreting tubule
into the collecting one does not fall within the section. At this

point the tubule of older embryos forms a loop directed either

cranially or caudally. This is the only change that occurs after

the tubule has acquired its S-shape. I have studied 200 models

17th primitive
segment

V. cardinalis
post.

Primary ex-
cretory*duct

lOth'nieFonephric
tubule

Transition to
mesentery

Urogenital fold

Fig. 564 a and b.-—Transverse section of the mesonephric fold

of a human embryo of 4.9 mm. nape length at the level of the 14th
primitive segment. (Embryo 137, G. 31, from the collection of the
II Anatomical Institute, Berlin, Professor O. Hertwig; slide 13, row
1, section 3.) / 150. The figure shows distinctly a mesonephric
coelomic funnel. It probably is in connection with a rudimentary
nephrostome canal, but its lumen is not continued into the lumen'of
the tubule.

of mesonephric tubules from the most different stages of develop-

ment, and in none of them have I found any coiling of the tubule.

Consequently the reconstruction of a tubule which I show in Fig.

192 of my contribution to Hertwig 's Handbuch der vergleichenden

und experimentellen Entwicklungsgeschichte (1905), taken from

KoUmann, must represent a very exceptional rarity. The collect-

ing tubule runs almost straight to the primary excretory, duct and

is lined by a dark, cubical epithelium.

Later, when the various parts of the tubules increase in thick-

ness they no longer find sufficient room to lie beside each other in

the transverse plane and they become displaced either caudally
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or cranially, tlie collecting tubule sometimes and sometimes the

secretory one coming to lie more cranially.

The connection of the various mesonephric vesicles with the

lateral plate, which is shown in Figs. 558 and 559, disappears

completely in the anterior tubules, but in the posterior ones it

may persist for a time and may be invaginated in a funnel-like

manner ; the lumen of the body cavity, however, never reaches that

of the mesonephric tubule. Fig. 564 shows one of these coelomic

funnels, that is situated at the point where the primitive segment
stalk originally was. A large number of such funnels occur in

an embryo of 4.9 mm. nape length, one corresponding to each 21st,

23rd and 28th-32nd tubule on the right and on the left to the 22nd

and the 24th-34th.

The union of the tubules to form the mesonephros and the

position of the various tubules in this can only be followed in a
model. Fig. 565 shows a model of both mesonephroi of a human
embryo of 7 mm. greatest length. The mesonephroi are still in

the process of development ; of the 30-31 tubules present on either

side only the 25 cranial ones are fully formed. Both mesonephroi
form almost a straight line and are parallel, the Malpighian cor-

puscles being so placed one above the other that they form a

column ; in reality, however, the mesonephroi are not straight but
are curved in correspondence with the contour of the body. The
Malpighian corpuscle passes over into the secretory tubule always
at its lateral side, and the secretory tubule passes over into the

collecting one on the medial side of the corpuscle. The corpuscle

and the two tubules still lie in the same plane; the coil that they
form is almost in contact with the primary excretory duct. The
space at the disposal of the various tubules within the mesonephros
is still quite sufficient for the degree of development they present,

and consequently while the Malpighian corpuscles are to some
extent in contact, they do not press upon one another. If one
compares the corpuscles of the mesonephros with those of the meta-

nephros, the size of the former is striking, and this size brings it

about that the vascular glomerulus never fills the entire cavity of

the Bowman's capsule, both its cranial and caudal ends remaining
free from vascular loops. Figs. 566 and 567 represent the model
of both mesonephroi of an embryo of 9.5 mm. greatest length.

The organs are fully developed, each of the 32-34 tubules consist-

ing of a Malpighian corpuscle, a secreting and a collecting tubule.

A comparison with Fig. 565 shows that the separation of the two
organs transversely has begun. The excretory duct in the model
represented in Fig. 565 runs in a straight course to the point where
the ureter is given off; the right-angled bend caudal to the 31st

right tubule is an illusion of perspective, the excretory duct, which
is seen partly from the right side, making a strong bend ventrally.
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The duct of the model shown
in Fig. 566 is curved and the
curvature is especiallymarked
in the lower portion caudal
to the 24th right tubule. This
curvature of the duct corre-

sponds to the bayonet-shaped
bending of the urogenital fold

(Fig. 552). The Malpighian
corpuscles also form a col-

umn. They press upon or
overlap one another, however,
as a result of their increased
size. As the lateral view
(Fig. 567) shows, individual

corpuscles have already been
forced dorsally or ventrally.

The collecting and secreting

tubules have increased in size

and their connecting loops

now frequently pass beyond
the medial borders of the

Malpighian corpuscles, a fact

which is of importance for the

understanding of the urogeni-

tal union. The parts of the

various tubules no longer lie

in the same transverse plane

;

the Malpighian corpuscle has

dropped down and frequently

lies at the same level as

the collecting tubule of the

809

Fig. 565.—Model of the meaonepliroi, the
metanephroi and the bladder of a human em-
bryo of 7 mm. greatest length. (Embryo Chr. 1,

from the collection of Professor Hochatetter,

Vienna. The model has been prepared by my
students A. Wachter and E. von Wyss.) View
from in front. X 75. The mesonephroi have a
perpendicular position and the individual tubules

are at sufficient distances, so that the Mal-
pighian corpuscles lie in a single row. The low-

est tubules are still developing, but have already

united with the excretory duct (Fig. 561 c).

The fully developed canals are S-shaped. Most
ventrally are the Malpighian corpuscles, then

in the middle is the secreting tubule and most
dorsally the collecting tubule. The loop formed

by the secreting and collecting tubules usually

has not yet reached the medial border of Bow-
man's capsule. The whole coil of a mesonephric

segment (Malpighian corpuscle and the two
tubules) lies still in one horizontal plane. The primary excretory duct is narrow in its upper part and
only widened in a spindle-shaped manner corresponding to the entrance into it of a collecting tubule; in

its lower portion it is remarkably wide and the spindle-like enlargements have disappeared. Towards the

bladder the duct narrows again. The ureters are short and almost straight canals terminating in club-

shaped enlargements.
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Fig. 566.—Model of the mesonephros of a human embryo of 9.5 mm.
greatest length. (Embryo Ma, 3, from the collection of Professor Hochstet-

ter, Vienna. EfcThe model was prepared by my students J. Klaualer and
Wydler.) Seen from in front. X 75. The two mesonephroi are slightly

curved. The individual tubules are pressed together; the Malpighian
corpuscles as a result no longer form a single row, but some are beginning

to overlap their neighbors. All the tubules are bent into an S-shape. The
opening of each tubule into the excretory duct lies about on a level with

its Malpighian corpuscle, sometimes slightly more cranially, sometimes
slightly more caudally. The various openings are not always the same dis-

tance apart. Some tubules are already broken down, on the right the 1st,

3rd and 4th, on the left the 1st, 2nd, 4th and 5th. Some have a common
collecting duct, the 15th and 16th, the 19th and 20th. Some Malpighian
corpuscles are entirely without tubules, 5a and 27 on the right, 22 on the left.

Some tubules are completely formed, but have no opening into the excre-

tory duct, on the right the 16th, on the left the 23rd. The excretory

duct is widened in its caudal course from the opening of the 21st tubule,

and beyond the opening of the last tubule it narrows again. Seen from in

front the bladder appears foreshortened, one looks directly on the cloacal

membrane.

Fig. 567.—The same model that was represented in Fig. 566 seen

fromS.the right side. The figure shows how the Malpighian corpuscles as

they enlarge press each other out of the row. The primary excretory duct

increases in size in its caudal half, the increase affecting both the dorso-

ventral and the frontal diameter, the latter to the greater extent. It again

diminishes before its union with the ureter.^.This has alreadyjieveloped

the primitive pelvis of the kidney, from which the cranial and caudal pole

tubules are beginning to grow out.L The common terminal part of the

ureter and the primary excretory duct still persists, but is greatly en-

larged. The cloaca is almost completely subdivided.

Ventral remains of cloaca

Intestine
Cloacal membrane

Primary excretory-
duct

-z^

Primary kidney pelvis>-

Common terminal part

Ureter

Fig. 567.
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next mesonephric segment. Finally, in Fig. 568 the model of the

right mesonephros of an embryo of 19.4 mm. vertex-breech length

is shown. The mesonephroi have separated still more (Fig. 552

is taken from the same embryo) ; that the cause of this separation

is the suprarenal bodies and the metanephroi has already been

shown in the section on the urogenital fold. As a result of it the

curvature of the primary excretory duct becomes continually

stronger, since it must reach the medially placed bladder, and now
it appears to be bent around almost at a right angle. This strong

curvature cannot be without influence on the tubules of the region

in which it occurs. Even from the 24th tubule downwards the

Malpighian corpuscles are pressed together and form in their

totality an arch convex caudo-laterally. The corresponding

tubules are greatly elongated, the collecting tubules form long

passages which converge towards the concave side of the arch of

Malpighian corpuscles and then bend around into the secreting

tubules; they are thereby greatly pressed together, lying close

beside each other through long stretches and may connect with

one another. By this new union the collecting duet of one tubule

may serve as the efferent for several. A further result of the

bending of the excretory duct is the union of the orifices of several

of the collecting tubules to form a single one. In this way the

number of collecting tubules opening into the excretory duct is

diminished and no longer corresponds with that of the Malpighian

corpuscles. I shall discuss later in a special section the degenera-

tion phenomena which are clearly shown in Fig. 568. As the

result of a strong growth of the collecting tubules the entire coil

of a mesonephric segment is further away from the excretory duct,

and with further development the interval becomes continually

greater until, finally, there occurs the already described subdivision

of the mesonephros into two portions, a lateral one with the excre-

tory duct and the lateral portions of the collecting tubules, and a

medial one with the Malpighian corpuscles, the secreting tubules,

and the medial portions of the collecting ones.

The special relations of the caudal tubules make possible a
division of the mesonephros into a cranial and a caudal portion;

a similar subdivision occurs in the mesonephros of all vertebrates.

The upper portion later unites with the reproductive gland and
becomes the sexual portion of the mesonephros, the epigenitalis

(epididymis in the male, epoophoron in the female). The lower

portion in animals without a metanephros becomes the actual

functioning kidney and is consequently termed the glandular por-

tion, but in animals in which the metanephros separates from the

mesonephros this lower portion also undergoes degeneration and
becomes the paragenitalis (paradidymis in the male, paroophoron
in the female).
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The primary excretory duct is also modified during the de-

velopment of the mesonephros. It is at first (in embryos up to

4.25 mm. vertex-breech length) solid. Its lumen appears discon-

tinuously, at first at both ends ; at the caudal end the lumen appears
to extend into it from the cloaca. In an embryo of 7 mm. greatest
length the lumen is fully formed and the excretory duct is in open
communication with the cloaca. The course of the duct to its open-
ing is not straight. Attention has already been called to the

frontal bend which gives the first impetus to the concentration of

the paragenitalis. A second bend in the sagittal direction appears
quite early. In an embryo of 4.25 mm. vertex-breech length, the

duct extends to the 28th primitive segment, parallel to the vertebral

column. Having arrived at this point it bends almost at a right

angle and reaches the bladder by a short horizontal piece. This
bend is important ; I shall term it the sagittal bend of the excretory

duct.

At the openings of the collecting tubules the excretory duct is

widened. In the upper portion these widened places are separated

by narrow ones, but in the lower part they flow together (Figs.

565, 566). The wide portion of the duct thus formed has at least

twice the diameter of the unwidened cranial portion. This widen-

ing persists for an extraordinarily long time, and one might be

inclined to correlate it with the ampulla of the ductus deferens

which is formed later on. That is not possible, however, for the

widening completely disappears, as will be seen from what fol-

lows. It has already been pointed out that the widened places

receive the collecting tubules of those mesonephric tubules which

later concentrate to form the paragenitalis. I shall anticipate

by stating that the union of several collecting tubules of the para-

genitalis to form a common terminal part, already referred to in

the description of Fig. 568, continually progresses in the later

stages of development, until, finally, only a single efferent duct

remains, which, in the adult individual, is the ductulus aberrans

Halleri. With the formation of this ductulus it becomes possible

to determine the position of the embryonic widening; it corre-

sponds to the lower part of the epididymis. It extends down to the

sagittal bend of the excretory duct and at this point the duct be-

comes smaller; its horizontal piece is narrow. In Fig. 568 a nar-

rowed portion of the excretory duct occurs in the region of the

openings of the 24th-29th collecting tubules. The duct does not,

however, actually narrow ; the appearance is produced by a spiral

twisting of the duct through 90°. It is very possible that this

twisting is due to the union of the mesonephric fold with the an-

terior abdominal wall by means of the inguinal fold. In the

section on the urogenital fold the displacement of the anterior

abdominal wall and the influence this exerts on the entire meso-
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nephric fold have been described.

This influence will, naturally,

also be felt by the contents of

the fold and thus the spiral

twisting of the primary ex-

cretory duct may be the result

of a displacement of the an-

terior abdominal wall which is

carried to the mesonephric fold

by the inguinal fold.

Finally the relation of the excretory

duct to the a. umbilicalis must be con-

sidered. The artery has two root areas,

a visceral one from the rami intestinales

and a parietal one from the parieto-

ventral vascular arches of the aorta. The

visceral root area begins in the third

cervical segment and extends into the

lumbar region. It is present throughout

its entire length in no embryo ; the individ-

ual roots are developed in succession; at

first only the cervical ones are present ; then

Fia. 568.—Model of the right mesonephros and

MUlIerian duct of a human embryo of 19.4 mm.,
greatest length. (Embryo Ma. 2, from the collection

of Professor Hochstetter, Vienna. The model was
prepared by my students Masaard and E. Chomd.)
The mesonephros has undergone extensive degenera-

tion. All the tubules in the thoracic segments and
some of those in the lumbar show degeneration. Either

the Malpighian corpuscle is wanting or it is rudimen-
tary and separated from its secreting tubule; this is

the case in tubules 1-12, that is to say in a full third

of those present. All these tubules are also broken,

either in the secreting tubule or between this and the

collecting one. These latter are rarely hollow, and
if 60, their lumina are filled with degenerating epithe-

lium. Finally the tubules 33, 34 and 35 consist only
of collecting tubules; 33 has still a portion of the

secreting tubule and near it are two large Malpighian
corpuscles without any connection. Similarly tubule

31 consists only of a collecting tubule; a Malpighian
corpuscle with two secreting tubules seems to corres-

pond with it; some of the remaining tubules are broken,
14, 17, 18, 19; some have solid collecting tubules, 13,

14, 15, 16, 17, 19, 21, 23, 25 and 26, and some solid

secreting tubules, 22 and 24; the collecting tubules

of 28, 29 and 31 form ureter-like structures. Only the
remaining tubules 20, 27, 30 and 32 are fully formed.
The appearances of degeneration seen in the most
caudal tubules are not to be regarded as persistent

without further evidence. From older series it is seen
that the lower collecting tubules which have separated
from the excretory duct may acquire a new open-
ing into a neighboring collecting tubule, just as sepa-
rated Malpighian corpuscles and secreting tubules
may communicate anew with neighboring tubules.

By the bending of the primary excretory duct at the
end of the mesonephros, the Malpighian corpuscles of

the 26th to the 34th tubules are pressed together so

as to form a special group, from which, later, the
paragenitalis is formed. The Mtillerian duct is quite
independent of the ccelomic epithelium and the ex-

cretory duct; it is still straight, since its down-growing
tip has just reached the head of the excretory duct.
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the origin of the artery wanders more eaudally into the upper thoracic region,

and the cervical roots degenerate; after the thoracic roots have functioned for a
time the artery wanders into the lower thoracic and the upper thoracic roots become
fused, and so on. The parietal root area first appears when the artei-y has reached

the lumbar region. Prom its mode of origin the visceral root area -must lie to

the medial side of the excretory duct and the parietal area on its lateral side.

Since both root areas exist for a time together, the excretory duct runs in an
island surrounded directly by the arteries; in Fig. 569 a section is shown passing
through a region where both roots of the a. umbilicalis are present at the same
time.

Parieto-ventral roof

Primary excretory duct

Viscero-ventral ro(

V. um-
bilicalis

I imary excretory duct

V. umbilicalis dextra

A. umbilicalis
dextra

Fig. 569.—Transverse section of an embryo of 5.3 mm. greatest length and 4,6 mm. nape length, at
the level of the 24th segment. (Embryo 1420, H. s. 112, from the collection of Professor Keibel. Freiburg
i. Br.; slide 12, row 2, slide 1.) X 75. The section passes through the root area of the a. umbiUcalis; be-
tween the parietal and visceral roots there is an island of tissue in which the primary excretory duct occurs.

THE FIRST DEGENERATION PERIOD OF THE MBSONBPHROS.

The degeneration of the mesonephros occurs in two periods.

The first begins even before the organ has reached its full extent

and is finished in embryos of 21 mm. greatest length. During its

progress the greater part of the mesonephros beginning at the

cranial end, is degenerated. The second period comes on so gradu-

ally that definite time limits are not possible for it. In it there

occurs a new suppression of tubules and the selection of those that

will enter the service of the reproductive system and of those

that will persist even in the adult as the paragenitalis.
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The three models of the mesonephros (Figs. 565, 566 and 568)

do not reveal the important part played by the degeneration, that

is beginning in the cranial portion ; its influence become^ clear only

by a study of the table opposite. In the lowest horizontal

column of this table the entire number of mesonephric tubules is

given for each embryo in which they were counted. The numbers,

as they stand there, vary so little that they do not suggest a neces-

sity for further controls ; we shall further learn from the descrip-

tion of the development of the Miillerian duct that its ostium

abdominale lies apparently always at the upper end of the meso-

nephros in embryos of both sexes throughout the entire -develop-

ment. Both these facts distract the attention of the observer from

the really enormous degeneration that the mesonephros undergoes.

The degeneration shows itself as soon as the growth cranially

of the mesonephros is completed, that is to say in an embryo of

5.3 mm. greatest length, at a time therefore at which the organ is

still growing caudally. It always begins at the most cranial tubule

and makes a continuous and regular progress up to the time men
tioned above. In the table the number of the tubules occurring in

each segment is given, those that are degenerating being given in

roman numerals and those that are fully formed in arable. An
asterisk with an arable number indicates that the tubule is still

developing. If we follow the cranial limits of the various meso-
nephroi through the table from left to right we see a marked and,

what is important for the regularity of the process, a continuous

recession of these limits. Beginning with an embryo of 5.3 mm.
greatest length and ending with one of 21 mm. greatest length the

line that unites the cranial limits recedes from the 6th cervical

to the 1st lumbar segment, that is to say, there is a recession

through 15 segments. The relative constancy of the total number
of tubules throughout this period justifies the question whether
the recession of the cranial limit may not find its explanation in

the crowding together of the tubules within a smaller space; the

question is all the more justified, because we actually know of the

occurrence of this process in the development of other craniota,

both in the case of the pronephros and in that of the mesonephros.
That there is a crowding together of the tubules during the first

period of degeneration is very probable, at all events the table

opposite shows an increase in the number of tubules in the

segments of the degenerating zone. The process plays, however,

only an unimportant part, as is shown by the course of the meso-

nephric arteries, to be described later on. A crowding together

of the tubules of 18 segments into 3 would cause the arteries

to assume almost a vertical course, but they remain horizontal

throughout the first degeneration period. The principal cause of

the caudal recession is the progressive degeneration of the meso-
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nephric tubules. Throughout this period I have not seen a single
mesonephros that did not show degenerating tubules in at least
one, usually in two or three of the cranial segments ; the regularity
of its occurrence speaks for the normality of the process. Beck-
oned by the segments the upper five-sixths of the mesonephros,
the 6th cervical to the 12th thoracic, 15 segments in all, degenerate,
and only the caudal sixth, the 1st to the 3rd lumbar segments,
three segments in all, persist. Estimated by the tubules 57 are
degenerated out of a maximum of 83 that develop, that is to say,

two-thirds of all the tubules degenerate and 26, or one-third, per-
sist. The number 57 is estimated, not observed; the number 26
was the maximal number found in the enumeration of the tubules

of different embryos. Naturally the corresponding portion of the
primary excretory duct disappears along with the tubules. Once
all the tubules of the cervical and thoracic segments have disap-

peared,^ a period of rest supervenes; from the stage of 21 mm.
greatest length onwards, all embryos show a rather constant num-
ber of mesonephric tubules in the lumbar segments, but these

tubules are almost all broken in one or several places.

The degeneration appears under very different forms: 1, the Malpighian

corpuscle may separate from the secreting tubule; 2, the transition of the secret-

ing into the collecting tubule may be broken ; 3, the collecting tubule may be solid

or its epithelium desquamated; 4, the secreting tubule may be broken into several

portions; 5, the collecting tubule may not be connected with the primary excre-

tory duct. The variations are arranged according to their frequency of occur-

rence. The separation of the Malpighian corpuscle from the secreting tubule is

almost always to be found in all degenerating tubules and all show a tendency

to lose to a greater or less extent their S-shape.

Notwithstanding the degeneration, which occurs in the cranial

canals before the beginning of the histological differentiation of

their epithelium, an epithelial differentiation between the collecting

and secreting tubules occurs very frequently even in the remains

of the cranial canals.

LATER FORMED TUBULES.

In a 7 mm. embryo the mesonephros has reached its caudal

limit and no new anlagen are added in older embryos at the caudal

end of the organ, and, furthermore, within the 'mesonephric area

at least two-thirds of the tubules degenerate and yet the number

of tubules between the stages of 5.3 mm. and 19.4 mm. greatest

lengths increases rather than diminishes. This is only possible

if a new formation of tubules occurs. From the table facing p. 816

one may determine this fact, at least for the lower thoracic and

lumbar segments, by a comparison of the numbers for the individ-

ual embryos.

'Remains of cranial tubules may persist a long time; my colleague, Professor

Zuckerkandl, called my attention to such remains in the 3rd thoracic segment.

Vol. 11—52
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The question as to the origin of these later formed tubules is

difficult of solution and an absolutely certain statement cannot be
made. In the first place, the sources from which they can not come
may be excluded. In most vertebrates the later formed tubules

arise from unused remnants of the parent tissue. At the first

appearance of the mesonephric tubules (embryo of 2.6 mm.) such

remnants of the nephrogenic cord may be seen, but in an embryo
of 7 mm. they have completely disappeared; there is no trace of

compact remnants of the nephrogenic cord and the only remaining
possibility is that scattered cells, indistinguishable from the sur-

rounding mesoderm, later become aggregated to form cell masses
from which the later formed tubules arise just as the primary ones

did. This process occurs in Teleosts and Amphibia, but the most
thorough search fails to reveal any structures that might serve

for such a method of new formation in human embryos. New
formation from remnants of the nephrogenic cord I regard as

excluded ; there remains only the hypothesis that the new formation

takes place from the tubules already present by division or bud-

ding. For both these methods incomplete evidence occurs. Mal-

pighian corpuscles occur which are twice as large as the rest, others

occur that are in process of division, others that are completely

isolated and without a tubule, others with tubules which communi-
cate after a short coursg with fully developed tubules, and, finally,

completely developed tubules occur that are not yet in connection

with the primary excretory duct. These facts taken by themselves

might be interpreted by supposing that a Malpighian corpuscle

divides, the one portion remaining in connection with the original

tubule, while the other develops a new tubule, which opens either

into a neighboring tubule or into the primary excretory duct.

This process of development receives plausibility from the fact

that the Malpighian corpuscle represents the original parent

tissue, that is, the lateral part of the primitive segment stalk.

Further divisions occur in the canals, usually in the secreting

tubules, and also diverticula occur, given off either from the transi-

tion of the secreting into the collecting tubule or, less frequently,

from the transition of the Malpighian corpuscle into the secreting

tubule ; corresponding with this, collecting tubules occur with two
or three secreting tubules communicating with them. This allows

us to assume that a mesonephric tubule in some part of its course,

almost always in the secreting tubule, forms a diverticulum which,

elongating, gives rise to a new tubule with a Malpighian corpuscle.

All the various conditions mentioned above are shown in Figs.

565-568 and are described in the explanations of these figures.

In the Gymnophiones and birds special efferent ducts are

developed for the later formed tubules by the primary excretory

duct sending out towards them small canals, which may serve as
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collecting tubules for several of the later formed tubules. These
new formed ducts are termed mesonephric ureters, in contrast to

the metanephric ureter. Such ducts also occur in the human
embryo. In an embryo of 12.5 mm. greatest length I found in the
12th thoracic and 1st lumbar segment six of them certainly and
perhaps two others, and in an embryo of 19.4 mm. three of them.

All these pieces of evidence are, however, not final, since in

addition to the new formation degeneration is also taking place

and the degeneration, whose varieties have been mentioned above

(p. 817), may present almost the same appearance as the new for-

mation. Only those cases of division and diverticulum formation

are of consequence which occur in segments lying far away from
the degeneration zone. Since such cases may be found, I assume
that later formed tubules arise by the division and budding of those

already present.

RUDIMENTS OF PRONEPHRIC AND MESONEPHRIC TUBULES.

Now that the development and degeneration of the meso-

nephros has been considered, we are in a position to discuss the

tubule remnants that have been described in the literature as

pronephric rudiments. We have established

1. That pronephric tubules occur only in the region of the

first 12 primitive segments; the pronephros, accordingly, never

extends caudally beyond the 1st thoracic segment.

2. That mesonephric tubules are developed in the region from

the 5th cervical to the 3rd lumbar segments; consequently the

mesonephros does not extend cranially beyond the 5th cervical

segment.

We may say then at once that all remnants of tubules from

the 2nd thoracic segment caudally are to be referred to meso-

nephric tubules and all those in front of the 5th cervical segment

are certainly derived from the pronephros. Those that occur

between the 5th cervical and the 1st thoracic segment may be

either pronephric or mesonephric, a certain diagnosis is impossible.

According to the results of the table facing p. 816, however, it is

probable that all these uncertain remains come from the meso-

nephros ; the pronephros, therefore, has already completely degen-

erated. The statements that occur in the literature to the effect

that the occurrence of the remains of a tubule dorsal to the

V. cardinalis posterior is a certain indication of its pronephric

origin (Tandler 1905, Veit 1909) have no weight.

It is clear that no pronephric remnants can persist in the

neighborhood of the epigenitalis, which arises from the caudal

sixth of the mesonephros ; all accounts of the occurrence of pro-

nephric tubules on the epoophoron are therefore incorrect.
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MESONEPHRIC ARTERIES (aA. MESONEPHRIDIC^).

There are developed on each side in maximo 30 mesonephric

arteries, which are distributed throughout the entire mesonephric

area. At first they are entirely distributed to the mesonephros,

but later they also supply the reproductive glands, the suprarenal

bodies, the metanephroi and the diaphragm. These new regions

of distribution prevent their complete degeneration when the meso-

nephros disappears. A variable number of them persist as the

phrenic, suprarenal, renal, accessory renal, internal spermatic,

and accessory spermatic arteries and as the rami ad lympho-

glandulas lumbales and ad sympathicum.

The first mesonephric arteries are found in embryos of about

5.3 mm. greatest length. They arise from the lateral surface

V.cardiaalis post.

I

..->

•*'
•.*

•••1*.

Primary excretory duct

mesonephridica

Fig. 570.—Transverse section of the right mesonephros of a human embryo of 5.3 mm. greatest length
and 4.6 mm. nape length. (Embryo 1420, H.s. 112, from the collection of Professor Keibel, Freiburg i.

Br.; slide 11, row 4, section 1.) A mesonephric artery is cut almost throughout its entire length; the middle
portion on account of a curve does not fall within the plane of the section. The artery ends in a spherical
enlargement within a Malpighian corpuscle.

of the aorta and pass almost horizontally laterally to the urogeni-

tal fold, reaching the Malpighian corpuscles and terminating in

them with an enlargement which usually assumes a spherical shape
(Fig. 570). Later a network of vessels (Fig. 571) occupies the

place of the enlargement, and this also is connected with the

V. cardinalis posterior. The number of the mesonephric arteries

cannot be determined with perfect certainty, because in their case
as in that of the mesonephric tubules degeneration follows upon
the steps of the progressive development from the cranial end.
The degeneration process is, however, less readily followed in the
arteries, since many series are not satisfactory on account of the

emptiness of the vessels; this may be shown by the following
statements.



DEVELOPMENT OP THE URINOGENITAL ORGANS. 821

In an embryo of 7 mm. greatest length there were 10 mesonephric arteries

in the region of the lst-6th thoracic segments; an embryo of 9.5 mm. greatest

length possessed 18 arteries in the 2nd-12th thoracic segments; in an embryo of

10 mm. greatest length 9 arteries were limited to the 7th thoraeic-lst lumbar
segments; one had 11 arteries distributed to the 6th-llth thoracic segments. In

an embryo of 13 mm. the degeneration was completed, it still possessed 11 arteries

in the region of the 10th thoracic to the 3rd lumbar segment, and, similarly, in an

embryo of 18 mm., 9 arteries were counted from the 10th thoracic to the 3rd

lumbar segment.

From tMs statement it appears that with increasing age the

arteries continually recede into the hambar segments, disappearing

from the thoracic ones. Consequently the direction of the arteries

V. cardinalis post.

Primary excre-
tory duct

Bowman's capsule
of the ISth meso-

'

nephric tubule

A. mesonephridica

Fig. 571.—Transverse section of a human embryo of 7.0 mm. greatest length. (Embryo Chr. 1, from
the collection of Professor Hochstetter, Vienna; slide 8, row 10, section 6.) The a. mesonephridica (the

8th) is cut almost throughout its entire length. It forms two distinct branches inside the glomerulus.

The anlage of the reproductive gland, indicated by the thickening of the ccelomic epithelium, is of a fair

extent; its growth has not yet begun.

is always horizontal (Fig. 572), so that an extensive compression

of the mesonephros, which has already been excluded in consider-

ing the degeneration of the mesonephric tubules, cannot be

assumed. If the mesonephros were compressed from a condition

in which it extended from the 6th cervical to the 3rd lumbar seg-

^'ment to one in which it extended only from the 1st to the 3rd

lumbar, the vessels remaining the same, as they naturally would

if all the tubules persisted, then the arteries situated more crani-

ally would run almost parallel to the aorta.

The arteries are not paired, nor are they arranged segmen-

tally. In the cranial segments one artery may lie in each seg-

ment or two in three segments, but in the caudal region the arteries

become more numerous, just as the mesonephric tubules are more
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numerous in the lumbar segments than in the thoracic ones ; in the

lumbar region as many as 4 arteries may lie in a single segment.

There are always fewer arteries than tubules, so that one artery

must always supply several tubules ; this may easily be seen in the

lumbar segments. If, for the purpose of determining the maximal

number of mesonephric arteries the highest numbers found in each

segment be added together, one obtains 30 arteries for 83 possible

tubules.

From the 16th thoracic to the 3rd lumbar segment all the

nijesonephric arteries may persist; from them are formed the

FiQ. 572.—ReconatructioQ of the mesonephric arteries of a human embryo, made from an embryo of

18 mm. greatest length and superposed on the model of an embryo of 19.4 mm. greatest length. Meao'
nephroi, reproductive glands, and suprarenal bodies are represented with solid, the metanephroi with dotted
contours. The circles on the anterior surface of the aorta indicate the origin of the coeliac (which in this

embryo is still paired), the superior and inferior mesenteric arteries. The mesonephric arteries are indi-

cated by numbers placed below them. The right 5th, 6th, 8th, and 9th and the left 7th, 8th, and
9th arteries form a network between the reproductive gland and the metauephros, the rete arteriosum
urogenitale.

plirenic, suprarenal, renal, accessory renal, internal spermatic and
accessory spermatic arteries and also the branches to the lymph
nodes and the sympathetic ganglia in the region between the supe-'

rior and inferior mesenteric arteries. These persistent meso-
nephric arteries we must consider more in detail. In order to

reach the mesonephros they must traverse a rather broad area,

in which the suprarenal body lies, this organ in consequence of

its rapidly increasing size, coming to lie with its ventral surface

in the same frontal plane with the mesonephric fold (Fig. 553).

By the suprarenal body the arteries—I am describing them from
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the reconstruction of the vessels of an embryo of 18 mm. greatest
length shown in Fig. 572—are divided into three groups ; a cranial
group, running dorsal to the suprarenal body (1st and 2nd arteries
on either side), a middle group, whose vessels pass through the
suprarenal body (on the right 3rd and 4th, on the left 3rd-5th
arteries), and, finally, a caudal group, whose vessels pass over the
ventral side of the suprarenal body (on the right 5th and 6th,

on the left 6th and 9th arteries). The 7th and 8th arteries on
the right and the 9th and 10th on the left pass caudal to the supra-
renal body and therefore are not necessarily influenced by it, so

that they are compressed by the development of the metanephros
in the same ventral position.

The mesonephric arteries 5-9 or 7-9, and probably more, in

the angle between the reproductive gland ventrally, the meso-
nephros laterally, and the metanephros dorsally, form a network,
the rete arteriosum urogenitale (Fig. 572). From this network,
which is remarkably coarse-meshed and composed of large vessels,

the mesonephros, reproductive gland and metanephros are sup-

plied with arterial branches, these organs being thus independent
of single branches for their blood supply; should one or several

roots degenerate, neighboring ones can take their places. In Fig.

572, for instance, the second mesonephric artery on the right side

has become divided into an ascending and a descending branch;

the ascending one supplies the entire upper half of the meso-
nephros and the reproductive gland, a region that in younger em-
bryos receives its blood from several mesonephric arteries be-

longing to more cranial segments. The occurrence of this network

at once explains why all persisting arteries that arise from the

roots of this network show, within certain limits, a variability in

the point of their origin from the aorta.

Each of the 9-11 remaining mesonephric arteries may become

an a. spermatica interna, since all supply the reproductive gland;

this explains the frequently observed multiplicity of these arteries

and the not infrequent difference in the place of origin of the right

and left ones. Usually the artery is formed from one of the

arteries of the third group and will therefore lie ventral to the

kidney and to the ureter. Earely an artery of the first group

becomes a spermatic artery, the accessory spermatic ; in this case

the vessel will pass dorsal to the a. renalis, which is formed from

an artery of the second or third group, and dorsal to the pelvis

of the kidney.

The suprarenal arteries arise from the second, rarely from

the first group. Since the inferior phrenics may also form from

the first group it is clear that a suprarenal artery may arise from

the inferior phrenic or vice versa. The renal arteries are not new
formations, as has hitherto been supposed, but each is formed from
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a mesonephric artery. The kidney climbs upwards to the meso-

nephric arteries, as if on a ladder: as soon as a sufficient blood

supply is assured cranially, the caudal branches separate from it.

When the kidney has acquired its definitive position it possesses

several renal arteries, and of these one becomes greatly enlarged

to form the definitive artery, while the others either degenerate or

persist as accessory renals. The definitive renal artery is either

the last vessel of the second group or the first of the third group.

The relations of both groups, of the second to the suprarenal

artery and of the third to the internal spermatic, explain the

variation in which the renal artery arises from a suprarenal or

from an internal spermatic ; in the first ease it may be the principal

stem, in the latter only an accessory renal. The relations between

the urogenital rete and the metanephros show how the accessory

renal arteries may develop, and explain their very varied relations

to the kidney. Accessory renals from the first group will be

branches of the superior suprarenal and must pass over the dorsal

surface of the kidney and consequently they first reach the kidney

on its dorsal surface and there penetrate its cortex. Those from
the second group will be branches of either the middle or inferior

suprarenal and will reach either the hilus of the kidney or the

medial edge above this. Those from the third group may enter at

the hilus, at the .medial edge below it or on the ventral surface of

the caudal half of the organ.

Should, exceptionally, a caudal branch be retained, it will be

drawn upwards by the migration of the kidney, a condition that

explains why such an artery may cross the principal stem or an-

other accessory.

Since the mesonephric arteries of the third group also give

branches to the lymphatic nodes and to the sympathetic ganglia

of this region, even if they do not become renal or internal sper-

matic arteries, they will be retained at least as far as the point

of origin of the small branches. In consequence of the medial
position of these structures these mesonephric arteries will run
directly ventrally and there will be a displacement of their points

of origin from the aorta, so that they seem to be purely ventral

branches and might therefore readily be mistaken for persistent

rami intestinales. One must, accordingly, be very careful in iden-

tifying as a ramus intestinalis any ventral branch occurring be-

tween the origins of the superior and inferior mesenteries or at the

level of the latter. Only when they arise some distance below the

inferior mesenteric may one without hesitation identify ventral
branches as rami intestinales.

A displacement of their origins from the surface of the aorta
appears very early in the arteries of the various groups. The
vessels of the dorsal group shift their origins to the dorsal surface
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of the aorta, those of the third group to the ventral surface, and
only those of the second group preserve their original lateral
position.

In embryos of 26 mm. greatest length the definitive arrange-
ment of the arterial apparatus is acquired.

VEINS OF THE MBSONEPHROS.

The veins form Avithin the mesonephros a special circulatory
system, the mesonephric portal circulation. A schematic descrip-
tion based upon the venous arrangement of all craniotes that
possess mesonephroi, will explain what is meant by the above
teriQ.

The mesonephric portal circulation is formed by two veins, the v. eardinalis

posterior and the v. subcardinalis. The former courses along the dorsal surface
of the mesonephros, somewhat nearer its lateral border; and the latter along the

ventral surface and somewhat nearer the medial border (Fig. 573 a). At the

caudal border of the organ both veins are connected with the veins of the caudal
half of the body, the v. caudalis and the v. ischiadiea, and are thereby connected

with one another (Fig. 573 a). Very soon numerous branches develop between
them, these branches traversing the mesonephros (Fig. 573 6). From the begin-

ning the V. eardinalis posterior opens into the ductus Cuvieri and through this into

the sinus venosus of the heart (Fig. 573 a and b) ; the v. subcardinalis has to

acquire a connection with the heart and it does so by means of the hepatic vein.

This unpaired hepatic vein, v. hepatica revehens communis (Fig. 573 a and 6),

arises by three branches, the v. revehens dextra and sinistra and the ductus venosus

Arantii; it grows eaudally and, dividing, comes into connection with both v. sub-

cardinales; these latter thus become connected with the heart, since the v. hepatica

revehens communis opens into the sinus venosus. Accordingly the blood from the

posterior half of the body flows toward the heart by the two paths : 1, by the v.

eardinalis posterior and the ductus Cuvieri; 2, by the v. subcardinalis and the v.

hepatica revehens communis. This changes, however, very soon; foi-, in the first

place, the v. eardinalis posterior becomes interrupted at the upper pole of the

mesonephros and th# return of its blood to the heart is thus prevented, and, sec-

ondly, the connection between the v. subcardinalis and the w. caudalis and

ischiadiea breaks, so that the blood from the posterior half of the body is received

, only by the v. eardinalis posterior (Fig. 573 c). If now the blood is to return

from the latter to the heart it must make use of the transverse anastomoses

between the v. eardinalis posterior and the v. subcardinalis, and reach its destina-

tion through this last vein. The transverse anastomoses, however, are broken up
into capillaries between the coils of the mesonephric tubules (Fig. 573 c), so that

the venous blood carried by the v. eardinalis posterior must, on its way to the

heart, pass through a second set of capillaries, just as does the blood that passes

by the vena portamm through the liver to the v. hepatica; hence the employment

of the term mesonephric portal circulation. When this circulation is established

we no longer speak of vv. eardinalis and subcardinalis, but of vv. mesonephridica

advehens and revehens.

In the human embryo there also develops, in addition to the

V. eardinalis posterior, a subcardinal vein, and the possibility is

therefore present for the formation of a mesonephric portal circu-

lation: that it really becomes functional is not proven, but all
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observations made up to the present indicate that we have to do

only with a rudimentary anlage, that exists only for a short time.

The posterior cardinal vein is formed in a caudal direction from

its opening into the ductus Cuvieri, and always lies in the angle

between the primitive segment stalk and the parietal mesoblast.

The discontinuity of the anlage and, in addition, the fact that it

sometimes appears as a tube, sometimes as a groove, sometimes

as composed of only one or two cells, makes probable its develop-
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FiQ. 573 a, 6 and c—Plan of the development of the mesonephric portal circulation, a, A vein runs

on both sides of the mesonephros, the posterior cardinal laterally and dorsally and the subcardinal medially

and ventrally. The posterior cardinal opens cranially into the ductus Cuvieri, while the subcardinal ends

blindly. Caudally both veins are connected with the paired v. ischiadica and the unpaired v. caudalia.

6. Transverse anastomoses have formed between the posterior cardinal and the subcardinal, traversing

the mesonephros. The subcardinal opens into the v, hepatica revehens communis, c. The cardinal has

lost its connection with the ductus Cuvieri, but retains that with the vv. ischiadica and caudalis. The
subcardinal has retained its opening into the v. hepatica revehens communis, but has lost its connection

with the w. ischiadica and caudalis. Capillary networks have developed in the transverse anastomoses.

The blood of the vv. caudalis and ischiadica must now take the following course: 1, v. cardinalis, 2, the

transverse anastomoses with capillary oetworks inside the mesonephros, 3, v. subcardinalia, 4, v. hepatica
revehens communis, 5, sinus venosus.

ment in loco. The cell material used in its formation wanders
from the parietal mesoblast and, eventually, from the primitive

segment stalk; I observed cells that were still connected with this

germ layer, but whose bases projected beyond the other cells and
formed part of the wall of the vein.

In an embryo of 2.6 mm. greatest lengtb. and with 13-14 pairs of primitive

segments no posterior cardinal vein was present. In one of 2.5 mm. greatest

length and with 23 pairs of primitive segments they were developed from the

ductus Cuvieri to the posterior border of the pronephros, that is to say, from
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the 5th to the 13th primitive segment. In an embryo of 4.9 mm. nape length they
had already reached the caudal pole of the mesonephros

—

i. e., the 3rd lumbar
segment. Their connections with the mesonephric glomeruli were first seen in an
embryo of 5.3 mm. greatest length and 4.6 mm. nape length. A duplication of

the cardinal vein may occur in the anterior part of its course.

The subcardinal vein is at first double, a median and a lateral

vein may be recognized. Both arise—so far as can be determined
from individual embryos—from medial and lateral outgrowths
from the posterior cardinal. The lateral outgrowths pass through
the intervals that are left between the primary excretory duct and
the coils of the mesonephric tubules, the medial ones run past the

medial side of the Malpighian corpuscles (Fig. 574). Both sets

of branches then develop ascending and descending twigs, which
unite together to form a medial and a lateral longitudinal vessel,

the subcardinal veins. Fig. 574 represents the arrangement of the

mesonephric veins of a human embryo of 9.5 mm. greatest length.

The posterior cardinal veins are fully developed and are connected

with the V. caudalis 'and the v. ischiadica (these veins are not

shown in the figure). The two subcardinals are in process of

development; one sees in the cranial half of the mesonephros sim-

ple lateral and medial branches given off from the posterior car-

dinal, at the middle of the organ the formation of T-shaped

branches and, finally, in the lower half the union of the T-shaped

branches to large longitudinal pieces. A single complete subcar-

dinal vein does not exist anywhere and it is questionable if such a

vessel is ever formed. The two lateral subcardinals still terminate

freely posteriorly and so also the left medial vein, but the right

medial one is connected with a short but large vessel, which is

developed on both sides and opens into the posterior cardinal

after it has crossed the primary excretory duct ; I term this the

unpaired terminal part of the subcardinal vein.

I see in the arrangement of these veins the homologue of a

portal circulation; but since in an embryo of 12.5 mm. greatest

length the subcardinal veins, and with them the
_

transverse

branches which connect them with the posterior cardinal, are_ in

the act of degeneration, I do not believe that a portal circulation

is actually established. The anlage is accordingly probably only

a rudimentary one.

The fiiBt outgrowths from the posterior cardinal vein occur in an embryo of

7 mm. greatest length. Corresponding to the cranio-caudal direction of the^ growth

of the mesonephros these transverse veins develop in batches in the same direction,

and similarly in correspondence with the early degeneration of the mesonephros

the transverse veins in its cranial half degenerate very early, usually before they

have reached the T-shaped stage. The unpaired terminal portion of the sub-

cardinal appears in an embryo of 7 mm. greatest length, but at first only on the

left side.



Fig. 574.—Mesonephric veins of a human embryo of 9.5 mm. greatest length. (Embryo Ma. 3,

from the collection of Professor Hochstetter, Vienna.) The veins have been reconstructed and drawn upon

the model of the mesonephros. The posterior cardinal vein develops horizontal branches arranged in two

longitudinal rows, a medial and a lateral one. The branches of the medial row pass medially to the Mal-

pighian corpuscles, those of the lateral row between the prim,ary excretory duct and the coils of the tubules.

At their ends most of the branches of both rows, especially in the caudal half of the mesonephrof, develop

ascending and descending branches, and portions of two longitudinal vessels are thus formed on either side,

these vessels being the medial and lateral v. subcardinalis. The posterior cardinal, the transverse branches,

and the two subcardinals represent a very rudimentary mesonephric portal circulation.
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THE SECOND PERIOD OF DEGENERATION OF THE MESONEPHROS.

It has been shown above that the degeneration of the meso-
nephros is completed in two periods and the first of these has been
described. We have now only to consider the second period.
At its commencement, which occurs after a stage of 21 mm.
greatest length, the mesonephros consists of only 26 tubules in

maximo, all situated in the lumbar region and all broken, that is

to say in process of degeneration, in some portion of their course,

usually at the angle between the secreting and collecting tubules.

This remnant of the mesonephros is divided into two portions by
the establishment of the urogenital union, an upper genital and
a lower so-called gland portion. I shall term the former the epi-

genitalis and the latter the paragenitalis. The number of tubules
belonging to the epigenitalis varies between 5 and 12, and it is a
striking fact that in the male embryo the lower number is more
nearly approached and in the female the higher one. The number
of tubules in the paragenitalis varies, since it is in process of com-
plete degeneration. The epigenital tubules correspond approxi-

mately to the 58th-69th mesonephric tubules and the paragenital

to the 70th-83rd.

The epigenital tubules in both sexes are all broken at the

same point, namely, at the bend of the secreting into the collecting

tubule. The secreting tubule and the Malpighian corpuscle of

each tubule have either disappeared in the first period of degener-

ation or else disappear at the beginning of the second period.

The blind ends of the persisting collecting tubules enlarge, their

walls at the same time thickening; they may also become some-

what convoluted. Their further fate in both sexes will be de-

scribed in the section on the urogenital union.

The tubules of the paragenitalis suffer at first only interrup-

tions in their course. These breaks allow of a separation of the

individual parts of the tubules and thus the formation of two

groups of tubules; the one group includes the Malpighian cor-

puscles and portions of the secretory tubules, the other the primary
excretory duct and portions of the collecting tubules. Both tubule

groups lie at first rather close together, but with the formation

of the anterior abdominal wall they become widely separated.

Simultaneously with the formation of the anterior abdominal

wall the coiling of the intestines, and with this the enlargement

of the abdominal cavity, begins. The urogenital fold, however, is

attached to the anterior abdominal wall by the inguinal fold, and

since it must, consequently, follow that wall, it becomes drawn

out ventrally in the horizontal direction. Where the urogenital

fold unites with the anterior abdominal wall, the primary excre-
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tory duct makes a double bend (Fig. 552), bending first around

the caudal pole of the mesonephros and again as it enters the primi-

tive true peMs, and between the two bends there is a horizontal

portion of the excretory duct; it is this horizontal portion that

receives the collecting tubules of the paragenitalis. Along with

the urogenital fold, this portion of the primary excretory duct is

drawn out lengthwise and forms a loop directed towards the an-

terior abdominal wall. The formation of the loop, which the

collecting tubules must follow, separates these latter from the

secreting tubules and the Malpighian corpuscles. Both these struc-

tures retain their position immediately caudal to the epigenitalis

and not infrequently are divided into two groups, a cranial one,

that lies so closely upon the epigenitalis that it seems to consist

of epigenital Malpighian corpuscles and secreting tubules, and a

somewhat more caudal one. The corpuscles and tubules forming

the first group usually vanish completely, but may sometimes

persist. In the former case there is but a single paragenitalis,

in the latter case two. The collecting tubules that are drawn out

longitudinally by the looping of the excretory duct may unite with

each other, so that one may become the efferent for several. The

number of openings into the excretory duct may thus be reduced,

and the reduction may be carried still further by the portions of

the wall of the duct between the openings being employed in the

elongation of the collecting tubules ; thus it may happen that even-

tually only one opening remains, and this may persist in the adult

condition as the canaliculus aberrans Halleri; a preferable name
would be the ductus collectivus paradidymidis.

In the male the organ of Giraldes (paradidymis) develops

from the paragenitalis; it may persist throughout life and will

then be found between the epididymis and the testis, slightly below

the head of the epididymis. In the female the paradidymis be-

comes the paroophoron; the tubules of this occupy a remarkable

position in older fetuses and children, caudal to the lateral half

of the ovary (Rielander 1904), somewhat medial to the free edge

of the broad ligament. How they acquire this position has not

yet been explained. In exceptional cases the primary excretory

duct persists in the female and it then runs from the epoophoron
medially between the tube and the ovary to the uterus ; the paro-

ophoron, if it retained its original position, should be found medial

to the epoophoron and therefore cranial to the medial pole of the

ovary. Waldeyer, indeed, believes that he has found remains of

tubules in this position, but his observation has not been confirmed

by any other author. Apparently the branches of the internal

spermatic artery play a part in the displacement of the paro-
ophoron, at least one finds the remains of it always internal to the
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first branch of this artery. The paroophoron quickly degenerates
in extra-uterine life; Eielander (1904) was able to detect remains
of it with certainty only up to the 5th year.

The further history of the primary excretory duct in both
sexes will be described in the section on the urogenital union.

Development of the Metanephros.

INTRODUCTION.

The metanephros may be divided embryologically, and to a
certain extent physiologically also, into two portions, the secretory

or actual glandular portion and the efferent apparatus. We find

therefore in the metanephros the same two parts as in the meso-
nephros, where there were on the one hand the mesonephric tubules

and on the other the primary excretory duct; in the metanephros,

however, the two parts enter into much more intimate relations.

The efferent apparatus in the last analysis develops from the

primary excretory duet, which, by an outgrowth, forms on either

side a ureter. This again gives rise to a series of tubules, the

primary collecting tubules and each of these to secondary ones,

these again to tertiary ones and so on, until finally there is formed

an efferent apparatus consisting of thousands on thousands of

collecting tubules. We therefore speak of a collecting tubule sys-

tem, of collecting tubules of the 1st to the 12th order and of ter-

minal collecting tubules.

The excretory apparatus develops from the nephrogenic cord

;

just as this gave rise to mesonephric tubules in its anterior three-

fourths, so in its posterior portion it gives rise to metanephric

tubules. The mesonephric tubules open into the primary excretory

ducts, the metanephric tubules unite with the terminal collecting

tubules. In order to determine accurately the limits of the two

portions of the metanephros formed from different sources, we may
briefly trace the course of a fully formed metanephric tubule from

the Malpighian corpuscle to the renal pelvis (Fig. 575), and in so

doing we shall set forth the nomenclature to be employed in the

following description. To the Malpighian corpuscle there succeeds

the tubulus contortus (represented by stippling), which may be

divided into two parts, a part that is actually convoluted and a

pars recta ; this latter passes over into the narrow descending limb

of Henle's loop and this again into the ascending limb. The

broader limb may be divided into a darker and a lighter part, the

darker part is cross-hatched and the lighter is left white. The

lighter part of the ascending limb bends over the upper (periph-

eral) surface of the Malpighian corpuscle (collecting piece) and

passes over into the intermediate tubule. Between this and the
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terminal collecting tubule there is no definite boundary. From the

terminal collecting tubule we pass by the collecting tubules of the

1st to the 12th orders to the renal pelvis and the ureter. From the

Bowman's capsule of the Malpighian corpuscle to the intermediate

tubule the tubule system develops from the metanephrogenic tis-

sue ; the development of the collecting tubule system up to the ter-

minal collecting tubule has already been stated to be from the

primary excretory duct. We must therefore look for the point of

Terminal collecting tubule

Intermediate tubule

Connecting piece

Tub. contortus, pars convoluta

Tub. contortus, para recta

Asc. wide limb of Henle's
loop (lighter part)

Desc. narrow limb of Henle's loop

Asc. wide limb of Henle's
(darker part)

loop

Fig. 575.—Diagram of a uriniferous tubule from the adult kidney, showing the relative positions

of the various parts to one another and to the collecting tubule. The tubulus contortus consists of two
portions, a pars convoluta, in which the Malpighian corpuscle lies excentrically, toward the renal pelvis,

and a pars recta, which participates in the formation of the descending limb of Henle's loop. The summit
of Henle's loop (in short loops), is formed by the wider ascending limb, which consists of a darker and a

lighter portion; the lighter portion passes over into the connecting piece, which, crossing the vascular pole

of the Malpighian corpuscle, passes over into the intermediate tubule and this opens into the terminal

collecting tubule.

union of the two systems at the junction of the terminal collecting

and intermediate tubules. The two systems therefore grow to-

wards each other from a considerable distance, and the length of

the path which they must traverse before meeting forms a com-

plication of the developmental process, and the more complicated

such a process is, the greater is the possibility for disturbances

of it. The cystic kidney, so familiar to the pathologist, is in many
cases due to a failure to find one another on the part of the urinif-

erous tubules and the terminal collecting tubules.
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Development of the Ureter, the Primitive Renal Pelvis, and the

Collecting Tubule System.

It has been stated in the section on the pronephros (p. 772)
that the primary excretory duct on its way to the cloaca runs
beneath the ectoderm as far as the 28th primitive segment (5th
lumbar), and that there it bends to a horizontal direction and
reaches the lateral wall of the cloaca. At this sagittal bend the
dorsal wall of the duct forms a hemispherical outgrowth, the
anlage of the ureter (Fig. 576). Even before the appearance of

the ureter bud the duct is enlarged at the bend and slightly thick-

ened throughout its entire circumference. This enlargement
affects only the limited region of the bend, the portion of the duct
between it and the cloaca remaining narrow during the earlier

Visceral root Primary excret. duct

I

AortaIntestine

A. umbilicalis

- Parietal root

Ureter bud

FiQ. 576.—Reconstruction of the lower end of the body of a human embryo of 5.3 mm. greatest length,

4.6 mm. nape length, and with 36 pairs of primitive segments. (Embryo 1420, from the collection of Pro-

fessor Keibel, Freiburg i. Br.) The primary excretory duct has come to lie between the visceral and the

parietal roots of the a. umbilicalis. At the level of its opening into the bladder it bends at a right angle

and at the bend it pushes out the ureter bud

stages of the development of the ureter. The hemispherical ure-

teric anlage is not exactly in the middle of the dorsal wall of the

primary duct, but inclines more and more towards its medial sur-

face, the degree of inclination varying in different embryos. When
the anlage later elongates to form a canal it always lies at the

middle of the dorsal surface of primary duct and, later on, even

on its lateral surface, yet in an embryo of 7.8 mm. greatest length

it still opened distinctly on the medial surface.

This original medial position of the ureteric bud is of importance from the

comparative standpoint, since it persists throughout life in the marsupials, and

in these forms is an obstacle to the union of the two Miillerian duets (Keibel,

1896).

The time at which the ureteric anlage appears cannot be

definitely determined, various observations giving different re-

VoL. II.—53
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suits, but it may with some assurance be placed between the stages

of 4.5 mm. and 5.3 mm. total length.

An embryo of 4.25 mm. and with 28 pairs of primitive segments, another of

4.9 mm. vertex-breech length and with 33-35 pairs of segments and, finally, one

of 5 mm. greatest length, showed no trace of an ureteric anlage, but, on the other

hand, an embryo of 5.3 mm. gTeatest length, 4.6 nun. nape length, and with 36

pairs of segments, showed distinct ureter buds, that on the right having a length

of 20 i" and that on the left, 30 /^. An embryo of 4.75 mm. greatest length already

had a right ureteric anlage 80 M in length, and a left one of 50 M. The enlarge-

ment at the bend of the primary excretory duct had already appeared in an

embryo of 4.25 mm. greatest length and with 28 pairs of primitive segments; in

this embryo the primary excretory ducts had reached, but had not yet united

with, the walls of the cloaca.

The short ureter bud grows at first almost altogether dorsally

toward the vertebral column and the blood-vessels lying in front

of it, but later (in embryos of 8.5-9.5 mm. greatest length) it forms

a curve, which becomes gradually flatter with advancing age, and
the ureter grows cranially. This ascent is due to actual growth
of the ureter, since its tip presses against the surrounding struc-

tures. Thus the ureter gains the dorsal surface of the meso-
nephros Ijdng in the retroperitoneum ; although only loose mesen-
chyme is present in this situation, nevertheless it presents an
obstacle to the forward growth of the ureter that can be overcome
only so long as the anlage has but a single tip. As soon as the

radial outgrowths of the collecting tubules begin, an obstacle will

be presented sufficient to prevent any further forward growth
of the anlage; consequently the definitive position of the renal

pelvis in the fetus (2nd lumbar vertebra) has already been reached
in embryos of 9.5 mm.-13 mm. greatest length . An examination of

an embryo of 9.5 mm. greatest length (Fig. 578) will give an idea

of how slight the forward growth of the ureter really is.

The two ureters do not grow with equal rapidity, but it is

sometimes the right and sometimes the left that is in advance, and
it cannot be said that either side is the more favorable.

The attainment of its definitive position by the tip of the
ureter completes its forward growth, but not its increase in length,

for in order to maintain this position during the growth of the
body, it must elongate enormously, since it is in the region of the
lumbar vertebra that the body growth principally takes place.

The growth in length is the result of growth along the entire
length of the ureter, at least mitoses can be found from the opening
into the primary excretory duct to the renal pelvis.

At the time when the renal pelvis has acquired its definitive

position, neither that of the cranial nor that of the caudal pole of
the kidney has been established ; both are yet to be pushed cranially
or caudally, as the case may be, by the outgrowing collecting
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tubules. In this way the cranial pole of the kidney has reached
the suprarenal body in an embryo of 18 mm. greatest length and
IS growing forward dorsal to that organ (Fig. 553). The space
behind the suprarenal body and behind the urogenital fold affords
ample room for it, and is occupied by a mesenchyme containing
numerous large cavities (Fig. 553) and so loose that there can
liardly be any question of a hindrance to the ascent of the kidney
from the suprarenal bodies, nor can the liver have any effect in
this respect; Fig. 553 shows that the latter does not come into con-
tact with the metanephros. That it influences the postfetal de-
velopment of the right kidney is not denied.

Ventral remains of cloaca

Common
terminal
piece of
the primary
excretory
duct and
the ureter

Fig. 577 a and 6.—Model of the bladder, metanephric
anlage and the caudal end of the mesonephros of an em-
bryo of 7 mm. greatest length, seen from the right side.

(Embryo Chr. 1, from the collection of Professor Hoch-
stetter, Vienna. The model prepared by my son Willy
Felix.) X 52. From the caudal end of the primary excre-
tory duct the ureteric anlage has developed. It is growing
apparently directly backwards. A comparison with the
orientation figure b (reduced from a drawing by Elze, 1907)
shows that the anlage is growing almost horizontally in its

segment. It is still elongated and ends in a club-like swell-
ing, the primitive renal pelvis. -Fig. 577 6 is represented by
mistake from the left instead of from the right side.

The completely developed expansion of the ureter extends
through the length of three or four vertebras ; from the upper bor-

der of the 12th thoracic to the lower border of the 4th lumbar is

its maximal extent. The left kidney is already the higher as a rule

in embryos of 22 mm. and onwards.

Even during the first stages of its growth the ureter changes
its form; at first a simple hemisphere, it quickly develops a stalk

and assumes the shape of a wedge, flattened from right to left

(Fig. 577) ; later, the swollen end becomes marked off from the

stalk, so that there is a differentiation of the primitive renal pelvis

from the ureter in the narrower sense, the latter remaining narrow
and having an almost circular transverse section. The primitive

renal pelvis is broad in the cranio-caudal direction, narrow in the

frontal one, and as seen in the model it has the form of a com-
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pletely compressed funnel. It lies ventral to the v. cardinalis

posterior. While the ureter is still in the period of outgrowth

the primitive pelvis elongates in the cranio-caudal direction and

thus acquires its poles, both of which begin on their own accounts

to grow out in opposite directions and so begin the formation of

the collecting tubules of the first order.

There are formed in all four collecting tubules of the first

order, but their number may be increased to six or fall to three.

The first two are formed by the elongation of the cranial and

caudal poles of the primitive pelvis and I shall therefore name

them the cranial and caudal pole tubules. Somewhat later hori-

Bladder

Primary excretory duct

Cranial pole tubule

Primitive renal pelvis

Rectum

Ureter a. a.

Caudal pole tubule

Fia. 578.—Model of the bladder, primary excretory duct, and ureter of an embryo of 9.5 mm. great-

est length. (Embryo Ma. 3, from the collection of Professor Hochstetter, Vienna. Model prepared by my
students J. Klaualer and Wydler.) The common portion by which the primary excretory duct and the
ureter open into the bladder is enlarged and is more sharply differentiated from the wall of the bladder.

The ureter has differentiated into the primitive renal pelvis and the ureter s. s. The two pole tubules are

beginning to grow out from the primitive pelvis.

zontal tubules develop, corresponding to the middle of the renal

pelvis, and since of these one is directed more ventrally and
the other more dorsally, I shall term them the ventral and dorsal

central tubules. These also appear as simple blind sacks and
form with one another an angle of 45°. Earely a doubling of the

central tubules occurs and very rarely the formation of only a

single one. The two pole tubules may show different relations to

the V. cardinalis posterior; in an embryo of 12.5 mm. greatest

length the pelvis and the caudal pole tubule were ventral to this

vein, while the cranial pole tubule ran at first along its medial side

and eventually reached its dorsal surface.

The four tubules of the first order never appear simultane-

ously; the pole tubules are always the first to form.
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As soon as the primary collecting tubules have reached a
certain length they become enlarged at their blind ends to the
so-called ampullae (Figs. 579-581) ; the primitive renal pelvis is
after all merely a primary ampulla of the ureter. Each ampulla
has from the beginning the shape of a sphere flattened towards the
future surface of the kidney, and in its further growth it elongates
parallel to that surface and forms, according to the number of
collecting tubules of a lower order to which it gives rise, either
a simple transverse tubule, or a three-sided or a four-sided prism
(Fig. 579). From the two to four angles of the ampulla the sec-
ondary collecting tubules grow out parallel to the future surface
of the kidney, and they also are at first simple blind sacks. When
they have reached a certain length, they also develop ampuUse,
from two to four sides of which tertiary collecting tubules are
formed. And so the process goes on up to the formation of the
terminal collecting tubules, and the ampullae always persist, so
that one can determine in young kidneys from their number, count-

FiG. 579 a, b, c, and d,—Diagrams representing the form of tlie ampullje of collecting tubules giving rise

to 2, 3, or 4 tubules of a new generation,

ing from the pelvis to the surface of the kidney, the number of the

budding centres, even although one may not see the branches that

are given off. All the tubules, from those of the second and
third order onwards, are so arranged that they run as well in the

dorsal as in the ventral direction, two usually running ventrally

and one dorsally. The formation. of new collecting tubules ceases

in the fifth fetal month, and the terminal collecting tubules are of

the 11th to the 13th order ; I may state, however, that these num-
bers are estimated, not observed. The primary collecting tubules

are formed in two stages and in the formation of the secondaries

still more occur. In Fig. 580 the caudal pole tubule has already

developed three secondary tubules; the most medial of these is

provided with three buds, representing tertiary tubules, the most
lateral has developed an ampulla which shows preparations for

the formation of the new generation, and only the middle one still

preserves the form of a simple blind sack. Of the four central

tubules only one is in the ampulla stage, and the cranial tubule

does not yet show further development. Fig. 581 shows already

a distinct ureteric tree; here there is only one central tubule,

which is just forming an ampulla; the cranial and caudal pole

tubules, on the other hand, are already far advanced in their
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development. Tlie individual tubules are labelled P or Z accord-

ing as they arise from a pole or a central tubule and the figure

gives the number of their generation. The cranial pole tubule (Pi

)

possesses three secondary tubules (PJ, the medial of which is the

furthest developed, then the lateral one and least of all the middle

one. If the medial secondary tubule be followed further, it will

be seen to have developed tertiary tubules (P3), and of these also

Cranial pole tubule

Ventral central tubules:

Dorsal central tubules

Secondary collecting tubule
with ampulla

Tertiary collecting tubule

Tertiary collecting tubule

Primitive renal' pelvis

Caudal pole tubule

Ureter

Fig. 580.—Ureteric tree of a human embryo of 12.5 mm. greatest length. Reconstruction of trans-

verse sections. (Embryo Ma. 1, from the collection of Professor Hochstetter, Vienna.) X 100. From
the primitive renal pelvis six primary collecting tubules have budded out, a cranial and a caudal pole

tubule and four central tubules, two ventral and two dorsal. The development of the tubules proceeds

in the caudo-cranial direction, the caudal pole tubule has already three secondary tubulea, the caudal

dorsal central tubule is just dividing, the cranial dorsal one is still pointed, the caudal ventral one is further

developed than the cranial ventral one; the cranial pole tubule is still undivided. Of the three secondary
tubules from the caudal pole tubule the caudal one has already developed three tertiaries, the cranial is

just about to give rise to others, and the middle one has not yet formed an ampulla. Of the primary tubules

the cranial pole tubule is a continuation of the ureter or renal pelvis, and the central and caudal pole tubules

arise at right angles to the renal pelvis. The cranial secondary tubule is the prolongation of the primary
caudal one, the caudal secondary has budded off at right angles. By these different relations of the primary
and secondary tubules there is produced the first group-like expansion of the ureteric tree. The dorsal

and ventral central tubulea form an angle of 45° with one another.

the medial one is the furthest developed, for it has pushed out two
quaternary huds and these have already their ampullae so far

developed that one may determine from their shape the number of

tubules of the fifth order (Pg) that are to be formed; the lateral

tertiary tubule has formed two quaternaries, only one of which is

seen in the figure; the middle one (shaded in the figure) is still

a simple blind sack. The lateral secondary collecting tubule has
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only produced two tertiaries (P3), and the most medial of these is
again further developed. The same conditions obtain in the caudal
tubules; in all cases the two outer of three tubules of the same
generation are more developed than the middle one, and of the
two outer ones the medial is more developed than the lateral.
The only difPerence between the caudal and cranial pole tubules is

that the former has already formed six generations, while the
cranial one is just beginning to form a fifth. The constancy of
these results, which are always obtained, leads to the following
laws of development for the collecting tubules: 1. The two pole

Lateral

Fig. 581.—Model of the right ureteric tree of an embryo of 19.4 mm. vertex-breech length, seen from
in front. (Embryo Ma. 2, from the collection of Professor Hochstetter, Vienna.) In this ureter there are

two pole tubules and only one central tubule. The latter is greatly retarded in its development. The letters

P and Z denote the pole and central tubules, the numbers accompanying the letters indicate the order of

the tubules concerned. The caudal pole tubule is further developed than the cranial one, having produced
tubuiea of the sixth order, while the cranial one is just producing those of the fifth order. If one traces

out the various pole tubules one finds that the advancement of the formation of new tubules varies on the
individual branches. If we regard the whole kidney as a half-moon, those branches of the pole tubules
are most developed that are nearest the horns. This agrees with the general development; the ureteric

tree curves medially around the renal pelvis in the direction of the two arrows. From the position of the
tubules of the third and fourth orders one sees that already the growth in thickness in the dorso-ventral

direction has begun.

tubules precede the central ones in development. 2. Each, of the

two pole tubules usually develops three secondary tubules and of

these the most medial always precedes the other two in its develop-

ment and only in its successive branchings is there a formation of

four tubules in a generation, the maximum number ; after it comes

the lateral branch, which also shows a rich development of

branches, and the middle branch, finally, remains behind the others.

This process is repeated in the formation of each new generation
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and must, therefore, lead to a differentiation between the various

branches and twigs of the ureteric tree. Strong branches will be

found to produce a rich crop of branches, moderate ones a less

rich crop and, finally, weak ones only a poorer crop. The reason

for this difference of development lies in the adaptation to abun-

dant or scanty space. Since the tubules of the second order are

at first developed horizontally, they must grow out from the various

primary tubules toward each other. So long as there are only

4 primary tubules with in all 10-12 secondary ones, space is not

yet limited, but as soon as the 30-36 tertiary tubules bud out and
require room, the space becomes insufiicient and this insufficiency

will increase with the addition of each generation. Some relief

from the insufficiency is afforded by the fact that the entire ureteric

tree spreads in a fan-like manner, that is to say, it curves round
the renal pelvis as a centre. (In Fig. 581 the direction of the

curvature is shown by the arrows.) At first it surrounds only

about two-fifths of an oval, but later more, until, finally, the form
of the adult kidney is acquired. And now the various stem
branches with their branch areas become arranged like the

branches of an actual tree, those branches which lie to the outside

having room for growth and those at the centre being prevented
from growing, so that one finds the branching abundant at the

periphery and scanty at the centre. Exactly so is it with the
ureteric tree. Those collecting tubules which lie at the sides are
favorably situated for development, these are the pole tubules;
those situated in the centre are prevented from growing, these
are the central tubules. Furthermore the tubules which occur in

the centre of a branch area will not only form fewer branches
of a younger order, owing to lack of room, but must also wait,
before they can develop them, until by growth in length they have
reached a region where there is sufficient room; these regions
naturally can only occur towards the periphery. These tubules
will, therefore, become longer than their favored fellows, but will

develop much fewer budding centres, i.e., ampullae, in the same
distance.

Since there are four primary collecting tubules, a special
ureteric tree (primary tree, collecting tubule area of the 1st order)
will be formed over each one ; from what has been said the trees
over the pole tubules will be large and those over the central tubules
small

; moreover the primary trees must influence each other and
adapt themselves to the space available for the kidney, so that each
tree in its entirety will have a conical shape, its tip being towards
the kidney pelvis and its base towards the kidney surface. "Within
the limits of each of the primary trees the principal branches must
adapt themselves to this conical shape, and, consequently, the
tubules of the 5th, 6th, etc., orders, that were budded off at right



DEVELOPMENT OF THE URINOGENITAL ORGANS. 841

angles to the parent tubule, become more and more drawn out and
thereby so crowded together that finally they run one close along-
side the other as medullary rays radiating to the surface of the
kidney. The tubules of the 2nd-4th order are not affected in this
way, since they become enlarged and are later taken up into the
kidney pelvis (see p. 859, the definitive renal pelvis and the reduc-
tion of the collecting tubules). The tubules of the 8th, and later
those of the higher orders, retain partly their right-angled origin
from the parent tubules, especially those that lie at the periphery
of the branching of a tubule of the 3rd or 4th order (collecting

tubule area of the 3rd or 4th order). By this right-angled origin
the peripheral tubules of the 8th, etc., orders are pressed upon by
the neighboring tubule areas of the 3rd or 4th order, so that they
grow towards each other and force one another back ; thereby the
tubules of the 5th order (those of the third and fourth orders do
not come into consideration on account of the reduction process
mentioned above) hitherto lying massed together, are separated
into groups, and each group with its branches forms a secondary
tree. The stem of each secondary tree later becomes a secondary
Malpighian pyramid. "Within the individual secondary trees, at

least within the pole pyramids, the formation of tertiary trees may
occur.

The tubules of the first or second order, whose growth is

prevented and which must grow far towards the surface before

they can develop to a tree, must produce cones which, so far as

their size is concerned, cannot be distinguished from secondary

cones formed by tubules whose growth was not prevented. The
branching of the central tubules presents enormous variability, for

kidneys occur in which they almost keep pace with the pole tubules

in the development of younger generations, naturally always re-

maining somewhat behind them, and, on the other hand, others

occur, as for example that shown in Fig. 581, in which the central

trbules have produced no second generation, while the pole tubules

are always engaged in the formation of the fifth and sixth.

Detailed statements as to the branching of the individual primary collecting

tubules will be possible only when numerous models have been prepared, since

these alone allow of a certain count. Since such models are not yet available in

sufficient numbers, I shall limit myself to a statement as to the highest number of

orders of completed tubules that occurs in the branching of one of the primary

tubules, without, however, wishing to imply that all the branches of this tubule

give rise to as many orders. An embryo of 10 mm. greatest length had the two

pole tubules in the process of formation, one of 11.5 mm. greatest length showed

anlagen of the central tubules in addition to rather long pole tubules. One of

12.5 mm. greatest length possessed two pole tubules and four central tubules,

the caudal pole tubule with tubules of the third order, the cranial one without

branches, and the central ones in the act of forming ampullae. An embryo of

13 mm. had two pole tubules and one central tubule, the caudal pole tubule had
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quaternary and the cranial tertiary branches, while the central one had developed

secondaries. An embryo of 17 mm. had two pole and two central tubules; both

pole tubules had developed tubules of the 4th order and the central ones those of

the third order. In an embryo of 18 mm. the pole tubules had tubules of the

4th order and the central tubules those of the 3rd order. In an embryo of 19.4

mm. greatest length the cranial pole tubule had tubules of the 5th order, the

caudal pole tubule those of the sixth order, while the central tubules were branch-

less. In an embryo of 21 mm. the pole tubules possessed tubules of the 5th-6th

order, the central tubules those of the 3rd order. In an embryo of 30 mm.
greatest leng-th (Hauch, 1903), collecting tubules of the 6th order were developed,

in an embryo of 60 mm. head-foot length those of the 8th order, and in embryos

of 65-70 mm. trunk length (Hauch, 1903), tubules of the 8th-llth orders.

The Metanephrogenic Tissue during the Development of the

Collecting Tubules.

In the section on the parent tissue of the mesonephric tubules

it was shown that during the segmentation a cord was cut off from

the mesoderm between the primitive segments and the lateral

plates, this cord representing the combined primitive segment

stalks. This cord of nephrogenic tissue extends—this can be

determined in all clearness in human embryos—only to the point

where the primary excretory duct bends in to the cloaca, that is to

say, to the 28th primitive segment (5th lumbar segment) ; through-

out its entire length it lies on the medial side of the primary excre-

tory duct. In an embryo of 5.3 mm. greatest length, 4.6 mm. nape
length, and with 36 primitive segments it was interrupted in the

region of the 26th and 27th primitive segments and thus separated

into the long mesonephrogenic and the short metanephrogenic cord.

It is only for didactic reasons that one speaks of a metanephro-
genic cord in man, it is really only a small roundish heap of cells.

The division of the nephrogenic cord coincides with the formation

of the ureter bud ; after the division the metanephrogenic mass of

cells lies at first on the medial side of the ureter anlage—as is

natural from its genesis,—^but in an embryo of 7 nam. greatest

length it has grown around it and covers it like a closely fitting

cap (Fig. 582). On account of this intimate relation with the

ureter the further development of the metanephrogenic tissue is

closely associated with the fate of the ureter and its branchings.

At first the metanephrogenic cap is forced dorsally by the growing
ureter bud and thereby is carried out of the line of the mesonephro-
genic cord, and it appears from now on as a special structure that

has no longer any relation to the mesonephrogenic cord ; neverthe-

less an embryo of 7 mm. greatest length still shows a denser strip of

mesenchyme tissue extending from the cap toward the meso-
nephros, i.e., cranially and ventrally, and ending at a distance

from the last mesonephric tubule equal to about the diameter of

two of these tubules. Then the metanephrogenic tissue accom-
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panies the ureter in its ascent, always covering only the primitive
renal pelvis. The cap, which it forms, is at first rather thin
(Fig. 582), and it becomes still more so on the enlargement of the
ureter bud to form the primitive renal pelvis ; when now the bud-
ding out of the primary and secondary collecting tubules occurs
the cap becomes so stretched that in an embryo of 9.5 mm. greatest
length it becomes torn into as many pieces as there are collecting
tubules of the first order present. Each of these four to six pieces

"""S^^^^*^^^^^^^

Metanephrogenic cap'

Primitive renal pelvis

Ureter s. s.'

Primary excretory duct'

Intestine

Bladder

Fig. 582.—From a transverse section through a human embfyo of the fifth week, after Schreiner
(t9{)2). X 120. The section cuts the primary excretory duct transversely; the ureter, which has already
separated into the primary renal pelvis and the ureter s. s., is cut lengthwise. The metanephrogenic tissue

lies like a cap around the primitive renal pelvis.

of the cap shows, however, rapid cell multiplication and again

grows completely over the ureteric tree to which it belongs. The
various ureteric trees are accordingly covered by metanephrogenic

tissue not only on their surfaces but also on the sides turned

towards neighboring trees ; each ureteric tree and its metanephro-

genic cap may be regarded as a unit and I shall term it a primary

MalpigMan pyramid. The various pyramids are closely pressed

together and so their metanephrogenic caps are apparently united

again to form a single investment over the entire kidney. The
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various pyramids will naturally reproduce the form of the corre-

sponding ureteric trees, and consequently possess a base directed

towards the surface of the kidney and correspondingly curved, and

an apex directed towards the renal pelvis. The more the ureteric

trees develop and curve medially around the renal pelvis (Fig.

581 )
, the more pronounced the lateral convex and the median con-

cave surfaces of the kidney become, and, finally, the bases of all

the pyramids (Fig. 583) form a shell with an opening directed

medially for the entrance of the ureter ; the renal pelvis and the

ureteric tree accordingly lie in the space within the shell. The

Cranial pole pyramid

Central tubule

Caudal
pole tubule

Ureter

Fig. 583. Fig. 684.

Fig. 683.—Frontal section of tlie kidney of a human fetus of 160 mm., 3% months old, after Hauch
(1903). X8. Three primary collecting tubule systems are to be seen in the figure, those of the two pole

tubules and those of the central one. Around each of these systems is situated a cap of metanephrogenic

tissue, each system with its cap forming a renal pyramid. Where the two pole pyramids abut upon the

central one the neogenic zones of the two metanephrogenic caps come together to form a column of Bertini.

This extends to the renal pelvis.

Fig. 584.—Right kidney of a five months' human fetus seen from the ventral surface. X about 3J^.

The relatively large suprarenal body is seated upon the kidney, whose surface is distinctly lobed.

space within the metanephrogenic shell unoccupied by the various

ureteric trees may be termed the primitive renal sinus. The lines

along which the metanephrogenic tissue passes down from the

surface between the various pyramids are marked by grooves,

which limit the area occupied by each pyramid, so that one may
speak of a lobation of the kidney surface (Figs. 583 and 584).

Beneath each groove and extending as far as the renal sinus small

quantities of connective tissue lie between the metanephrogenic
investments of adjacent pyramids, and these strips of connective

tissue, together with the two accompanying layers of metanephro-
genic tissue, form what are termed the columns of Bertini (Fig.
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583). There will accordingly be at first four (three to six) pyra-
mids—the two pole pyramids corresponding to the two pole tubules,
and two (one to four) central pyramids, corresponding to the two
(oneto four) central tubules—and three columns of Bertini, a
cranial one between the cranial pole pyramid and a central pyra-
mid, one between the two central pyramids, and a caudal one
between a central and the caudal pole pyramid (Fig. 583).

The columns of Bertini appear one after the other in the 9th to the 10th
week, and are distinctly formed in the 12th week.

It has already been pointed out that each ureteric tree event-
ually divides into several parts and the various metanephrogenic

Secondary column of Bertini Secondary column of/Bertini

Cranial primary
column of Bertini

FiQ. 585.—Frontal section through the kidney of a human fetus of the nineteenth week, 175 mm. in
length, after Hauch (1903). The primary pyramids have been divided into secondary pyramids by the
appearance of secondary columns of Bertini.

caps take part in these divisions. They divide into smaller por-

tions and each of these tertiary pieces covers and encloses a minor
ureteric tree just as completely as the secondary caps enclosed

the undivided trees; thus secondary pyramids are formed within

the primary ones (Fig. 585). Exactly as the metanephrogenic

tissue sinks in between the primary pyramids to form a septum,

so it also separates the secondary pyramids, and one may, there-

fore, speak of secondary columns of Bertini (Fig. 585). A finer

lobation of the surface corresponds to these secondary pyramids,

since each principal lobe is divided into subordinate lobes. Fig.

584 shows the extensive lobation of the surface of the kidney of a

five months' fetus. The lobation of the kidney persists until
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birth, and disappears in the early years, although under some

circumstances it continues to persist throughout life.

According to the number of collecting tubules of the second

order that bud from those of the first order, from two to four

secondary pyramids occur in the interior of each primary one.

Within the secondary pyramids, at least within the pole pyramids,

qther tertiary pyramids, three in number, develop and with them

of course the columns of Bertini that separate them. All the ter-

tiary pyramids reach the surface, but the columns separating them

penetrate inwards only a short distance. The tertiary pyramids

therefore produce a distinct, finer lobation of the surface, but an

incomplete separation of the pyramids. The variability that is to

be seen in the lobation of the kidney surface^—rich or scanty

lobation—depends on the variable development of the- secondary

and tertiary pyramids.

The Development of the Uriniferous Tubules from the Meta=

nephrogenic Tissue.

The metanephrogenic tissue is divided by the progressive

oiitgrowth of the collecting tubule systems into separate portions,

corresponding not only to the primary, secondary and tertiary

Malpighian pyramids, but also, within all these pyramids, into as

many separate masses as there are peripheral collecting tubules.

The primary collecting tubules raise the metanephrogenic tissue as

a whole away from the renal pelvis. As soon as the tubules of

the second order grow out the mantle is split into four pieces, and
again the tubules of the second order raise their quarters of the

mantle as a whole and push it towards the periphery; when the

tubules of the third order form, each mantle quarter is again

divided and the portions are again raised up and again separated

by the new generation. As a result around the end of each collect-

ing tubule, which, in the stage under consideration, represents the

temporary terminal tube, there is a cap of metanephrogenic tissue.

Mlien the new collecting tubules grow out the caps are again torn

into from two to four parts according to the number of the tubules.

This stage is shown in Fig. 586, in which we see a tubule that has
grown to the periphery of the kidney and is there forming two new
tubules, both of which carry in front of their pointed blind ends

the metanephrogenic tissue. This surrounds only a small portion

of the young tubule on the side nearest the surface of the kidney,

but on the side towards the pelvis it surrounds it throughout its

entire length, as far as its origin from the older tubule. In the

angle between the old and the young tube the metanephrogenic tis-

sue condenses to form a compressed, spherical cell-mass, whose
constituent cells are arranged around a point situated somewhat
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excentrically in the interior of the mass. A single cell mass is

formed for each young tubule, so that around the older tubules
usually three cell-masses are arranged. The concentric arrange-
ment of the cells very soon renders the cell-mass independent of
the rest of the metanephrogenic tissue and a sphere of cells, a
metanephric sphere (Fig. 587, on the right side above), is

formed. This is now completely isolated and has no connection
whatever with any of the neighboring structures; its position in

the angle between the older and younger tubule is typical and is

repeated with absolute regularity in all anlagen, whether they are
the first or last to form. A lumen situated excentrically appears
(Fig. 586) and converts the sphere into a metanephric vesicle,

whose walls vary in thickness at different parts owing to the

Surface of kidney Young collecting tubule Metanephrogenic cap

Anlage of uriniferous tubule Old collecting tubule Metanephric vesicle

Fig. 586.—Portion of a section through the kidney of a human embryo of 30 mm. vertex-breech
length. (From the collection of Professor Stoerck, Vienna; II, 3, 4.) X 300. An older collecting tubule
with two young ones budding out from it is shown. Each young tubule carries in front of it a cap of meta-
nephrogenic tissue, which surrounded the end of the older tubule, and tears it. In the angles between the

older and each younger tubule there develops a metanephric vesicle from the metanephrogenic tissue.

The left vesicle shows a slight growth directed towards the periphery, the anlage of a unriniferous tubule.

excentricity of the lumen. The wall towards the surface of the

kidney—for brevity I shall term it the peripheral wall—is the

thickest and from it the entire uriniferous tubule, with the excep-

tion of Bowman's capsule, is formed; the wall towards the renal

pelvis—I shall term it the central wall—is thinner and it forms

Bowman's capsule; the side towards the older collecting tubule I

shall call medial and that directed away from the tubule will be

spoken of as lateral. The two metanephric vesicles of Fig. 586 are

unequally developed. In the left one the upper wall is drawn out

to a knob, which is the anlage of the actual uriniferous tubule, and

rising perpendicularly upwards it unites with the younger collect-

ing tubule (Fig. 587, upper tubule). By this the uriniferous

tubule becomes connected with the collecting tubule system, its

lumen is continuous with that of the collecting tubule. The upper

tubule of Fig. 587 shows a further progress in development; on

its lateral side a slight groove has formed, which is so placed that

it separates the former vesicle from the newly-formed uriniferous
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tubule; it separates, in fact, the anlage of Bowman's capsule from

the uriniferous tubule, and its central wall represents the anlage

of the parietal layer of the capsule. In order that an idea of

the actual appearance of the anlage of the uriniferous tubule may-

be obtained the left side of Fig. 588 should be studied ; the anlage

appears as a sack attached to the young collecting tubule. At the

moment when the union of the uriniferous and collecting tubules

is established, the former begins to bend, and the various new
changes may be followed in Fig. 589 a and h. First it will be

observed that the groove that separates the uriniferous tubule

Metanephrogenic cap Collecting tubule ampulla

Groove between
Bowman's cap'

sule and urinife
rous tub'

Metanephric
sphere

Intermediate
piece

Stoerck'a loop

FiQ. 587.—Portion of a section through the kidney of a human embrycof 30 mm. vertex-breech
length. (From the collection of Profesaor Stoerck, Vienna; II. 1, 7.) X 300. The anlagen of two urinifer-

ous tubules are cut by the section. They are in different stages of development, belong to different genera-
tions, and therefore he at different levels. The left upper anlage has developed a uriniferous tubule that
has connected with the collecting tubule. It has a club-shaped form, the handle of the club being repre-

sented by the uriniferous tubule and its head by the anlage of Bowman's capsule. A slight groove begins
to grow in on the left side, marking the limits between the tubule and the capsule. The lower right tubule
is just about to form Stoerck's loop. Its parts are not continuous in the section. Below is Bowman's
capsule, still shell-shaped; then comes a portion curved like the letter S, and from the upper limb of the S
a convoluted tubule arises; the middle limb is the parent tissue for Stoerck's loop and the lower one becomes
the connecting piece. Above the S is the intermediate piece cut transversely.

and Bowman's capsule and was only indicated in Fig. 587, iias now
extended to the medial side of the vesicle, and the delimitation of

Bowman's capsule is thus completed; its parietal and visceral

epithelia are formed, the parietal being simple and already com-
pletely flattened, ,the visceral being two-layered and cubical; the

shape of the capsule is that of a bowl with a doubled wall (Fig.

588, right tubule; Fig. 590). Since the groove penetrates to the

medial side of the capsule, the passage of the lumen of the latter

into that of the tubule is forced entirely to the medial side, whereas
formerly it lay at the middle. From this point the tubule makes
a triple bend into the shape of an S, the lower limb of the S extend-
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ing from Bowman's capsule to the single asterisk (Fig. 589 b),
the middle piece from this to the double asterisk, and the upper
limb from this to the ampulla of the collecting tubule. In these
three limbs all parts of the future uriniferous tubules are laid
down and we are now in position to determine the portion of the

Collecting tubule
ampulla

Upper limb

Middle piece

Lower limb

Fig. 588.—Model of two developing uriniferous tubules of a human kidney, after Stoerck (1904).
X400. The left tubule hangs from its coUecting tubule as a plump sack; the right has differentiated
somewhat further; the S-shaped uriniferous tubule is followed by the shell-shaped Bowman's capsule.

tubule from whichj for example, the tubulus contortus or Henle's

loop arises. This we are able to do because one topographic rela-

tion persists unchanged throughout all the future modifications,

namely, the situation of the apex of the middle limb in the con-

Anlage of,

glomerulus

Upper limb of S

[Middle limb of S

Bowman's capsule

Fig. 589 a and b.—Anlage of a uriniferous tubule of a human embryo of 130 mm. (Embryo 217, from
the collection of Professor Stoerck, Vienna; I, 6, 7.) The anlage of the tubule has bent to an S-shape, the
limbs of the S being shown in the diagrammatic complementary figure 589 b. It is important that the tip

of the middle limb comes to lie exactly in the concavity of the shell-shaped Bowman's capsule. It is held

in this position later on by the capillaries developed from the vas efferens. • The glomerulus is in the very
earliest stages of development, but already contains blood-corpuscles.

cavity of Bowman's capsule; it is retained in this position by the

capillary network arising from the vas efferens. In Fig. 591

the future parts are indicated by different kinds of shading; the

apex of the middle limb is left unshaded and it becomes the con-

necting piece of the adult uriniferous tubule (compare Fig. 575

Vol. IL—54
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in which the connecting piece is also unshaded). The left part of

the middle limh and the upper limb become the intermediate piece

and both are simply shaded in Figs. 591 and 575. The right part

of the middle limb (cross-hatched) becomes Stoerck's or Henle's

loop, and the lower limb (stippled) becomes the tubulus contortus.

fk
Upper limb

Interme-J
diate pieceT

Connect-_
ing piece

V /A'

\ Terminal coUect-
\ ing tubule

ft-
I

\ y. \ \ \

xS W V^x

Fig. 590.

/"^N / / Bowman's
\ \.„_^^ / capsule

Fig. 591.

FiQ. 590.—Model of a developing uriniferous tubule, after Stoerok (1904). X400. One sees very well

in this view the shell-like form of Bowman's capsule and the tip of the middle limb of the S-shaped tubule
situated in its conca%'ity.

Fig. 591.—Diagram of a young uriniferous tubule in which the various portions are distinguished
according to their fate. The mode of distinguishing them (stippling, hatching, etc.) is the same as in Fig.

575 a. One sees that from the apex of the middle limb of the S-shaped tubule, which is retained in posi-
tion by the vessels passing from the vas efferens, the future connecting piece is formed.

The formation of the S-shaped bends and the transformation of

the various limbs into definite portions of the adult tubule are

almost perfectly regular and are repeated with wearying regular-

ity ia thousands of tubules.

The formation of the S immediately succeeds the coiling of the

Upper limb"

Coil witn Stoerck's canal shpping out'

Bowman's capsule

FiQ. 592.—Model of a developing uriniferous tubule from a human kidney, after Stoerok (1904). X400.
One sees Stoerck's loop slipping out of the coil. Only the horizontal limb of the leader points to this.

tubule and the lower limb and the medial part of the middle limb
of the S take part in the coiling, that is to say, those parts from
which the tubulus contortus and Henle's loop are formed.

As soon as the coil is formed the loop slips out of it; since
this is formed immediately above the Malpighian capsule (Fig.
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591), it must grow out in an arch around this (Fig. 593, left
tubule)

;
then having a free path towards the renal pelvis it grows

to a notable length (Fig. 593, right tubule. Fig. 594 a). During
the formation of this loop, which is not Henle's loop—I must insist
on this here to avoid errors—a histological differentiation of the
epithelium occurs in the tubule, affecting only all parts of the
tubulus contortus. The size of its lumen increases, its cells be-
come large and the cell boundaries vanish completely in some

Intermediate piecs

Tubulus.contortue

Stoerck's loop

Transition of the con-
necting piece into the

intermediate piece

Bowman's capsule

Collecting tubule

Intermediate piece

Tubulus contortus
(ascending part)

Connecting piece

Tubulus contortus
(convoluted part)

Bowman's capsule

;^—Ascending limb
ot btoerck's loop

Tubulus contortus (straight

part) which is also the
descending limb of

Stoerck's loop

Fig. 593.—Model of two developing uriniferous tubules from a human kidney, after Stoerck (1904).
X400r-'The left tubule is just forming Stoerck's loop, One sees its long intermediate piece, that is begin-
ning to coil somewhat. The right tubule already possesses a rather long Stoerck's loop.

places, while in others they become at least indistinct. The nuclei

are round and pale and have retreated to the basal portions of the

cells, the protoplasm is distinctly granular. All this leads to a

very great thickening of the tnbnlus contortus, while the remaining

portions remain thin as before. The tubulus contortus, stippled

in Fig. 594 &, now forms an ascending, a horizontal and a descend-

ing portion. The ascending and horizontal portions later become

the convoluted portion (compare Fig. 594 fe and Fig. 595), the

descending one forms the straight part and, at this stage of devel-
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opment, almost the whole descending limb of the loop. The histo-

logical differentiation and the twisting of the tubulus contortus

occur simultaneously in all the tubules of the same generation.

Fig. 595 shows two adjacent tubules belonging to different collect-

ing tubule systems and yet showing an almost ridiculous likeness

even in the finest details. They do not lie in the same plane, so

that in one the Malpighian capsule does not appear in the section.

CoHecting
tubule

Tubulus
contortus
(straight
part)

Older
ampulla

Growth
zone

Fig. 594 a and b.—Section through a uriniferoua tubule
with a Stoerck's loop. (Human embryo of 105 mm., from
the collection of Professor Stoerck, Vienna.) X 300. Fig.

594 b explains the continuity of the various parts, which are

again indicated as in Figs. 575 a and 591. Stoerck's loop con-

sists of an ascending and a descending limb. The descending
one is formed by the straight part of the tubulus contortus
and a portion of the growth zone, that is left unshaded in /

Fig. 594 b, and from which the descending limb of Henle's

loop later develops. The ascending limb of Stoerck's loop

is thinner and darker than the descending one.

After birth a considerable increase in length and thickness occurs

in the tubulus contortus, and the increase in length leads to an
enlargement of the coil. The enlargement may best be shown by
determining the number of Malpighian corpuscles in equal areas

taken from kidneys of different ages; the more the coils increase

in mass the more must the corpuscles be separated from one an-

other. According to the observations of Kiilz (1899) the cortical

region of the kidney of a new-born child contains five times as

many glomeruli as a corresponding area of the cortex of an adult

kidney. As regards the increase in thickness Kiilz (1899) deter-
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mined that the tnbuli contorti of the adult were twice as great in
diameter as those of embryos. The increase in length and thick-
ness of the tubnli contorti is also shown by the formation of the
so-called cortex corticis ; the yoimg corpuscles during the growth
of the kidney lie close beneath the kidney capsule. This position
they retain even after birth up to about the tenth day. At that
time tlie tubuli contorti of the last generation are beginning to

Fig. 595 a and b,—Section through three developing uriniferous tubules of a human embryo of 45 mm.
nape length, from the collection of Professor Stoerck, Vienna; 4. 8. On the left side the section cuts two
tubules of the same stage of development, but belonging to different collecting tubules; on the right side

is a younger stage of development. The section shows the markedly intimate arrangement of the various

portions of the tubules that all the tubules of this kidney present. 1, Bowman's capsule; 2, descending
limb of Stoerck's loop; 3, horizontal part of the tubulua contortus; 4, ascending part of the tubulus contor-

tus; 5, ascending limb of Stoerck's loop; 6, connecting piece; 7, intermediate piece.

grow out and thus form the outermost layer of the renal cortex,

which no longer contains Malpighian corpuscles.

As a result of the extensive thickening of the tubulus contortus

part and the formation of at least the proximal half of the descend-

ing limb of the loop by the straight part of the tubulus contortus,

and further as a result of the absence of change in all the remaining

portions of the tubule, that is to say, their retention of their orig-

inal slenderness, the form of the loop seems to be almost the

reverse of what it is in the adult (Fig. 594 a, b and Fig. 575) ; the
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descending limb is the thick one and the ascending limb the thin

one. We have therefore to do with a specific embryonic form of

the loop and in order that we may have a definite term for it, I shall

name it Stoerck's loop after its illustrious discoverer (Stoerck

1904). This loop is accordingly formed of the disproportionately

long pars recta of the tubulus contortus and the actual Henle's

loop, which, however, is not yet histologically differentiated in its

two limbs. It is difficult to determine exactly how Stoerck's loop

becomes converted into Henle's loop. I shall first call attention

to the distal portion of the descending limb of Stoerck's loop shown

in Fig. 594 a. It possesses a peculiar epithelium that corresponds

Terminal collecting tubule-

Connecting piece

Clear portion of ascending_
limb of loop

Intermediate piece '^^

Pars convoluta of tubulus contortus

Intermediate piece

Dark portion of ascending_
limb of loop

Para recta of tubulus contortus

-Descending limb of Henle's loop

Fig. 696.—Short loop of Henle from an adult kidney, resembling exactly a Stoerck's loop as far as the

broad ascending limb. Somewhat simplified from Peter (1909.)

neither with that of the pars recta of the tubulus contortus nor with

that of the ascending limb of the loop; in older stages of develop-,

ment it is frequently in active division and in such cases resembles

a proliferation zone. I am, accordingly, inclined, although I can-

not make a positive assertion, to regard this region as the embry-
onic homologue of the descending limb of Henle's loop. I am
strengthened in this view by the results obtained from the study of

adult Henle's loops of different lengths. Peter (1909) has shown
that the length of a Henle loop is chiefly dependent upon the de-

velopment in length of the descending limb ; in the formation of a

long loop both limbs of course take part, the descending one, how-
ever, in the proportion of 1 : 15 and the ascending one only in the

proportion of 1:2; in the short loops the apex is formed by the
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ascending limb, in the long ones by the descending. Accordingly
it is the greater or less growth of the thin descending limb that
determines the length of the entire loop. In the short loops of the

adult kidney that scarcely reach the outer zone of the medulla we
have actual embryonic, that is to say Stoerck's, loops (Fig. 596),
the descending limb remaining unaltered and the straight portion

of the tubulus contortus forming the main portion of the loop ; the

actual descending limb corresponds to the proliferation zone of

Stoerck's loop, while the ascending limb has become thicker and
has differentiated into its dark and clear portions.

The difiEerentiation of Henle's loops into a thin descending and a thick

ascending limb takes place, according to Toldt (1874), in the fourth fetal month;
in the 5th month the long loops reach the papillae in embryos of 140-175 mm.
(Hauch, 1903).

At its first development Stoerck's loop is always so placed that

the descending limb is the farther away from the coUectiag tubule

and therefore has a medial course, while the ascending limb is

nearer to the collecting tubule and therefore runs laterally. In

the stage shown in Fig. 595 b one limb becomes twisted around the

other in a half spiral, so that each of the limbs in its course is

sometimes lateral and sometimes medial. The loop may remain

in this position throughout life, but in most cases there is a com-

plete twisting and Peter (1909) is correct in naming the descend-

ing limb of the adult kidney the lateral one and the ascending the

medial.

The intermediate piece also suffers a change in position.

From its mode of development (see Fig. 591) it must be the most

lateral of all the portions of the tubule. Originally all portions

lie in one plane, but as soon as the tubulus contortus begins to coil

and the loop slips out from it, a twisting of the tubule occurs, in

such a way that a plane perpendicular to the surface of the kidney

and passing through the intermediate piece is perpendicular to a

similar plane passing through the tubulus contortus and Stoerck's

loop ; I have endeavored to show this in Fig. 594 h. As a result

of this twisting the intermediate piece obtains room for further

development and, when it begins to coil, some of its turns may come

to lie medial to the Malpighian corpuscle. The growth in length

of the tubulus contortus naturally determines also a corresponding

growth of the intermediate piece. I shall consider further on the

peculiar growth of the intermediate piece produced by the trans-

ference of the opening of a collecting tubule belonging to a lower

order to one of a higher order.

The further development of the Mal'pighinn corpuscle consists

in its original shell-like form (Fig. 590 and 589 a) becoming grad-

ually spherical. Three stages of the development are represented

in Fig. 597. In a the corpuscle has its simple shell-like form, in
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b there appears at the point where the tubulus contortus becomes

continuous with Bowman's capsule—at the point marked by a cross

in the figure—an evagination which tends to diminish the wide

opening into the capsule, and in c this evagination has increased in

size and at the same time the lateral wall of the shell has grown
toward it, so that the wide entrance into the shell-like concavity

has become converted into a narrow opening, the vascular pole;

through it the vas afferens and the vas efferens find ingress or

egress. These modifications of Bowman's capsule cause also a

Urinif. tubule

Bowman's capsu

Fig. 597 a, b, and c.—Three diagrams showing the development of a Malpighian corpuscle.

displacement of its connection with the tubulus contortus, its urin-

ary pole, and always in such a way that it comes to lie at the

lower surface of the capsule ; thus the vascular and urinary poles

of the Malpighian corpuscles come to lie opposite each other.

It must be possible under certain conditions, that the two poles

wander in the opposite direction, at least Peter (1909) has seen,

though only rarely, the urinary pole at the peripheral surface

of the capsule ; the curving of the renculi may well bring it about
that individual tubules acquire unusual relations and so form
departures from the usual plan. The table by Kiilz will best show

Table showing the Mid-size of the Peripheral and Central Olomeruli in Mikra.

(After Kiilz, 1899.)
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the growth of the Malpighian corpuscles ; since the various urinif-

erous tubules are arranged in layers one over the other, the more
central ones are the younger and the more peripheral the older, and
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therefore in the table representatives from an older are combined
with those from a younger group.

From this table it will be seen that at birth the central Mal-
pighian corpuscles are almost 11/2 times as large as the peripheral
ones, and that in the course of the second year of life this inequality

disappears by the peripheral corpuscles growing while the central

ones remain unchanged. When, at the close of the second year,

all the corpuscles have attained the same size, the central ones
begin to grow as rapidly as the peripheral and all the corpuscles

double their diameter. Finally, it will be seen that the growth
of the corpuscles lasts until the period of puberty.

The first metanephric spheres were found in embryos between 13 and 19.4

mm. greatest length. The first S-shaped tubules were shown by an embryo of

19 mm. greatest length, the first anlage of a Malpighian corpuscle

—

i. e., of Bow-
man's capsule and a glomerulus—was seen in an embryo of 19.4 mm. greatest

length, while in an embryo of 28 mm. greatest length the first completely devel-

oped Malpighian corpuscles were found. The first histological differentiation

—

i. e., the appearance of secretory epithelium in the tubulus contortus—was shown

by an embryo of 24 mm. greatest length, the first Stoerck's loops grow out in

embryos of from 24r-30 mm. greatest length. In connection with these data it

is to be stated that each. advance in the further development of the urinary tubules

first occurs in the pole pyramids.

The metanephrogenic tissue, the parent tissue of the urinif-

erous tubules, lies, as has been stated above, as a cortical layer

around the collecting tubules that have grown farthest towards the

surface of the kidney. Around the ampullae of each collecting

tubule the anlagen of the first uriniferous tubules group themselves

in correspondence with the outgrowing collecting tubules of a new
order, which are usually in threes; all the uriniferous tubule

anlagen, therefore, lie close together and the tubules connect with

neighboring terminal collecting tubules. In this way there is

formed around the entire kidneys a first investment of uriniferous

tubules, which is always only one anlage deep. As soon as the

tubules have separated from their parent tissue, the metanephro-

genic tissue regenerates from what remains and is now raised up

from the layer of uriniferous tubules and carried towards the

periphery by the outgrowing collecting tubules of the new genera-

tion. Here the various pieces of metanephrogenic tissue agaiu

unite to form a continuous sheet, which may be called the neogenic

zone. It invests the new terminal collecting tubules and the layer

of uriniferous tubules. Now the same process is repeated, the

neogenic zone again forms over the whole surface of the ureteric

tree a second layer of uriniferous tubules—^we may speak of them

as a second generation—and it itself again regenerates to a new

neogenic layer, which is again displaced peripherally by the out-

growing collecting tubules of a new order. Since the process
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always repeats itself in the same way there is formed by apposi-

tion to the outer surface a new cortical layer, and the oldest gener-

ation of uriniferous tubules is that nearest the renal pelvis, while

the youngest lies immediately below the neogenic zone. As soon as

the various Malpighian pyramids of the first and second orders are

formed, each pyramid becomes invested by its own cortex of urinif-

erous tubules and its own neogenic layer. The various layers of

tubules are, naturally, in different degrees of development; in a

stage with three generations of them, those of the first generation

are in the stage with the loops of Stoerck, those of the second gen-

eration are in the S-shaped stage with the anlagen of Bowman's
capsules, and the third generation is in the cell-sphere or cell-

vesicle stage.

The formation of the uriniferous tubules is not completed
at the close of the fetal period, but extends into the first days
of extra-uterine life. It is only after the tenth day that the for-

mation of new tubules ceases, the neogenic zone exhausts itself in

the formation of the last generation and vanishes. From its

remains a portion of the connective tissue of the surface of the

cortex is formed.

The first generation of uriniferous tubules is to be found in embryos of from
13-20 mm., the second follows in embryos of 20-30 mm., the third in those of
from 30 mm. trunk length to 75 mm. head-foot length; the fourth generation

appears in embryos of from 60-150 mm., the 5th-8th generations in embryos
of 120-150 mm. head-foot length; seven' months' embryos possess 8-10 layers of

uriniferous tubules (Toldt, 1874; Hauch, 1903); new-born children 10-14 gen-
erations, and, finally, children up to the third month l-t-lS generations. The
formation of the various generations takes place rather evenly within any one
pyramid.

If one investigates the stage of development of the ureteric
tree at the time when the first uriniferous tubules unite with the

collecting tubules one finds that the union takes place in the 5th
or 6th generation of collecting tubules. When one remembers that
all the tubules of the adult kidney open into the collecting tubules
of the medullary rays and that these belong to the ultimate or
periultimate generation, the question at once arises : Do the open-
ings of the uriniferous tubules become displaced or is there a
degeneration of uriniferous tubules that have formed a fully devel-

oped union with the collecting tubule system. I may first answer
the second question, since the reply is very simply "No"! I have
seen degenerating uriniferous tubules in none of the embryos stud-

ied. There remains then only the question as to the displacement
of the openings. For the first three generations I can admit the
method of displacement, for one finds that in these the newly
outgrowing collecting tubules carry with them not only the meta-
nephrogenic tissue but also the openings of earlier uriniferous
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tubules. In this way the uriniferous tubules of at least the three
.first generations all come to open into collecting tubules of the
same order. This carrying outward of the opening of a urinifer-

ous tubule can only, of course, occur along with a corresponding
elongation of the intermediate piece. That the same processes
occur in younger generations is possible, but it can only be deter-

mined in spite of umisual technical difficulties. One must there-

fore consider other possibilities, since one finds older uriniferous
tubules that are not connected with any collecting tubule. Who-
ever has prepared models of metanephric tubules knows how diffi-

cult it is to prepare satisfactory ones, and on this account I am
not yet quite certain that these blindly ending tubules really occur,

and I would not mention them had I not made two other observa-

tions, namely, in the first place, an interruption of the lumen of

a uriniferous tubule that, judging from its form in other respects,

must have been functional some time previously, and, secondly,

the occurrence of blindly ending diverticula at the transition of

the tubulus contortus into the descending limb of Stoerck's loop.

Both these observations suggest the possibility of a uriniferous

tubule separating from its collecting tubule and opening into one

of a higher order.

The Definitive Renal Pelvis and the Reduction of the Collecting Tubules.

We have termed the wedge-shaped enlargement of the ureteric

anlage the primitive renal pelvis and from it the four collecting

tubules of the first order arise. If we compare this primitive

pelvis with the pelvis of the adult kidney we perceive, first, an enor-

mous difference in size and, second, a difference in the number of

collecting tubules opening into it; the pelvis of the adult kidney

may receive over one hundred collecting tubules. This difference

might be produced by a belated—but in that case enormous—new
formation of collecting tubules of the first order, just as a belated

appearance of them occurs in the two central tubules, but all

investigations along this line have yielded negative results. We
must therefore seek for another source of the increase and this is

found in the so-called reduction of the oldest or older collecting

tubules. These first of all become enlarged and are then taken up

into the wall of the growing renal pelvis so completely that no

traces of them remain. The reduction begins regularly at the

centre and proceeds towards the periphery; if it begins in such

a manner that the collecting tubules of the first order are taken

up into the pelvis, then the so-called undivided form of kidney is

produced, one with a single papilla and a single large calyx, repre-

sented by the entire pelvis, a form which is possessed by the rabbit,

for example ; if the reduction takes place in such a way that the

collecting tubules of the first and second order are retained, and the
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tertiaries and quaternaries are taken up into the enlarged second-

aries, then the so-called divided form of kidney results, that is to

say, the kidney possesses several papillte, each surrounded by a

special calyx. The tubules of the second order then form the

calices minores, those of the third order the calices majores. The

human kidney develops according to the divided type, the reduc-

tion begins in embryos of 22 mm. greatest length by an enlarge-

ment of the primitive pelvis and of all the collecting tubules of the

first four orders. Their epithelium becomes at the same time

very clear and, in spite of the enlargement, high cylindrical. Then

in embryos of 60 mm. head length the tubules of the third and fourth

order are taken up into those of the second order, whereby the

tubules of the fifth order open directly into those of the second.

Fig. 598 a and b.—Casts of the renal pelves of two adult men to show the two types resulting from

the simple and the double reduction, o, Ramified pelvis (simple reduction) . 6, AmpuUary pelvis (double

reduction). After Hauoh (1903). Reduced to g.

Into a tubule of the second order there open three tubules of the

third order, nine of the fourth order and twenty-seven of the fifth

order, and since 20-30 ductus papillares open upon a pyramid of

the aciult kidney, the complete reduction of the tubules of the third

and fourth orders suffices to bring about the condition found in the

adult organ.

The human kidney presents an additional point of interest in

that in many kidneys a second process of reduction follows the

first. The second reduction agatn starts from the renal pelvis

and leads to the absorption into the pelvis of the tubules of the

first order completely and those of the second order almost com-

pletely. The remains of those of the second order are then seated

upon a plump pelvis as short stumpy calices. The simple and the

double reduction produce, of course, quite different pelvic forms,

the extremes of which I shall term, following Legueu (1891), the

ramified and the ampullary renal pelvis (Fig. 598 a and h). The
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form of the ramified pelvis will evidently depend upon the different
amounts of growth in length of the tubules of the first and second
orders.

It has been mentioned above that secondary and even tertiary
columns of Bertini may develop. The secondary columns may be
followed to the angle of division of the collecting tubules of the
third order, the tertiary ones to the angle of division of the tubules
of the correspondingly higher order. If now the tubules of the
third and fourth orders are taken up into the renal pelvis, the
secondary and tertiary columns will reach the sinus of the kidney
and thus secondarily acquire the character that the primary
columns possess from the beginning. In this way an increased
number of pyramids will occur, their tips, the papillse, projecting
into the renal pelvis. An increase in the number of renal papillae

is, accordingly, closely associated with the reduction process.

From one primary pyramid as many as nine secondary and ter-

tiary ones may be formed. The definitive number of papillae is

probably already acquired by embryos of the third and fourth

months (Toldt 1874) ; but it must not be assumed from this state-

ment that the reduction process comes to an end at this time; it

becomes retarded, but may be in action even at birth and still draw
many a ductus papillaris into the pelvis.

The Formation of Cortex and Medulla—Medullary Rays—Papillae.

The development of the cortex begins with the formation of the

first generation of uriniferous tubules, and its increase in thickness

depends in the first place upon the new formation of additional

tubules and, in the second place, on the growth of those already

present. The first generation of tubules produces at once a sharp

delimitation of cortex and medulla. The latter is whatever lies

in the primitive sinus and this space at first contains only a small

number of collecting tubules but an abundance of mesenchyme
tissue, whose meshes early arrange themselves transversely to the

collecting tubules. One may, however, properly speak of a begin-

ning of the medulla formation only after the formation of the

definitive renal pelvis. The collecting tubules of the fifth order

become grouped together into bundles and with this the actual

development of the medulla begins, the collecting tubules of the

fifth to the ninth or eleventh orders taking part in its structure.

The medidla increases both in length and thickness, in thickness

by an increase in the diameter of the individual collecting tubules

and by the down-growth of the loops of Henle, in length by the

growth in length of the individual collecting tubules.

A series of measurements has shown that a great difference in

the relation of cortex to medulla may exist in different individuals
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and in the right and left sides of the same individual. Further-

more in the period between the fifth fetal month and the adult con-

dition a series of growth periods may be detected. During fetal

development it is principally the medulla that grows; its trans-

verse diameter enlarges on an average by 100 per cent., and at the

same time the thickness of the cortex iaicreases only by 20-25 per

cent. The stronger growth of the medulla depends on the one hand
on a change in the direction of the collecting tubules; with the

growth of the ureteric tree the collecting tubules, which pass off at

an angle of 90°, parallel to the surface, gradually become straight-

ened out, only the terminal tubules for the time being retaining

the original angle. In the second place the growth is associated

with the development of the tips of the pyramids, the papillae.

After birth a cessation of growth of the medulla occurs and this

lasts until the seventh year ; its development remains as it was or

progresses but slightly, but in the same period the diameter of the

cortex increases regularly. After the seventh year both portions

again grow equally and double their diameter by the time of

puberty.

Medullary rays properly exist from the time when at least

three generations of uriniferous tubules are arranged in layers

one above the other. At least the cortex at this time becomes
quite regularly divided into separate portions by collecting tubules.

These embryonic medullary rays are, however, produced by the

collecting tubules of the sixth or seventh order, while those of

the adult kidney are formed by those of the tenth to the twelfth

orders, the tubules of the sixth or seventh order coming to lie in

the medulla proper. Embryonically, therefore, we must distin-

guish between the temporary and the persistent medullary rays.

The first indications of the persistent rays are found in embryos
of the 14th-16th week aijd with a length of 9-13 cm. (Hauch
1903). Each medullary ray contains at this time 3-4 tubules,

which are collecting tubules of the 10th (or 11th or 12th) order
that have budded out in threes or fours from the collecting tubules
of the 9th (or 10th or 11th) order. To these medullary ray col-

lecting tubules 9-16 terminal collecting tubules belong. The medul-
lary ray tubules must behave differently than the tubules of older
orders in respect to their mode of outgrowth. I draw this con-
clusion from the accurate results of Peter (1909). The collecting
tubules of the 5th-9th or 11th order (1) give rise to new collecting

tubules only at their blind ends, (2) they carry up with them
the uriniferous tubules that open into them or (3) their uriniferous
tubules break their connection with them and make a new union
with a collecting tubule of a higher order, so that, finally, all the
uriniferous tubules open into the collecting tubules of the medul-
lary rays. If the medullary ray tubules behaved like those of
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the medulla they would show openings of uriniferous tubules only
at their ends, but according to Peter this is not the case; they
receive terminal collecting tubules in groups along their entire

length. How this arrangement is developed is at present un-
known; since, theoretically, different ways of reaching this end
may be imagined, it would be idle to discuss them so long as we
possess nothing that points in favor of one rather than another
of the possible ways.

The papillse arise by the growth in length of collecting tubules

belonging principally to the middle orders ( Sehweigger-Seidel

1865, Riedel 1874). If one compares a longitudinal section of a

pyramid of a seven months' embryo with a similar section from
the adult kidney one sees that in the embryo the branchings of the

collecting tubules occur uniformly throughout the entire length of

the pyramid, even into the medullary rays, while in the adult kid-

neys they take place in two groups ; one group lies near the tip of

the papilla, the other near the medullary ray. Both groups are

connected by a longer undivided stretch of the collecting tubules.

This grouping has correctly led Schweigger-Seidel to the con-

clusion that the growth in length occurs principally in the tubules

of the middle order. It produces at all events a pushing of the tips

of the pyramids towards the calyx. The first papillas occur in the

human embryo in the third month; at first they are small, and
consequently appear to be very long, but the more the loops of

Henle grow downwards, the thicker and more distinct they be-

come. That primary papillae may become divided, during the

reduction, into secondary papillae by secondary columns of Bertini

is evident from what was said above concerning the reduction.

The Relation between the Right and Left Kidney.

According to the observations of Hauch(1903), there is a great

correspondence of form in the kidneys of either side during de-

velopment. The right and the left kidney are always at the same

stage of development, the number of lobes is approximately the

same and the form of the renal pelvis is very similar. Later on,

however, the pressure of the liver causes a lesser development

of the right kidney.

Change of Position of the Kidney.

The migration of the kidney cranialwards has already been

described in connection with the development of the ureter (p. 834),

and it was there shown how slight the actual migration really is.

A second change of position of parts of the kidney occurs with the

development of the collecting tubule system; the cranial and

caudal poles are displaced in different directions around the renal
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pelvis as a fixed point. In the first half of fetal life the cranio-

caudal diameter of the kidney corresponds approximately to the

first three lumbar vertebrae, while in the second half of the same
period the cranial pole rises to the level of the eleventh rib and

the caudal one descends to the upper border of the fifth lumbar

vertebra. In this growth in length, which depends on the broad-

ening of the collecting tubule system, the left kidney is almost

always in advance of the right, the difference in favor of the

left kidney being the greater, the older the embryo examined.

After birth a change in the position of the kidney also

occurs. In children less than one year old Alglave (1910) in

half the cases examined (16 out of 32) found the caudal

pole of the kidney in the iliac fossa, in children between

1 and 2 years it was at the iliac crest in a minority of the cases

(3 out of 9), and in those of more than 2 years it was always

above the iliac crest. This change is a passive one, depending
neither upon a more extensive growth in length of the kidney

nor upon a displacement of it, but upon a stronger growth of the

posterior abdominal wall and especially of the lumbar region.

By this growth the space between the 12th rib and the iliac crest

is greatly increased and room is thus made for the reception of

the kidney. The growth in length and thickness of the kidney also

takes place in periods; both diameters increase greatly during

intra-uterine life, from 18-50 mm. in length and from 13-25 mm.
in thickness; during the first year of life only a slight increase

takes place, from 56-70 mm. in length and from 25-37 mm. in thick-

ness. From the second year until the final completion of growth,

especially during the period of puberty, there is again a rapid in-

crease, from 73 to 120 mm. in length and from 36 to 60 mm. in

thickness (Kiilz 1899).

During the growth of the kidney it also undergoes a rotation

around its long axis. The renal pelvis and its first collecting

tubules are at first almost dorsal to the ureter (embryo of 12.5

mm. greatest length), but in embryos of 19.5 mm. greatest length

the ureteric tree is practically lateral to the ureter. In older

embryos there is again a rotation in the opposite direction, prob-
ably a result of the development of the vertebral centra, so that the

lateral border assumes the position it possesses in the adult, about
midway between a frontal and a sagittal position.

The Vessels of the Kidney.

In the chapter on the mesonephric arteries it was stated that
one or several mesonephric arteries may become the persistent
metanephric arteries. The mesonephric arteries are transverse
branches that arise from the aorta and run to the mesonephric
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fold, and their terminal branches form a network, the rete arteri-

osnm urogenitale, lying in the angle between the reproductive
gland, the mesonephros and the metanephros. In 18 mm. embryos
this network comes into connection with vessels which actually

enter the renal sinus. In this way the vessels of the metanephros
become connected with the mesonephric arteries and through them
with the aorta. The network makes it possible for any of the

mesonephric arteries, all of which participate in its formation, to

become a metanephric artery; hence the variability in the origin

of the latter, their frequent dissimilarity on the right and left

sides and, finally, their frequent multiplicity. The mesonephric
artery that is destined to become the metanephric artery is dis-

tinguished from its fellows by its greater diameter, and this dif-

ference can usually be made out in embryos of 21 mm. greatest

length. The branches of the a. renalis in the renal pelvis are so

arranged that they come to lie both on the dorsal and the ventral

side of the pelvis. The first a. arciformis was shown by an embryo
of 30 mm. greatest length.

The development of the v. renalis is so intimately connected

with that of the v. cava inferior, that it is preferably considered

with it.

The Capsule of the Kidney.

The actual capsule of the metanephros is first distinctly seen

in embryos of 70 mm. head-foot length. Embryonic connective

tissue, indeed, surrounds from the beginning the growing ureter

and the outgrowing collecting tubules together with the meta-

nephrogenic tissue, and is, moreover, arranged concentrically; it

cannot, however, be separated from the surrounding connective

tissue, and until this can be done one cannot speak of a kidney

capsule as an independent tissue.

The Later Development of the Ureter.

The course of the ureter is always retroperitoneal and always

close to the mesentery of the mesonephros. Within the abdominal

cavity it is almost straight, but on entering the true pelvis it

curves so as to be convex caudally and, again ascending to the

dorsal side of the bladder, it passes to its opening. Since the

ureter is developed from the primary excretory duct, it will at

first open into this; how it acquires its opening into the bladder

may preferably be considered along with the development of that

organ. Up to embryos of 125 mm. the ureter is almost straight

and has a uniform calibre from beginning to end. Later three

narrowed and two fusiformly dilated parts appear (Seitz 1908).

The first narrow part is at the origin of the ureter from the renal

pelvis, the second is where the ureter crosses the linea innominata

Vol. II.—55
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between the false and the true pelvis, and the third is immediately

above its entrance into the bladder. The first enlarged part, the

lumbar one, is between the first and second stenosis and therefore

in the abdominal portion of the ureter ; the second, the pelvic one,

is between the second and third stenosis and is therefore in the

pelvic portion. The lumbar enlargement appears in embryos of

125 mm. and simultaneously with it the upper and middle narrow
parts; the pelvic enlargement develops only later (in embryos of

320 mm.) ; it is inconstant, and may be completely wanting after

birth (Gerard 1908). The lumbar enlargement is never lacking

in embryos more than 125 mm. in length and in children may taper

off very gradually above and below, in which case the upper and
middle narrow parts are only indistinctly present, and the middle
one may even be wanting; if the enlargement is sharply defitied

the upper and middle narrow parts are distinct, the cranial one
being the more sharply pronounced (Gerard 1908). The lower
narrowing is produced by the formation of the bladder wall and is,

therefore, always present.

In the region of the lumbar enlargement the ureter is spirally

twisted and this twisting may be the ultimate cause of the for-

mation of the narrowed and enlarged parts.

The epithelium of the ureter is at first single-layered, some-
times more cubical, sometimes more cylindrical; the narrower
the lumen, the higher the epithelium. In embryos of from 40-50
nrna. greatest length the epithelium is two-layered at various places,

especially in the region of the genital cord. In those places where
a single-layered epithelium obtains in these embryos, isolated

cubical cells occur among the cylindrical ones and so produce the
appearance of gland-like depressions. In embryos of 55 mm.
head-foot length the epithelium is three-layered in the upper half
of the ureter and five-layered in the lower half, and in embryos
of 70 mm. head-foot length, the transitional epithelium begins to

form, although in an embryo of 90 mm. head-foot length no syncy-
tium is yet to be discovered at its surface. It is remarkable that
a sort of cuticular membrane extends from the bladder over the
free surface of the ureteric epithelium; in embryos of 50 mm.
head-foot length it is present only in the lower portion of the
ureter, but later it extends further and further upwards, reaches
the renal pelvis and finally also the collecting tubules, with the
exception of those that are at the time terminal.

The mesenchyme forms delicate concentric rings, about twenty
in number, around the ureter. Inside these rings fine strands of
circular musculature appear in embryos of 70 mm. head-foot length.

The musculature appears first at the lower end of the ureter and
then gradually extends towards the kidney; in embryos of 150 mm.
it is developed throughout the entire length of the ureter.
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Malformations of the Kidney.

1. The union of the uriniferous tubules with the collecting tubule system is,

as has been seen above, a complicated process, and it is ooneeivable that slight

disturbances may prevent the union of a uriniferous with its collecting tubule.

Nevertheless, such uriniferous tubules continue their development and secrete;

but since there is no exit for the secretion, a cystic degeneration of the tubule

eventually results. A certain proportion of cystic kidneys may, accordingly, be

assigned with certainty to such disturbances of development.

2. A second malformation is produced by the union of the kidney blastema

of the right side with that of the left. This union occurs very early. I found it

in an embryo of 30 mm. greatest length. The united parts form a transverse bar

caught by the inferior mesenteric artery and are retained by this in their caudal

position. Nevertheless, the right and left kidneys may develop further in a wing-

like manner and eventually almost reach the normal position of ununited kidneys.

What the cause of the union of the two blastemata may be is unknown, but even

in the transverse bar the constituents of the two kidneys are sharply separated.

3. A third malformation consists of a precocious splitting of the ureter, ureter

fissus. The cause of a cleft ureter is to be referred to a non-development of the

primitive renal pelvis, the pole tubules developing precociously and then ascending

parallel to one another. The cleavage may later extend downwards into the undi-

vided portion of the ureter, so that finally the latter is cleft right to its entrance

into the bladder. All so-called double ureters which have a single opening into

the bladder should be termed cleft ureters, and not double ureters. In this con-

nection most autopsy protocols are defective; the ureter fissus is regularly termed

a double ureter, although it is single.

4. The double or triple ureter (ureter duplex and triplex) represents a

regressive variation. I shall have occasion to speak of them in the next chapter,

and shall only point out here that they arise as two or three ureteric buds from

the primitive excretory ducts, and that these multiple ureteric buds do not

develop equally, the most caudal one showing the strongest development, not

only as regards the expansion of its ureteric tree, but also as regards the height

that it reaches in its development. It represents the normal ureteric bud and

always reaches a more cranial level than the other two buds.

The Phylogenetic Development of the Metanephros.

We must define again in all clearness what we mean by the metanephros. It

is an excretory organ whose tubules open into special collecting tubules, developed

from the primary excretory duct. Wliether these special collecting tubules are

represented by a simple tube or develop to such an expanded ureteric tree as we
see in man, the opening of the metanephric tubules into a special efferent duct

developed from the primary excretory duct is the characteristic feature.

Starting with this point if we consider, first of all, the development of the

mesonephros of the Gymnophiones, we will find that we have to distinguish in it

between ventral mesonephric tubules, all of which are in a longitudinal row at the

summit of the mesonephric fold, and dorsal mesonephric tubules which lie at

the root of the fold and, in order to open into the primary excretory duet, must

traverse a much longer path than the ventral ones. These dorsal tubules are

developed for the most part later than the others, and may occur in varying

number and in different series. The later formed series are always the more

dorsal ones, and, finally, their tubules can no longer reach the primary excretory

duet by their own efforts. Accordingly the primary duet sends out special col-

lecting tubules for the reception of these canals; according to our definition we
would have to regard these dorsal mesonephric tubules with their special collecting
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tubules as metanephric structures. In the mesonephros of young Gymnophiones,

then, there is scattered throughout its entire length a series of metanephroi
;
only

the caudal ones persist, however, in the adult. In birds a similar observation is to be

recorded. It must be pointed out, in the first place, that the length of the meso-

nephros in birds is markedly less than that of the mesonephros of the Gymno-

phiones, and, consequently, the mesonephric tubules are compressed into a smaller

space. What the mesonephros loses in length, it gains in thickness, and smce a

great amount of development is possible only in the caudal portion of the body

cavity, the mesonephros increases in man

—

i. e., develops dorsal tubules, prin-

cipally in this region. These dorsal tubules are too far away to open directly into

the primary excretory duct, and, therefore, special collecting tubules are formed

for them by the duct. According to our definition these dorsal mesonephric

tubules, together with their collecting tubules, are also metanephroi. Their num-

ber, however, for the reason stated, is small; we have only a few metanephroi and

a few special collecting tubules.

Finally, we have shown that in the development of the human mesonephros

a heaping up of tubules occurs at the caudal end; furthermore, that these meso-

nephric tubules no longer lie in one series, and, finally, that special collecting

tubules are formed for them from the primary excretory duet, but these are few

in number in comparison with the condition in the chick.

In brief, then: At first numerous metanephroi are interposed between the

mesonephric tubules; the more the space in the body cavity becomes limited as

development proceeds, the more also the number of these metanephroi becomes

diminished, until, finally, in adult mammals only one is developed. We must,

therefore, distinguish between different ureters. Those ureters that are devel-

oped for the small metanephroi imbedded in the mesonephroi of the Gymnophiones

and birds, and also for those in the caudal pole of the human mesnephros I term

mesonephric ureters. The ureter which supplies the persistent metanephros I

term a metanephric ureter, and logically we must distinguish in man between

provisional metanephroi and definitive metanephros. When in man two or three

ureters occur as an anomaly, it is, as I have said above, a reversion, since in such

cases one or two of the mesonephric ureters and their tubules persist.

I have finally to consider why the last ureter becomes the metanephric ureter.

I would associate this with the preference which the last ureter acquires in

reptiles and birds. In these the mass of the mesonephric tubules extends caudally

beyond the primary excretory duct and forms the so-called caudal kidney. For
the tubules of this the primary excretory duct forms a special strong ureter,

which must be the last of all the ureters. By the development of the caudal

kidney the last ureter acquires a special importance and therefore a preference,

which finally allows it to dominate over the others as the metanephric ureter.

The Function of the Mesonephros.

In most anamnia the mesonephros begins its activity while the pronephros

is still at its functional height. For a time both organs function together; then

the pronephros undergoes degeneration and the mesonephros becomes the only

functional excretory organ. This entire complex of processes has without further

consideration been transferred to the relation between the mesonephros and the

metanephros, and the question whether the mesonephros is actually functional in

the amniota has never been seriously considered. Weber (1897) was the first to

take it up and he endeavored to answer it in the following manner. He com-

pared the time of degeneration of the mesonephros with that of the development

of the metanephros; when he found that the mesonephros degenerated before the

metanephros could exercise an excretory function, he has assumed that the meso-

nephros did not function, for if it had been active and had then degenerated
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before the metanephros had begnn its activity, there must have been a certain
period of development during which there was no excretion. Let us adopt this
same method in considering the special ease of the function of the human meso-
nephros. Already in an embryo of 19.4 mm. gi-eatest length the majority of the
mesonephric tubules are so far in process of degeneration that they cannot be
regarded. as having an excretory function. Of the 35 tubules of this embryo only
four are actually still intact. In an embryo of 22 mm. greatest length none of
the mesonephric tubules were capable of functioning; in all the tubulus secretorius
had separated from the tubulus collectivus. If one inquires how far the develop-
ment of the metanephros has progressed at this time, one finds that embryos' of
22 mm. have just reached the anlage of the second generation of uriniferous
tubules. The first generation, however, has as yet no fully formed Malpighian
corpuscles. If, then, the mesonephros had functioned as an excretory organ,
there must necessarily have been an interruption of this function on its degen-
eration. Consequently, I regard the question as to the functioning of the meso-
nephros as settled; it does not function as an excretory organ. This does not, of
course, imply that it may not have been active in another manner unknown to us.

Cloaca, Bladder, Urethra, and Urogenital Sinus.

The rectum, bladder, urethra and urogenital sinus are formed
by a' triple division of the cloaca. The first division completely
separates the dorsal third of the cloaca or the rectum, and the

remains of the cloaca are divided by a second incomplete division

into the bladder, urethra and urogenital sinus.

Prom the physiologico-morphologieal stand-point these are grouped together

under the term " bladder " organs, which show an entirely different development,

and are not to be derived from one another phylogenetically. In the first place,

it is necessary to distinguish between entodermal and mesodermal bladders; a

mesodermal bladder arises in some manner from the primary excretory duct; an

entodermal bladder may be formed from the cloaca or from its derivative, the

allantois, and we may speak, therefore, of cloacogenic and allantoidogenic blad-

ders. Finally, it must be pointed out that the bladder derived from the cloaca

may be formed either from its dorsal or its ventral wall, and we must, therefore,

distinguish between dorso-cloacogenic and ventro-cloacogenic bladders. The Am-
phibia possess a purely ventro-cloacogenic bladder, a purely allantoidogenic blad-

der occurs temporarily in some birds, a purely mesodermal bladder is developed in

the selachians. All other bladders are of mixed origin. The Teleosts, Ganoids,

Petromyzonts, snakes, crocodiles, and mammals have bladders of cloacogenic and

mesodermal origin; the lizards derive their bladder from three sources: dorso-

cloacogenic, allantoidogenic, and mesodermal; and, finally, in the turtles the

bladder is formed from dorso-cloacogenic, ventro-cloacogenic, allantoidogenic and

mesodermal anlagen.

In man a ventro-cloacogenic and mesodermal bladder de-

velops; an allantoidogenic origin, such as was formerly supposed

to occur, does not exist.

By cloaca is understood the part of the posterior intestinal

bay that lies caudal to the point where the allantois is given off.

Into it there open from above the end-gut and the allantois (Fig.

599). It is a blind sack, oval in transverse section, its longest axis

standing dorso-ventrally and its ventral surface being compressed
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almost to an angle (Figs. 530 and 534). By this ventral angle

the cloaca comes into contact and fuses with the ectoderm of the

surface of the body, the mesoderm being pressed aside. The area

of fusion is termed the cloacal membrane (Tourneux 1888, Born

1894, Fig. 534). This consists, accordingly, of two layers of epi-

thelium, a stronger ectodermal and a weaker entodermal one (Fig.

600) ; later the difference in thickness becomes more equalized and

in the region of the urethral plate it becomes reversed. Seen from

without the membrane lies at the bottom of a shallow rhomboid

groove (Fig. 601, Keibel 1896). At first the cloaca is short in the

Cloaca—

Cloacal membrane

Allantoic stalk

Fig. 599.—Reconstruction of tlie embryo Pfannenstiei-Kromer, 1.38 mm. long and with 5-6 pair8 of

primitive segments, seen from the right side. X 50. The figure is intended to show the relation of the

cloaca and cloacal membrane to the allantoic stalk. The latter arises from the cloaca at a right angle,

immediately above the cloacal membrane.

cranio-caudal direction; the more the tail grows, the more the

cloaca becomes enlarged and the cloacal membrane keeps pace
with it. A comparison of Figs. 599 and 600 shows the increase of

both. In both figures the membrane begins immediately caudal to

the point where the allantois is given off and extends in an embryo
of 2.6 mm. greatest length (Fig. 600) to the caudal end of the

cloaca ; in this embryo, accordingly, the membrane forms the entire

ventral wall of the cloaca.

The growth of the cloaca is shown by the following data. Embryo of 1.38

mm. greatest length: The length of the cloaca is 90 f^, that of the cloacal mem-
brane 20 /*. Embryo of 2.6 mm. greatest length and with 13-14 pairs of primi-

tive segments: length of the cloaca 160 M, that of the cloacal membrane 130 i«;



DEVELOPMENT OP THE URINOGENITAL ORGANS. 871

the cranial end of the cloaca is in the 14th primitive segment. Embryo of 2.5 mm.
greatest length and with 23 pairs of primitive segments: length of the cloaca
and cloaca! membrane 110 M, the cranial end of the cloaca lies at the level of the
future 26th primitive segment. Embryo of 4.25 mm. vertex-breech length: the
length of the cloaca 250 M, that of the cloacal membrane 240 /*; the cloaca lies in

the 28th primitive segment. Embryo of 4.9 mm. nape length: length of cloaca
540 M, that of the cloacal membrane 360 ^. Embryo of 11 mm. greatest length:
length of the cloacal membrane 470 ^.

The first division of the cloaca begins in embryos between
4.9 mm. nape length and 5.3 mm. greatest length; it separates a
dorsal third or quarter, the rectum, from the rest of the cloaca,

the ventral remains of the cloaca. It takes place by the saddle
between the cloacal opening of the intestine and that of the allan-

tois growing as a partition downwards from above into the lumen
of the cloaca, parallel to its dorsal wall (Fig. 602) ; this partition

Saddled \ ,
'

i>
-f^^^ -*Sia^\^ Allantoic stalk

Cloacal membrane
V _ \ ^ /

Chorda-

FlG. 600.—RecoDBtruction of the caudal end of the body of Embryo Pfannenstiel III, 2.6 mm. greatest

length and with 13-14 pairs of primitive segments. X 50. Cloaca and cloacal membrane have grown
greatly in comparison with the conditions in the embryo shown in Fig. 599; the allantoic stalk is given
off at a right angle from the cloaca, immediately above the cloacal membrane. The ventral wall of the

cloaca is formed only by the cloacal membrane.

is termed the septum urorectale. The lower border of the septum

is not straight, but forms a curve, since it grows downward faster

at the lateral walls of the cloaca than it does in the middle. One
thus gets the impression that there are at the lower end of the

septmn two lateral folds, the plicae urorectales, which unite in the

median line and so form the unpaired septum. The middle line

of the septum, however, never shows a raphe, such as would be

formed by the union of folds, and therefore the description of the

septum urorectale as unpaired is more correct. The line, along

which the septum grows downwards in the interior, is marked on

the outer surface of the cloaca by a groove or a slight ridge

(Keibel 1896). The rectum and the ventral remains of the cloaca

are differentiated even before the division by differences in the

structure of the epithelium of the cloacal wall. That of the dorsal

wall, so far as it forms the future rectum, remains high cylindrical

and the portion of the lumen corresponding to it becomes narrow

;
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the epitlielium of the ventral wall, so far as it forms the ventral

remains of the cloaca, flattens out, and the portion of the lumen

corresponding to it remains wide or even widens. At the line of

transition of one portion of the lumen into the other there is a

ridge (Fig. 562), which corresponds to the position of the future

urorectal fold. Growing further down the urorectal septum

reaches the neighborhood of the cloacal membrane and thus divides

the cloaca almost completely into the rectum and the remains of

the cloaca, a small connecting passage only remaining between

the two immediately above the cloacal membrane (Fig. 603 &). At

this stage the development may be inhibited and the communication

between the rectum and urethra thus is made permanent. On this

Umbilicus
m'^'^'mm

End-gut

-

Rectum

Coccygea
tubercle

Ventral remains
of cloaca

Fig. 601. Fig. 602.

Fig. 601.—Model of the cloacal membrane of a human embryo of 3 mm. greatest length. (Embryo
E. B., from the collection of Professor His, Leipzig; from Keibel, 1896.) The cloacal membrane forms a

rhomboidal groove slightly depressed below the surface of the embryo, between the umbilicus and the

coccygeal tubercle. At either side is one of the paired cloacal swellings.

Fig. 602.—Model of the cloaca of a human embryo of 7 mm. greatest length (embryo Chr. I, from

the collection of Professor Hochstetter, Vienna), in which the gradual separation of the rectum from the

ventral remains of the cloaca is shown diagrammatically by the series of dotted lines.

account this communication is termed the cloacal duct (Reichel

1893). Normally, however, the urorectal septum grows through

this last stretch also, reaches the cloacal membrane and fuses with

it (Fig. 604 b). By the fusion the cloacal membrane is divided,

and we now speak of an anal membrane that closes the rectum, and
a urogenital membrane, that closes the ventral remains of the

cloaca. In the later development both membranes are broken

through independently, and so the urogenital and the anal open-

ings are formed. The breaking through takes place in embryos
of between 13 and 18 mm. greatest length ; the anal opening gener-

ally is formed somewhat later than the urogenital.

As a mark by which the progressive division of the cloaca may be measured,

only the point of opening of the primary excretory duct is available, and this is

by no means satisfactory, since it also alters its position. As is shown in Fig. 534,

when the point of contact of the primary excretory duct with the cloacal wall

is first established, it lies close to the ventral ridge of the cloaca, and therefore

close beside the cloacal membrane. At the beginning of the division of the cloaca

this point moves dorsally, so that seen from the side, it comes to lie at the middle
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of the lateral eloacal wall (Fig. 605). Whether a displacement in the cranial
direction accompanies this evident horizontal one cannot be determined with cer-

tainty. With this limitation the following data may he accepted. In young
embryos up to those of 4.9 mm. greatest length the opening of the excretory duct
almost divides equally the cranio-caudal diameter of the eloacal wall. In an
embryo of 7.8 mm. the saddle lies between the opening of the intestine and the
allantois, somewhat above the opening of the excretory duct. In an embryo of
8.5 mm. greatest length the saddle already lies 50 M beneath this opening

—

i. e.,

the opening is already into the divided cloaca. In a 7 mm. embryo the saddle is

190 /^ below the opening of the duct, in one of 9.5 mm. greatest length it is 260 /*

below the opening and in one of 11 mm. greatest length the division of the cloaca

is complete.

While tlie division that separates the rectum from the ventral
remains of the cloaca is still progressing, the second division,

which divides the ventral remains of the cloaca into the bladder,

the urethra and the urogenital sinus, is beginning; the possibility

Septum
urorectale

Newly formed ven-
tral wall of cloaca

Ureter
Terminal portion of

prim, excretory duct

Fig. 603 a and 6.—Model of the bladder of a human embryo of 7 mm. greatest length. (Embryo Chr.
I, from the collection of Professor Hochstetter, Vienna.) Model prepared by my son, Willy Felix, a. From
the right side; b, a median sagittal section. The cloaca has grown somewhat: by the gradual formation of

the lower half of the ventral abdominal wall the umbilicus, and with it the allantoic stalk, is carried

away from the eloacal membrane, and, as a result, there is formed, above the latter, a newly formed portion

of the ventral wall of the cloaca, from which the allantoic stalk arises at a right angle as before. The divi-

sion of the cloaca into the rectum and the ventral remains of the cloaca is almost complete, the saddle

between the two being immediately over the eloacal membrane. Between the two there is still a tubular
communication, the eloacal duct of Reichel.

of such a division depends on the curving of the caudal end of the

body (see Vol. I, Fig. 272). The cloaca is fastened to the outer

wall of the body at three points, to the umbilicus by the allantoic

stalk or iirachus, along the entire eloacal membrane to the anterior

abdominal wall, and loosely by the primary excretory duct and

ureter to the posterior wall of the abdomen. The positions of

these three fixation points, relative to one another, determine the

form and position of the cloaca. As has been pointed out the

length of the eloacal membrane represents at first the length of

the ventral wall of the cloaca; the membrane begins immediately

below the origin of the umbilical cord or belly stalk and extends

to the caudal end of the cloaca (Figs. 600, 605 and 606) ; the dorsal

wall of the cloaca in young embryos lies on the ventral surface of

the aorta or chorda (Fig. 600). This position changes with the
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elongation of the embryo; the umbilicus and cloacal membrane

become pushed apart, a piece of the anterior abdominal wall is

formed between them and, corresponding to this, a new portion of

the ventral wall of the cloaca is formed, situated cranial to the

cloacal membrane; compare Figs. 600 and 603 b. A little later the

anterior abdominal wall from the umbilicus to the caudal ei^d of

the cloacal membrane becomes pushed out to form an elevation

(Figs. 607 and 608). On this elevation, the cloacal tubercle, the

Cloacal horn

Passage to allantoic atalk

Pars phallica
sinus urogenital.

Urogenital
membrane j

_AnaI
"membrane

ars pelvina sinus urogen. J
Fig. 604 o and h.—Model of the cloacal region of a human embryo of 11 mm. greatest length. (Em-

bryo P. I., from the collection of Professor Hochstetter, Vienna.) Model prepared by my pupil Frau
Gervai. a, From the right side; b, median sagittal section. The rectum is completely separated from the

ventral remains of the cloaca, and the cloacal membrane has been divided into ttje canal and urogenital

membranes. The ventral remains of the cloaca has changed its position in that it has been drawn dorsally

by the ureters and primary excretory ducts as a result of the enlargement of the dorso-ventral diameter
of the body cavity. Thereby its former dorsal wall—compare Fig. 603—is divided into a ventral and a

cranial portion, the former being formed by the urogenital membrane and the latter by what was termed
in Fig. 603 the newly formed ventral cloacal wall. The cranial wall is depressed caudally in its middle
part. Thus the ventral remains of the cloaca is divided into three portions: into, 1, the vesico-urethral

aniage, the dorsal portion, 2, the pars pelvina of the urogenital sinus, the middle narrow portion, and, 3,

the pars phallica of the urogenital sinus, the ventral broad portion; the latter is closed externally by the
urogenital membrane.

ventral wall of the cloaca is so placed that the cloacal membrane
lies on the anal slope of the tubercle, extending from its summit to

the caudal periphery of its base, i.e., to the anus, while the newly-

formed portion of the cloacal wall extends from the summit of the

tubercle to the umbilicus (Fig. 608) ; the newly-formed wall and
the membrane therefore form an angle open dorsally. The dorso-

ventral diameter of the abdominal cavity increases with the

curvature of the tail and thereby the primary excretory duct be-
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comes at first elongated ; compare its course in Fig. 606 and in Figs.

603 and 604. As the enlargement of the abdominal cavity increases
still more, the primary excretory duct and the ureter, which are
fastened to the posterior abdominal wall, draw out dorsally the
posterior wall of the ventral remains of the cloaca (Figs. 603 and

Allantoic stalk

Fig. 605.—Model of the caudal portion of the body of a human embryo of 5.3 mm. greatest length.

(Embryo 1420, from the collection of Professor Keibel, Freiburg i. Br.) Position and course of the primary
excretory duct, position of its opening with reference to the cloaca and the cloacal membrane, anlage of

the ureteric bud.

604) . The form and position of the ventral remains of the cloaca

become altered by these modifications, the cavity becoming almost

quadrangular in median section ; while in Fig. 603 b we can distin-

guish only a ventral and a dorsal wall in the remains, in Fig. 604

there is a ventral wall, formed by the urogenital membrane, a

.allantoic stalk

Cloacal membrane

Primary excretory duct

Fig. 606.—Reconstruction of the caudal end of the body of a human embryo of 4.25 mm. vertex-

breech length and with 28 pairs of primitive segments. (Embryo H. M. 1, from the collection of the Ana-

tomical Institute, Zurich.) Course of the primary excretory duet and the position of its orifice relatively

to the cloaca and the cloacal membrane.

cranial one formed by the newly-formed piece of the ventral cloacal

wall (in Fig. 604 &, this wall is already depressed caudally), a

posterior one and a caudal one formed by a bending of the actual

dorsal wall at the level of the primary excretory duct. The cranial

wall now becomes curved downwards and the lumen, originally

rectangular in median section, becomes divided into three portions
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(Fig. 604 b). The depression of the cranial wall has taken place

in an embryo of 11 mm. greatest length, a model of which is shown

in Fig. 604, and the originally simple lumen of the cloacal remains

is incompletely divided into a dorsal and a ventral wide portion

and a median narrow portion. From the posterior broad lumen

the vesico-urethral anlage is formed, the narrow middle portion

becomes the pars pelvina and the broad A^entral portion the pars

phallica of the sinus urogenitalis. Since the urogenital membrane
runs along the anal slope of the cloacal tubercle and later of the

phallus, by the outgrowth of the phallus the pars phallica of the

urogenital membrane becomes enclosed in that organ and hence

its name.

The first traces of the division of the ventral remains of the cloaca into the

vesico-urethral anlage and the sinus urogenitalis are already indicated in an

. J^rv-
^^'Umbilical cord

wL^
V

W 1 ^^
Lower extremity

ly^ ^^^ Coccygeal tubercle

Fig. 607.—Caudal extremity of the body of an 18 mm. embryo. (From a photograph by Professor

R. Meyer, Berlin.) Between the umbilicus and the coccygeal tubercle cranio-caudally and the two lower

extremities laterally, the cloacal tubercle has appeared. On it there may be distinguished an oral slope

towards the umbilicus and an anal one towards the coccygeal tubercle. On the anal slope the ostium uro-

genitale and the groove which later becomes the ostium anale are visible.

embryo of 7 mm. greatest length (Fig. 603 h). The division is more distinct in

an embryo of 9.5 mm. greatest length (Fig. 567) and is complete in one of 11

mm. (Fig. 604).

With further development the vesico-urethral anlage and the

pars pelvina of the urogenital sinus become broadened in the

frontal direction and compressed in the sagittal one, so that the

dorsal and ventral walls are almost brought into contact. The
pars phallica of the urogenital sinus remains broad in the sagittal

direction, but is very much narrowed in the frontal one, so that

finally its left and right walls are in contact in the median line.

Between the two walls there always remain one or several clefts

;

only the portion that corresponds to the future glans becomes
completely solid, and this and this only can be termed the urethral

plate.

The irregular form of the wall of the sinus urogenitalis, both in its pelvic

and phallic portions, shown by the occurrence of several completely separated

lumina, gives opportunity for the formation of diverticula and for duplication of

the sinus (Grubenmann, 1911).
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The broadening of the vesico-urethral anlage in the frontal
direction is principally caused by that portion of the primary
excretory duct that intervenes between the opening of the ureter
and the bladder being taken up into it. We shall call this portion
the terminal piece of the primary excretory duct. It is at first
narrow, but during further development it becomes more and more
enlarged in a funnel-shaped manner from the opening into the
bladder upward, the enlargement forming the so-called cloacal

Vesico-urethral anlage-^v,,^^ ./ Originally the
. // newly formed

, I I 1 11^^ ventral cloaeal

-,,
,j^l

IJJ-jj ^'a" (Fig- 602)

between /
I IV ^ ^^ / Cloaeal

\ / tubercle

^~~~~~~~——~~^ Urogenital
membrane

Pars phallica sinus urogenitalis

urethral anlage \ fc VV ^^W ^ Jmand the sinus \ IL \\».-^ ^^^^ ^^^^m
urogenitalis \ ». X^\^^ 7^^. .^^^^w

Pars pelvina sinus^ ~'"" \

Fig. 608.—Sagittal section of the lower end of the body of an embryo of 24[nini. vertex-breech length.
(Embryo Hal. 1, from the collection of the First Anatomical Institute, Vienna.) The division of the ven-
tral remains of the cloaca is completed. The cloaeal tubercle lies between the caudal periphery of the
umbilicus and the base of the coccygeal tubercle. The urogenital membrane extends from its tip along
its anal slope'and forms the ventral boundary of the pars phallica of the sinus urogenitaUs.

horn (Fig. 604 a). The neighboring portions of the wall of the

vesico-urethral anlage also take part, however, in the formation

of the cloaeal horn, but, finally, the funnel is so completely taken

up into the wall of the vesico-urethral anlage that it can no longer

be recognized as a special structure. With the absorption of this

terminal piece of the primary excretory duct into the wall of the

bladder the ureter acquires a direct opening into the latter. At
the beginning of its development the ureter lies on the dorsal wall

of the primary excretory duct, but during the formation of the

cloaeal horn it passes to the lateral side of the duct, so that when
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the direct opening into the bladder develops it lies immediately

lateral to the opening of the primary excretory duct. The portion

of the wall between the two openings then begins to grow exten-

sively, so that while the opening of the primary excretory duct

remains where it was, that of the ureter gradually migrates up-

wards. This migration takes place not only cranially, but also

in a lateral direction. The two excretory duct openings remain

close together, and the region in which they open becomes raised

up into a hillock and projects into the lumen of the urethra (Fig.

655) ; this hillock we shall term Milller's hillock. The triangle

that is marked out by the three points, Miiller's hillock and the

openings of the right and left ureters, and bears the name trigo-

num vesica in systematic anatomy, is, therefore, developed from
the wall of the primary excretory duct, so that with it we have
described the development and extent of the mesodermal portion

of the bladder.

The absorption of the terminal piece of the primary excretory duct into the

wall of the bladder begins in embryos between 5.3 and 7 mm. greatest length; in

embryos of 9.5 mm. greatest length the formation of the funnel is completed and
thereby the boundary between it and the wall of the bladder disappears. In

embryos of from 10 to 14.5 mm. greatest length the meters and primary excre-

tory ducts open close together into the bladder. In those of 13 mm. greatest

length the cranio-lateral migration of the ureters begins, and in embryos of 22.7

mm. greatest length it may be so far completed that the interval between the

apex of the bladder and the openings of the ureters and that between the latter

and the orifice of the urethra may have the same relative proportions as in the

adult. The ureteric openings always lie. at the tips of the half-moon which a

transeverse section of the bladder presents. As to their lateral displacement I

have obtained the following data: Embryo of 11 mm. greatest length, distance

between the two ureteric openings 340 ^; embryo of 12.5 mm. greatest length,

distance 460 m; embryo 19.4 mm. greatest length, distance 500 <«.

SEPAK.\TION OF BLADDER AND UEETHEA.

The separation of the bladder from the urethra takes place

quite gradually and consists, firstly, of an enlargement of the

bladder portion while the urethral portion remains narrow, and,

secondly, of changes in the epithelium of the urethral wall. At
first the entire vesico-urethral anlage is lined by a single layer of

cylindrical epithelium with a vesicular character, almost all the

nuclei lying in the outer portion of the cells. The first changes
take place in such a way that the boundary between the two kinds
of epithelium is formed at about the openings of the ureters,

ventrally at a somewhat more caudal point. Above the openings
the epithelium remains one-layered at first, and later becomes
at most two- or three-layered, while below it at once becomes two-

or three-layered and later four- to five-layered. But in this also

the superficial cells always show the vesicular character and have
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their nuclei in their outer portions. As a result of the rapid cell-

division which precedes the formation of new layers, the cells of

the urethra become smaller and their nuclei come to lie closer

together, so that they give the epithelium a darker appearance than

that of the bladder ; finally the superficial layer of the bladder foses

its vesicular character and becomes cubical. Only one portion

of the epithelium, that of Muller's hillock, remains exempt from
this change; it remains for a long time one-layered and high cylin-

drical, and its nuclei lie close beneath the free surface.

The first difference in the epithelium

—

i. e., the formation of a two- or three-

layered epithelium iu the vesico-urethral anlage—occurs in embryos of 13 mm,
greatest length; a four- to five-layered epithelium occurs in the urethra of embryos

of 45 mm. greatest length; and a transitional epithelium, similar to that found

in the adult urethra, is shown by embryos of 55 mm. head-foot length. The

enlargement of the lumen of the bladder is shown in embryos of from 25 to 30

mm. greatest length.

LATEB DEVELOPMENT OF THE BLADDEE.

The bladder, together with the aa. umbilicales that accompany

it, lies at first (embryos of from 10 to 24 mm. greatest length)

completely within the anterior body wall. Only on the enlarge-

ment of the bladder and the two arteries is the former crowded

out of the abdominal wall and, developing a ventral mesentery,

projects into the body cavity (Fig. 554 a). A view of the anterior

abdominal wall from behind shows that the two umbilical arteries

bound a triangular area, the vesical plate, whose apex is of course

formed by the umbilicus (Fig. 552). Within this area the bladder

lies in such a way that its cranial apex reaches the umbilicus,

where it is connected with the remains of the allantoic stalk; the

internal orifice of the urethra lies at about the level of the sym-

physis. This position the bladder retains at birth, except that its

apex diminishes more and more and finally becomes the urachus,

this structure being, accordingly, a product of the bladder, i.e.,

of the cloaca and not of the allantoic stalk. Usually the urachus

degenerates at an early period to such an extent that its lumen

disappears, and later the epithelial cord thus formed becomes

divided into separate portions which may completely vanish be-

fore birth, but persistent remains of the urachus may for unknown

'reasons enlarge in avesicular manner and give opportunities for the

formation of urachal cysts. While the epithelium of the urachus

completely disappears the surrounding, concentrically arranged

connective tissue persists as a cord, which forms the lig. vesico-

umbilicale medium. So long as the bladder lies in the triangular

area between the two umbilical arteries its mesentery persists, but

when it gradually sinks down after birth and comes to lie in the



880 HUMAN EMBRYOLOGY.

true pelvis, the vesical plate applies itself to the anterior abdom-

inal wall and fuses with it ; its margins, which contain the obliter-

ated umbilical arteries, may, however, especially in fat individuals,

remain free throughout life. In postfetal life the bladder gradu-

ally descends along the anterior abdominal wall into the true pelvis,

this descent taking place differently in the two sexes. In females

the process of descent is a continuous one ; one may recognize in it

two periods differing in the rate of the descent, it being rapid in

the first and second years and quite slow from the 2nd to the

20th year. In males there are also two periods in the descent, but

they are separated by a resting period ; in the first two years the

descent is rapid as in females of like age, then comes a resting

period that lasts from the 2nd to the 8th year, and finally then

succeeds the slow descent from the 8th to the 20th year. I have

taken these data from a table by Disse (1891) ; Disse himself adopts

a somewhat different grouping.

The Bladder Epithelium.—As has been pointed out (p. 878), the bladder

epithelium remains unaltered for a Ions time. It is two-layered and thicker on

the concave dorsal than on the concave ventral surface. The one-layered epithe-

liimi occurs at the apex and the many-layered at the fundus. The cells vary in

height in different embryos, being sometimes high cylindical, sometimes low

cubical. The epithelium first begins to be several-layered in embryos of 50 mm.
head-foot length, first of all in the caudal portion. The first traces of the transi-

tional epithelium are shown by an embryo of 60 mm. head-foot length.

The Bladder Musculature.—A condensation of the loose mesenchyme tissue

surrounding the bladder precedes the formation of the musculature, the direction

of the young cells indicating their later character as circular or longitudinal fibres.

The condensation of the mesenchyme, as well as its later transformation into

musculature, proceeds from the apex of the bladder towards the orifice of the

urethra. The musculature varies in its development and a portion above and
another below the openings of the ureters may be distinguished. We may con-

sider, first, the upper portion. The first muscle layer appears in an embryo of

22.5 mm. as a longitudinal musculature, that extends from the apex almost to

the openings of the ureters. This layer is always stronger on the dorsal than
on the ventral surface, and, indeed, may be completely wanting ventrally. It

surrounds the epithelium in wide curves, so that a broad sheet of loose mesen-
chyme persists between the two, and in this sheet a layer of circular musculature
develops in embryos of 26 mm. greatest length, again appearing first in the upper
portion of the bladder. In embryos of 55 mm. head-foot length a third and last

layer—an inner longitudinal musculature—is formed, and both longitudinal layers

give off oblique bundles to the intervening circular layer; in embryos of 80 mm.
head-foot length, the distinctness of the various layers becomes obscured by the
bundles of one curving into the others:, so that a felted condition results.

The musculature below the openings of the ureters is always only in a single

layer, and this is of circular fibres. It is to be seen first in embryos of 30 mm.
and may extend as a longitudinal musculature upon the terminal portion of the
ureter. The sphincter vesicae is plainly developed in a male embryo of 90 mm.

The ureter traverses the wall of the bladder in a straight course, and this

condition still persists in an embryo of 70 mm. head-foot length. When the
oblique course, which is already present in the new-born child, is acquired, is un-
known.
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II. THE DEVELOPMENT OF THE REPRODUCTIVE GLANDS AND
THEIR DUCTS.

Introduction.

The ovary and testis are up to a certain period of development
exactly alike. Every vertebrate embryo forms at first an indif-

ferent reproductive gland from which, by the emphasis of certain
characters, the sexually differentiated organ is formed. The
sexual differentiation of the reproductive gland is associated with
a second differentiation which earlier, simultaneously, or later

effects other organs. To the sexual differentiations of the repro-
ductive glands belong

:

1. The transformation of special genital cells, differing from all

other cells of the body, into ova or spermatozoa.
2. The formation of ovarian follicles or seminal tubules.

3. A series of small differences

:

(a) The caudal pole of the female reproductive gland
reaches the posterior wall of the genital cord, while that

of the testis ends just above it.

(b) The cranial half or two-thirds of the ovary is rotated

during development through 90° and so comes to lie at

right angles to the rest.

(c) The tunica albuginea of the testis appears very early,

that of the ovary very late.

(d) The a. spermatica interna has a quite different course

in the two sexes.

(e) The caudal pole of the testis is united by the ligamen-

tum testis to the chorda gubernaculi, the caudal pole

of the ovary by the ligamentum ovarii proprium to the

wall of the uterus.

To the sexual differentiations of other organs belong

:

1. The formation of different efferent ducts for the products of the

two reproductive glands. It may be noted here that every

embryo, whether it later manifests the male or the female type,

develops efferent ducts as well for the ova as the spermatozoa

;

the duct which remains functionless degenerates.

2. The different formation of the external genital organs. Here

also there is an indifferent shape through which both sexes

pass before they acquire the special sex characters.

3. A series of small differences:

(a) Accessor}' tubes are only to be found in female em-

bryos.

(b) The anlagen of the fimbriae or accessory ostia are pres-

ent at an early period in the female embryo, but are

wanting in the male.

Vol. II.—56
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(c) The excavatio vesico-uterina is present in tlie female

embryo, but not in tbe male.

(d) At the beginning of the third month the clitoris hangs

decidedly downwards, while the penis stands out hori-

zontally (Herzog, 1904).

(e) The developing penis rises directly from the cloacal

tubercle, while the clitoris is separated from it by a

groove.

(/) The praeputium penis is formed by the ingrowth of one

glandar lamella, which has the form of a cylindrical

mantle. The prasputium elitoridis develops by the in-

growth of three glandar lamellae, an unpaired, middle,

cylindrical one and two paired, straight ones, to the

right and left of the unpaired one.

The Genital Cells,

The most important cells of the reproductive glands are the

genital cells. TMj are distinguished from all other cells of the

body, the soma cells, by the size of their cell-bodies and nuclei;

the content of the cell-body is about 27 times as great as that of

the nucleus. This latter has usually the form of a round vesicle,

frequently of a double vesicle (twin form), and contains a wide-

meshed delicate chromatin network (noyau leptotene [raivia

thread, /err-uj slender], von Winiwarter, 1900) with several nucle-

oli ; the cell-body is feebly granular, stains only with difficulty and

contains in the young condition yolk granules and granules (mito-

chondria) of a special form.

Hitherto it has been supposed that the genital cells were specially differen-

tiated coelom cells, derived from that portion of the eoelom wall that forms the

reproductive glands. But the more our knowledge of the origin of the genital

cells in the vertebrates increases, the more probable does it become that we must

modify this original belief. It has now been shown for all the classes of verte-

brates with the exception of the mammalia (Rubaschkin, 1909), that the first (?)

genital cells have a special origin, probably being derived directly from the seg-

mentation cells. I, therefore, term these cells primary genital cells in contra-

distinction to those that are differentiated from the epithelial covering of the

reproductive glands; these may be termed secondary genital cells.

The proof of the origin of the primary genital cells from the segmentation

cells is based on the special form in which the mitrochondria occur in their pro-

toplasm (Lams and Doorme [1907], Meves and Duesberg [1907, 1908], van der

Stricht [1900, 1909], Rubaschkin [1910], Tschaschin [1910]). The mitochondria

of all the cells of the segmented germ have the form of granules, and the various

granules are completely separate from one another. With the formation of the

germinal layers a differentiation takes place among the cells in such a way that

in the cells of the entoderm of the caudal portion of the body the mitochondria

retain their granular form, while in those of the entoderm of the anterior part of

the body, and in those of the ectoderm and mesoderm the isolated granules are

transformed first of all into chains of granules and finally into rods or filaments.
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Subsequently also the majority of the cells of the posterior half of the body show
the filament form, so that at the stage of the first segmentation of the mesoderm
only a few cells still show the original granular form of the mitochondria;
these few cells are the primary genital cells. It is possible that with the aid of

mitochondrial staining it will be shown that the secondary genital cells are derived

from the primary ones and then all grounds will be removed for contrasting them
as special cells with the primary genital cells.

In holoblastic ova the primary genital cells are formed in the posterior wall

of the gut, in meroblastic ova in the fioor of the segmentation cavity and in the

germinal wall. Since the reproductive glands develop in all vertebrate embryos

beside the root of the mesentery, we must suppose that a wandering of the primary
germinal cells occurs. By noting all the localities in which primary genital cells

are found we may reconstruct the path which is followed by the individual cells

r Rete peri-intestinale

Vasifactive cqWs-

Multinucleate wandering cells

(genital cells?)

Mesoderm

Cloaca

Cloacal mem-
brane

Fig. 609 a and b.—Part of a transverse section through the embryo Pfannenatiel III, 2.5 mm. greatest

length and with 13-14 pairs of primitive segments. (From the collection of the late Professor Pfannenstiel,

Kiel.) The section passes through the cloacal membrane and its exact position may be seen from the adja-

cent figure b. The mesoderm is still quite loosely aggregated. Between it and the entoderm there is at

the upper edge of the figure a fully-formed portion of the rete peri-intestinale, and further down there are

cell chains and masses (to the left of the cloaca) from which new networks of the rete are forming. The
section shows at two places, to the right and left of the cloacal membrane, large cells partly multinucleate,

partly filled with yolk granules and partly free from them, and lying free between the mesoderm and endo-
derm. These cells may be termed wandering cells and hypothetically may be interpreted as primary
genital cells.

from their place of origin to the genital fold. It leads from the mesenchyme
between the wall of the intestine and the parietal mesoblast into the root of the

mesentery, and from there into the urogenital fold, at first into its connective

tissue and finally into its epithelial covering. We may distinguish, therefore,

between regional and extraregional genital cells, understanding by regional cells

those that lie among the epithelial cells of the genital folds; all those that have

not reached that position we group together as wandering or extraregional cells.

All the primary genital cells do not migrate at the same time; whether all reach

their goal is uncertain, but in any case the possibility of strayed genital cells

must be admitted. The secondary genital cells occur only in the genital folds

and they are, accordingly, regional from the beginning.

A series of transitional forms may be found between the secondary genital

cells and the ordinary coelom cells (cells with noyaux protobroques a and b, von
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Winiwarter, 1900). I denote these transitional forms as genitaloid cells (cells

with noyanx deutobroqiies, von Winiwarter, 1900). They agree with the genital

cells in the structure of their nuclei, which are vesicular with a wide-meshed,

delicate chromatin network, with the ccelom cells in the smallness of their cell

bodies, which closely surround the nuclei. So soon as genital cells—whether they

be primary or secondary—occur in the epithelium of the genital fold we speak of

a germinal epithelium (Waldeyer, 1870) ; this, then, denotes a mingling of ordi-

nary coelomic and genital cells. Just as a region of coelom epithelium may become

germinal epithelium, so also it may lose its chai-acter of germinal epithelium should

its genital cells migrate out of it or otherwise disappear. The ordinary coelom

cells react to the immigration of genital cells by increasing in volume, passing from

a flattened into a cubical form. But such a modification of flattened coelom cells

must not, without the presence of genital cells, be taken as evidence of the forma-

tion of a germinal epithelium. For wherever, as the result of a folding process,

two coelomic epithelial surfaces come into contact, an increase in the height of the

flattened epithelium occure, apparently as the result of a mutual formative

stimulus.

Double V. cardinalis post.

Primary excre-
tory duct

"Genital cell

- Radix mesenterii

Fig. 610.—Transverse section through an embryo of 4.7 mm. vertex-breech length and 4.9 mm. nape
length and with 33-36 pairs of primitive segments. (Embryo 137, G. 31, from the collection of the II

Anatomical Institute, BerUn, Professor O. Hertwig; slide 9, row 3, section 1.) The section passes through
the nth primitive segment and the 5th mesonephric tubule. The urogenital fold is shown passing on the
right into the root of the mesentery, on the left into the lateral wall of the body. A primary genital cell

8 to be seen in the root of the mesentery.

All the primary genital cells disappear in amniote.i ; whether they pass through
a latent period to become manifest later as secondary genital cells, though possible,

has not been proved.

And now, as regards man it is probable that he also possesses
genital cells. The following facts are in favor of such a supposi-
tion : in an embrj^o of 2.6 mm. greatest length and with 13-14 pairs
of primitive segments there were in the neighborhood of the
cloaca, that is to say, in the region of what was originally the
primitive streak, between it and the visceral mesoblast, large, free
cells similar to the genital cells of other vertebrates and distin-
guished from the surrounding cells by the size of their cell-bodies
and by possessing yolk granules. In the entire embryo seven such
cells were recognizable, all in the immediate vicinity of the cloaca
and all between it and the visceral mesoblast, i.e., extraregional.
In Fig. 609 a two of the primary genital cells of this embrvo
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are shown, one to the right and the other to the left of the cloaca.

An embryo of 2.5 mm. greatest length and with 23 pairs of primi-

tive segments had twelve primary genital cells, all extraregional,

situated in the vicinity of the cloaca and the adjoining regions of

the body; one of these cells is shown in Fig. 532b. Finally an
embryo of 4.9 mm. nape length and with 33-35 pairs of primitive

segments showed typical genital cells in the first to the fifth and
in the eleventh to the twelfth body segments, the cells lying partly

in and partly below the coelomic epithelium near the root of the

mesentery or in the medial slope of the urogenital fold. I show
in Fig. 610 one of these cells in the root of the mesentery.

The smallness of the number of these observations allows of

no final conclusion, but they speak in favor of the view that man
also possesses primary genital cells.

But even if wandering genital cells are to be recognized in human embryos,

there is still the possibility that they may be " strays." Such strayed genital cells

do not, perhaps, degenerate, but may develop further, and, above all, divide,

forming, perhaps, parent cells for tumors, and especially for teratomata.

What has been said above for the amniotes in general, namely,

that all the primary genital cells disappear, holds also for man.

In any case, at the time at which the indifferent reproductive

glands are formed there are neither extraregional nor regional

genital cells.

Development of the Indifferent Reproductive Glands.

The anlagen of the reproductive glands appear within the

urogenital folds, whose development and fate have been described

above (p. 783-787). A small strip of the epithelium of the genital

fold and this alone, forms the parent tissue of the reproductive

gland. The epithelium of the urogenital fold usually consists of

two layers of cells (Figs. 558, 559, 611) and is spread out uni-

formly over the entire surface of the fold in embryos up to 4.7 mm.

vertex-breech length. In embryos of 5.3 mm. greatest length

the epithelium over the summit and the medial slope of the fold,

as far as the root of the mesentery, commences to become many

layered, that on the lateral slope remaining two-layered or even

becoming single-layered (Figs. 563, 612) . The region of the many-

layered epithelium represents the reproductive gland area, which,

as a broad strip, extends throughout the entire length of the medial

half of the urogenital fold. Since the thickened epithelium passes

over quite gradually into the non-thickened portion, the reproduc-

tive gland has no sharp boundaries either medially, laterally,

cranially or caudally. To the stage of the thickening there follows

the stage of the ingrowth of the epithelium into the interior of
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17th primitive
segment

Funnel

Fig. 611 a and h.—Transverse section of the urogenital fold of

a human embryo of 4.9 mm. nape length, at the level of the 14th

primitive segment. (Embryo 137, G. 31, from the collection of the

II Anatomical Institute, Beriin, Professor O. Hertwig; slide 13,

row 1, section 3.) X 150. The urogenital fold is uniformly cov-

ered over its entire surface by a one- to two-layered epithelium.

V. cardinalis post. A'C^t

Primary excre-
tory duct

<!' fi ft " <« i.«irj

Bowman's capsule^
of the 18th meso-*"

nephric tubule

\.A. mesonephridica

Fia. 612.—Transverse section of the urogenital fold of a human embryo of 7 mm. greatest length.

(Embryo Chr. I, from the collection of Professor Hochatetter, Vienna; slide 8, row 10, section 6.) The
epithelium on the medial aide of the urogenital fold haa thickened and forms the anlage of the reproductive

gland.

iX. y^ iS:SaSBU
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the urogenital fold, and as the epithelium grows in it compresses
the loose mesenchyme tissue of the fold and there is thus formed
in the zone of ingrowth a strip of denser mesenchyme tissue, that
is everywhere sharply defined from the ingrowing epithelium; in

the epithelium itself there are numerous mitoses (Figs. 563, 612).
That the epithelium actually grows inwards and not outwards
towards the body cavity is shown, in the first place, by the per-
manent dorsoventral diameter of the urogenital fold and, in the
second place, by the displacement of the Malpighian corpuscles of

the mesonephros; the ingrowing epithelium pushes the various
corpuscles before it ; while the corpuscle in Fig. 548 is still at the
surface of the fol(J, in Fig. 549 it is displaced quite dorsally. The
growth of the epithelium of the reproductive gland area forms a
solid mass, which has, however, a wavy boundary towards the
mesenchyme (Fig. 613). As soon as the growth has reached
about one-third of the dorsoventral diameter of the urogenital fold,

the formation of the genital fold, described above (p. 785), begins.

The lateral and medial grooves, which produce it, press inwards
just at the boundary between the mesenchyme and the epithelial

growth, and thus the whole genital fold is filled by a perfectly

homogeneous mass, composed entirely of derivatives of the coelomic

epithelium. We must, consequently, note at this point that every-

thing that is later developed within the genital fold has a common
origin from the coelomic epithelium.

Since the ingrowing epithelial mass displaces the mesonephric
tubules, it is from the beginning in intimate relations with these,

in the first place, with the medial surfaces of the Bowman's cap-

sules and, in the second place, with the points where the tubuli

coUectivi bend into the tubuli secretorii ; there is al'ways, however,

a sharp boundary between the mesonephric structures and the ger-

minal epithelial mass.

The reproductive gland anlage accompanies the urogenital

fold in its gradual growth caudally, but its definitive extent is

reached only after sexual differentiation. In its maximal extent it

reaches from the sixth thoracic to the second sacral segment. This

extent, however, occurs in no one embryo, since degeneration begins

at the cranial end before the addition of new reproductive gland

elements at the caudal pole is completed. Since an epithelial thick-

ening is present cranial to the sixth thoracic segment in the line

of the anlage of the reproductive gland, the anlage may be regarded

as reaching almost to the cranial end of the definitive body cavity.

But no matter how far cranially we place the cranial end of the

reproductive gland area, its cranial pole never reaches the cranial

end of the urogenital fold. The caudal pole comports itself dif-

ferently in the two sexes ; while it reaches the dorsal surface of the
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genital cord in the female and so comes to lie witMn tlie excavatio

recto-uterina, in the male it remains above the horizontal portion

of the "urogenital fold.

In the following table I give determinations of the position of

the upper and lower reproductive gland poles in a series of

embryos and, when possible, the length of the entire anlage.

TMe showing the Growth in Length and the Degeneration of the Reproductive Gland.

Embryo. Direction of
section.

Right gland.

Cranial. Caudal.

Left gland. Length ofgland in micra

Cranial. Caudal Right. Left.

10 ir

11

12,5

13
13

14.75
17

18
19.4

21
22
22
22.5

26
28
28
28.5

29
30
30
35
50
60
60
70

??
cf

9

?

$

J
9

?

T
cf

9

9

9

9

5

9

9
9-

'J

}

Transverse

Sagittal

Transverse
Sagittal

Transverse

Sagittal

Transverse

Sagittal

Transverse

6Th
7 "

8 "

y
"

9
"

10''''

10 "

11 "

IL

12 Th
IL

12/1 Th/L
3L
1"
I"
3"

2/3"
3"
4"

3/4"
5"
4"

12 Th
IL
1
"

2"
3/4"
4"
3"
3"

3/4-
4/5"

3/4"
3/4"
4"
5"
3"
S"
5"
5"
5"
2Sa

5/lL/Sa
1/2 Sa
1/2

"

7Tli
7 "

8
"

9
"

10 "

9
"

10/11 Th
10/11 "

10/11 "

12/1 Th/L
2L

12/1 Th/L
12 Th

12/1 Th/L

2L
1

3
4/5
4/5

5
5

5

12 Th
IL
1
"

2"
3/4"

•
-3 ,v

•

3
"

3 "

5"
5"
5"

3/4"
3/4"
4"
5
"

3/4"

5 "

5/1 L/Sa
1/2 Sa
1/2

"

2805

1720
2100
1270

1290
1540

1500
2490
1740

2325

1550
2010
1550

1575

1800
1980

Explanation of Table: The table represents measurements from transverse

and sagittal sections. The determinations of the position from sagittal sections

are certain and their figures are printed in heavy type; the direction of the trans-

verse sections varied in the various series and according as they were craniodorsal

-caudoventral or caudodorsal—cranioventral they might yield quite different

results.

The table shows the gradual extension of the anlage of the

reproductive gland; it reaches in maximo from the sixth thoracic

to the second sacral segment, that is to say, over fourteen segments,

and, eventually, it extends over only three or four, so that it

degenerates in ten to eleven segments.

The table also shows the caudally directed growth of the

anlage. The caudal pole gradually descends from the 12th

thoracic to the 2nd sacral segment (at least in female embryos).
The caudal pole—^whether the embryo be male or female—lies

from the beginning as low as or very frequently lower than in the
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adult and, accordingly, the so-called internal descent of the testis
and ovary vanishes, neither really exists. The cranial pole of the
gland does, indeed, change its position, hut it changes not because
it descends, but because the upper three-fourths of the gland
degenerates. What seems to be a descent reveals itself to be a
shortening, and we may see from the table that the absolute length

Suprarenal anlage

V. cardinalis post.

Tubul. collectivus
and secretorius 20

Reproductive gland area

Fig. 613.—Transverse section of the urogenital fold of a human embryo of 11.0 mm. greatest length,
9.0 mm. head-foot length. (Embryo P. 1, from the collection of Professor Hochstetter, Vienna.) X 150.
Almost all the parts of a mesonephric tubule are cut. Medial to the tubule is the suprarenal anlage; the
mesonephric fold lies in the frontal plane, its summit is marked by the primary excretory duct and a dorso-
lateral and a ventral surface may be distinguished. At about the middle of the ventral surface is the thick-
ening of the peritoneal epithelium which forms the reproductive gland area. This consists solely of ccelomic
epithelial cells, which are becoming somewhat loosely arranged. No differentiation whatever of the epi-

thelial mass is to be seen.

of the gland diminishes in spite of its progressive growth in

length along with the growth of the entire body. That the ovary
eventually becomes rotated so that the cranial pole becomes the

lateral and the candal the medial, this has nothing to do with a

descent, for during the rotation the caudal pole does not come to lie

at a lower level. As regards the conns inguinalis (see p. 793), the

mark for the later abdominal opening of the inguinal canal, the

caudal pole of the reproductive gland lies lower than it does in

both sexes.
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The indifferent stage of the reproductive gland lasts only a

short time. During it the uniform epithelial mass of the genital

fold separates into a superficial epithelium and an epithelial

nucleus, a sharp boundary existing between the two. The surface

epithelium retains its closed epithelial structure and may consist

of from one to at most two layers. The nucleus becomes looser

in texture, so that at the end of the indifferent stage its epithelial

origin is no longer evident.

The Differentiation of the Reproductive Glands.

In the differentiation of sex we must distinguish between the

differentiation of the genital cells into spermatogonia or oogonia

and the differentiation of the genital cell mass, the actual repro-

ductive gland, into testis or ovary. This distinction finds its

justification, in the first place, in the fact that a reproducive gland

may assume the characters of a testis without forming sperma-
togonia, as is the case with cryptorchid testes, and, in the second

place, in the occurrence of malformations, scattered ova in testicu-

lar tissue or testicular ampullae in the ovary.

Whether or not a differentiation of genital cells into spermato-
gonia or oogonia really occurs is yet an open question. It is

possible that the future sex of all the genital cells is already deter-

mined at fertilization. Every sex-cell, no matter whether it is

male or female, possesses a definite force of heredity, which,

during the course of development, becomes increased, or perhaps
is only made more active, and reaches an optimum stage, after

which it perhaps diminishes or become less active. In the opti-

mum stage each sex^ell may possess the power of reproducing
the other sex, the ovum males and the spermatozoa females
(crossed inheritance). If now the ovum and spermatozoon unite

during fertilization, differences in the immaturity, maturity or

over-maturity of the two bring about numerous combinations, the

stronger partner, that is to say the one which is nearest the
stage of maturity, whether it be on the side of immaturity or over-

maturity, will dominate in the determination of the sex. And the
further possibility is not to be dismissed off hand, namely, that
there are sex-cells of different types, male and female ova, etc.

All these questions are not as yet ready for settlement, but will

play an important part in the immediate future and therefore
must at least be mentioned here.

The differentiation of the reproductive gland into testis or
ovary is actually to be observed. The opponents of the theory
that the sex of the ovum is already determined, overstep the mark
when they deny a differentiation of the reproductive gland.

This differentiation consists in the characters of the male
gland being developed in embryos of 13 mm. greatest length, at the
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earliest, while the female reproductive gland of the same age still

lingers in the indifferent stage. The two characters of the male
gland are:

1. The occurrence of branched, anastomosing epithelial cords,

the testis cords. 2. The occurrence of a broad tunica albuginea
between the superficial epithelium and the testis cords. It is

therefore possible in young stages to identify the male individuals

positively, and the females per exclusionem. One may say that the

embryo has reached the age when testis cords should be present;

they are not present and therefore the embryo must be a female.

Such a determination has always chances of error and the doubts

of the observer increase the more the embryo reaches the limits

of the indifferent stage. Probably no observer will venture to

label an embryo of from 13 to 15 mm. greatest length as a female,

if he finds in it no testis cords ; the possibility that it is a case of

retarded differentiation of a male, can never be excluded. Under
these circumstances the small sexual differences in other organs
acquire increased importance, because they are positive for the

female sex. The formation of accessory funnels on the Miillerian

duct seems to occur only in the female sex. Since the principal

funnel occurs in embryos of 11 mm. and accessory funnels certainly

in those of 13 mm., these latter will supply a valuable means for

sex diagnosis, provided that further observations on a larger

amount of material show that accessory ostia actually occur only

in female embryos and that all female embryos develop them. Ac-

cessory tubes are too rare to be of use for sex diagnosis, but, on

the other hand again, the presence or absence of the excavatio

vesico-uterina is an important sign. The genital cord, by whose
fusion with the dorsal wall of the bladder the excavatio is formed,

is, indeed, first seen only in embryos of 20 mm., but the fusion of

the urogenital folds (by whose union the genital cord is formed)

with the posterior wall of the bladder takes place in male embryos

before their union. The formation of the excavation in female

embryos and its absence in males is a regularly occurring phe-

nomenon.
By employing all these means the beginning of the sexual dif-

ferentiation may be determined in female embryos at a stage of

18 to 20 mm. in length.

Transformation of the Indifferent Reproductive Gland into tlie Testis.

The differentiation of the sexless reproductive gland into

the testis will be considered first, because in this case the relations

are much simpler than in the differentiation into the ovary.

We left the indifferent reproductive gland at the stage of

development in which the epithelial mass had separated into a

superficial "epithelium and the epithelial nucleus. This separation
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is preserved throughout the entire development of the testis.

Consequently the epithelial nucleus alone is the active layer, it

forms the tunica albuginea, the testis tubules and the rete testis;

the superficial epithelium remains passive and grows only in pro-

portion with the enlargement of the entire organ, it is for the most
part one-layered, several cell layers being present only on the

surface opposite the attachment of the mesorchium; the greater

portion of its cells are indifferent epithelial cells, among which
genitaloid cells are scattered here and there. The superficial

epithelium has, therefore, the character of a germinal epithelium

formally but never functionally, and since it very early loses the

genitaloid cells it is better not to speak of a germinal epithelium,

but to adhere to the indefinite name "superficial epithelium."

The epithelial nucleus becomes very loose and develops quite

suddenly the testis cords, the loosely arranged cells concentrating

at certain places, separating incompletely from their surroundings
and arranging themselves to form anastomosing cords. It seems
as if all the testis cords are formed at once, and the subsequent
enlargement of the organ depends entirely on the elongation of the

tubules, on their coiling, which is associated with their elongation,

and on their increase in diameter. The cords are arranged trans-

versely to the long axis of the testis, their inner ends, being
arranged around the point of insertion of the mesorchium—indi-

cating at once, therefore, the future hilus—while the outer ones
radiate towards the surface of the testis (Fig. 614). The outer
end of each cord is thickened, the inner one is pointed, and all

the inner ends unite to form a closely aggregated epithelial mass
(Fig. 614), which extends along the insertion of the mesorchium
throughout the entire length of the embryonic testis ; this epithelial

mass contains the cells that will form the anlage of the rete testis

and may therefore be termed the rete blastema. This blastema
stands in no relation to the parts of the mesohephros, except for
its association with the epididymis tubules. The outer ends of
the cords never reach the superficial epithelium, but a layer of at
least two or three or usually more cells intervenes, from which
the tunica albuginea develops. At first the testis cords have an
irregular form on cross section, but later they become distinctly
round. Since they all converge to the narrow line of insertion of
the mesorchium, they cannot all reach the rete blastema, and
therefore they unite by twos or threes in order to attain this
connection in common. They are united together by anastomoses
which are distinctly arranged in two groups; the one group lies

about midway between the periphery and the hilus, the other unites
their peripheral ends. These peripheral anastomoses are so con-
stantly arranged in the same direction that they appear like large
arches into which the testis tubules open (Fig. 614). 'The testis
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cords are so arranged that they leave intervals or intermediate
cords between them, of the same width as themselves (Figs. 614
and 615). At the boundaries between the two there is even in
an embryo of 21 mm. a distinct formation of connective tissue,
consisting of spindle-shaped cells arranged one behind the other
and alongside each other, all with their long axes parallel to the
long axes of the testis cords (Figs. 614 and 615). Thus there are
formed around the individual testis cords and their anastomoses

Muller s duct

'^'^" V .^,^^^^y^\^.~'''^^^^^'^^'i e\creton duct

Tunica albuginea,
with germinal epithelium

Peripheral
anastomosis of.

the testis cords

Paradidymis

Testis cord

Rete blastema Ventral twigs of the ascending branch
of the a. apermatica int.

Fig. 614.—Transverse section of the testis of a human embryo of 70 mm. head-foot length. (Embryo
R. Mejer 267; slide 35, row 3, section 3, from the collection of Professor R. Meyer, Berlin.) X50. Solid

testis cords have appeared in the testis and are connected by anastomoses at their middle and at their

outer ends. The majority of them have already acquired an investment of young connective tissue. Their
inner ends unite at the mesorchium to form the rete blastema and their connective-tissue sheaths form a

connective-tissue boundary around the blastema, the first indication of the mediastinum testis. Two
distinct layers may be recognized in the tunica albuginea, an outer one of connective tissue and an inner

one composed of what are still indifferent epithelial cells. At the boundary between the two are twigs of

the ascending branch of the a. spermatica int.

actual connective tissue sheaths ; at the hilus all the sheaths unite

to form a boundary around the rete blastema, surrounding it in a

zig-zag line (Fig. 614) ; this is the anlage of the mediastinum

testis.

The testis cords consist at first of numerous indifferent epi-

thelial cells with dark, homogeneous nuclei. Between these lie

scattered genitaloid cells, which very soon develop to genital cells

(Fig. 615). These are usually present in embryos of 70 mm. head-

foot length, while the genitaloid cells appear simultaneously with

the testis cords. The narrow inner ends of the cords contain only

indifferent cells ; the tubuli recti are formed from them. The testis
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cords once formed alter little during the fetal period. The indiffer-

ent cells, that at first are altogether without arrangement, gradu-

ally acquire one, their nuclei become oval and place themselves

radially to the future lumen. Thus there is formed a many-

layered epithelium, into which the genital cells enter as spermato-

gonia (Fig. 616 a). The first lumina appear quite irregularly at

the outer ends of the solid testis cords in the seventh fetal month.

They arise partly by the migration of the cells from the centre

to the periphery, partly by the resorption of the inner cells. From
the outer ends the lumen gradually extends towards the hilus, and
a second lumen extends from the rete testis along the tubuli recti

Anlage of a rete tubule

Intermediate cord-
Tubulus rectus

Testis cord-

Genital cells

Fig. 615.—Part of a transverse section through the right testis of a human embryo of 70 mm. head-
foot length. (Embryo R. Meyer 267; slide 35, row 1, section 2, from the collection of Professor R. Meyer,
Berlin.) The testis cords are shown as they pass into the rete blastema. One sees the structure of the testis

cords from indifferent epithelial cells and genital cells, and, further, their passage into tubuli recti. Be-
tween the testis cords are the intermediate cords, filled with cells whose nuclei are vesicular and remark-
ably poor in chromatin.

towards the first one, the two meet and thus- the testis tubules, the

tubuli recti and the rete tubules become hollow. All the testis cords

are not transformed into tubules at birth. According to the obser-

vations of Branca and Basseta (1907) the number of genital cells

increases progressively from the fifth month up to birth; after

birth all the genital cells disappear and the testis tubules are lined

by indifferent cells alone. With the onset of puberty a new genera-

tion of genital cells is formed, which then enter upon the formation

of spermatozoa. The results of these two authors have been con-

firmed by Popoff (1909). I have no personal experience on this

question and can only point out that in a human embryo of the

seventh month obtained by laparotomy the number of genital cells

had not diminished and that a well-preserved testis from a new-
born child showed a remarkable number of genital cells.
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The intermediate cords are at first composed of indifferent

and genitaloid cells, bnt later the indifferent cells disappear almost

completely; I assume that they are employed in the formation

of the connective tissue sheaths. In embryos of 45 mm. greatest

length the genitaloid cells are transformed into large pale cells

(interstitial cells), which resemble genital cells in shape and size,

Connective-
tissue sheath

Interstitial cell-

-*5fe\%'^.

\
Intermediate cord with a Leydig cell

Fig. 616 a and b.—Transverse section through the testis of a human
embryo of the 7th month. (Embryo obtained by operation. From the

collection of the Anatomical Institute, Zurich.) The testis cords have a

rounded form; their cells are partly indifferent epithelial cells that are

beginning to arrange themselves like an epithelium, and partly genital cells,

scattered as spermatogonia among the indifferent cells; in the centre is the

remains of an intermediate cord with Leydig cells. The tunica albuginea

is already formed of a distinctly fibrous connective tissue.

but their nuclei contain only little or even no

chromatin (Fig. 615). These cells gradually

disappear after the fifth month, and in fetuses

of the seventh month (Fig. 616) they are still

present only here and there beside the vessels

in the spaces between the testis tubules. After

birth an abundant connective tissue develops be-

tween the tubules, and, as a result, the number of interstitial cells

diminishes still further; after puberty (in the 33rd, 37th and 40th

year) they again appear to occur in increased numbers (Popoff

1909).

The septula testis are formed by the thickenmg of the connec-

tive tissue sheaths of the testis cords. After the resorption of the
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intermediate cords the sheaths of adjacent testis cords come into

apposition and then appear as a single structure, which extends

radially from the hilus to the periphery. True septula testis are

present from the sixth fetal month onwards.

It has been stated that the rate blastema is derived from a cell

mass formed by the union of the thin inner ends of the testis cords.

It extends throughout the entire length of the testis, leaving only

the cranial and caudal poles free. It is certainly a derivative of

the epithelial nucleus and is always, in young stages, sharply de-

fined from the mesonephros and its mesenchyme. One sees, indeed,

sharply defined mesonephric tubules passing in the region of the

epididjonis as far as the rete blastema and even producing depres-

sions in it, but one never sees a proliferation arising at their blind

ends, from which the rete blastema might be derived. A union

between them and the rete occurs later as the urogenital union and
will be discussed under this title in a special section. The rete

blastema is surrounded by a mantle of young connective tissue on
the surface towards the testis (Fig. 614). In the blastema there

now occurs at definite points a concentration of the cells and there

are formed irregular solid spheres of cells, imperfectly bounded
externally. The individual spheres are connected by straight cords

and there is thus formed a solid network (rete testis) which gradu-
ally becomes more distinct by the remaining cells of the blastema
assuming a spindle shape and becoming connective tissue cells

(Fig. 615). From these spindle-shaped cells of the rete and from
the connective tissue boundary that separates them from the testis

tubules the mediastinum testis is developed. Since it is derived
from the rete blastema, like this it must extend throughout the

entire length of the testis, as it actually does in the testes of older

fetuses and in those of new-born children. When, at puberty, an
unequal growth of the testis occurs, the mediastinum comes to lie

more in the cranial two-thirds of the organ.
The tunica albuginea appears simultaneously with the forma-

tion of the testis cords and represents simply the cortical portion
of the epithelial nucleus that is not traversed by the cords ; it is

accordingly formed at first only of scattered, loosely arranged,
round cells. Then the cells lying immediately below the super-
ficial epithelium begin to be transformed into connective tissue,
whose spindle-shaped nuclei are all parallel to the surface (Fig.
614) .

The remains of the epithelial bounding layer that is not con-
verted into connective tissue increases very greatly; thus there is

gradually formed an exceedingly thick bounding layer, which step
by step from the periphery is transformed into connective tissue.
In fetuses of the fifth month there is already a broad connective
tissue tunica albuginea.
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Malformations of the Testis.

Only those malformations that are due to inhibitions of development will be
considered, and no mention will be made of those resulting from pathological
JLJx (JOcSScS.

A testis may be lacking, in which case the entire urogenital fold has usually
faJed to form, and therefore the kidney, ureter, ductus deferens, and suprarenal
body of the same side will also be lacking.

The testis may be doubled. Ahlfeld (1880) records only one autopsy in
which the duplication was observed; aU other eases were determined during life
and axe therefore not certain. One must guard against errora in diagnosing a
duplication; Eomanovsky and von Wmiwarter (1905) have described a case in
which the right and left testes were both situated in the left scrotal sack.

Both testes may come into contact in the median line and may be united
together; in such a case they will lie between the bladder and the anterior abdom-
inal wall. In one embryo (R. Meyer, 270) of 60 mm. head-foot length the two
testes had their hilus sides turned towards each other, the retia testis being well
developed and fused.

The form of the testis may be completely normal macroseopically, while the
microscopic examination shows that spermatogonia are completely lacking; the
testis was accordingly sterile. This sterility is usually associated with cryptorchism.

The Transformation of the Reproductive Gland into the Ovary.

The indifferent reproductive gland consists of an epithelial

nucleus and a superficial epithelium, both sharply separated from
one another. But while in the testis this first separation is a
permanent one and the superficial epithelium is reduced to an
insignificant investment, this is not the case in the ovary. Be-
tween embryos of 70 mm. head-foot length (this limit may perhaps
be placed somewhat earlier) and those of 180 mm. head-foot length

there is a development period in which the superficial epithelium

is sometimes only indistinctly and sometimes not at all marked off

from the subjacent epithelial nucleus. Whether this undeniable

new union between the two parts is to be regarded as a new im-

pulse by which a second epithelial nucleus is formed from the

superficial epithelium, cannot be determined with certainty. The
arguments pro and con will be considered later on and it will

suffice at this point to indicate the possibility of such an impulse

;

for by it the superficial epithelium of the female reproductive gland

acquires the significance of a germinal epithelium, and even

although it contains no genital cells, yet it has cells which are

able to transform themselves into these and into young ova. The
superficial epithelium possesses the significance of a germinal epi-

thelium, however, only during the period mentioned above. In

embryos of 180 mm. tnmk-length, a connective tissue layer, the

tunica albuginea, develops between it and the epithelial nucleus,

and with this a sharp delimitation of the epithelial nucleus occurs,

the tunica forming a partition which excludes any further partici-

pation of the germinal epithelium in the formation of young ova;

Vol. 11,-67
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the germinal epithelium thus agairi becomes a simple superficial

epithelium.

In older fetuses and in new-bom children foldings of the

surface epithelium occur, but they have nothing to do with the

formation of ova, indicating only the completion of the lobed form

of the ovary. Solid, hair follicle-like, downwardly growing epithe-

lial cords are formed from the superficial epithelium, but they

never extend beyond the limits of the albuginea and again degener-

ate without effect.

The actual reproductive gland producer is the epithelial

nucleus. In embryos of 22 mm. greatest length it is composed of

Primary
excretory duct

Miillerian duct

Genital cell

Fig. 617.—Transverse section of the ovary of a human embryo of 50 mm. head-foot length. (Embryo
R. Meyer 272; slide 2, row 1, section 2, from the collection of Professor R. Meyer, Berlin.) X ca. 75.

The section shows the triple division of the mesonephric fold into a tubal portion with the Miillerian duct,

a gland portion with the primary excretory duct and mesonephric tubules and, finally, a very thin mesen-
tery portion. In the ovary the superficial epithelium is distinctly separated from the epithelial nucleus.

The nucleus is indistinctly dividing into a medullary layer, with numerous genital cells, and a cortical layer,

poor in genital cells. Numerous trabeculffi of young connective tissue occur in the epithelial nucleus. The
rete blastema is partly in the mesovarium and contains genitaloid cells.

indifferent cells with sparingly scattered genitaloid and genital

cells and it shows this composition np to embryos of 50 mm. head-

foot length (Fig. 617). The nucleus fills the entire space enclosed

by the superficial epithelium and also projects like a knob into the

mesovarium. This knob consists of indifferent cells and very few
genitaloid cells; it forms the rete ovarii and therefore deserves

the name of rete blastema. Between the stages of 50 mm. and
80 mm. head-foot length the epithelial nucleus begins to become
looser, starting from the rete blastema which remains unaltered,

and one can distinguish a clear medullary zone from a denser cor-

tical zone (Fig. 618). The loosening may occur under most varied

forms; the special example represented in Fig. 618 shows a struc-



DEVELOPMENT OF THE URINOGENITAL ORGANS. 899

tureless medullary zone aad a cortical zone that is incompletely
broken up into anastomosing cords.

In the epithelial nucleus three concomitant but independent
processes occur: (1) the ingrowth of connective tissue and vessels
from the hilus towards the periphery; (2) the conversion of most

Accessory tuba, being
transformed into an
appendix vesiculosus

Tubuli collectivi
of paroophoro.

Rete blastema

Tubuli secretorii and
Malpighian corpuscles

of paroophoron

Posterior abdominal wall

Mullerian duct

Medullary cords

Cortical cords

—
^ Medullary cords

Fig. 618.—Transverse section of the left ovary of a human embryo of 80 mm. head-foot length.
(Embryo 266; slide 31, row 1, section 2; from the collection of Professor R.Meyer, Berlin.) X40. The
section passes longitudinally through the upper horizontally bent part of the ovary and hence its apparent
breadth. The epithelial nucleus has divided into medullary and cortical zones and the rete blastema is

distinctly at the attachment of the mesovarium. Besides the Mullerian duct there is an accessory tuba
the portion of the mesonephric fold that contains it has already separated and we have before us the aniage
of the appendix vesiculosus. The mesonephros is in complete degeneration; the section cuts it in the
region of the paroophoron, and one may see how far the tubuli collectivi have already separated from their
tubuli secretorii and Malpighian corpuscles.
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of the genitaloid and indiiferent cells into young ova, and (3) the

new formation of the epithelial nucleus at the periphery, that has

already been mentioned. While in the epithelial nucleus of the

testis active testis cords appear, this is never the case in the

ovary, its epithelial nucleus forming no cords, but becoming split

up into portions of the most varied forms by ingrowing connective

tissue. The first traces of the connective tissue are seen in em-

bryos of 28 mm. and are at first without regularity (Fig. 617).

Then they gradually arrange themselves so that one can recognize

a central investment around the rete blastema, a sort of mediasti-

num ovarii, and bands radiating out from this, the septa ovarii

(Fig. 619). The septa traverse the central two-thirds of the

transverse section and then begin to develop lateral branches and
send out several apical shoots. These branches and shoots unite

with those of neighboring septa so that a network is formed,

which has wide and coarse meshes in the so-called medullary zone

and narrow and fine ones in the so-called cortical zone; the fine

cortical network eventually extends to the under surface of the

superficial epithelium. The form of the meshes is exceedingly

variable, the one extreme—very rare and only observed in one

case—shows long rectangular meshes containing long, slender

epithelial cords, such as are seen in the ovaries of other mammals,
which unite to form a trabecular network like that occurring in the

medullary cords of lymph-nodes; the other extreme^—very frequent

—shows polygonal meshes containing plump masses of the epi-

thelial nucleus of most varied forms and all, of course, in connec-

tion. Between the two extremes are all sorts of intermediate

forms, one of which is shown in Fig. 620.

Almost simultaneously with the connective tissue the first

vessels appear at the hilus—probably in situ—and they grow
towards the periphery more slowly than the septa. Since the

vessels have a definite diameter and since, also, they produce a

stronger development of the surrounding connective tissue, there

is for a time a rather sharp distinction in the mesh-work of the

connective tissue between a medullary zone with vessels and a
cortical zone without them. The boundary between the two may
coincide with that between the medulla and cortex, as this is

drawn out by the loosening up of the medullary cells (Fig. 618)
or, what is most frequently the case, there is no coincidence. It

follows that a precocious differentiation into medullary and corti-

cal zones is somewhat doubtful, since different processes—^we shall

hear of others—cause a separation into different cortical and
medullary zones.

The tunica albuginea is also a formation of the septa ovarii.

One sees (Fig. 620 a) how prolongations of the septa reach the
superficial eipithelium and then begin to creep under it. The more



DEVELOPMENT OF THE URINOGENITAL ORGANS. 901

prolongations reach the surface the more compact becomes the
layer formed by them beneath the superficial epithelium and the
more distinct does the tunica become. It is difficult to assign
a definite time for the beginning of its development. I have chosen
the stage of embryos of 180 mm. trunk length, because in these the
connective tissue prolongations first reach the superficial epithe-

Gemtaloid cell

Genital cell

Septum ovarii^

Neogenic zone
of the
epithelial nucleus

Peripheral layer
Vof the
epithelial nucleus

Mediastinum ovarii

Central layer
^'of the
epithelial nucleus

Mesovarium

Fig. 619 a and 6.—Transverse section of the ovary of a human embl-yo of
80 mm. trunk length, 100 mm. head-foot length. (Embryo R. Meyer 151, from
the collection of Professor R. Meyer, Berlin.) X 230. In Fig. 619 b the portion
drawn is shown in the entire transverse section. The ovary has divided into the
superficial epithelium, the neogenic zone, the peripheral and the central portions of

the epithelial nucleus. Around the rete ovarii a kind of mediastinum has formed,
from which a septum ovarii radiates towards the periphery. The neogenic zone
consists of indifferent, genitaloid and genital cells, closely packed. The peripheral
zone of the epithelial nucleus is composed of the same kinds of cells as the neogenio
zone, but the cells are much more loosely arranged. In the rete blastema there are

still genitaloid cells.

lium. An actually closed layer is formed only later. Fig. 621 shows

the tunica of an embryo of eight months; one sees the connective

tissue septa entering it perpendicularly and then bending in arches

to a horizontal direction. It is noteworthy that the folds of the

ovarial surface, mentioned above, occur at the places where a per-

pendicular connective tissue strand enters the tunica.

The transformation of the indifferent and genitaloid cells into

genital cells and young t)va begins in the immediate vicinity of the
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Neogenic
zone with
superficial
epithelium

Peripheral
layer of the
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nucleus
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V layer of the

f epithelial
nucleus

Primary follicle

Fig. 620 o and h.—Transverse section through the ovary of a human
embryo of 180 mm. trunk length, 270 mni. head-foot length. (Embryo
R. Meyer 152, from the coUection of Professor R. Meyer, Berlin.) X 230.

The trabeculse of connective tissue have grown throughout the entire

ovary and have reached the superficial epithelium. Towards the centre

the meshes are wide, towards the periphery narrow. The three zones

—

neogenic, peripheral, and central—can still be recognized, but the super-

ficial epithelium is indistinctly marked off from the neogenic zone. As
a glance at the orientation figure shows, only the outermost layer of the

central zone is drawn. In the nfeshes of the connective-tissue strands
are ova spheres, the most of whose ova are degenerating. In the neogenic
zone are numerous genltaloid cells, in the central zone already circum-
scribed primary follicles. In all lumina of blood-vessels a " G " is inscribed.
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rete blastema and proceeds thence towards the periphery. This
transformation process enlarges the poorly staining cell bodies
and makes the nuclei paler, so that the central portion of the
medulla appears very pale in comparison with the peripheral por-

tions and with the cortex. If the transformation of the indifferent

cells begins with the development of the connective tissue and
vessels and progresses synchronously with these towards the sur-

face, a marked distinction is established between medulla and
cortex: the "medulla" is traversed by a broad, vascular connec-

tive tissue network, in whose coarse meshes are pale, young ova;

the "cortex" is traversed by fine connective tissue trabeculse, whose
narrow meshes contain dark indifferent cells. This synchronous
progress is, however, of rare occurrence. The two processes are

usually not only unequally advanced, but one of the processes may
show very different degrees of progress at different parts of the

same ovary; there is thus brought about so much confusion that

the determination of a boundary between the medulla and the

cortex becomes impossible.

At first the ovary grows rapidly. A comparison of the trans-

verse sections 619 and 620, both drawn under the same magnifi-

cation, shows this at once; so much of Fig. 619 as extends from
the surface to the transverse line corresponds to the entire Fig.

620. While the length of the body has increased in the proportion

of 4:9, the ovary has grown in the proportion of 7 : 22. The
growth of the testis is quite regular, the tubules elongating and

enlarging and also the intermediate cords and the tunica albuginea.

The oVary grows irregularly, the cortical portion of the epithelial

nucleus alone undertakes the new formation of indifferent and geni-

taloid cells, the medullary portion remaining unaltered; a young

cortical zone is thus developed over the old epithelial nucleus.

Whence this young cortical zone comes I cannot say with certainty

;

there are, however, two possibilities which may act singly or to-

gether. On the one hand, the indifferent and genitaloid cells of

the cortical zone of the epithelial nucleus divide and thus, notwith-

standing the progressive transformation of the cells of the nucleus

into young ova, a new neogenic cortical zone may be continually

reformed, just as the neogenic zone of the growing metanephros

continually regenerates, notwithstanding its transformation into

uriniferous tubules. In favor of this mode of development are

the mitotic figures and the gradual transition of the cortical zone

of the epithelial nucleus into the neogenic zone. The second possi-

bility has been referred to above; just as the coelom epithelium

grows in to form the epithelial nucleus at the beginning of the

development of the reproductive gland, so the process may repeat

itself, the superficial epithelium alone forming the neogenic zone.

In favor of this mode is the temporary impossibility of distinguish-
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ing the epithelium from the neogenic zone ; against it is the strik-

ing absence of mitoses in the epithehum. I assume, therefore, that

the principal growth takes place in the cortical layer of the epithe-

lial nucleus and that only a very slight addition, if any, takes place

from the superficial epithelium. But no matter how the develop-

ment of the neogenic zone occurs, cords are never formed, the zone

always forms a single mass. I come to the conclusion, therefore,

that Pfluger's cords do not occur in man.

As soon as the neogenic zone has appeared it becomes modified

by the two processes described above ; the connective tissue divides

it into irregular masses of cells connected with each other and

the cells for the most part become transformed into ova. Accord-

ing as the two processes develop quickly or slowly and according

as they proceed continuously or are interrupted by pauses, we find

a broad or a narrow neogenic zone.

While epithelial material is being newly formed at the periph-

ery, a degeneration of genital cells and young ova takes place at

the centre from the third month onwards. In the destruction of

both kinds of cells the nucleus is first broken down, its chromatin

becomes massed and the nuclear membrane disappears (Fig. 620).

Tlie first sight of such a picture as is shown in Fig. 620, when whole

meshes are filled only with degenerating cells, suggests that the

process is not a normal one ; it is only when one finds such pictures

over and over again and finds no ovary of the last fetal months
without degenerating cells that one becomes convinced that the

destruction is a normal process. It progresses from within out-

wards and produces decided differences between the medulla and
cortex, since with the destruction of the ova in the medulla there

is a formation of the stroma ovarii. When, that is to say, all the

epithelial cells in a mesh have been destroyed, the connective tissue

grows strongly and fills the entire space, and when adjacent meshes
have become transformed into connective tissue there is formed a

closed connective tissue nucleus, the stroma ovarii. Gradually the

connective tissue consumes in this manner so much of the epithe-

lial nucleus that the old one (medulla and cortex) completely

vanishes, as is shown in Figs. 617 and 618 ; layers of the neogenic
zone probably undergo the same fate; the cortex of the mature
ovary is, accordingly, a product of the neogenic zone alone. In
different embryos cortex should not be compared with cortex or

medulla with medulla off hand. When statements occur in the

literature to the effect that "the medulla degenerates," "the
medulla persists in certain cords," "the medulla forms G-raafian

follicles," they can be confirmed, with an addition, however, to the

effect that quite different generations of medulla are under con-

sideration and that in the "medullary portions" cortical portions

of younger embryos are included.
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All the ceU masses and cords in the region of the stroma
ovarii are not destroyed by this tissue: some always persist and
deserve the name of "cords," since they are completely closed,

elongated, sometimes straight and sometimes curved structures.

They are always situated close below the rete and therefore are
derived from the central portions of the epithelial nucleus ; accord-

ingly they are correctly termed "medullary cords." These event-

ually degenerate, the last disappearing usually towards the close

of fetal life, although scattered cords are frequently still to be

foimd in the first year of life and very rarely in the adult ovary.

The extension of the destruction process to young ova varies,

so that one finds ovaries that are rich in ova and others that are

poor, the number of ova showing very decided differences.

When the formation of cortical substance ceases and the

process of destruction, whose final result is the formation of the

stroma ovarii, comes to a standstill, the remaining cortical layer

becomes broken up by outgrowing connective tissue. In this

process also a great variability occurs. The connective tissue

may divide the cortex into individual ova (Fig. 621) or into larger

masses of ova. Each ovum surrounds itself with an investment of

cells, the follicle cells, which are in no way to be distinguished

from the surrounding connective tissue cells. The ovum together

with its follicle cells form what is termed a primary follicle.

In the first year a part of the primary follicles begin to grow
and to be converted into Graafian follicles ; scattered Graafian fol-

licles are to be found even in the ninth month. In the second year

some of the follicles are fully formed and contain apparently

mature ova. In the third year all the characters of the adult ovary

are present and from that time onwards there is no further histo-

logical differentiation but merely an increase in size (Eunge

1906). The question arises as to the fate of these precociously

mature follicles. Eunge found in a new-born child (in one case

only) a true corpus luteum ; it is accordingly possible that a new-

born child may extrude sexually mature ova in the normal manner,

but the usual fate of these precociously formed Graafian follicles

is that they become transformed into atretic follicles or undergo

cystic degeneration.

The rete blastema, whose formation was described above,

remains unaltered for a long time. It always lies partlyin the

ovary and partly in the mesovarium. Genital and genitaloid cells

gradually disappear from it completely and it then consists only

of closely packed indifferent cells ; the last genital cells in the rete

were seen in an embryo of 55 mm. head-foot length. While the rest

of the epithelial nucleus is divided up by strands of connective

tissue, this is not the case with the rete blastema. It is, indeed,

traversed by some blood-vessels, but it always remains a remark-
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Tunica albuginea

Medullary cprd*"

Fig, 621 a and b.—Transverse section of the ovary of

a human embryo of the Sth month. (From the collection

of Professor R. Meyer, Berlin.) X 230. The superficial

epithelium, tunica albuginea, cortical layer, and medullary
layer are all well marked; of the last only the outer third

is shown, as may be seen from the orienting figure. In

the cortical layer are isolated primary follicles, whose
epithelium is formed by genitaloid and indifferent cells

and, on account of the latter, cannot be separated from
the adjacent connective tissue. The superficial epithelium

is sharply defined from the tunica albuginea and prevents

thickening where connective-tissue strands ascend vertically

towards it. In the stroma there are still remains of

"medullary cords" and masses of genital cells.
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ably compact mass and is always delimited, though not sharply,
from the surrounding tissue. Only towards the medulla of the
ovary is it connected with the medullary cords (Fig. 618). In it
there arise, in embryos of 60 mm. head-foot length at the earliest,
net-like branched areas, in which the nuclei are even more closely
packed than in the surrounding tissue; these are the rate cords,
which are completely solid and are never sharply defined from the
surrounding rete blastema. These cords are connected both with
the medullary cords and with the tubules of the epoophoron (see
under Urogenital Union). Towards the end of the fetal period
distinct lumina appear in the solid rete and tubules lined with a
single layered epithelium are formed. These tubules may persist
throughout life (von Franque, 1896), but they always show a
tendency towards cystic enlargement.

The form of the fully developed ovary is very variahle, since it must adapt
itself to the space left free by the coils of the intestine. Even more than in the

adult the position of the portions of the intestine with reference to each other

and to the abdominal wall is very variable in older embryos, and this variability

will produce a variability in the space available for the ovaries. The usual

form of the ovary may best be compared with a three-sided prism, whose principal

surfaces are pointed. The ovaries are sometimes short and thick, sometimes long

and slender, sometimes straight, sometimes angled, sometimes twisted spirally.

When the ovary has a sagittal direction one can distinguish a dorsal, a ventral,

and a medial edge; when it is rotated into a horizontal position the dorsal edge

becomes caudal, very rarely cranial, the ventral one cranial, very rarely caudal,

the medial one dorsal, very rarely ventral. The three edges are generally sinuous

and especially in the case of the medial, later the dorsal ones do not always extend

throughout the whole length of the organ. Corresponding to the position of the

edges one can recognize a lateral (later dorsal), a dorsal (later caudal) and a

ventral (later cranial) surface. In the middle of the lateral surface the meso-

varium is attached. Since the dorsal and ventral edges overhang slightly, the

lateral surface is sometimes strongly, sometimes weakly concave (Figs. 619 b,

620 b, 621 b). The three edges are sometimes smooth, at other times they are

sparingly or frequentl3' notched. The notches are for the most part quite super-

ficial, rarely deep, in which case they may extend for a considerable distance on

the surfaces. They are either arranged parallel to one another or may radiate

somewhat towards the hilus, but they are never so arranged as to permit of the

derivation from them of that form of ovary which, on account of its likeness to

the surface of the cerebral hemisphere, is termed an ovarium gyratum. This is

not a persistent embryonic form, but one sui generis.

The position of the ovary in older embryos is, like its shape, very variable.

The two organs may be quite symmetrical, but they may both be crowded to the

same side and assume various positions. In the displacement of both ovaries to

the same side portions of the intestine (rectum and sigmoid flexure), excessively

flUed with meconium, play an important part. The rotation of the ovaries into

the horizontal position occurs at very different periods, frequently one still finds

the sagittal position in new-born children, frequently the rotation is completed

in the fourth fetal month. It is quite possible that each ovary again becomes

upright after the rotation and is later again brought into the horizontal position,

and these changes may be repeated several times. Until the first year of life both

organs lie for the most part in the false pelvis or above the entrance into the
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true pelvis; usually they axe symmetrically placed, the most striking asymmetry

being produced by one ovary having descended into the true pelvis, with its long

axis placed sagittallyj it is usually the left ovary that undergoes this displacement.

According to the position of the eoUs of the small intestine one finds the ovaries

at one extreme pressed against the posterior abdominal wall and at the other

against the anterior wall. Between the two extremes all intermediate positions

occur; usually they lie in the dorsal portion of the false pelvis, as is to be

expected from their development.

The relative position of the ovary and tube also varies. If both are still

sagittal, the ovary usually lies medial to the tube. As a result of the degeneration

of the mesonephros, especially in its cranial portion, the tube, however, acquires

a very broad mesentery, and may be pushed by other viscera over the ventral

surface of the ovary to its medial side, in which case the ovary Ues in a bay of

the phca mesonephridiea, completely surrounded by the mesosalpinx. If the

rotation to the horizontal position is completed, the tube usually lies ventral and
somewhat caudal to the ovary. If the tube and ovary are forced strongly ven-
trally, the ovary may be pushed over the upper edge of the ligamentum latum
and come to lie in the excavatio vesico-uterina, instead of in the excavatio recto-

uterina; the tube then lies dorsal to the ovary.

The following table shows data concerning the growth of the ovary. One
may see from it that a slow and continuous growth is maintained throughout the
entire embryonic period. After birth the rate of increase seems to be somewhat
accelerated, but it diminishes again, to increase a second time at puberty. A
difference in growth between the left and right ovaries can hardly be perceived.

Vertex-
breech
length.

50.0
125.0
138.0
156.0
173.0
190.0
223.0
235.0
260.0
272.0
305.0
347.0
355.0
386.0
402,0
3 weeks
6 "

6 "
10 "

2 months
3
7
15 "

If years
4 "

5i
"

14 "

Greatest
diam. of
head.

42.6
123.0

115.0
131.0

163.5
175.0
162.0
190.0
213.0
213.0
238.0

"273.0

324.0
301.0

Right ovary.

Breadth.

0.9

1.2

1.6

1.9

3.0

2.9
2.9

4.2

3.6
3.0

3.0

3.5

4.0
5.1

5.05
5.0

7.5

7.0

'e.o

6.0

5.9

9.0

7.0

10.0

11.1

11.9

Length.

1.9

5.9

5.0

7.2

9.0

7.7

10.5

10.0

11.1

10.0

9.9

10.8
14.0

11.5

10.5

17.0

15.0

18.0

14.0

14.5

15.5

15.5

18.0

20.0

27.0
29.0

26.5

Left ovary.

Breadth.

0.9
1.5

2.0

2.0

2.1

3.0

3.8

4.0

3.5

3.9

4.9

5.2

3.0

3.0

5.0

7.0

8.0

4.6

5.0

4.5

9.0

8.5

12.7

9.1

12.0

Length.

2.5

4.1

5.0

7.1

'7.8

9.1

12.0

11.4

9.2

10.9

8.5

9.9

9.9
12.0

14.0

14.7

17.0

16.0

13.0

14.7

18.1

19.5

15.0

23.2
26.1

29.5

Comparison between

Length.

+

+

+

+
+
+

+
+
+

+
+

+
+
+

L.

+

+

+
+

+

+

+

+
+

+

Breadth.

R.

+

+

+
+

+

+
+
+

+

+
+
+

+
+
+
+
+

+
+

Explanation of table.—The measurements are aU given in millimeters. The vertex-
breech length IS measured along the nape and the back.
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Malformations of the Ovary.

A complete absence of both ovaries is very rare, and, according to Nagel

(1897) and Gebhard (1899), occurs only in monsters incapable of maintaining life.

Menge reports a case during life in which it was readily seen that in an otherwise

normal person both ovaries, the uterus and the vagina were wanting. Such cases

must, however, be accepted only with caution, since observations made upon the

living body can never give assurance that the case is not one of secondary

atrophy. Even an autopsy is not always sufficient to demonstrate this process; I

may recall the case recorded by Braun (1896) in which several years after

ovarial atrophy not even the slightest trace of scar tissue was to be found at the

point of constriction (Menge, 1910).

The absence of one of the ovaries is also very rare, yet it has certainly been

observed, usually, but not always, with a concomitant absence of the Miillerian

duct of the same side (Kossmann, 1899). Hypoplasias are more frequent and

are associated with a hypoplastic condition of other portions of the genital appa-

ratus (Menge, 1910). Supernumerary ovaries occur; von Winckel has described a

third ovary in the vesico-uterine fold, together with a third tube.

Divided ovaries—ovaria partita, usually bipartita—are usually secondary

formations; they may be derived from the lobed condition.

The Development of the Blood=VesseIs of Both Reproductive Glands.

Tlie aorta develops on either side about 30 mesonepliric arte-

ries, and of these 9-11 persist on each side (see p. 820). The
majority of these persisting arteries form the rete arteriosmn

nrogenitale in the angle between the metanephros, mesonephros

and reproductive gland, and this rete unites with vascular lumina

which are formed independently inside the three organs. The
first vascular lumina in the reproductive gland occur in an embryo
of 18 mm. greatest length. Of the 9-11 persisting mesonephric

arteries one, and that the lowest, is destined to become the a. sper-

matica interna, the rest become obliterated or else one or two persist

as aa. spermaticse accessorise. Up to this point the development

is exactly alike in the two sexes (see p. 822), but now it begins to

differ. In the male (embryo of 60 mm. head-foot length) the

artery passes from its origin from the aorta downwards in the

retroperitoneum, meets the mesonephric fold a little below the

cranial pole of the testis, tra,verses it obliquely cranio-dorsally to

cg,udo-ventrally, and, finally, reaches the surface of the testis at

the level of its lower pole. Here it lies in the tunica albuginea,

runs as a rule on the dorsal surface around the caudal pole, reaches

the lateral surface and again 'ascends cranially, lying always in the

albuginea. Thus the artery forms an actual loop, between the

limbs of which the testis is situated. A medial descending and a

lateral ascending limb may be recognized ; with the exception of a

small lateral twig to the caudal extremity of the testis, the descend-

ing limb is without branches, and it is important to note that it

also passes the hilus without branching. The ascending limb

divides into several branches, in the present case into two ventral
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and one dorsal, which ascend respectively on the ventral and dorsal

surfaces of the testis. From these three branches the actual

nutritive vessels of the testis arise, penetrating between the testis

tubules and branching among them as far as the mediastinum. In

this they are collected into venous stems, pass out as veins from

the hilus into the mesorchium and there open into the v. spermatica

interna. The branch given off by the descending limb at the

lower pole of the testis behaves differently on the two sides, but it

eventually ascends to the middle of the testis and participates in

the supply of the testis cords. The three or four ascending arteries

run upwards in the tunica albuginea, and mark out a tunica

vasculosa (Fig. 614).

The a. spermatica of female embryos has at first the same path

as in males, but very early it meets the mesovarium and there gives

off branches to the hilus of the ovary until it is exhausted. It

never reaches the caudal pole of the ovary.

The very different relations of the aa. spermaticte in the two

sexes furnish a means for determining at once the sexual char-

acter of a reproductive gland. If the artery consists of merely a

descending limb and this runs only along the hilus of the gland,

this is an ovary; if the artery consists of a descending and an
ascending limb and the latter lies on the surface of the gland, this

is a testis.

The development of the vv. spermaticse is so intimately asso-

ciated with the development of the veins in general that it may bet-

ter be considered in that chapter.

Comparison of Testis and Ovary.

The testis and ovary agree in that the superficial epithelium,

the so-called germinal epithelium, either plays no part or, as in the

ovary, only a small, diminishing one. The epithelial nucleus has
the principal role in the development of both glands. But while
in the male the nucleus is developed quickly and at a single stroke

and then enlarges by the growth of all its parts, in the female its

formation is slow and by steps; special germinal zones may be
recognized in it and their growth is independent. The testis forms
from the epithelial nucleus active testis cords, which only second-
arily become surrounded by a connective tissue investment; no
cords are formed in the ovary, but its epithelium is passively
divided by inwandering connective tissue into a plump network
of masses and cords of cells, whose individual constituents show
very varied forms. The division goes so far that eventually each
genital cell, or the young ovum developing from it, forms a unit

by itself. In the testis the epithelium, in the ovary the connective
tissue determines the form of the epithelial constituents. The tes-

tis tubules are formed mainly from indifferent cells, the form of the
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cord and later of the tubule is determined by these alone, the

genital cells or spermatogonia are intrusions which have no in-

fluence on the form. The primary follicles of the ovary have their

form determined by the ova, the indifferent cells play, as follicle

epithelium, a role which is unimportant so far as the form of the

follicle is concerned. In G-raafian follicles, it is true, the follicle

epithelium has a dominant influence, but we cannot take these struc-

tures for comparison, since they are secondary formations, without

homologues in the testis. We arrive, then, at this conclusion:

testis cord and primary follicle, the foundation stones of the two
sexes, arise from the same parent tissue, but follow very different

developmental paths. The testis cords have no homologues in

the female reproductive gland.

The tunicae albugincEe may be regarded as homologous, in spite

of the difference in their mode of formation, both are formed ulti-

mately from the outermost layer of the epithelial nucleus. The
rete testis and the rete ovarii are completely homologous, both as

regards their anlage and their further development.

The Development of the Female Ducts.

THE EAELY DEVELOPMENT OF THE MULLEEIAN DUCT.

As an efferent path for the products of the female reproductive

gland a round duct, the Mullerian duct, is formed in both sexes

on either side of the body ; it attains complete development only in

the female and undergoes degeneration in males while they are

still in the fetal period. According to its development the duct is

divisible into a very shoi't cranial portion (ostium abdominale

tubse) and a very long caudal portion (the tube proper). The

ostium abdominale is formed by an invagination of the ccelomic

epithelium into the summit of the urogenital fold, the tube proper

by an independent outgrowth of the blind end of this invagination.

From the beginning the Miillerian duct lies in the secondary sum-

mit of the urogenital fold (p. 784), lateral to the primary excretory

duct. This summit portion of the fold prepares itself for the

reception of the Mullerian duct by beginning to separate from the

rest of the fold as the tubar portion, and its epithelial covering

becomes higher, at least in the region of the thoracic segments.

The first anlage of the ostium abdominale is noticeable in embryos

of 10 mm. greatest length as a circumscribed thickening of the

epithelium at the summit of the urogenital fold on a level with

the third thoracic segment; this place is termed the funnel area;

in an embryo of 11 mm. greatest length the area has extended into

the region of the fourth thoracic segment. The funnel area is

situated immediately below the dorsal limb of the pleuro-peritoneal

membrane at the opening of the pleuro-peritoneal duct into the
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abdominal cavity. In an embryo of 11 mm. greatest length a deep

groove (Fig. 622) appears in tbe region of the posterior part of

the third and in the whole of the fourth thoracic segment, in the

middle of the transverse section of the funnel area, projecting into

the subjacent mesenchyme of the urogenital fold; the groove pre-

sents, therefore, a dorsal and a ventral lip. The deeper posterior

part of the groove closes to form a tube by the ventral lip growing

toward and fusing with the dorsal lip. The tube thus formed sepa-

rates from the epithelium of the urogenital fold; and the anlage

Dorsal Up

Ostium abdom-
inale tubse"

Ventral lip

Funnel area

Fig. 622.—Transverse section of the urogenital fold of a human embryo of 11 mm. greatest length

and 9 mm. head-foot length. (Embryo P. 1; slide 13, row 3, section 5; from the collection of Professor

Hochatetter, Vienna.) The section passes through the middle of the third thoracic foramen interverte-

brale. The mesonephros is undergoing degeneration in its cranial portion, and the urogenital fold has

therefore diminished in size and appears to be triangular; its covering of coelomic epithelium is greatly

split on the ventral surface. At the apex of the triangle the ccelorMe epithelium of the urogenital fold is

greatly thickened (funnel area) and invaginated. This funnel-like invagination is the anlage of the ostium

abdominale of the MUllerian duct. The funnel is placed frontally, and one can therefore distinguish a

dorsal and a ventral lip. The latter has grown out and is curved into a hook to close the opening of the

funnel. Into the primary excretory duct the degenerating tubulus collectivus of the second meaonephric

tubule opens, beside it and medially is the tubulus secretorius of the third tubule, then the third Malpig-

hian corpuscle, and, finally, the second Malpighian corpuscle.

of the cranial portion of the Miillerian duct is thus completed.

When fully formed it is cornet-shaped, the opening of the cornet

corresponding to the cranial portion of the groove which remains

open, while its tip corresponds to the closed portion, separated

from the coelomic epithelium; the opening of the cornet into the

abdominal cavity is termed the ostium abdominale tubae. The
separated apex of the cornet lies in the immediate neighborhood
of the primary excretory duct, between it and the coelomic epithe-

lium ; it has, however, no connections with either.

In addition to the principal funnel, whose development has just been described,

two to four accessory funnels are also formed as solid ^owths of the funnel area
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in the neighborhood of the principal funnel. These growths also separate partly

from the parent tissue and their ends, which have thus become free, unite with

the principal funnel; when this union is completed they become hollow. The
accessory funnels are situated both on the dorsal and on the ventral side of the

principal funnel; the scattered dentations of the margin form the anlag© of the

fimbriae. The first distinct fimbriee occur in embryos of from 28 to 30 mm.; in

those of 60 mm. head-foot length the fimbria ovarica appears as a grooved pro-

jection directly eaudally towards the cranial pole of the ovary. These accessory

fimnels I have so far found only in female embryos, but in these they occur

regularly; in the males they are wanting and the male tubes develop no flmbriaa.

From accessory funnels the accessory tubes are to be distinguished; these occur in

fiemale embryos, but not regularly. They are usually situated somewhat more
eaudally than the accessory funnels and—what is characteristic—they never unite

during development with the principal funnel or principal tube; they end blindly

after a short course. The portion of the urogenital fold that contains such an

accessory tube may be grooved out from the rest of the fold so that it remains

in connection with it only by a narrow stalk (Fig. 618) ; in this way the appendix
vesdculosus, the hydatid of Morgagni, is formed. The number of accessory tubes

in the best example was four; they also appear to occur only in female embryos.

All accessory tubes, with the exception of that one which forms the appendix,

appear to vanish in the course of development. Concerning the origin of a

double tube and concerning the tubar appendages such as have been described in

the adult (Kossmann, 1895) I have no personal knowledge.

At the very time when the posterior end of the groove is

separating from the epithelium it hegins to grow out eaudally, and

in this process we come to the development of the distal portion

of the Miillerian duct; it is formed by the gradual outgrowth of

the tip of the cornet. The path that it will follow is already laid

out ; it must pass, eaudally between the coelomic epithelium later-

ally and the primary excretory duct medially, as if between two

bars. Its growth results entirely from its own forces, the outgrow-

ing tip being always free and connected neither with the ccelomic

epithelium nor the primary excretory duct ; only poorly preserved

or poorly fixed preparations could deceive one on this point. The

gi-owth depends on the increase of cells partly along the entire

extent of the duct, as is shown by the mitoses, partly at the out-

growing end, which is frequently swollen and presents all the

peculiarities of a so-called cone of growth. The reader will find

the various stages of growth in the following table

.

The lumen extends continuously from the funnel into the

caudal portion of the duct, and follows the growth of the duct so

closely that all that is ever solid is a small terminal portion. In

this way the larger proximal portion of the duct becomes hollow

;

in its distal portion the lumen arises in loco, and is, accordingly,

frequently discontinuous.
^ ^,

When one considers that the duct rapidly grows from the

third or fourth thoracic segment to the sacral region it is clear

that one has to deal with a decided increase in length; from the

third row of the table one sees in fact the rapid increase. In an

Vol. II.—58
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embryo of 12.5 mm. greatest length the length of the duct is 330 '',

in one of 17 rom. it is already 1440 or 1220 i^. In this latter

embryo the duct has just reached the level of the second lumbar

vertebra. Notwithstanding that the duct has still to grow over

four or five vertebrae and these the highest in the entire vertebral

column, there is from this time onwards a remarkably slight in-

crease in length. This fact finds an explanation when one com-

pares in the two first columns of the table the position of the ostium

in successive stages. It lies at the beginning of its development

Table showing the Growth of the Mullerian Duct.

Length of
Right. Left.

Right,
absolute length

Left,
absolute length

(mm.) Beginning. End. Beginning. End. in mikra. in mikra.

12.5 7Th. 8Tli. 330
13. 9

" 11/12 "
8/9 Th. 11 Th.

13.5 9
" 11/12 "

11
" IL. 990 1035

14.75 10 " 1"
17. 10/11

" 2L. 10/11
" 2" 1440 1220

18. 10 " 2" 10/11
" 2" 1420 1270

19.4 11/12 " 3" 1785
21. IL. ISa. 1 L. iSa. 1560 1740
22. 12 Th.
28.5 2L. Milller's

tubercle
30. 2/3" (( 3L. Milller's

tubercle
35. 2/3" ((

4/5
" "

50. 4 " "
5

" "

60. 4" " 5 " "

70. ISa. "

in the third and fourth thoracic segment and at the close of develop-
ment it is in the fourth lumbar segment, having wandered down-
wards through twelve segments. Since the ostium is always the
same one, no traces of a new structure being shown, this wandering
must be regarded as a true descensus. This is the more peculiar
as the similar wandering seen in the cranial part of the meso-
nephros and of the reproductive gland is, in both these organs,
due to the degeneration of the cranial portion. The wandering
of the ostium abdominale is, of course, a passive process, and is

probably due to three causes: First, the upper portion of the
Mullerian duct no longer increases in length, it therefore lags
behind in the total growth. Secondly, the ostium is attached to the
crus of the diaphragm; since this descends, the ostium must
follow it. Thirdly, the cranial part of the urogenital fold degener-
ates when its principal contents, the mesonephros and the repro-
ductive organ, vanish; the upper portion of the Mullerian duct
then hangs by a very loose fold and may therefore curve and bend
and thus bring the ostium into a lower position. The end of the
tube never quite reaches the cranial pole of the ovary, it always
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projects beyond it even in the adult; in the new-born child the
cranial or lateral pole of the ovary still lies frequently at about
the middle of the tube.

The Miillerian duct grows along the primary excretory duct.
This makes a double bend in its course (Fig. 552) ; we may distin-

guish (1) a cranial vertical portion, (2) a horizontal one, and (3)
a lower vertical one. The bends of the excretory duct appear
before the Miillerian duct in its caudal growth has reached the
places where the bends occur; Fig. 558, for example, shows the
tip of the tube not yet arrived at the first bend of the excretory
duct. As the Miillerian duct now grows onwards it lies ventral to

the horizontal portion of the excretory duct, sometimes more
cranially, sometimes slightly eaudally. As it grows along the hori-

zontal portion of the excretory duct the union of the two urogeni-
tal folds to form the genital cord occurs, and the Miillerian duets

now transverse this, situated between the two primary excretory
ducts, lying now medial to these and close together. The space
between the two primary excretory ducts is, as is shown in Fig.

552, exceedingly small. The two Miillerian ducts, accordingly,

grow downwards close together until they reach the Miillerian

tubercle. When they have arrived at this level they suddenly
bend almost at right angles and run horizontally on the wall of the

urogenital sinus. This horizontal portion is usually thickened,

and without a lumen ; very frequently it is filled from the beginning

with a vesicular epithelium. Mtiller's tubercle is at first merely
the entire dorsal wall of the vesico-urethral anlage at the level of

the orifice, and projects into the lumen of this. The vesico-urethral

anlage then grows greatly in breadth by taking up into itself the

two cloaeal limbs (see p. 878), and thus Miiller's tubercle becomes
marked off as a special projection within the dorsal wall of the

vesico-urethral anlage.

The left Miillerian duct reaches Miiller's tubercle at the earli-

est in embryos of 21 mm. greatest length, the right in embryos of

28.5 mm. greatest length. The union of the duct with the sinus

epithelium does not occur for some time; in embryos of 45 mm.
the blind ends of the ducts first bore into the stratified epithelium

of the sinus ; they do not reach its surface, however, but end blindly

under the superficial layer of cylindrical epithelium. The actual

breaking through takes place first in embryos of 70 mm. head-foot

length.

Formation of the Utero=vaginal Canal.

In both sexes there is a union of the right and left Miillerian

ducts within the genital cord, and the unpaired canal so formed is

termed the utero-vaginal canal. The union occurs at the earliest

in embryos of 22 mm. and at the latest in those of 28.5 mm. ; the

sex seems to have no influence on the early or late union. The
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union takes place first in the second fourth of the later utero-

vaginal canal and advances thence in both the cranial and caudal

direction; frequently, especially in the caudal portion, the union

takes place discontinuously. It extends upwards nearly to the

upper end of the genital cord, i.e., to the level of the second bend

of the urogenital fold (Fig. 552), between the horizontal and lower

vertical portions. This bend later on lies almost at the same level

as the first bend between the horizontal and upper vertical portions

(Fig. 552) at which the inguinal fold arises ; but on this account

one cannot give this first bend as the cranial limit of the union

of the ducts. While the union in male embryos proceeds at once

in the horizontal terminal portions of the Miillerian ducts as far

as their blind ends, in females these portions remain separate

for a long time; their union first occurs in embryos of 50 mm. head-

foot length.

The length of the utero-vaginal eanal is 600 /* in embryos of 26 mm.; at 28

mm. it is 860 ^ at 30 mm. 1000 to 1550 M, at 50 mm. 2000 /^, at 60 mm. 2040 At.

When the union of the two Miillerian ducts is completed above

we term the portions that remain separate the tubar anlagen.

The primitive tube consists of two portions, a sagittal and a hori-

zontal, the sagittal one lying in the upper vertical and the horizon-

tal one in the horizontal portion of the urogenital fold (compare

Figs. 552 and 623).

The union of the two ducts is at first only an external one.

They are placed together so that they form a single external con-

tour, but in the interior each has still its own medial wall. Later

the two medial walls fuse to form a septum, and then this becomes
resorbed in the caudo-cranial direction. Since frequently the two
Miillerian ducts do not lie in the same frontal plane of the embryo,

the utero-vaginal canal is frequently placed obliquely, and since,

furthermore, the ducts change their position during their course,

sometimes the right one and sometimes the left lying more ven-

trally, a spiral twisting of the canal may be brought about.

Formation of the Wall of the Utero=vaginal Canal.

GENERAL STATEMENT AND EXTEENAL FORM.

After the completion of the utero-vaginal canal the following

relations obtain in the genital cord: In the mesonephric fold the

primitive tubes run vertically downwards (vertical portion), reach

the lateral edge of the genital cord, bend at right angles and run
almost horizontally towards the middle line (horizontal portion)

and there unite to form the utero-vaginal canal (Fig. 623 a). At the

transition 5f the vertical into the horizontal portion of the tube

the plica inguinalis (shown in Fig. 623 as the lig. rotundum) arises

from the mesonephric fold.
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Tlie first anlage of the supportive tissue portion of the uterine
or vaginal wall consists of a thickening of the surrounding mesen-
chyme

; from the beginning a rather sharp and smooth line of de-
marcation exists between the connective tissue investment of the
uterus or vagina and the loose mesenchyme of the broad Hgament,

- Fig. 623 a, b, c, and d.—Four diagrams of the development of the external form of the female uterua.

The mesonephric folds and the genital cord are shaded obUquely, the meaenchymatoua uterine wall verti-

cally. The various parts of the primitive uterine wall and of the utero-vaginal canal are lettered. S
vertical portion; h, horizontal portion of the wall of the primitive tube; F, fundus uteri; C, cervix uteri;

V, vagina. Diagram a shows the position of the primitive tubes and of the utero-vaginal canal after it

is completed. Diagram b shows the relation of the meaenchymatous uterine wall to the primitive tubes
and to the utero-vaginal canal. It encloses the whole of the horizontal portion of both tubes in the uterine

region and as a result the lig. rotundum is brought into relation with the uterine wall. The fundus uteri

is bent in at an angle (uterus introrsum arcuatus). Diagram c shows the broadening of the horizontal por-

tion of both tubes to form the fundus uteri, the broadening taking, place in such a way as to straighten

out the inward bend {uterus planifundus). Diagram d: The broadening of the fundus has increased

and it is curved out^sjard (uterus foras arcuatus).

SO that the external contour of the uterus is clearly defined (Fig.

623 6). The mesenchymatous wall of the uterus appears in both

sexes, but in quite different form. In the female embryo it sur-

rounds the utero-vaginal canal and the horizontal portion of botli

tubes (Fig. 623 &) ; in the male embryo, where it develops after the

degeneration of the horizontal portion of the tubes, it surrounds

only the utero-vaginal canal (Fig. 624).
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Development of the External Form of the Female Uterus.

In consequence of the horizontal portion of both tubes being

taken up into the uterine wall, the primitive tubes may be divided

into the definitive tubes and the tubar portion of the uterus. Since

the two tubar portions of the uterus give the lumen of the uterus

a triangular form from the beginning and produce in the fundus

an angular bend towards the lumen (uterus introrsum arcuatus,

Fig. 623 &), we may distinguish between the broader corpus (uter-

ine portions of the tubes) and the narrow cervix portion (utero-

vaginal canal). Then the corpus portion begins to broaden, its

angled inward bend being thus straightened out (uterus planifun-

dus, Fig. 623 c) and then curved out cranially (uterus foras arcu-

atus, Fig. 623 d). How much of

the later uterine mucous mem-
brane is formed from the uterine

portions of the tubes and how
much from the utero-vaginal

canal can hardly be determined

with certainty; probably the

point of entrance of the primary
excretory duct into the wall of

the uterus forms the limit be-

tween the two. This much is cer-

tain, that the fundus is formed

from the tubar portion, the cer-

vix from the utero-vaginal canal

;

the boundary between the two

must lie in the isthmus and may
coincide with the boundary be-

tween the corpus epithelium and
the cervix epithelium of the adult. By the extension of the

mesenchymatous uterine wall outwards upon the tubes the

inguinal fold, or the round ligament derived from it, first comes
into relation with the uterine wall (Fig. 623 h-d) ; the ligament has

nothing to do with the utero-vaginal canal.

Development of the External Form of the Male Uterus.

On account of the non-participation of the horizontal portions

of the tubes in its formation the fundus, and perhaps also the

entire corpus, must be wanting in the male uterus ; it represents,

accordingly, from the beginning only the cervix and perhaps a

part of the isthmus (Fig. 624). "We shall learn later that in it

more than the half of the utero-vaginal canal is degenerated in the

cranio-caudal direction, so that in the male there is no persistence

of the uterine portions but only of the vaginal one; the term
uterus masculinus is therefore certainly incorrect.

Fig. 624.—Diagram of the development of

the male uterus. Only the utero-vaginal canal

becomes enclosed by the mesenchymatous uterine

wall, the horizontal portions of both primitive

tubes had previously degenerated. Consequently
the plica inguinalis, or the chorda gubernaculi

which is derived from it, does not come into rela-

tion with the uterus.
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Formation of the Definite Wall of the Tubes.

In embryos of 50 mm. head-foot length the loose connective

tissue of the tubar fold begins to arrange itself in concentric

rings around the epithelium of the Miillerian duct, and so forms
the anlage of the supportive tissue of the tube (Fig. 618). In
fetuses of 80 mm. trunk length the mesenchyme of the tube wall

separates into two layers, an inner one composed of round cells,

no longer arranged regularly, and an outer one, three times as

broad as the inner, formed of curved, spindle-shaped cells in

regular layers ; thus the mucosa and muscularis are separated. In
embryos of 180 mm. trunk length the first muscle fibres appear,

the circular musculature being the first to form and then an outer

and an inner longitudinal layer.

The epithelium of the tube is from the beginning single-

layered, but is in several rows. According to the degree of exten-

sion it is sometimes high cylindrical, sometimes cubical. In new-

born children one finds between stretches with cylindrical epithe-

lium groups of cubical cells which have the appearance of single

alveolar glands. As to the time at which the ciliation begins I

possess only negative results; according to Popoff (1893) the epi-

thelium bears cilia in the ninth fetal month.

An embryo of 50 mm. head-foot length already shows folds

projecting into the lumen, two ventral and two dorsal (Fig. 617),

giving a cross section of the lumen the form of a four-rayed star.

The formation of the folds begins in the ostium abdominale and

proceeds slowly towards the uterus. At first the folds are pro-

duced almost altogether by the difference in the height of the

epithelium, but later the connective tissue of the mucosa grows

into them and forces the epithelial covering apart. In embryos

between 80 and 250 mm. trunk length secondary folds form on the

primary ones and in the eighth month in addition to folds (directed

towards the lumen), depressions (directed towards the mucosa)

occur. The tube of the new-born child already shows almost com-

pletely the form of that of the adult. As soon as the folds have

reached a certain size the connective tissue in them forms a special

scaffolding of parallel bundles of connective tissue fibrils, which

are surrounded by looser connective tissue.

Transformation of the Tubar Portion of the Uterus and the Utero=vaginal

Canal into the Uterus and Vagina.

The utero-vaginal canal is a long tube (Fig. 625). It runs

vertically downwards parallel to the posterior surface of the blad-

der and urethra, bends almost at right angles at the level of

Miiller's tubercle, and accordingly at the boundary between the
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Bladder

Ureter

Urethra

urethra and the urogenital sinus, forming a horizontal portion, and

opens into the sinus. The vertical portion is long, the horizontal

quite short (Fig. 625). In transverse section the utero-vaginal

canal forms a flattened oval, whose longest axis lies in the frontal

plane. The epithelium is in general arranged so that it is high

on the ventral and dorsal surfaces and low at the angles ; at first

it is everywhere one-layered and high cylindrical. The nuclei are

in several rows. To this rule only the horizontal portion forms

an exception from the beginning, it being completely filled with a

vesicular polygonal epithelium. In embryos of 38 mm. greatest

length differences between the epithelium of the tubar portion of

the uterus and that of the utero-

vaginal canal appear; in the

tubar portion a cylindrical one-

layered epithelium, varying in

height, occurs; in the utero-

vaginal canal it is several lay-

ered and the superficial layer is

sometimes cylindrical, sometimes
cubical. This many-layered epi-

thelium appears first in the cra-

nial part and gradually extends

into the caudal part of the utero-

vaginal canal, meeting (in em-
bryos of 70 mm. greatest length)

the vesicular epithelium that

gradually ascends from the hori-

zontal portion; wherever the

vesicular epithelium extends it

completely fills the lumen.

Towards the middle of the fourth fetal month three regions

may be distinguished in the uterine and vaginal canals by
means of differences in their epithelium: first, about an upper
fourth, hollow and lined with a simple cylindrical epithelium, the

future corpus uteri (probably formed from the tubar portion of

the uterus) ; second, a second fourth, hollow and lined by a many-
layered, cylindrical epithelium, the future cervix uteri ; and, finally,

a distal half, filled with a vesicular, polymorphous epithelium,

the future vagina ; the cervix uteri and vagina are derived from the

utero-vaginal canal. The boundary between the corpus and cervix

epithelium corresponds almost with the internal os uteri, and it

is also marked externally by a bend or at least a greater distinct-

ness of the ventrally concave curvature. I shall consider the

topography of the boundary between the cervix and vagina later on.

Primary
excretory
duct

Sinus uro-
genitalis

Fig. 625.—Primary excretory duct and utero-

vaginal canal seen from behind and somewhat
from the left. Human embryo of 29 mm. nape
length. (After Keibel 1896, from Felix-Biihler,

Entwicklung der Geschleehtsorgane in Hertwig's
Handbuch der Entwicklungsgescliichte, Vol. 3.)

The two Miillerian ducts have united to form the

utero-vaginal canal. The latter shows a long ver-

tical and a short horizontal portion. Also the two
primary excretory ducta are bent and accordingly

also possess a horizontal portion at their orifices.
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Development of the Vagina.

In the third to the sixth fetal month (the statements of authors
vary, apparently on account of a variability in the appearance of

the structure) the portio vaginalis is formed by the following

processes: first, the wall of the utero-vaginal canal thickens in

all its dimensions—even in the third month, and, second, the epi-

thelium forms at the boundary between the cervix and vagina, but
always in the vaginal territory, a ventral and a dorsal solid projec-

tion (Fig. 626), and these grow out into the mesenchyme in a shovel-

shaped form; they are the solid anlagen of the fornix anterior

and posterior vaginae and therefore bound the anterior and pos-

terior lips of the external os uteri. The projection that represents

Dorsal Ventral

Cervix

Portio vaginalis

Vagina

Fig. 626.—Median longitudinal section of the utero-vaginal canal at the level of the portio vaginalis

uteri of a human embryo of 260 mm. (After Werth and Grusdew, from Felix-Btihler, Entwicklung der

Geschlechtsorgane in Hertwig's Handbuch der EntwicklungsgescMchte, Vol. 3.) The portio vaginaUa

is beginning to be defined and the supravaginal circular muscle is developed in it. Its lumen extends to

its lower end, which is closed by an epithelial plug. The vagina is still altogether soUd, but its future

lumen is indicated by the solid epitheUal cord that traverses it. From this cord there grow into the

surrounding mesenchyme, forward and backward at different levels, two solid projections of epithelium,

the anlagen of the fornix anterior and posterior.

the anterior fornix is always considerably lower than that repre-

senting the posterior fornix and in consequence the anterior lip of

the OS is lower than the posterior, a relation that may be retained

even in the adult. With the anlage of the portio vaginalis or of

the two fornices the upper limits of the vagina become sharply

determined.

Only after the formation of the fornices does the vagina be-

come hollow. The lumen first appears in embryos of 150 to 200 mm.

trunk length (Nagel 1891) in the distal portion of the vagina. It

is formed by the breaking down of the central cells and the arrange-

ment of the peripheral ones into a stratified cubical and later a

stratified pavement epithelium ; starting in the distal portion the

breaking down of the central cells proceeds cranially. In this man-

ner the vagina, together with the two fornices, becomes hollow and
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the protuberant portio vaginalis is grooved out from its surround-

ings. Since the utero-vaginal canal is bent or strongly curved

at the point where the portio vaginalis projects, the angle between

the uterus and the vagina is present from the beginning.

In older embryos, new-born children and young girls until

puberty, the outer surface of the portio vaginalis of the uterus

is marked in the most delicate manner by fine grooves, which

appear quite symmetrically. They occur always on the borders of

both lips, almost always on the outer surface of the anterior

lip and more rarely on the outer surface of the posterior lip. They

appear as principal grooves that usually run radially towards the

OS and are connected by transverse grooves; more rarely trans-

verse grooves are the principal ones and in this case they are con-

nected by very few radial accessory grooves.

The epithelium of the vagina is henceforward a many-layered

pavement epithelium, that of the cervix is a stratified cylindrical

epithelium; the question arises where the boundary between the

two occurs. According to R. Meyer (1910) it always lies at first in

the cervical canal. Then "the cervical epithelium differentiating

in the mucous epithelium destroys the pavement epithelium as

far as the external os uteri and in about one-third of the cases even

further. " " There is thus formed Fischel 's congenital histological

ectropion." "Some islands of the basal cell rows of the pave-

ment epithelium are spared and these always regenerate the pave-

ment epithelium of the outer surface of the portio vaginalis uteri,

raising up and compressing the mucous epithelium. " " The defini-

tive abolition of the congenital histological ectropion occurs, how-

ever, only in childhood." We see then that the cervical and

vaginal epithelium are engaged in a mutual struggle. At its close

the boundary between the cervical and vaginal epithelium coincides

in general with the level of the external os. With a small portio

vaginalis, a narrow cervical canal and a narrow external os the

boundary lies above the os; with a large portio vaginalis and a

broad os externum it lies below the os, that is on the vaginal

surface of the portio vaginalis (R. Meyer, 1898 c). Since the

boundary struggle does not progress equally over the whole periph-

ery, the boundary line comes to be wavy and, indeed, islands of one

kind of epithelium are included within the other ; islands of cervi-

cal epithelium on the vaginal surface of the portio vaginalis have
been termed physiological erosion.

With the formation of the portio vaginalis uteri and the an-

lage of the two fornices the cranial limits of the vagina are

determined once and for all. The length relations between the

vagina and uterus remain the same during the late fetal period

and the first year of extra-uterine life, that is to say, the vagina

is as long as or longer than the uterus.
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The coliimnsB rugarrtm are formed by the ingrowth of numer-
ous solid epithelial projections into the subjacent mesenchyme at a
time when the lumen of the vagina is not quite filled by epithelium.

Labium majua

Labium minu3
(urethral groove)

Hymen fold

Labium minus
(ostium urogeni-
tale definit.)

Anus

Fig. 627 a and b.—^External genitalia of a female embryo of 40.2 cm. vertex-breech length (measured
over nape and back) and 30.1 cm. greatest head circumference. X IJ^- The labia minora surround a
long slit-like opening, the urogenital orifice, and present two distinct portions, an oral high portion (6 mm.)
and an anal low one (1—1.5 mm.). Between the oral portions is the shallow urethral groove, between the
anal portions the urogenital sinus. The hymen appears between the anal portions of the labia minora.

The lower boundary of the vagina is formed from the hymen,
which is formed from Miiller's tubercle. It has been shown above

that the distal end of the utero-vaginal canal fuses with the epithe-

lium of the urogenital sinus, and that this point of fusion persists

as a solid mass of epithelium even when the rest of the vagina
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becomes hollow. Immediately above Miiller's tubercle the vagina

then forms an ampulla-like enlargement, by which Miiller's

tubercle is compressed to a disk. This is lined on one surface by

vaginal epithelium and on the other by epithelium from the urogeni-

tal sinus ; the two layers of epithelium and the intervening mesen-

chyme form the hymen. In its centre the hymen has for a long

time a cavity closed by a solid knob of epithelium, the remains of

the point of penetration of the utero-vaginal canal.

Later the disk-like hymen becomes funnel-shaped; the funnel

is compressed from right to left so that the ostium vaginae no longer

is a circle, but a sagittal slit. In embryos of 272 mm. vertex-

breech length (measured over nape and back) and 213 mm. in the

greatest circuaaference of the head, there regularly develops be-

tween the hymen cleft and the anal periphery of the hymen, usually

somewhat to the left of the middle line, a sagittal fold, the hymen
fold (Figs. 627, 645 and 646). At first small and inconspicuous

it may increase in height up to birth to such an extent that it

projects out like a partition between the labia minora. Earely

the fold is double, that is to say, a right one may be present in addi-

tion to a left one, the two folds then uniting at their anal ends

and thus enclosiag a groove that extends orally as far as the

ostium vaginEe (Fig. 646).

Recently it has been suggested that the vagina has a double origin, a pars

Miilleriana and a pars adjuneta being distinguished. The pars Miilleriana is sup-

posed to be derived from the utero-vaginal canal and the pars adjuneta from a

frontal division of the urogenital sinus (Bolk, 1907). If this were true the

hjonen could not correspond with Miiller's tubercle, but would be a new formation

inside the urogenital sinus. Bolk's suggestion is, however, incorrect. In the first

place direct embryological observation shows that the hymen arises from the

tubercle, and, in the second place, cases in which the distal end of the primary
excretory duct persists show this running to the hymen; the opening of the

primary excretory duct is always at Miiller's tubercle.

Development of the Uterine Wall.

The transformation of the tubar portions of the uterus and of

the proximal portion of the utero-vaginal canal into the corpus
and cervix uteri will first be considered together. In this connec-

tion I would refer to the work of E. Meyer (1898). The epithelium
of both forms in transverse section an oval, whose longest axis

is placed in the frontal plane (Fig. 628). In embryos of the
fourth month the oval becomes a wavy slit, the number of waves
depending on the width of the uterus and of the slit. In the lower
part of the uterus one finds, therefore, only one entire wave, in the
upper part 11/2 or 2. The anterior and posterior uterine walls

are so close together that the summit of a wave on one wall fits

into the depression between two waves of the other and vice versa.
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This wavy form of the uterine slit persists as the fundaraental

form until birth and is often found in children and, in rare cases,

even in the adult. In embryos of about 150 mm. secondary folds

arise from the depressions between the waves and, indeed, from
their deepest parts, these folds appearing as longitudinal folds

of the mucous membrane ; in the upper part of the uterus, where
there are two waves, there are two folds on each of the walls, in

the lower part only one. From these folds other smaller accessory

folds arise and produce throughout the entire cavity of the uterus

a very complicated pattern. But as the accessory folds develop

the entire lumen of the corpus uteri elongates and, consequently,

the folds again become flattened out, until, finally, the surface

of the mucous membrane in the adult corpus uteri appears quite

smooth. The folds are retained most distinctly in the cervix.

^ "^-^-^ Utero-vaginarcanal

/
'i

Anlage of a prostatic glandv\ ^^^.^Anlage of a prostatic gland

Urethra-

""-V^ i
\ ^_^/

Fig. 628.—Transverse aeotion of the utero-vaginal canal at the level of the upper anlage of the pros-

tatic glands of a female embryo of 80 mm. head-foot length. (Embryo R. Meyer 266; sUde 69, row 1, sec-

tion 1, from the collection of R. Meyer, Berlin.) The epithelial cylinder of the utero-vaginal canal is sur-

rounded by an extensive layer of thickened mesenchyme, the primitive utero-vaginal wall. In this a middle

zone is beginning to be defined by a closer arrangement of the nuclei; this is the future muscularis.
_
In-

wards from this is the future mucosa and outwards the future subserosa and serosa. The urogenital sinus

(ievelops on its dorsal surface two solid epithelial projections, the anlagen of the prostatic glands.

Long transverse folds are added to the longitudinal ones in em-

bryos of 125 mm. at the earliest, and these form broad swellings

projecting into the lumen. When these folds become so long that

there is no longer space for them in the cervix, they ascend

obliquely and the uppermost may then separate the corpus from

the cervix like a valve. In such cases, if the mucous membrane of

the corpus secretes mucus there will necessarily be a retention of

the secretion in the uterine cavity. The transverse folds—fore-

runners of the plicae palmatse—appear in the cervix in such a man-

ner that in embryos of 160 mm., for example, an upper third and

also a small marginal zone above the ostium externum remain

free from them. Consequently the upper third of the cervix—

frequently even more (see the following table showing the growth

in length of the uterus)—belongs macroscopically to the cervix
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but microscopically to the corpus uteri. On this account this por-

tion of the cervix has been termed the isthmus and as a result two

different internal ostia have been recognized, the ostium internum

anatomicum, between the corpus and isthmus, and the ostium inter-

num histologicum, between the isthmus and cervix.

The mucous glands of the cervix develop in embryos of from
110 mm. (Eosger 1894) to 175 mm. (Tourneux and Legay 1887),

and always at the base of a fold. The cylindrical glands of the

corpus uteri appear at very different times; one may find them
abundant and well developed even in new-born children and fail

to find them in young girls of 12 or 14 years. (Wyder 1878).

Their appearance and growth in length is, therefore, until puberty,

altogether independent of age. The cilia of the uterine epithelium

first appear with the approach of puberty (Wyder 1878).

Development of the Musculature of the Vagina and Uterus.

Around the epithelial cylinder of the utero-vaginal canal the

mesenchyme thickens to form a closed investment. This primitive

utero-vaginal wall extends forward and backward to the surface

of the genital cord and, accordingly, fills the cord completely

in the sagittal direction, but in the frontal direction a strip occurs

right and left along the lateral walls of the primitive true pelvis,

which still contains the original loose mesenchyme. In this way
the genital cord becomes divided into three parts ; the uterus and
the right and left ligamentum latum (Fig. 629). The boundary
between the uterus and the ligamenta lata almost corresponds with

the course of the primary excretory duct, which is enclosed in the

uterine wall so far as this corresponds to the utero-vaginal canal.

In the primitive uterine and vaginal walls strands of spindle-

shaped cells arise in embryos of 60 mm. head-foot length, and are

arranged concentrically around the lumen in such a manner that

they mark off three zones; first and most internally, a zone of

round cells, the future mucosa, then the layer of spindle-shaped

cells, the future muscularis, and, finally and outermost, a second

layer of rormd cells, the foundation for the future subserosa and
serosa. The same arrangement of layers is also found in the

wall of the tube and the tubar layers pass over praeter propter

into those of the uterus. The blood-vessels, already present in

considerable numbers, still lie in the subserosa and thereby define

this from the serosa. In embryos of 80 mm. head-foot length the

primitive muscularis becomes stronger and splits into a series of

concentric rings, but it is only in embryos of from 120 to 140 mm.
trunk-length that the first muscle cells are distinct.

The musculature of the uterus and vagina may be traced

back to three primitive layers: inner and outer longitudinal and



DEVELOPMENT OF THE URINOGENITAL ORGANS. 927

middle circular musculature. In the uterus the circular muscula-
ture appears first, in the vagina the longitudinal. Since the anlage
of the cervix musculature is entirely uuder the influence of the
vaginal musculature, we must distinguish embryologically between
the corpus musculature on the one hand and the cervix-vaginal
musculature on the other.

In embryos of from 240 to 300 mm. (according to Werth and
Qrusdew 1898) two superposed muscle rings appear in the muscu-
laris of the uterus, the one, strong and compact in the corpus,

Medullary canal

Fig. 629.—Transverse section of a human embryo of 32 mm. vertex-breech length at the level of the
utero-vaginal canal. (Embryo 426, I, 18 in the collection of the Anatomical Institute, Zurich, IX. 1, 2.)

X 15. The section shows the genital cord stretched transversely through the cavity of the true pelvis, and
in it are the two primary excretory ducts and the utero-vaginal canal. The mesenchymatous uterine wall,

which encloses the two primary excretory ducts, is so situated that it divides the genital cord into three

portions, the uterus and the two lig. lata.

extends almost to the cervix, the other, weak and scattered, occurs

in the neighborhood of the portio vaginalis. The vagina at the

same time forms a longitudinal layer at the boundary between the

subserosa and the primitive muscular wall, and this layer extends

upwards over the vagina and into the cervix. In embryos of from
340 to 355 mm. the circular muscle layers of the corpus and those

of the cervix fuse, and, in addition, the circular musculature of the

corpus fuses with that of the tube. The two tubes meet the body
of the uterus at an angle, and that produces a certain amount of

confusion in the previously simple arrangement of the musculature.

The inner strands of the musculature of the tubes pass directly

over into the circular layer of the uterus, but the outer strands

stream out as longitudinal bundles both on the ventral and on the
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dorsal surface of the uterus, and thus form an outer longitudinal

muscle layer on the body of the uterus. The circular musculature

of the cervix, which has hitherto remained weak, now becomes very
strong and forms the supravaginal muscle ring. This develops in

the region of the longitudinal musculature streaming up from the

vagina, and becomes intermingled with it. In the meantime a

circular layer has appeared in the vagina itself, in the region of

the longitudinal layer which has now become considerably thick-

ened ; it intermingles with the longitudinal layer and a, pure longi-

tudinal layer is left only on the outer and inner surface. With
this the anlage of the vaginal musculature is completed; there is

an outer and an inner longitudinal musculature and an inter-

mediate circular one.

The inner longitudinal musculature of the uterus has a double
origin; on the one hand longitudinal bundles stream from the

orifices of the tubes on the inner surface of the circular muscula-
ture, and, secondly, fibres separate from the inner ring of the

supravaginal circular muscle, and these also lie on the inner side

of the circular musculature of the uterus, passing upwards towards
the muscle bundles streaming down from the tubes and fusing with
these to form the stratum longitudinale submucosum.

From the seventh fetal month to the end of pregnancy there
is at first only an enlargement of the layers already present. In
the body of the uterus the circular musculature always constitutes

the principal mass. It grows in a three-fold manner : by increase
in the thickness of its parts, by the development of new layers
at the periphery and between the bundles of the circular muscle.
These last, the interstitial bundles, are sometimes oblique and
sometimes longitudinal, and produce the felted mass of the adult
uterus, whose constituent parts can scarcely be made out. The
outer longitudinal bundles that stream down from the tubes be-
come included in this confused mass.

The vessels situated in the subserosa still lie on the outer
surface of the musculature, but later they become enclosed by it,

bundles of circular muscle fibres forming a coarse-meshed network,
the stratum vasculare, around them. External to this network
an outermost layer, the stratum supravasculare, is also formed,
consisting principally of longitudinal bundles, which are in connec-
tion with the muscle bundles in the ligamentum rotundum, the
ligamentum ovarii proprium and the plicae recto-uterinse.

Growth of the Uterus in the Postfetal Period.

The following table, compiled from data given by Hegar
(1908), will furnish information as to the growth of the uterus.
It gives the length of the corpus uteri, isthmus, and cervix and
the entire length.
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Age.

Fetus of 7 months
Child of 5 weeks
I year
14 months
ly^ years
3 years

3K years
9 years

II years
13 years
15 years
16 years
17 years
17 years
18 years
19 years
19 years
19 years
20 years
20 years
22 years
28 years
29 years (nulliparous wife)
30 years (virgin)

Length of
corpus (mm.;

Length of
isthmus (mna.)

10
10
8

9-10
6
9

12

41
27
20
36
27
28
24
30
30
35
40
34
38

5-6
5

4.5

6

12
6
4
5
5
6

8
6
7
5

10
10
7

Length of
cervix (mm.)

12
12
10
16
13
19
27

25
22
16
31
28
27
21
16
21
29
28
34
29

Total length
(mm.)

22
27
23
27
26
25
27
27
37
56
59
78
55
40
72
60
61
53
52
58
69
78
78
74

The table shows that the entire uterus passes through a resting

stage in the early years of life, the uterus of a child of five weeks
having the same length as that of a child of nine years. From this

time onward an actual increase in length takes place, at first slowly,

but more rapidly with the beginning of puberty. The increase is

not, however, equally distributed among the various portions of

the uterus. The body and neck elongate, but the isthmus practi-

cally not at all. Furthermore the body grows decidedly more than

the neck.

Degeneration of the Tubes and of the Utero=vaginal Canal in

Male Embryos.

We have seen that the Mtillerian ducts are formed in both

sexes and that in both sexes they unite with the lower portion of

the utero-vaginal canal; it has also been stated that this union

occurs in embryos between 22 mm. and 28.5 mm. greatest length.

Almost immediately after the union, that is to say in embryos of

30 mm., the degeneration of the ducts and of the utero-vaginal

canal begins in male embryos. It makes its appearance in the

middle of the anlage, in the portion of the tube that lies between

the lower pole of the testis and the utero-vaginal canal. Both

tubes lose their lumina, their epithelial cells show signs of degener-

ation at the centre and of proliferation at the periphery. In

embryos of 60 mm. the tubes have degenerated as far as the por-

tion between the testes and epididymides, and the utero-vaginal

canal as far as the lower horizontal portion; in the intervening

Vol. II.—59
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space only scattered remains occur, as a rule in the neighborhood

of the point of crossing of the ureter and the primary excretory

duct; these remains regularly show proliferation phenomena. In

embryos of 90 mm. remains of the tubes always occur along the

upper two-thirds of the testis and the ostia abdominalia are still

open; data are wanting as to the time of their closure. Finally,

of each entire tube only a very small portion remains, situated be-

tween the testis and the head of the epididymis ; it is known in sys-

tematic anatomy as the hydatid of Morgagni. It contains a simple,

rarely stalked, epithelial canal, frequently without pouchings. Of
the utero-vaginal canal only the epithelium degenerates at first,

the dense mesenchyme enclosing it persisting for a long time as a

sort of primitive uterine wall. A collapse of the epithelial canal

regularly precedes its degeneration, so that one frequently sees a

small, solid, sagittal portion resting upon the persisting, broad
horizontal terminal piece; evidences of nuclear degeneration are,

however, distinctly visible, so that one has to do not with a new
formation, but with a degeneration. Only the broad horizontal

portion persists throughout life, forming the vagina masculina.

The portion of its wall surrounding the slit-like opening will repre-

sent a male hymen. The vagina masculina frequently shows gland-

like growths in older fetuses, but very rarely true open gland sacks

(E. Meyer 1909). Miiller's tubercle persists as the coUiculus

seminalis, the upper and lower cristse urethrales are defined quite

early in the embryo.

Inhibitions of the Development of the Uterus and Vagina.

It is almost self-evident that an organ with so complicated a development as

that shown by the uterus and vagina would show disturbances of the development.

The many forms under which these disturbances present themselves may be
arranged in groups, each of which may be brought into relation with a definite

stage of development. In the following schema I foUow, with slight modifica-

tions, the subdivisions proposed by von Winckel (1899) ; more important depart-

ures for it will be considered later.

Normal Development. Inhibitions of Development.

1. The mesonephric fold is com- la. Complete absence of both MiiU-
pletely developed, but as yet shows no erian ducts, together with complete ab-

trace of an anlage of the Mullerian sence of the tubes, uterus and vagina
duct. (probably never occurs [von Winckel,

1899] or only in association with ex-

tensive bodily malformations [Nagel,

1897]).

lb. Complete absence of one Miill-

erian duct occurs only in association

with a total absence of the urogenital
fold, its organs, and the kidney of the
same side (uterus unicomus verus
[semiuterus] )

.
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2. Formation of the funnel of the

tube in the mesonephric fold, outgrowth

of both blind ends as Miillerian duets

into the urogenital fold along the pri-

mary excretory duct.

3. The Miillerian ducts unite, at first

in the middle of the later utero-vaginal

canal, extending thence eranially and

caudaUy. The union is at first only

an adhesion, later the septum between

the two ducts is resorbed. Around the

epithelial utero-vaginal canal the mes-

enchymatous wall of the uterus is

formed like a sheath, and in such a

manner that portions of the walls of the

primitive tubes enter into the forma-

tion of the uterus (see Fig. 623, p. 894),

and for this reason the fundus of the

uterus appears slightly depressed.

4. The flat fundus uteri gradually

becomes convex outwards (uterus foras

arcuatus). The form of the uterus

fetalis is thus acquired.

5. The uterus infantilis is formed by

a strong growth of the cervix and a

weak growth of the corpus.

6. The uterus virgineus develops

from the uterus infantilis by a

stronger growth of the corpus.

7. The sexually mature uterus de-

velops from the uterus virgineus by

equal growth.

2a. Complete failure of the fusion

of the two Miillerian ducts (uterus

didelphys [= uterus duplex separatus],

vagina duplex separata.

2b. Combined with a failure of one

vagina to communicate with the exte-

rior.

2c. Combined with a failure to de-

velop lumina (uterus didelphys solidus,

vagina duplex solida).

2d. Combined with the formation of

only a partial lumen in the uterovaginal

canal (uterus didelphys partim excava-

tus, vagina duplex partim exeavata).

2e. Combined with a varying amount
of inhibition of one-half (uterus didel-

phys asymmetrieus, uterus unicornis

spurius [semiuterus spurius] cum
rudimento uteri alterius).

3a. The union of the Miillerian diicts

fails completely or partially (uterus bi-

cornis sseptus, subsseptus, simplex;

vagina ssepta, subssepta, simplex).

3b. Uterus introrsum arcuatus ssep-

tus, subsseptus, simplex; vagina ssepta,

subssepta, simplex.

3e. Combined with a failure of one

side to open to the exterior.

3d. Combined with incomplete devel-

opment of lumen.

4a. The fundus of the uterus remains

flat (uterus planifundus).

4b. Combined with various degrees of

inhibition of resorption of the septum.

4c. Combined with a partial failure

of the lumen.

4d. Uterus foras arcuatus.

4e. Combined with various degrees

of inhibition of the resorption of the

septum, and with partial failure of the

lumen.

5. The growth of the uterus does not

take place; it remains a uterus fetalis.

6. The stronger development of the

body fails, the uterus infantilis persists.

7. The growth takes place unequally

or insufficiently and there is formed a

uterus virgineus inaequalis or hypo-
plasia of the uterus.

Various theories have been proposed to account for the origin of malforma-

tions of the uterus and vagina. To-day they all have the fault that they are based
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on a plan of development that needs correction in important points. We have at

present—basing our opinion on the facts described above (pp. 916-'920)—to dis-

tinguish between

1. Disturbances of development in the formation of the mesenchymatous

wall, and

2. Disturbances of development in the anlage and in the further development

of the epithelial canal.

The epithelial canal is formed in the first place from the utero-vaginal canal,

and, secondly, from the uterine portions of the two tubes. Since the tubar portion

of the uterus practically forms the corpus uteri, and the utero-vaginal canal the

cervix and the vagina, the development of these two portions of the uterus takes

place under quite different conditions. The difference in their manner of develop-

ment leads one to expect differences in the causes of their disturbances of devel-

opment, and one may therefore subdivide the disturbances in the development of

the epithelial canal into

2a. Disturbances in the development of the utero-vaginal canal; they affect

the cervix uteri and the vagina.

2b. Disturbances in the further development of the tubar portions of the

uterus; they affect the corpus uteri.

1. DISTTJEBANCES OF DEVELOPMENT IN THE FOBMATION OF THE MESEN-
CHYMATOUS WALL OF THE TJTEEXJS.

It has been pointed out above that the mesenchymatous wall of the uterus

is developed in such a manner that it encloses the utero-vaginal canal as well as

Ovarium

- Tuba proper

-Lig. rotunduTQ

Contour of normal mesen-
ehymatous wall of uterus

-Vagina

Fig. 630.—Copy of Fig. 17 by Kussmaul (1859). The normal extent of the mesenchymatous wall of the
uterus IS mdlcated by a dotted line on the figure of the uterus rudimentarius solidus.

the two uterine portions of the tubes (Fig. 623 b). By this inclusion of the
horizontal portion of the tubes in the mesenchymatous wall the plica inguinalis,
or the Hgamentum rotundum that is developed in it, is brought into connection
with the uterus. If now one finds in autopsies uteri in which the round ligament
IS attached to the wall of the tube, but not to the uterine wall, it must either be
the result of an inhibition of the development of the mesenchymatous wall of the
uterus or a hermaphroditic character. In the fundamental work of Kussmaul
(1859) there are two figures, Figs. 17 and 18 (of which Fig. 17 is here reproduced
as Fig. 630), which show conditions that are identical so far as our present
purpose is concerned. The uterus is T-shaped, the transverse bar of the T being
twice as long as the vertical one, and having attached to its ends the two round
ligaments and the ligamenta ovarii propria. The point of insertion of both
ligaments marks the boundary between the tube proper and the uterine portion.
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The nonnal extent of the mesenehymatous wall of the uterus is shown in Fig. 630
by the dotted line. A comparison of the normal and inhibited uterus shows the

remarkable lack of development of the latter. This anomaly was termed a uterus

rudimentarius by Kussmaul (1859), but we now describe it more in detail as a
uterus with its mesenehymatous wall developed. It can naturally, and it usually

does, occur in association with inhibitions in the development of the epithelial

canal, complete or partial degeneration of this, obliteration of the lumen, a failure

of the union of the two ducts, etc.

In considering a uterus with imperfect mesenehymatous wall one should not

fail to notice its great similarity with the male type. We have seen (p. 916) that

the formation of the mesenehymatous wall differs in the two sexes. In the male
the mesenchyme surrounds only the utero-vaginal canal, the uterine portions of

the tubes remaining free from it; furthermore, in the male the epithelial canal

of the utero-vaginal wall within the mesenehymatous investment degenerates,

though the investment itself persists for a longer time. In all eases of uterus

with imperfect development of the mesenehymatous wall, accordingly, one must

take into account the possibility of its being a case of hermaphroditism, and

eventually consider whether there may not have been an error in the deter-

mination of the sex.

2a. DEVELOPMENTAL DISTURBANCES IN THE REGION OF THE EPITHE-

LIAL PORTION OF THE UTERO-VAGINAL CANAL (CERVIX

UTERI AND vagina).

Here belong all cases of double vagina, double cervix, vagina septa and cervix

septa. They arise by the non-anion or incomplete union of the two Miillerian

ducts or by the non-resorption or incomplete resorption of the septum afte» the

union. What can hinder the union of the two Miillerian ducts to form the utero-

vaginal canal? I have collected the following suggested causes from the lit-

erature :

1. Hydronephrosis.

2. Abnormal distention of the bladder and rectum.

3. Anomalies in the formation of the abdommal wall (hernia umbilicalis, cleft

pelvis, abdominal clefts, abnormally short yolk stalk).

4. JFetal peritonitis.

5. Ligamentum recto-vesicale.

6. Shrinkage of the lig. rotunda.

7. Too great breadth of pelvis.

8. Long persistence and too great separation of the mesonephroi or the

primary excretory ducts.

9. Congenital tumors.

The first four of these causes can hardly be effective. In the first place, the

utero-vaginal canal is formed before the metanephroi become functional, and

consequently hydronephrosis and an abnormal distention of the bladder are ex-

cluded. Secondly, the formation of meconium begins a considerable time after

the completion of the utero-vaginal canal. Meconium was first found in an

embryo of 223 mm. vertex-breech length (measured over the back) and 162 mm.

greatest head circumference; filled with meconium, but not dilated, was the

rectum of an embryo of 235 mm. vertex-breech length (measured over the back)

and 190 mm. greatest head circumference; a strongly dilated rectum was first

found in an embrj'o of 347 nmi. vertex-breech length (measured over the back).

An abnormally dilated rectum cannot, therefore, prevent the union, which has

already been completed for a very long time (embryos of 22-28.5 mm.). Thirdly,

the normal hernia umbilicalis occurs long after the completion of the utero-

vaginal canal. If it could prevent the union, non-union would be the rule, union
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the exception. I shall discuss the disturbance produced by an abdominal cleft

later on; what influence a too short yolk-stalk can have upon the union I cannot

understand. Finally, in the fourth place, a fetal peritonitis at the time of the

development of the utero-vaginal canal is practically excluded and has never

been observed. The ligamentum vesico-reetale—a short falciform fold of peri-

toneum that extends sagittally from the posterior wall of the bladder to the

anterior wall of the rectum, through the true pelvis (Krieger, 1858)—is rather

the result of a non-union of the two Miillerian ducts than its cause; it also is

frequently lacking in cases of divided uterus (Kehrer, 1899).

According to Thiersch (1852) the non-union of the Miillerian ducts is to be

attributed to a strong development and long persistence of the two mesonephroi;

Frankl (1902) and Holzbaeh (1909) have endeavored to establish this theory

on a broader basis. The ontogenetic foundations upon which it is built, however,

I cannot—at least for man—admit as correct. Firstly, the mesonephros never

descends into the region of the utero-vaginal canal and never lies in the true

pelvis. Secondly, the union of the two Miillerian ducts is accomplished even

although the caudal end of the mesonephros increases considerably in man at the

time. If persistence and stronger growth of the mesonephros could prevent the

formation of the utero-vaginal canal, its non-formation would be the rule, and

its formation the exception. Thirdly, the caudal portion of the mesonephros is

actuaMj not degenerated but persists as the epigenitalis and paragenitalis. The

results of autopsies also argue against this theory. If an excessively developed

mesonephros prevented the union of the Miillerian duct it should, as Kussmaul
pointed out, leave behind it a paragenitalis more strongly developed than usual,

but this is not the case.

According to R. Meyer (1898) the cause of a non-union of the ducts is fre-

quently an abnormal shortness and strength of the ligamentum rotundum, event-

ually strengthened by a disproportion between the breadth of the lig. latum and
the transverse diameter of the true pelvis. I hold, on the contrary, the shortness

of the round ligament to be a result of the non-union of the ducts, but I agree

as far as the influence of an excessive breadth of the pelvis, associated with

a short lig. latum, is concerned.

Pick (1896, 1898) endeavored to explain the non-union by intervening de-

tached germinal tissue and by the tumors formed from them. Since he observed

a simultaneous occurrence of tumors and deformed or double uteri in 30 cases,

his theory cannot be dismissed off-hand. It fails, however, to explain cases of

double formation unaccompanied by tumors—and these are the most frequent.

Pick's idea is streng-thened by the observation of von Recklinghausen (1896),

who, in his search for adenocysts in uterine tumors, structures which he showed
to be pathologically altered remains of the mesonephros or paragenitalis, found his

best material in deformed uteri of the smooth broad forms and in uteri bieornes.

Von Winckel (1899), who accepts the theories of both R. Meyer and Pick,

has called attention to the relation between the Miillerian and the primary excre-

tory ducts. The Miillerian ducts lie at first lateral to the excretory ducts, then

they cross over their ventral surfaces and come to lie medial to them, so that a

separation of the excretory ducts laterally must produce a lateral pull on the

Miillerian ducts. The displacement laterally of the primary excretory ducts may
be caused by the mesonephros and the metanephros. Whoever is familiar with
the relations which the primary excretory duct holds to the lateral wall of the

pelvis at the time when the utero-vaginal canal is formed, will admit that a
lateral displacement of the primary exeretoi-y duct is possible only with an enlarge-
ment of the true pelvis; von Winckel's theory, therefore, agrees closely with
that of R. Meyer.

An account of how the mesonephric fold is united to the lateral abdominal
wall by the plica inguinalis has been given in the section treating of the uro-
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genital fold (p. 793). At the same place it is furthermore pointed out that on
the formation of the ventral abdominal wall all its parts are pushed cranially

and medially. With the abdominal wall, the point where the urogenital fold is

attached to it and, finally, also, the urogenital fold itself, must alter their posi-

tions in the directions named. The best evidence of the nature and extent of

the displacement is the varying position of the m. rectus abdominis during the

formation of the anterior abdominal wall; it lies at first at the middle of the

lateral wall and later immediately beside the ventral median line. This passive

displacement of the two urogenital folds towards the median line, however, favors

their union. Perhaps it is also the cause of the spiral twisting of the mesone-

phrie folds and thus of the spiral course of the Miillerian ducts around the

primary excretory ducts. If the displacement of the anterior abdominal wall

takes place early, that is to say, before the enlargement of the transverse diam-

eter of the true pelvis—as actually happens—then a genital cord of normal extent

will be formed and the mesonephric fold will be twisted spirally. If the dis-

placement is retarded, that is, until after the enlargement of the true pelvis, then

the formation of the genital cord at least becomes difficult, and the difficulty

wUl increase in proportion as the amount of retardation increases, until finally

the union is impossible.

If, however, the fusion of the two mesonephric folds fails partially or

wholly, the pull falls on the plica inguinalis or on the round ligament developed

in it, and thereby the ligament becomes shortened. This shortening of the round

ligament is in this case, in my opinion, the result and not the cause of the non-

union of the MiiUerian ducts. In this connection I would call attention to an

observation by Rudolph (1909), in which the ligamentum rotundum Was stated

to be completely wanting in a ease of uterus didelphys.

I have already called attention to the influence of extensive displacements of

various portions of the intestine on the position of the mesonephric fold. On
the left side the influence is so strong that we must accept a right-angled bend of

the mesonephric fold as a regular result of its action (p. 791). If we suppose

that the pressure of the intestinal tract on the mesonephric fold becomes greater

by some disturbance in its development, then we would have the abnormal pressure

demanded by all the authors cited above, but produced by quite a different

organ; it would be a second cause of the non-union of the MiiUerian ducts.

Finally, I must mention the topographical relations of the ascending and

descending colons on the one hand and the mesonephric fold on the other. It

must be noted, in the first place, that the ascending colon lies from the beginning

lateral to the right fold, and, further, that the descending colon usually runs

along the medial surface of the left fold; it is this latter condition, principally,

that produces its bend. If we suppose that the descending colon does not come

to lie on the lateral side of the mesonephric fold at the end of the process of read-

justment of position, as is normally the case, the outward pressure, already exist-

ing, would be active beyond the usual time and so offer an obstacle to the union

of the folds.

The same result would occur if the ascending colon came to lie on the medial

side of the mesonephric fold. The colon would then force the fold laterally and

so again prevent its union with the fold of the opposite side. That such a thing

is possible is shown by a case observed by Descomp (1909), in which the right

ovary and tube were covered by the c^eum, that is to say, were lateral to it. The

influence of abnormalities in the position of the large intestine forms a third

cause for the non-union.

All these considerations lead to the conviction that the causes for the occur-

rence of double formations of the utero-vaginal canal are more manifold than had

been supposed, and that in any case several causes may act.
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2b. DISTUEBA^rCES IX THE DEVELOPMEiSTT OF THE EPITHELIAL CANAL IN

THE EEGION OF THE COEPUS UTERI.

Here belong the uterus bicomis in all its different degrees of development, the

uterus introrsum arcuatus and the uterus planifundus.

The corpus uteri—it must be continually borne in mind—is not formed by a

union of the two Miillerian ducts, but the two uterine portions of the tubes, just

as they are and just as they lie, combined with the cranial blind end of the utero-

vaginal canal, are transformed into the corpus uteri by simple enlargement (Kg.

623 a and &). The two uterine portions of the two tubes lie almost in the same

line, and, consequently,—compare Fig. 623 h—there is sufficient room cranially

for their former medial, now their cranial, walls to be raised up and so form the

fundus uteri (Fig. 623 c and d). On the other hand, if the two portions meet

at an acute angle, if they form with the utero-vaginal canal a Y instead of a T,

room is lacking for the upgrowth of the fundus, that is to say, the developmental

stage of the uterus planifundus cannot be formed and the epithelial canal of the

corpus remains two-horned. The more acute the angle at which the tubar portions

of the uterus meet, the more the two-homedness of the corpus uteri will be

emphasized, and if this form of the epithelial canal persists until the muscu-
lature develops, it remains persistent; thus the uterus bicomis is formed. Frofn

this mode of development it follows that the forces that produce the uterus

bicornis act in exactly the opposite direction from those that prevent the union

of the Miillerian ducts to form the utero-vaginal canal. If the urogenital folds

are drawn too far laterally, the genital cord is not formed and there is therefore no
development of the utero-vaginal canal; if, on the other hand, the urogenital folds

are pressed too far medially, although the Miillerian ducts will unite to form a

utero-vaginal canal, the formation of a single corpus uteri will be prevented.

The urogenital fold is influenced most strongly and for a very long time by
changes in the position of the developing intestine. In different embryos one
finds the fold in very different positions: 1, completely rotated outwards, so

that its medial surface rests upon the posterior and lateral abdominal walls; 2,

placed sagittally so that it projects into the abdominal cavity as a ridge; 3, com-
pletely bent over medially, so that its medial surface rests on the posterior

abdominal wall and its apex, which contains the Miillerian duct, reaches the root
of the mesentery. This third position especially is interesting in connection
with the formation of a uterus bicornis; if both Miillerian duets run downward
close to the root of the mesentery a horizontal tubar portion of the uterus can-
not be formed (compare Fig. 552). Thus the condition is produced from which
we started in the explanation of the uterus bicomis. The size of the angle
between the two limbs of the Y will determine the degree of the two-homedness

—

if the word is allowable; the more acute the angle the longer the horns and
vice versa.

If the formation of the utero-vaginal canal is prevented there can, of course,
be no formation of a single corpus uteri, and a totally divided cervix uteri must
always be associated wth a divided corpus. On the contrary, even after the
completed union of the utero-vaginal canal, the formation of the corpus uteri
may be prevented; the force which makes the formation of the fundus uteri

impossible, must even increase the force that unites the utero-vaginal canal.
Also in cases of utems didelphys it is possible—at least in fetuses and young girls

in the early years of life—to distinguish between the portion of the Miillerian
duct intended for the formation of the utero-vaginal canal and the portion
intended for the formation of the tubar portion of the uterus, and this by the
relations of the primary excretory duct, which lies only within the mesenchymatous
wall of the utero-vaginal canal or the portion homologous with it.
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The formation of the utero-vaginal canal throughout its entire length is not
necessary for the formation of a single corpus uteri, a union at the cranial end
is sufficient and the rest of the canal need not be formed. That such a malfor-
mation is possible is shown by the occurrence of a uterus unieorporeus bieolUs

(that is, with doubled cervix).

The different septa that occur in the female genital canal have, naturally,

a different genesis. The septa in the region of the vagina and cervix are the

persistent medial walls of the two Mlillerian duets, those of the corpus uteri, on

the contrary, are the remains of an inward bendmg of the fundus uteri.

III. THE UROGENITAL UNION.

The efferent apparatus for the male sexual products is pro-

duced in both sexes by a union between the mesonephros and the

testis. In describing the second period of degeneration of the

mesonephros (p. 829) we have spoken of a division of its remains

into the epigenitalis and the paragenitalis. The tubules of the

epigenitalis, 5-12 in number and corresponding to the 58th-62nd

or 69th mesonephric tubules, degenerate completely as far as the

tubuli coUectivi. The angle at which the transition of the tubulus

secretorius into the tubulus coUectivus occurs, and at which the

interruption between the two first takes place, of all parts of the

mesonephros, projects furthest medially or, what is of especial

importance here, furthest towards the reproductive gland area.

The blind ends of the tubuli coUectivi become surrounded by the

epithelial nucleus of the indifferent reproductive gland, so that

each comes to lie in a bay within the nucleus. This portion of

the epithelial nucleus gives rise, as has been seen, to the rete

blastema; from the beginning, accordingly, the tubuli coUectivi

and the rete tubules lie wall to wall. This proximity of the two

has led some observers who studied poorly preserved embryos

—

and these form the majority—to the erroneous conclusion that the

tubules of the male and female rete, and even the tubuli recti of the

testis and the medullary cords of the ovary, arose by the ingrowth

of mesonephric tubules. There can be no question of such an

origin. The rete tubules are developed before their union with the

mesonephric tubules occurs, the tubuli coUectivi of the latter end

with broadened and thickened ends, sharply defined and distinctly

marked off from the rete cords. The union of the two, the uro-

genital union, takes place at very different periods ; I saw it for

the first time in embryos of 60 mm. head-foot length. Up to this

time the development in the two sexes is alike ; a further develop-

ment now begins in the males, degeneration in the females.

The Further Differentiation in the Male Sex.

As soon as the tubuli coUectivi have broken through into the

rete tubules, we term them the ductuli efferentes testis. In the

fourth to the fifth fetal month (KoUiker 1879) they begin to coU
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at their ends that are towards the primary excretory duets, while

towards the testis they remain straight. As a result they appear

as wedge-shaped structures, whose apices are towards the testis

and the bases towards the excretory duct; when, later, they are

surrounded with a firm connective tissue membrane, they are

known as the coni vasculosi. All the 5-12 tubules of the epigeni-

talis do not necessarily take part in the urogenital union, never-

theless they frequently persist, appearing as mesonephric remains

in the epididymis. They maymake secondaryconnections with neigh-

boring parts, and especially, may break through into the tunica

vaginalis propria, that is to say, into a portion of the abdominal

cavity. Several coni may unite to form a duct before opening

into the rete, the union resulting from the coni being connected

in the first place with the rete and, secondly, with each other

by means of longitudinal anastomoses, so that the individual

tubules become independent of their connections with the rete and
may lose them. Those that behave thus are usually the most
caudal efferentes. The primary excretory duct becomes the canalis

epididjTuidis and the ductus deferens. At first it is lined by a one-

layered cylindrical, non-ciliated epithelium; in its upper part it

coils in the manner described in works on systematic anatomy
(canalis epididymidis) and at its lower end it dilates almost to

four times its original size and forms the ampulla; the dilatation

ends just at the beginning of the horizontal portion (Fig. 625),

so that even before the anlage of the vesicula seminalis, the ductus

ejaculatorius, which is developed from the horizontal portion, is

recognizable.

In fetuses of 50 mm. head-foot length there begins, first in the

lower portion of the ductus deferens, a concentric layering of the

mesenchyme around the epithelial cylinder, and thence this

arrangement extends over the whole of the primary excretory duct.

I believe that I was able to recognize the first cilia on the epithe-

lium in embryos of 70 mm. head-foot length. The musculature of

the duct must first appear very late, since no muscle fibres were
present in a fetus of 240 mm. head-foot length.

The vesicula seminalis arises from the primary excretory duct,
and from the lower portion of it which has dilated to form the
ampulla. In this region a simple epithelial tube is gradually
constricted off in the eranio-caudal direction. The constriction
is first found in embryos of 60 mm. head-foot length; it ends at
the beginning of the horizontal portion. This, therefore, from the
beginning is the anlage of the later ductus ejaculatorius.
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Degeneration of the Urogenital Union and of tlie Primary Excretory

Duct in the Female.

The connection of the epigenitalis tubules with the rete is

completed either at birth or even before it. Since the degeneration
of the primary excretory duct has already begun some time before
this, the epoophoron has become completely free. Notwithstand-
ing its degeneration, it continues to grow and its tubules acquire

a ciliated epithelium and subepithelial smooth muscle cells (Biihler

1894). The primary excretory duct is already degenerated in

embryos of 30 mm., at the very time, it is interesting to note, at

which the degeneration of the Miillerian duct begins in male em-
bryos. The first degeneration is exactly the same as in the case

of the Miillerian duct, it affects the portion between the caudal pole

of the ovary and the beginning of the utero-vaginal canal. The
cranial portion may remain connected with the epoophoron for a

longer or shorter time, the distal portion is usually completely

degenerated; all the remains of the primary excretory duct are

known as Gartner's canal. This may run (R. Meyer 1909)

"from the epoophoron through the ligamentum latum, at first

parallel with the tube, then more obliquely as the base of a triangle

whose opposite angle is formed by the uterine portion of the tube

and the corpus uteri." "At about the level of the internal os

uteri, the canal first sinks into the substance of the uterus, and run-

ning downwards through th^ muscle layers, it gradually approaches

the mucous membrane medially, without reaching it, however, and

then passes from the upper part of the portio vaginalis into the

lateral fornix of the vagina to run caudally at about the middle

of the lateral wall of the vagina." "In its lowest portion the

canal lies usually rather far dorsally in the lateral wall and thence

passes ventrally in the lateral part of the hymen to reach the free

border of that structure. " "Its opening to the exterior is immedi-

ately at or very close to the free border of the hymen, through

the vestibular epitheliuEQ ; rarely it is more lateral, in the nympho-

hymenal sulcus of the vestibule." Gartner's canal is very seldom

indeed present throughout its whole extent. Up to the end of the

third fetal month one finds, without exception, remains of the

canal in the uterus, in the vagina or in the hymen ; from the fourth

month onwards the number of cases increases in which remains

are no longer present: in new-born infants and in children, one

always finds smaller or larger remains of the canal in about one-

quarter to one-third of all cases, and the proportion is not much

less in adults (E. Meyer 1909).

If one compares the course of the primary excretory duct m
the embryo with the course of Gartner's canal in the adult, the

different relation of the two to the wall of the uterus at once reveals
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itself. The primary excretory duct of the embryo is completely

surrounded by the mesenchymatous wall of the uterus that encloses

the utero-vaginal canal; Gartner's canal enters the uterine muscu-

lature only at the level of the internal os uteri. The difference

between these two arrangements is, however, only apparent; the

uterine wall is formed not only by the mesenchyme of the utero-

vaginal canal, but also by the mesenchyme of the horizontal portion

of the tubes (Fig. 623 b, p. 917). The entrance of Gartner's canal

marks the point where, in the adult, the portion of the uterus

formed from the tube passes over into that formed from the utero-

vaginal canal. I was, therefore, correct when (p. 918) I placed the

boundary between the two at the internal os.

The persisting Gartner's canal may also form in the fifth

month an ampulla and a vesicula seminalis (for details, see E.

Meyer 1899 and 1909), and the ampulla then lies at the level of the

cervix uteri, of the upper part of the portio vaginalis, and extends

to the fornix of the vagina and into the uppermost part of the

lateral wall of the vagina.

The Ligaments of the Reproductive Glands.

The urogenital fold divides into a series of portions (pp.

785 and 787). First there is a division into the mesonephric and
genital folds (Figs. 631 and 632), and the former is again divided

into the tubar, gland and mesenterial portions (Figs. 632). Let

us first consider the mesenterial portion. The most cranial por-

tion of it fastens the mesonephros to the diaphragm for a limited

period of the development and, therefore, bears the name of

diaphragmatic ligament of the mesonephros (Fig. 631). During
the development of the mesonephros this ligament is continually

degenerating and continually being formed anew. This process

depends on ttie degeneration of the mesonephros and of the meso-
nephric fold itself. Both undergo an extensive process of degen-

eration, as we have seen on p. 816, and, since the degeneration of

the fold begins at the cranial end and proceeds caudally, it must
at once affect the most cranial portion, the diapliragmatic ligament.

This will disappear, only to be immediately formed again, since the

succeeding portion of the mesonephric fold will now attach the

new cranial pole of the mesonephros to the pillar of the diaphragm,
which has in the meantime grown downwards, and will so become
a new diaphragmatic ligament. This process will be repeated

from segment to segment, until an obstacle occurs to end it, and
this obstacle is supplied in the vasa spermatica interna. We may
say, therefore, that the diaphragmatic ligament of the mesonephros
continues to degenerate until it becomes the mesentery of the

spermatic vessels ; as such it persists throughout life, along with

the rest of the mesonephric fold.
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Fig. 631.—Model of the posterior abdominal wall of a human embryo of 19.4 mm. greatest length.
(Embryo Ma. 2, from the collection of Professor Hochstetter, Vienna.) Model prepared by my pupils
Massard and Chom^. The urogenital fold is separated by a deep groove into the mesonephric and genital
folds. The upper pole of both these folds is attached to the diaphragm by the diaphragmatic ligament
of the mesonephros. The mesonephric fold is bent at two places, and we may recognize an upper sagittal,

a horizontal, and a lower sagittal portion. At the first bend, between the upper sagittal and horizontal
portions, the mesonephric fold is connected with the lateral wall of the abdomen by the inguinal fold.

Gland portion

Mesentery portion

Mesogenitale

Flg. 632.—Transverse section of the urogenital fold of a human embryo of 50 mm. head-foot length.

(Embryo R. Meyer 272, from the collection of Professor R. Meyer, Berlin; slide 2, row 1, section 1.) The
urogenital fold is divided by two deep grooves into the mesonephric and genital folds; both are connected

by the mesogenitale. The mesonephric fold is again divided into the tubar, the gland and the mesenterial

portions.
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The mesenterial portion of the mesonephric fold is connected

with the tubar portion and the mesogenitale by means of the gland

portion. In female embryos the tubes and ovary become greatly

developed, but the mesonephros degenerates and, in consequence,

the gland portion collapses and appears to be merely the continua-

tion of the mesenterial portion, which seems to split into the tubar

portion and the mesogenitale. We speak, therefore, of a ligamen-

tum ovarico-pelvicum (the mesogenitale) and a ligamentum infun-

dihulo-pelvicum (tubar portion). Both become greatly thickened

by acquiring blood-vessels, but they always remain connected by

the former gland portion.

Development of the Ligamentum Ovarii Proprium, the Ligamentum Uteri

Rotundum, and the Chorda Qubernaculi.

The genital fold is also a structure that continually alters its

form, growing caudally by apposition and shortening at the cranial

end by degeneration. The indifferent reproductive gland does not

occupy the entire length of the fold, but leaves a portion of it free

at either end. One may therefore recognize three portions in the

human fold: (1) the progonal portion, the upper end without the

reproductive gland; (2) the gonal portion, the largest, middle por-

tion with the reproductive gland, and (3) the epigonal portion, the

lower end without the reproductive gland. The degeneration of

the genital fold precedes that of the reproductive gland, and the

growth of the reproductive gland that of the genital fold. As
long, therefore, as growth in length and degeneration prevail in the

reproductive gland, so long will gonal portions be transformed

into progonal at the upper end and epigonal to gonal at the lower

end. In female embryos the caudal pole finally reaches the true

pelvis and lies on the posterior surface of the genital cord. The
epigonal portion of the genital fold consequently unites the caudal

pole of the ovary with the genital cord, but in the genital cord the

formation of the primitive wall of the uterus (see p. 916) extends

just so far that the point of insertion of the epigonal portion

comes to lie on the surface of the uterine wall. Exactly opposite

the insertion lies, as we will see shortly, the ligamentum rotun-

dum. In the interior of the epigonal portion the mesenchyme tis-

sue condenses to form a cord, the ligamentum ovarii proprium, the

cells of which very quickly become connective tissue and smooth
muscle fibres, all of which have a parallel course and stream out

into the subserous musculature. From what has been said, it

will be clear that the lig. ovarii proprium must arise from the

caudal pole of the ovary and pass to the posterior surface of the

uterus.

In male embryos the homologue of the lig. ovarii proprium,

the lig. testis, is also found, but it has a different form and a dif-
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ferent course. The difference in form depends in the first place
on the greater length of the epigonal portion (the caudal pole of
the testis lies higher than that of the ovary), and, in the second
place, in its being constricted off from the rest of the mesonephric
fold ; the difference in the course depends, firstly, on the position
of the caudal pole of the testis, which does not enter the true pelvis,

and, secondly, on its non-union with the wall of the uterus ; conse-
quently the insertion of the epigonal portion, that is to say, the lig.

testis, into the mesonephric fold must be at the boundary between
the true and the false pelvis. That the points of insertion of the

Fig. 633.—Sagittal section of the lower end of the body of a human embryo of 40 mm. trunk length.

(Embryo R. Meyer 259, from the collection of Professor R. Mfeyer, Berlin; slide 4, row 2, section 2.) X 5.5.

The section just cuts the right wall of the primitive true pelvis, and shows the foramen obturatum with
the m. obturator internus and the levator aui. The testis Ues just at the entrance into the true pelvis

and is connected with the mesonephric fold, which is drawn out into a loop, by the lig. testis.

lig. testis and lig. ovarii proprium into the mesonephric fold or

genital cord are homologous, is evident from the fact that both

are opposite the insertion of the chorda gubernaculi or the round

ligament (see below).

The urogenital fold in both sexes is united by the inguinal fold

(p. 793) with the crista inguinalis, situated on the posterior sur-

face of the anterior abdominal wall (Fig. 634 a and b). This

connection constitutes a bridge between the urogenital fold and

the entrance into the inguinal canal, for this is marked quite early

by the base of the crista inguinalis. In the interior' of the crista

there is from the beginning a cord of compact mesenchyme, the

chorda gubernaculi (Fig. 634 a and b), which is evident even

before there is any indication of a differentiation of the abdominal

musculature. It has a conical shape in transverse section, the

apex being towards the crista inguinalis and the base almost at the
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integument (Fig. 634). When, later, the abdominal musculature

begins to develop, it must grow around the chorda gubernaculi,

and thus there is necessarily formed a canal (the inguinal canal,

Fig. 635), whose contents were there from the beginning. The

developing muscles behave differently with reference to the chorda

gubernaculi. The transversus and obliquus internus give off fibres

Urogenital fold

Inguinal crest

Intermuscular
part of gubernac.

Lower limb

Fig. 634 a and b.—Two transverse sections of the urogenital fold at the level of the plica and crista

inguinalis of a human embryo of 22.5 mm. greatest length. (Embryo R. Meyer 303, from the collection

of Professor R. Meyer, Berlin; slide 34, row 2, section 1, and row 4, section 1.) The plica inguinalis arises

from the lateral surface of the urogenital fold at the boundary between the false and the true pelvis; oppo-
site the plica on the lateral abdominal wall is the crista inguinalis (a) . The plica and crista grow together (b)

.

to its surface, which bend around and accompany it to the crista

inguinalis ; by these fibres a muscular mantle is formed around the

chorda, and this is known in comparative anatomy as the conns
musculosus inguinalis. The obliquus externus presents at first a
distinct foramen corresponding to the base of the chorda (Fig.

635), and through this foramen the chorda stands in connection
with a second mesenchymatous cord (Fig. 635), which has long
been known as the lig, scroti. This extends from the outer open-
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ing of the inguinal canal to the integument and to the base of
the genital tubercle. Later the aponeurosis of the external oblique
grows around the lig. scroti-, which in the mean time has com-
pletely united with the chorda gubernaculi, and so the aponeurosis
forms a sort of thin hernial sack, which becomes the fascia cremas-

Ureter'

Fig. 635.—Portion of a transverse section of a human em-
bryo of 26 mm. greatest length. (Embryo R. Meyer 321, from
the collection of Professor R. Meyer, Berlin; slide 49, row 5, sec-

tion 3.) X oa. 30. The section shows the left mesonephric fold;

it has formed a secondary fold, the plica inguinalis. On the pos-
terior surface of the anterior abdominal wall a crista inguinalis

has formed, and with it the plica inguinalis has united. The point

of union is still distinctly recognizable. Within the crista a cord of

cpmpact mesenchyme has appeared, the chorda gubernaculi in the narrower sense. It may be followed

through the abdominal wall to an opening in the aponeurosis of the obliquus abdominis externus. From
this opening a second cord of compact mesenchyme, the lig. scroti, extends to the integument. The
anterior abdominal wall has thickened except at the point of insertion of the crista inguinalis; thus the

crista comes to lie in a groove, the anlage of the aaccus vaginalis.

terica; this fascia, accordingly, is not a true fascia, but an apo-

neurosis. Up to this point the development is the same in

both the male and the female embryo. In the male the

union of the gubernaculum with the mesonephric fold is ex-

actly opposite the insertion of the lig. testis (Fig. 635). In

Vol. II.—60
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the portion of the me^onephric fold between the two inser-

tions there develops another mesenchymatous cord, which con-

nects both with the lig. testis and with the chorda gubernaculi,

and so unites the two. On the completion of this union there is a

continuous cord extending from the lower pole of the testis through

the inguinal canal and terminating in the integument at the base

of the genital tubercle. I shall term this cord the chorda guber-

naculi in a broader sense (Fig. 636). Its individual parts are

(Fig. 636) : the pars mesorcUca, formed by the lig. testis, the pars

mesonephridica, the mesenchymatous cord in the mesonephric fold

Ureter'

Mesonephric fold

Testis

Intestine

Bladder.

Pars mesorchica
(lig. testis)

Pars mesonephridica

Pars inguinalis

Pars intermuscularis
(chorda guberna-
culi s. s.)

Pars scrotalis

(lig. scroti)

4
Fig. 636.— In a transverse section of the urogenital fold, of the inguinal fold, and of the body wall

of a male embryo of 26 mm. greatest length, the various parts of the chorda gubernaculi are represented

diagrammatically. The chorda gubernaculi in the broader sense consists of: 1, the lig. testis (pars mesor-

chica), 2, a mesenchymatous cord in the mesonephric fold and its plica inguinalis (pars mesonephridica),

3, a mesenchymatous cord in the crista inguinalis and between the abdominal muscles (pars intermuscu-

laris), and 4, the lig. scroti (pars scrotalis).

and the inguinal fold, the pars intermuscularis, formerly the chorda

gubernaculi in the narrower sense and, finally, the pars scrotalis,

formerly the lig. scroti.

In the female embryo the affair is simpler. The lig. ovarii

proprium, which corresponds to the lig. testis, and the chorda

gubernaculi in the narrower sense, which in this case is termed
the lig. rotundum uteri, are no longer separated by the meso-

nephric fold, but by the primitive uterine wall. Consequently a

union of the two is imposible, but both have an insertion into the

wall of the uterus, and it is evident from the development that

these insertions must take place in the posterior or anterior wall

of the uterus. Consequently there also results in the female em-

bryo a union of the lig. rotundum with the lig. scroti, or if we
would be precise, with the lig. lahiale. The lig. rotundum extends.
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acordingly, from the anterior wall of tlie uterus through the
inguinal canal to the base of the genital tubercle ; it consists of a
pars intermuscularis, the former chorda gubernaculi in the nar-
rower sense, and a pars labialis, the former lig. labiale.

If one would draw homologies, the male chorda gubernaculi
in the wider sense corresponds to the following parts in the female:
(1) the lig. ovarii proprium, (2) a part of the wall of the uterus,

(3) the lig. uteri rotundum. The lig. ovarii corresponds to the
former lig. testis or the pars mesorchica of the chorda gubernaculi
in the wider sense. The lig. uteri rotundum corresponds by its

pars intermuscularis to the similarly named portion of the chorda
gubernaculi, by its pars labialis to the pars scrotalis. Finally, one
might homologize a portion of the subserous uterine musculature,
which is connected on the one hand with the lig. ovarii proprium
and on the other with the lig. uteri rotundum, with the pars
mesonephridica of the chorda gubernaculi.

IV. DEVELOPMENT OF THE EXTERNAL GENITALIA.

The parent tissue for the esiternal genitalia is the cloacal

tubercle. It has already been pointed out (p. 874) that this

appears between the umbilicus, the coccygeal tubercle and the two
lower limbs in an embryo of 13 mm. (Figs. 637, 638). We may

-Umbilical cord

—Lower extremity

Coccygeal tubercle

Fig. 637.—Caudal end of the body of an embryo of 18 mm. greatest length. (From a photograph

kindly suppUed by Professor R. Meyer, Berlin.) Between the umbilicus, the coccygeal tubercle, and the

right and left lower limbs is the cloacal tubercle; on its anal slope are the ostium urogenitale and the anal

groove.

distinguish on it an oral and an anal, a right and a left slope.

Along the anal slope, from the summit to the base, there is, in

the interior of the tubercle, the pars phallica of the urogenital

sinus (Fig. 638), whose ventral wall, formed by the urogenital

membrane, -abuts upon the surface of the cloacal tubercle (Fig.

638). The tubercle is originally a paired structure, lying on either

side of the cloacal membrane (Fig. 601), but the paired condition

is converted into an unpaired one by the elevation of the entire

anterior abdominal wall (Figs. 601, 637).



948 HUMAN EMBRTOLOG-r.

Upon this cloacal tubercle the sexual organ, the phallus, is

seated like a tower on a hill. The base of the phallus thereby

comes to lie excentrically on the cloacal tubercle, occupying the

Vesico-urethral anlage

Boundary
between

the vesico-

Originally the
newly formed
ventral cloacal
wall (Fig. 602)

Cloacal
tubercle

urethral anlage
and the sinus
urogenitalia

Urogenital
membrane

Pars phallica sinus urogenitalia

Fig. 638.—Sagittal section through the caudal end of the body of an embryo of 24 mm. vertex-breech

1 ength. (Embryo Hal. 1, from the collection of the I Anatomical Institute, Vienna.) The cloacal tubercle

projects between the umbilicus and the coccygeal tubercle. The pars phallica of the sinus urogenitalis

runs along its anal slope.

whole of its anal slope and a part of the right alid left ones (Fig.

639). The tubercle is thus divided into the almost circular base

of the phallus and the semilunar genital tubercle (Fig. 639). This

Tuberculum genitale

Phallus

Ostium urogenitale

Anua

-Diagrammatic representation of the division of the cloacal tubercle into the phallus and
genital tubercle.

Fig. 639.-

latter represents an originally unpaired structure, lying cranial

to the phallus and surrounding it on two sides; from it there are

formed later the two genital swellings. The genital tubercle is
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separated from the phallus in female embryos by a deep groove
which is the anlage of the later sulcus nympholabialis, the groove
between the labia majora and minora. In male embryos this

groove is absent from the beginning.

The Indifferent Phallus.

The quickly growing phallus assumes the penial form at an
early stage in both sexes, and at the beginning of the third month
a transitory sexual difference occurs in the direction of the phallus,

which in female embryos bends downwards, while in male embryos
it retains its direction more or less perpendicular to the long axis

of the body (Herzog 1904).

The pars phallica of the urogenital sinus, which is contained

within the phallus, behaves differently in different parts, that part

which corresponds to the future glans becoming perfectly solid

and forming the urethral plate, while the part corresponding to

the rest of the penis remains hollow, and by destruction of the

urogenital membrane breaks through to the exterior throughout

its entire length; it forms the trough-like orificium urogenitale

primitivum. As soon as the coronary sulcus of the glans is devel-

oped in embryos of 21 tutu., it lies at about the boundary between

the anterior circumference of the orificium urogenitale and the

urethral plate.

The glans is marked off as a spherical protuberance in embryos

of 26 mm.

The Sexual Differentiation.

The beginning of the sexual differentiation can hardly be

assigned to a definite period, since it takes place quite gradually

and even in advanced stages presents difficulties to diagnosis. We
base our diagnosis on the position of the ostium urogenitale rela-

tive to the coronary sulcus on the one hand and the anal opening on

the other. Male embryos are distinguished by the distal (
'

' distal
'

'

has reference here to the base of the phallus) circumference of the

ostium urogenitale always lying in the coronary sulcus, while the

proximal circumference becomes more and more distant from, the

anal opening. Female embryos may be recognized by the uro-

genital opening retreating away from the coronary sulcus by the

gradual closing of its distal part, while its proximal part always

lies close to the anal opening; the differentiating moment is,

accordingly, both positive and negative in each sex. In Fig. 640 are

shown the external genitalia of an embryo in which a determination

of the sex from the external genitalia is impossible. The urogeni-

tal opening is on the anal slope of the phallus, whose projecting

summit already shows the anlage of the glans. The distal circum-

ference of the opening reaches the sulcus, the proximal one still
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Ostium urogenitalC'

Coccygeal tubercle

Fig. 640.—The indifferent external genitalia of an embryo of 28 mm. greatest length. (From a photo-

graph kindly furnished by Professor R. Meyer, Berlin.) The cloacal tubercle is divided into the phallus

and the genital tubercles or swellings. The ostium urogenitale and anus are atill close together.

Ostium urogenitale—v-

Anal opening '

^
- Umbilicus

"Glana clitoridia

-Labia majora

-Coccygeal tubercle

Fig. 641.—Female external genitalia of anembryo of 32.5 mm. greatest length, (From a photograph
kindly furnished by Professor R. Meyer, Berlin.) The phallus has become the clitoris, the glans and coro-

nary sulcus are recognizable. The ostium urogenitale has preserved its relation to the anal opening, but
no longer reaches the sulcus coronarius glandis.

Fig. 642.—Male external genitalia of an embryo of 3i months. (From a photograph kindly furnished

by Professor B,. Meyer, Berlin.) The phallus has become the glans penis, the scrotal swellings are fully

developed and the unpaired scrotal area is indicated. The ostium urogenitale and ostium anale hare
separated, the ostium urogenitale extends to the sulcus coronarius glandis.
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lies close in front of the anal opening; the first fact is positive
for male embryos, the second positive for female ones, and conse-
quently these genitalia are to be termed indifferent. Fig. 641
shows the female differentiation: the phallus has become the cli-

toris ; the urogenital opening lies close in front of the anal open-
ing, and from its distal circumference a shallow groove, the
urethral groove, estends to the coronary sulcus. A wandering
away from the sulcus coronarius and a persistence of the relations

to the anal opening are both female characters. Fig. 642 shows the
male type. The urogenital opening is preserved throughout its

entire length, its distal circumference reaches the sulcus coro-

narius, the proximal one has separated from the anal opening:
a wandering away from the anal opening and the preservation of

the relation to the coronary sulcus are both male characters.

Development of the Penis and Scrotum.

The most striking characteristic of the transformation of the

indifferent phallus into the penis is the great elongation of the

male organ. The formation of the penis takes place in such a way
that the glans and the distal portions of the shaft of the penis

are first formed. It has been pointed out that the sulcus coronarius

glandis appears in the indifferent stage in embryos of 21 mm.
and that embryos of 26 mm. already possess a distinctly projecting

glans. After the glans and distal portions of the shaft are formed,

the formation of the rest of the shaft occurs, and these newly-

formed portions gradually raise up the already formed glans and

distal portions of the shaft. The glans is passive to the extent

that it only enlarges in proportion to the entire growth. Along

with the glans and the distal portions of the shaft the coronary

sulcus and the ostium urogenitale are also raised up. The form,

size and position of the latter remains the same from the beginning

to the end of the growth of the penis and is in all stages of develop-

ment a distally broadened slit (Fig. 642), which extends to the

sulcus coronarius glandis.

The urogenital sinus, accordingly, appears at once in its whole

length ; it does not grow by the gradual closure of a groove along

the anal wall of the penis until it reaches the glans, but its growth

in leng-th keeps pace with that of the penis. The ostium urogeni-

tale, accordingly, already represents the primitive external orifice

of the sinus urogenitalis.

Since in this growth the first-formed parts of the penis are

pushed out passively, we must assixme the existence of a basal zone

of growth lying to the pelvic side of the urogenital opening, that is

to say, in the neighborhood of the pars pelvina of the urogenital

sinus. The pars pelvina is, accordingly, with reference to the

growth, the active portion of the urogenital sinus, and the pars
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phallica the passive portion. The basal growth in the pars pelvina

must produce a new area, interposed between the base of the penis

and the anal opening, and the best name for this is the unpaired

scrotal area (Fig. 642). In embryos of 60 mm. head-foot length

this becomes raised up in toto and forms the unpaired scrotal

swelling, into which the two genital swellings, which we now must

term the scrotal swellings, extend from above. Since the middle

of the area is connected by dense connective tissue with the con-

Rectum

-Cowper's gland

-Ramus inf. ossis pubis

_Pars pelvina sinus
urogenitalis

Corpus cavernoaiibi
"penis ?

i
-Septum scroti

-Scrotal Back

Fig. 643.—Transverse section of a male embryo of 70 mm. head-foot length (embryo R. Meyer
267, collection of Professor R. Meyer, Berlin; slide 67, row 1, section 3), below the symphysis pubis. X oa,

23. From behind forwards the following parts are cut: rectum, pars pelvina of the urogenital sinus and
scrotum. From the pars pelvina Cowper's glands have developed and between the mesenchyme of the

urogenital sinus and the epithelium of the scrotum there is stretched the septum scroti

nective tissue of the pars pelvina, the projecting scrotal swellings

gradually draw out this connective tissue to a band and so the

septum scroti is formed, it being at all times only a connective

tissue structure. To its stretching it offers a certain amount of

resistance, and consequently, there is formed at the surface of the

scrotal area, a median depression (Fig. 643), which, from the be-

ginning, is the only external division of the unpaired scrotal swell-

ing into a right and left half, while the septum scroti effects a

complete internal division. As soon as the descensus is complete

this unpaired scrotal area alone forms the scrotal sack, the paired
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scrotal swellings to the right and left of the penis fading out into
the surrounding areas.

The primitive glans becomes divided into two portions (Fig.
644 a and h) by an epithelial cylinder that grows in from the epi-
thelium of the external surface; the two parts are an outer cylin-

Corp. cavernosum glandia

Glandar lamella'

Orificmm urogenitale primitivum

"Corp. cavernos.
clitoricl.

Corpus cavernosum glandis

Corp. cavernosum
-clitoridis (with
vascular lumen)

Orificium urogenitale primitivum

Fig. 644 a and h.—Two sections through the glans clitoridis of a human embryo of 80 mm. head-foot
length. (Embryo R. Meyer 266, from the collection of Professor R. Meyer, Berlin; slide 88, row 2, section

5, and row 2, section 3.) From the surface epithelium a solid lamella, the glandar lamella, grows into the
mesenchyme of the glans aiid separates the glana proper from the praeputium.

drical mantle, the prffiputmm, and an inner sphere, the glans in

the narrower sense. The glandar lamella (Fleischmann 1907), as

we shall term this epithelial cylinder, is not a closed tube, but is

imperfect on the anal surface ; by this opening the praeputium and
the glans in the narrower sense remain in connection, the jrenulum

prceputii is a persistent portion of the mesenchyme of the primitive
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glans. The solid glandar lamella becomes hollowed out by the

degeneration of its central cells, the cavity breaks through to the

exterior and so the space between the prepuce and the glans in the

narrower sense is formed. The glandar lamella makes its appear-

ance in embryos of 50 mm. head-foot length.

The corpora cavernosa appear as four portions, which, enu-

merated in the order of their appearance, are: the two corpora

cavernosa penis, the corpus cavernosum glandis and the corpus

cavernosum urethras. They are formed from the young connec-

tive tissue by a dense aggregation of the mesenchyme cells, which
are packed so closely together that the anlage has the appearance

of being perfectly solid; only after some time greatly scattered

vascular lumiaa occur and these later enlarge; between the first

formed vessels new ones are formed and the characteristic struc-

ture of the spongy tissue is acquired.

The corpora cavernosa penis are united together at their apices

and along tkeir oral surfaces.

The first traces of a corpus cavernosum penis are to be found in embryos of

14.75 mm., the corpus cavernosum glandis occurs in embryos of 22 mm. greatest

length. A compact layer of mesenchyme cells occurs around the epithelial lining

of the sinus urogenitalis, at an early period, but a definite delimitation of a

corpus cavernosum urethras is first seen in embryos of 70 mm. head-foot length.

The first vascular lumina occur in the glans in embryos of 28 mm. greatest length

and in the corpora cavernosa penis in embryos of 70 mm. head-foot length.

Development of the Clitoris and of the Labia Majora and Minora.

In the female there is formed from the phallus the clitoris,

the frenulum clitoridis and the labia minora. Since the penis

develops from the entire phallus it cannot be considered exactly

homologous with the clitoris. The clitoris corresponds to the

entire glans penis and the oral slope of the penis shaft, the frenula

clitoridis and the labia minora correspond to the anal slope of the

penis shaft (Fig. 648).

The phallus of the female shows at first the same amount of

growth as that of males of the same age, indeed, it may even be
longer. The urogenital opening always remains at the base of the

phallus and must, therefore, descend anally along the anal surface

of the clitoris; a groove, the urethral groove, between it and the

sulcus coronarius of the glans shows the former extent of the uro-

genital opening. We may therefore recognize in the female also

an ostium urogenitale primitivum and deflnitivum. The principal

growth in length, which in the male occurs in the neighborhood of

the pars pelvina of the urogenital sinus, is entirely wanting in the

female and consequently after a short period of growth there is

cessation of the growth in length of the clitoris and the urogenital

opening remains in the neighborhood of the anal opening ; between
the two there develops a short perineum, but never a scrotal area.
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The two genital swellings on this account are not prolonged anally
to form an unpaired scrotal tubercle and consequently they do not
fade out as in the male, but persist as the labia majora. The mid-
dle part of the genital tubercle becomes the mons Veneris.

The labia minora or nymphse arise in their oral parts from the
margins of the urethral groove, in their anal parts from the mar-
gins of the ostium urogenitale definitivum, that is to say, they arise
from the entire anal surface of the phallus with the exception of the
short portion that forms the anal surface of the clitoris ; they ex-

tend from the anal periphery of the ostium urogenitale definitivum

to the sulcus coronarius glandis. The oral and anal portions do
not arise simultaneously; the time of the first development of the

oral portions cannot be given, for they are present as the swollen

margins of the urethral groove so soon as the urogenital opening
has broken through (Fig. 645) ; the swelling of the margins of the

ostium urogenitale definitivum and consequently the anlage of the

anal portions of the nymphse begins in embryos of 223 mm. vertex-

breech length (measured over the nape and back) and 162 mm. in

greatest head circumference ; it remains, however, quite insignifi-

cant for a long time and it is only in embryos of 347 mm. vertex-

breech length (measured over the nape and back) that one can

speak of labia minora in the neighborhood of the ostium urogenitale

definitivum, but even in this embryo the oral portions of the

nymphjB are still almost three times as high as the anal portions

(Fig. 627). In embryos of 386 mm. vertex-breech length (meas-

ured over the nape and back) and 324 mm. in greatest head circum-

ference the form of the adult nymphse is acquired and no difference

obtains between the oral and anal portions.

The formation of the glandar lamella proceeds somewhat more

complicatedly in the female than in the male. Indeed, we must

recognize in the female three glandar lamellae, an unpaired, ring-

shaped one that penetrates at the tip of the clitoris, and two paired

lateral ones, that lie in the oral portions of the nymphae (Fig.

646). All three lamellae together form a narrow band, which en-

closes the glans clitoris and the later formed frenula clitoridis (Fig.

646). The middle ring-shaped lamella I found macroscopically

for the first time in an embryo of 173 mm. vertex-breech length

(measured over nape and back) and with a greatest head circumfer-

ence of 163.5 mm. ; it corresponds to the male glandar lamella, but

is less complete than this, forming only somewhat more than the

half of a cylindrical mantle (Fig. 644 a and h). The frenulimi

prjeputii is consequently broader than in the male. The forma-

tion of the cavity in the glandar lamella takes place practically as

in the male and by it the glans clitoridis and the middle part of the

praeputium are separated. Whether the two lateral lamellae, like

the middle one, are actually formed as lamellae and later form a
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cavity, or whether they occur as grooves from the beginning I

cannot state positively. Both the lateral grooves appear simul-

taneously in embryos of 347 mm. vertex-breech length (measured

over nape and back) ; they begin at the left or right periphery of

the middle groove and run obliquely over the outer surfaces of

the nymphse to the sulcus nympholabialis (Fig. 646). By them

the oral portions of the nymphiE are divided lengthwise and from

now on we may recognize an undivided portion, the definitive

Mons Veneris

Labium majus

Clitoris

Urethral groove

Labium minus (nympha)

Ostium urogenitale
definitiv. with
hymen fold

Anua

Fig. 645 a and b.—External genitalia of a female embryo of 27.2 vertex-breech length and 21,3 mm.
in greatest head circumference. X IK- The phallus is enclosed by two genital swellings (labia majora).

Its shorter oral surface is lost in the mons Veneris, the longer anal surface fading out into the posterior

commissure of the labia majora. The summit of the phallus is occupied by the slightly projecting glans;

a sulcus coronariua glandis cannot be seen. Anal from the glans is the cleft-like ostium urogenitale, that

leads in its oral two-thirds into a shallow groove, the urethral groove, and in its anal third into the sinus

urogenitalis. Into this sinus the hymen fold projects, but it does not reach the margin of the ostium uro-

genitale.

nymphse and a genital portion, whose lateral parts give rise

to the lateral parts of the prseputium, while its medial part

becomes the frenulum clitoridis. Both frenula may be fol-

lowed orally to the clitoris ; they are incompletely separated from
the frenulum pr?eputii by the ends of the circular glandar lamella

(Fig. 646). Although actually separated, the three glandar lamellss

give the impression of a single structure; between them and the

sulcus prseputio-labialis (Fig. 646) lies the prasputial area (Fig.

646), which is composed of the greater part of the anal and the
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right and left surfaces of the phallus. This preputial area be-
comes raised up like a wall along the boundary formed by the three
glandar lamellae, and so forms a rather deep groove (sulcus prffi-

putio-clitoridis) between itself and the gians and frenula clitoridis.
When the wall has reached a certain height it advances over the

^X'^SfWrSvfvTlT-TSi,,

Sulcus prjeputio -labialis Preputial area

Frenulum pr^putii.....^

^^^>^/ Vfc^
Middle

^,,..-^pr3eputial
L lamella

Frfiniilnm / —, \
Left prseputial
lamella

h

clitoridis /

Sulcus nympho ""^C^
labialis \.

majus

\\i

Labium
b Hymen fold

Fig. 646 a and h.—External ^genitalia of a female embryo of 34.7 cm. vertex-breech length (measured
over nape and back). XI 3^. On the oral surface of the phallus and in the oral portions of the two nymphae
three glandar lamellse are developed, a middle unpaired one and two lateral paired ones. The three lamel-

lae bound an area oralwards, the prseputial area, whose oral limit forms a groove (sulcus prseputio-labialis)

between itself and the labia majora; from the preputial area the clitoris sack develops. Between the
two nymphae the hymen fold projects; it has in this case the unusual spoon-like form.

sulcus prseputio-clitoridis, the clitoris and its frenula. The extent

of this advancement varies individually; when it is slight the cli-

toris remains free, when it is greater the clitoris may be completely

covered. What is termed the prseputium in systematic anatomy is

formed from this fold of the praeputial area and consequently the

prteputium of the adult is a single structure, if, however, it is

drawn backwards one may see the sulcus prseputio-clitoridis and

at the bottom of this the three grooves formed by the splitting of
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tlie glandar lamellEe. The adult prseputium is therefore a pseudo-

prseputium, the true prseputium lies at the bottom of the sulcus

prseputio-clitoridis ; we may preferably speak of a clitoris sack.

From what has been said it follows that the prseputium penis can-

not be directly homologized with the pr^putium clitoridis ; the prse-

putium penis is equivalent only to the small, middle, ring-shaped,

true pr^putium clitoridis.

The formation of the corpora cavernosa takes place in the

following order : corpus cavernosum clitoridis, corpus cavernosum
glandis; a corpus cavernosum urethrse does not occur, since the

growth in length of the pars pelvina of the urogenital sinus is

omitted. The formation of the corpora takes place as in the male.

The corpus cavernosum clitoridis appears in embryos of 19.4 mm., the corpus

cavernosum glandis in embryos of 28 mm. greatest length and probably earlier.

Homologies of the Male and Female External Genitalia.

I shall now give a resume of the entire development of the

external genitalia and shall endeavor to represent it in four dia-

grams. (1) The cloacal tubercle forms between the umbilicus and
the oral periphery of the coccygeal tubercle (Fig. 647 a). (2) The
phallus is placed excentrically on the cloacal tubercle, as one erects

a tower on a hill. Thereby the cloacal tubercle is divided into the

base of the phallus and the semilunar tuberculum genitale (Figs.

639 and 647 h). The indifferent condition lasts up to this period.

(3) In the female the phallus becomes separated from the tuber-

culum genitale by a groove, sulcus prseputio-labialis and nympho-
labialis. The latter surrounds the phallus and so forms a circular

swelling from which are formed: (1) the mons veneris from the

oral portion, (2) and (3) the right and left labia majora from the

I'ight and left portions, and (4) the posterior commissura labi-

orum, from the anal portion (Fig. 648 a). On the phallus the glans

i)ecomes separated from the shaft by a groove, the sulcus coro-

narius glandis. From this sulcus the urethral groove runs along

the middle of the anal surface to the base of the phallus, where it

is conti'hued into the ostium urogenitale definitivum (Fig. 645).

On both sides of the urethral groove and of the ostium urogenitale

the anal surface of the phallus becomes enlarged and forms the

labia minora (stippled in Fig. 648 a). The rest of the phallus be-

comes the clitoris and clitoris sack. (4) In the male the tubercu-

lum genitale fades out in all its parts and in its place there is

formed at the anal periphery of the phallus, from the unpaired

scrotal area, a new swelling, the unpaired scrotal sack. The entire

phallus becomes the penis, in which, as in the female, the glans

becomes marked out by the sulcus coronarius glandis.

According to this account the clitoris corresponds only to the

glans and the neighboring oral portions of the penis shaft ''white
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in Fig. 648 &) ; a portion that corresponds to about the basal three-

quarters of the penis shaft is not formed in the case of the clitoris.

The primitive ostium urogenitale of the male is not equivalent to

that of the female, since in the male the ostium retains its place,

while in the female it is displaced basally, or at least is shortened

along the urethral groove. A homologue of the labia majora

exists in the male only during development in the paired scrotal

swellings. No structure corresponding to the unpaired scrotal

swelling is formed in the female; we must take the commissura

posterior to be its equivalent. The homologue of the labia minora

of the female is not formed in the male, the anal surface of the

penis between the sulcus coronarius glandis and the base is the

corresponding region (stippled in Fig. 648 b).

Further Development of the Sinus Urogenitalis.

In the preceding sections of this chapter it has been impossible

to avoid occasional allusions to the development of the urogenital

sinus ; I shall now give an account of the entire development. The
sinus is formed by a division of the cloaca into three parts in the

frontal direction. The first division separates off the rectum

(Figs. 649 and 650), the second divides the remains of the cloaca

End-gut-
Passage to
allantoic stalk

Saddle

Rectum

Septum
urorectale

Ventral remains
of cloaca

Cloacal
.mem-
brane

Cloacal
duct

Fig. 649.—The cloaca is divided into the rectum and the ventral remains of the cloaca by the gutter-

like saddle sinking down between the end-gut and the allantois stalk.

Fig. 650.—The division of the cloaca into the rectum and the ventral remains of the cloaca is almost
completed, between the two there remains for a time a cloacal duct, as an undivided portion of the cloaca

(see also the explanation to Fig. 603).

into the vesico-urethral anlage and the pars pelvina of the sinus

urogenitalis on the one hand, and the pars phallica of the sinus

urogenitalis on the other (Fig. 651). The sinus begins at Miiller's

tubercle and ends at the tip of the phallus (Fig. 652). It is laid

down at the beginning throughout its entire length and from the

beginning is divided into its two portions, the pars pelvina and the

pars phallica. The lumen of the pars phallica, which was formerly

the lumen of the cloaca, and is present from the beginning, per-

sists only in the basal portion of the cloacal tubercle, vanishing in

the distal portion by the right and left walls of the pars phallica
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Passage to allantoic stalk

Pars phallica
sinus urogenita

Urogenital
membrane

Anal
membrane

Para pelvina sinus urogen.

Fig. 651.—-The ventral remains of the cloaca is drawn out in the ventro-dorsal direction and we may
distinguish in it four walls,—cranial, ventral, caudal, and dorsal. The cranial wall is depressed so that it
approaches the caudal one. Thereby the ventral remains of the cloaca is incompletely divided into three
parts, a dorsal broad part, the vesico-ure

. hral anlage, a middle narrow part, the pars pelvina, and a ventral
broad part, the pars phallica.

F
Vesieo-urethral anlage

Boundary
between

the vesico-
urethral anlage
and the sinus
urogenitalis

Originally the
newly formed
ventral cloacal
wall (Fig. 602

Pars phallica sinus urogenitalis

Fig. 652.—The division of the ventral remains of the cloaca is completed. The vesioo-urethral anlage

and the pars pelvina of the sinus urogenitalis are narrowed in their dorso-ventral diameters, broadened in

their frontal ones. The pars phallica remains broad in the sagittal diameter, but is narrowed in the frontal

one, so that the lumen is abolished in the region of what will later be the glans; from the two walls an epi-

thelial plate, the urethral plate, is formed. The lumen is retained, corresponding to the extent of the ostium

urogenitale (not cut in the section figured).

Vol. II.—61
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being pressed into contact and finally fusing (embryos of from
24 to 29 mm. greatest length). The hollow portion of the pars

phallica breaks through to the outside by the resorption of its

ventral wall throughout its entire extent and so the ostium uro-

genitale primitivum is formed. The solid part, which occurs only

in the region of the glans, is termed the urethral plate.
,
From its

mode of origin the urethral plate must extend to the summit of the

cloacal tubercle and must be fused with the anal slope of the

tubercle throughout its entire extent; the region of fusion corre-

sponds to the cranial portion of the former cloacal membrane.
Seen in a transverse section of the phallus the urethral plate ex-

tends from the anal periphery only to about the centre and, accord-

ingly, it divides into two parts only the anal portion of the phallus

(Fig. 653 a) ; at the summit the division is incomplete (Fig. 653 &),

Urethral^ ti

plate
^

Urethral^
plate

Fig. 653 a and b.—Two sections through the clitoris of an embryo ot 60 mm. head-foot length. (Em-
bryo R. Meyer 268, from the collection of Professor R. Meyer, Berlin; slide 66, row 2, section 1 and slide

67, row 1, section 2.) The urethral plate in section a extends from the anal surface of the clitoris only to
the centre. In section b, which passes through the tip, the clitoris is completely divided by the urethral
plate.

the urethral plate here standing in connection with the so-called
epithelial horn, a meaningless epithelial growth (Fig. 652).

In both sexes the ostium urogenitale primitivum is broadened
out in a trough-like manner at the tip of the phallus (Fig. 642 and
654), and at the point where it breaks through there is a sharp
distinction between the endodermal epithelium of the sinus and the
ectodermal epithelium of the surface.

With the growth of the phallus and penis described above there
is also, of course, growth of the sinus urogenitalis. In Fig. 654
one sees almost the entire length, perhaps it would be better to say
shortness, of the sinus urogenitalis. It begins above with the
crista urethralis, which runs downwards from Miiller's tubercle,
and ends in the urethral plate. The pars pelvina and the pars
phallica were originally of the same length, but during the growth
in length of the entire region the pars phallica remains unchanged
and the pars pelvina becomes enormously enlarged. The ostium
urogenitale primitivum always extends to the sulcus coronarius
glandis, its sagittal diameter remains always the same. The
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entire length of the sinus depends solely on the enlargement of
the pars pelvina, which carries before it the pars phallica or the
ostimn urogenitale primitivum and the urethral plate. It has thus
been shown that the urogenital sinus extends from Miiller 's tubercle
to the primary ostium urogenitale and is entirely of entodermal
origin.

Crista urethralis int.-

'^i^

Pars phallica sin. urogenital.

Corpus cavernosum
clitoridis'

Corpus cavernosum glandis^

Fig. 654.—Longitudinal section of the clitoris of an embryo of 60 mm. head-foot length. (Embryo
R. Meyer 268, from the collection of Professor R. Meyer, Berlin; slide 64, row 2, section 1.) X50. The
section cuts the sinus urogenitalis lengthwise from the crista urethraiia int. to the ostium urogenitale. The
lumen of the sinus is enlarged at its end to a triangular basin, on whose distal wall ia the urethral plate.

To the right and left are the genital swellings, the anlagen of the labia majora, which are becoming separated
from the clitoris.

The ostium urogenitale primitivum is tlie definitive one in

neither of the sexes ; we know from macroscopic anatomy that the

sinus of the male opens at the summit of the glans. This elonga-

tion is brought about by the closure of the ostium primitivum and
the development of the glandar portion of the sinus from the ure-

thral plarte. I have not observed these processes myself and there-

fore follow the account given by Herzog (1904). In an embryo of

68 mm. greatest length the trough-like groove begins to close from
the basal side, the closure taking place not at the margins of the
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opening where the ectoderm and endoderm meet, but at the middle

of the groove ; the wide groove is thus divided into a closed tube,

the prolongation of the pars phallica of the shaft, and a shallow

groove. This mode of closure is important in that it shows that

the formation of the pars glandaris of the sinus takes place entirely

in the region of the endoderm. In embryos of 105 mm. a splitting

of the urethral plate begins, whereby the plate is converted into

the urethral groove. This is then gradually closed again from
behind forwards and is so transformed into a tube. During this

process the ostium primitivum is completely closed and the new
ostium wanders forward with the closure of the urethral groove,

along the anal surface of the glans to its tip. In embryos of 105

mm. the ostium is already on the surface of the glans and in those

of 180-190 mm. the position at the summit of the glans has been
reached.

The male sinus urogenitalis is accordingly formed in three

stages: (1) The formation of the sinus from Miiller's tubercle to

the sulcus coronarius glandis, the opening of the ostium primitivum
immediately behind the sulcus; (2) closure of the ostium primi-

tivum; (3) formation of the glandar portion and of the ostium
urogenitale definitivum.

In the female the wandering of the ostium urogenitale is prob-
ably partly active and partly passive. It is active in that the part
that reaches the sulcus coronarius degenerates and persists only as

a groove, it is passive in that the shaft of the clitoris enlarges
between the distal periphery of the ostium and the sulcus corona-
rius glandis. Growth of the pars pelvina does not take place and
hence the shortness of the female sinus.

The epithelium of the sinus urogenitalis is two-layered from the beginning.
The more the sinus grows the more numerous do the layers become in the basal
portion, where as many as five may be seen superposed. The epithelium is a

stratified cubical one up to embryos of 90 mm. head-foot length; when the super-
ficial layer becomes columnar is unknown.

Malformations of the Sinus Urogenitalis.

Prom the account of the sinus urogenitalis given above an entirely new view
of hypospadias results. Under this name is understood the opening of the sinus
lu-ogenitalis at any point whatsoever of the anal surface of the penis. In hypos-
padias of the glans the sinus opens into the sulcus coronarius; this opening is

nothing else than the persistent ostium urogenitale primitivum, and this form of
hypospadias is a simple inhibition of development, the closure of the ostium
primitivum and the foi-mation of the glandar portion of the sinus and of the
ostium definitivum are omitted. Hypospadias on the free shaft of the penis or
in the region of the scrotal sack is not an inhibition, and, therefore, not true
hypospadias, but an hermaphroditic phenomenon, a further development of the
sinus urogenitalis in the female sense.

Epispadias, the opening of the urogenital sinus on the oral surface of the
penis, can only be explained by assuming a displacement of the pars phallica
towards the oral surface of the cloacal tubercle.
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The Glands in the Sinus Urogenitalis.

DEVELOPMENT OP THE PROSTATE.

A prostate is developed in both sexes ; at its first appearance
it consists of several independent glands, which grow out into the

surrounding denser mesenchyme. By the formation of smooth
muscle fibres and strands of denser connective tissue this mesen-

chyme later becomes marked off from the surrounding tissue in the

male and encloses the various glands to form the prostate; in

Muller's tubercle

Lateral anlage Lateral anlage

Lateral anlage

Urogenital sinus Ventral anlage

Fig. 655.—Transverse section of the urogenital sjnus of a male embryo of 70 mm. head-foot length.

(Embryo R. Meyer 267, from the collection of Professor R. Meyer, Berlin; slide 60, row 2, section 3.)

X47. The section shows Muller's tubercle projecting into the lumen of the sinus and around the sinus

the anlagen of the prostatic glands.

the female the development of smooth muscle fibres and of a more

compact connective tissue does not take place and the prostatic

tubules remain isolated structures.

In its development the prostate belongs to the urethra as well

as to the sinus urogenitalis, since the glands develop both above

and below the opening of the primary excretory duct.

I have found the first anlage of the prostatic glands in a male

embryo of 55 mm., and in a female embryo of 50 mm. It consists

of solid epithelial buds that grow out into the surrounding thick-

ened mesenchyme from the epithelium of the urogenital sinus (Figs.

628 and 655). These epithelial buds may arise around the whole

periphery of the sinus, but they are most numerous on the dorsal

surface, less so on the lateral surfaces and rare ventrally. Simul-

taneously with their appearance those of the dorsal and lateral sur-

faces branch, while those,of the ventral surface remain unbranched

and for the most part degenerate. The maximal number of glands
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that appear is twenty-six; a bilateral symmetry is unmistakable

in the anlage. The direction of growth of all the glands is cranial,

only the lowermost anlagen of the lateral surfaces grow caudally

;

at least two-thirds of the glands arise caudal to the openings of the

primary excretory ducts.

The first muscle cells make their appearance in male embryos
of 60 mm. head-foot length; in the upper part of the prostate they

are principally developed on the ventral surface, at the middle

they form a closed ring and towards the lower border they are

limited to the dorsal surface. Since the prostatic glands grow into

this muscle mass, they force the muscle fibres apart and so produce
the characteristic trabecular arrangement of the musculature. All

the prostate glands are not united in the prostate, accessory glands

occur in the interval between the prostate and Cowper's glands.

An embryo of 55 mm. head-foot length had four anlagen in the right side

and none in the left; of those on the right 1 was above the primary excretory

duct and 3 below it. An embryo of 60 mm. head-foot length had 7 anlagen on
the right side, 4 of which were dorsal and 3 lateral; on the left there weTfr 7
anlagen, of which 4 were dorsal, 2 lateral and 1 ventral. Of these anlagen 6

were above and 18 below the opening of the primary excretory duct. Another
embryo of 60 mm. head-foot length had 11 anlagen on the right side, 7 of which
were dorsal, 3 lateral and 1 ventral; on the left side there were 13 anlagen, 9 of
which were dorsal, 3 lateral and 1 ventral. An embryo of 70 mm. head-foot
length had 13 anlagen on the right side, 5 of which were dorsal, 5 lateral and 3
ventral; on the left there were 13 anlagen, 6 of which were dorsal, 4 lateral and 3
ventral ; 8 were above and 18 below the primary excretory ducts.

In the female embryo few glands are formed, I have found as
a maximal number only three ; they may undergo development and
are then known as the paraurethral or Skene's ducts.

Development of the Bulbo=l]rethral (Cowper's) and the Vestibular
(Bartholin's) Glands.

Cowper's glands are formed from the pars pelvina of the
urogenital sinus and are therefore of endodermal origin. Their
first appearance has not been established. Lichtenberg (1906)
found them already advanced in development in embryos of 48
mm. They arise as paired solid epithelial buds from the pars
pelvina of the urogenital sinus. Frequently there are two on each
side, and frequently one on one side and two on the other. The
solid epithelial buds grow upwards almost parallel to the urogeni-
tal sinus, and lie from the beginning (Fig. 643) in the compact
mesenchyme which forms the corpus cavernosum urethrse. The
glands grow through this mantle, and only when they have reached
the looser mesench^Tue between the rectum and the sinus are they
able to enlarge. Each gland will therefore possess an intrabulbar
portion with few, short and slightly developed lateral branches,
and an extrabulbar portion with numerous longer and richly
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branched lateral branches. The lateral branches appear immedi-
ately after the anlagen, the lumina develop in the main stem and
in the primary branches in embryos of 65 mm., in the smaller
later branches in those of 105 mm. (Lichtenberg 1906). In em-
bryos of 120 mm. the transformation of the ordinary epithelium
into a glandular epithelium takes place. The epithelium of the
main stem also shows the character of glajidular epithelium, and
Lichtenberg (1906) is therefore right when he speaks, not of an
efferent duct, but of a glandular stem tubule.

Bartholin's glands are the exact homologues of Cowper's
glands, and, like them, arise as solid buds from the dorsal wall
of the pars pelvina of the urogenital sinus. I first found them in

an embryo of 36 mm. greatest length, their first division in one of

80 mm. head-foot length. The first appearance of a lumen in the
efferent duct was observed by Spuler (1910) in an embryo of

82 mm. vertex-breech length, the first terminal vesicles in one of

120 mm., and the first formation of a secretion in embryos of from
150 to 160 mm. vertex-breech length. Up to and after birth there

is a slow increase in the number of the terminal vesicles (Spuler

1910), and after puberty there is another more rapid growth
(Huguier 1849). At the climacterium these glands undergo degen-

eration and may be entirely wanting in old age (Tiedemann 1840).

Development of the Small Sinus Glands.

These glands also are of endodermal origin ; only in the case

of those situated in the glans penis is it impossible to exclude a

participation of the ectoderm. The glands appear in succession

around the entire periphery of the sinus, first on the oral surface

in embryos of 60 Trim ., on the right and left in embryos of 70 mm.
and, finally, on the anal surface in embryos of 120 mm. (Lichten-

berg 1906). These glands possess the same character as Cowper's

glands, except that they do not attain to the same extensive develop-

ment.
Descensus Testiculorum.

It has been accepted by all authors as an established fact that

the mesonephros, ovary and testis undergo an active displacement

in the abdominal cavity. All three organs are supposed to gradu-

ally glide downwards from their original positions into the true

pelvis, or, in the case of the testes, as far as the true pelvis. After

what I have said as to the development of the mesonephros (p. 815

et seq.) and of the indifferent reproductive glands (p. 885 et seq.),

it is clear that I cannot agree with this view. The descent of the

mesonephros or the ovary and the internal descent of the testis

to the inguinal canal does not take place, but on the other hand the

testis does wander from the abdominal cavity into the scrotal sack.

The anlagen of the mesonephros and of the reproductive glands



968 HUMAN BMBRYOLOGr.

extend from tlie diaphragm to or into the true pelvis. When the

growth in length of the anlagen is completed their caudal ends

become stationary, those of the mesonephros and testes at the

boundary between the abdominal cavity and the primitive true

pelvis, those of the ovaries in the true pelvis at the posterior sur-

face of the genital cord. What seems to be a descent of the organs

is caused, on the one hand, by their degeneration in their cranial

portion, which produces a shortening of the entire organ and a

downward displacement of its cranial end, and, in the second place,

by the fact that the degeneration of the formed parts is proceeding

while the anlagen themselves are still progressing caudally. We
have to consider, then, only the external descent of the testis.

Between the testis, lying in the abdominal cavity, and the floor

of the scrotal sack there is formed a band, the chorda gubernaculi,

Ureter

Mesonephric fold

Testis

Intestine

Bladder.

Para mesorchica
(lig. testis)

—Pars mesonephridica

Pars inguinalis

Pars intermuscularia
(chorda guberna-
culi s. s.)

__Pars scrotalis
" (lig. scroti)

Fig. 656.—The various parts of the chorda gubernaculi are shown diagrammatically in a transverse

section of the urogenital fold and body wall of a male embryo of 26 mm. greatest length. The chorda
gubernaculi in the broader sense consists of 1, the lig. testis (pars mesorchica), 2, a mesenchymatous cord

in the mesonephric fold and its plica inguinalis (pars mesonephridica), 3, a mesenchymatous cord in the
crista inguinalis and between the abdominal muscles (pars intermuscularis) , and 4, the lig. scroti (pars

ecrotalis).

whose development has alreaciy been discussed at two different

places (p. 943), and may therefore be recapitulated here. Between
the mesonephric fold and the lateral or anterior abdominal wall

a connection is effected; the mesonephric fold sends out from its

lateral surface a secondary projection, the inguinal fold; covered
by a thickened epithelium and filled with a somewhat more compact
mesenchyme; the lateral or anterior abdominal wall, on its part,

forms an almost sagittal, ridge-like fold, the inguinal crest. The
upper third of the crest lies opposite the fold, and in this upper
third there develops in the crest a thickening of the mesenchyme,
And spindle-shaped cells appear and form bundles that run in a
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horizontal direction from the crest towards the integument (Fig.

634). The fold and the upper third of the crest fuse together
(Fig. 635), and thereby the connection between the mesonephric
fold and the anterior abdominal wall is accomplished. Since the

testis is united to the mesonephric fold by its mesorchium and
by the epigonal portion of the genital fold, it too, along with the
mesonephric fold, is attached to the anterior abdominal wall. The
epigonal portion of the genital fold lies on the medial or dorsal
side of the mesonephric fold, just where the plica inguinalis is given
off from the ventral or anterior surface of the mesonephric fold

(Fig. 635). We may, accordingly, recapitulate thus: The testis is

connected with the anterior abdominal wall (1) by its mesorchium
or the epigonal portion of the genital fold; (2) by the plica meso-
nephridica; (3). by the plica inguinalis, and, finally, (4) by the

crista inguinalis (Fig. 656). Within the fold so constituted there

is formed, at first in separate parts, a cord of closely compact,
spindle-shaped cells, the chorda gubernaculi. In Fig. 656 the chorda
has been inserted and its various parts are indicated by interrup-

tions of the lines representing it; in the mesorchium and the epi-

gonal portion of the genital fold the pars mesorchica develops,

in the mesonephric and inguinal folds the pars mesonephridica,

in the inguinal crest and the abdominal wall, so far as this is

formed of the abdominal muscles, the pars intermuscularis, and,

finally, in the integument, the pars scrotalis. This last streams

out into the subcutaneous connective tissue of the genital swellings

at first, and into that of the unpaired scrotal area, when this is

developed. In this way the caudal pole of the testis is connected

with the testis sack and the chorda marks the path which the testis

must traverse in its descensus.

The Formation of the Saccus Vaginalis.

The saccus vaginalis is a part of the general body cavity that

becomes completely cut off from the rest of the cavity by the forma-

tion of the anterior abdominal wall.

We may start the account of its development from the condi-

tions seen in the body cavity of an embryo of 19.4 mm. greatest

length (Fig. 631). The cavity may be divided into an upper broad

portion and a lower narrow one, the primitive true pelvis. In

the latter lie the rectum, projecting from the posterior wall, the

urogenital fold projecting from the right and left walls, and, finally,

the vesico-urethral anla'ge with the two art. umbilicales projecting

from the anterior wall. At the boundary of the true pelvis and

still lying in the primitive false pelvis is the union between the

urogenital fold and the anterior abdominal wall (Fig. 631). Two
processes bring about a change in these simple relations: (1) The

bringing into the upright position of the anterior abdominal wall
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which in Fig. 631 is still horizontal, and (2) the taking into the

body cavity of the loops of intestine that lie in the exocoelom. We
may consider first the effect of this latter process. Space must be

made in the body cavity for the loops of the intestines, which

consist of almost the entire small intestine and a part of the large.

This is accomplished by the enlargement of the sagittal diameter.

The anterior abdominal wall thus becomes separated from the pos-

terior one; but the mesonephric fold is attached to the anterior

abdominal wall by the gubernaculum and the testis is attached to

the mesonephric fold by the mesorchium and the epigonal portion

of the genital fold. Both the mesonephric fold and the testis must
therefore follow the anterior abdominal wall and become separated

from the posterior one ; the caudal pole of the testis therebybecomes
dircted ventrally and the long axis changes from a vertical to a

more horizontal position. The mesonephric fold always lies in

front of the pole of the testis ; since it is attached not only to the

posterior abdominal wall by its mesenterial portion, but also by its

transition into the genital cord to the posterior wall of the vesico-

urethral anlage, it forms a loop around the testis, and the guber-

naculum is attached at the summit of the loop. The formation of

the loop naturally results in a stretching of the fold and its con-

tents, and it is the medial limb of the fold that is most stretched,

the lateral one, which forms the attachment to the posterior abdom-
inal wall, being hardly stretched at all. The posterior abdominal
wall follows the testis, an extensive layer of loose mesenchyme
tissue becoming interposed between the coelomic epithelium and the

actual wall (Fig. 657). Thus the lower portion of the abdominal
cavity, which in position corresponds to the fossa iliaca, is nar-

rowed in its sagittal diameter to a third of its original size (Fig.

657), and appears to be a sack-like evagination of the undiminished
portion of the abdominal cavity ; this sack-like portion is the anlage
of the saccus vaginalis. What affects the mesonephric fold affects

also its contents, but the primary excretory duct alone concerns
us here. It also is thrown into a loop, whose summit corresponds
to the first bend of the mesonephric fold, where the upper sagittal

portion (Fig. 631) passes into the horizontal portion, and at this

summit the tubuli coUectivi of the paradidymis and, later, the

ductus aberrans Halleri open (Fig. 657). It thus becomes certain

that the entire ductus deferens is formed only from the medial
limb of the loop of the excretory duct.

The bending of the anterior abdominal wall into the upright
position will, of course, affect all the organs attached to its pos-
terior surface; these are the bladder and the umbilical arteries.

The bladder is simply brought from its bent position into an up-
right one, but it is different with the arteries. Since they arise
from the aorta they are attached to both the anterior and posterior
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abdominal walls. From the aorta they run at first almost hori-
zontally along the boundary between the false and true pelves (Fig.
631) to the anterior abdominal wall, and produce in this situation
low peritoneal folds. Then they bend, and ascend towards the
umbilicus along the bladder. When the arteries are drawn up-
wards by the pull exerted by the anterior abdominal wall, the hori-
zontal portions are of course also raised, and by this elevation the
peritoneal folds already present are materially increased in size.

A. umbilicalis

Fig. 657.—Part of a transverse section through a human embryo of 60 mm. head-foot length. (Em-
bryo R. Meyer 264, from the collection of Professor R. Meyer, Berlin; slide 44, row 2, section 2.) By the
union of the meaonephric fold and testis to the anterior abdominal wall, formed by the chorda gubernaculi,

both have been carried quite away from the posterior abdominal wall. Between the urogenital fold and
the posterior wall a layer of loose meaenchyrbe has formed. Thereby the portion of the abdominal cavity

which contains the urogenital fold is separated off from the rest of the cavity as the saccus vaginalis. The
separation between the two is completed by a peritoneal fold formed by the a. umbilicalis.

Bising from below like a septum, they form a partition between

the primitive true pelvis and the anlage of the saccus vaginalis

(Fig. 657), and the latter becomes marked off from the true pelvis

and now appears to be a sack-like evagination of the body cavity,

well defined on all sides, although actually, as we have seen, it is

not an evagination, but a portion cut off from* the general body

cavity by the encroachment of the neighboring parts. In the

region of the saccus vaginalis lie the caudal pole of the testis,

the loop of the mesonephric fold and the gubernaculum. All three
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structures are at first so placed that they run through the centre

of the saccus vaginalis, but later the lateral surfaces of the uro-

genital fold and gubernaculum fuse with the lateral wall of the

saccus, and the lumen of the saccus thus disappears on the lateral

side and persists only on the medial one. The saccus vaginalis is

so large that it extends both over and imder the point of insertion

of the gubernaculum into the anterior abdominal wall, that is to

say, above and below the opening of the inguinal canal.

The so-called invagination of the saccus vaginalis into the

abdominal wall is certainly at first not an invagination. The an-

terior abdominal wall thickens greatly, but the thickening does not

affect the point at which the gubernaculum passes through the wall.

Consequently the abdominal wall grows around the saccus and a

groove appears in the wall for its reception (Fig. 635).

After this point there is a considerable hiatus in the history

of the descent. We know that the saccus vaginalis eventually pene-

trates through the musculature, and, passing on below the former
genital swelling, enters the scrotal sack. How this outgrowth takes

place has not yet been determined. In the seventh month the testis

wanders down through the inguinal canal and retains its original

relation to the saccus, i.e., it is, as before, invaginated into it. The
definitive position of the testis in the testis sack is acquired in the

eighth month or at the latest before birth. The retention of a testis

in the abdominal cavity or the inguinal canal is due to an inhibition

of development, and constitutes what is known as cryptorchism.

After the completion of the descensus the saccus vaginalis

remains connected with the abdominal cavity by a narrow canal.

A short time after birth this becomes at first solid and is then

resorbed. The saccus vaginalis, now completely cut off from the

abdominal cavity, has become the tunica vaginalis propria testis.

All possible variations in the extent of the degeneration of the

narrow canal between the abdominal cavity and the tunica vaginalis

pi-oprift. may occur; parts of it may remain unclosed. If the open-

ing of the canal into the abdominal cavity remains unclosed its

persistence may predispose to an oblique inguinal hernia; a per-

sistence of the entire vaginal canal may lead to the occurrence of

a congenital inguinal hernia.

The tunica vaginalis communis develops from the fascia trans-

versa. The spermatic fascia, as was pointed out above, is not

a fascia but is formed from the hernia-like protrusion of the

aponeurosis of the muse, obliquus abdominis extemus.
In the female embryo there is an incomplete formation of a

saccus vaginalis, which is frequently persistent as the diverticulum

of Nuck, but otherwise it vanishes completely. The ovary cannot
undergo a descensus similar to that of the testis because: (1) it

descends lower than the testis; (2) it comes to lie in a different



DEVEL0P:\IENT of the URINOGENITAL organs. 973

portion of the body cavity (the testis lies in the saccus vaginalis,
the ovary in the recto-nterine excavation)

; (3) the lig. ovarii pro-
prinm is attached to the wall of the uterus, i.e., at the middle line.

Diagrammatic Representation of the Fate of the Mesonephros, Primary
Excretory Duct, and Mullerian Duct in Both Sexes.

In conclusion I present in three diagranunatic figures (Fig. 658
a, h and c) a resume of the changes in position undergone by the

Utero-vagina canal Prim. excretory5duct

Fig. 658 a, b, and c.—Diagrammatic representation of the entire renal organ, reproductive gland, and
the efferent ducts. What persists is represented by solid, and what degenerates by dotted lines; whatever

changes its position is shown in grey, whatever has reached its final position is in black, a. On the left is

the male and on the right the female reproductive gland. Before the migration. The numbers are the

serial numbers of the tubules.

organs of the urogenital fold in the two sexes. Those structures

that are retained are represented by solid lines, and those that

degenerate are outlined by broken lines ; the structures that change
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Fig. 658 b.—After the migratioD in

the male embryo- The testis wan-
ders out of the body cavity into the
scrotal sack (descensus). The Miil-

lerian duct degenerates throughout
the greater part of its extent, the

closed ostium abdominale persisting

as the appendix testis (hydatid of the

testis), and the lowest portion of the

utero-vaginal canal as the vagina
masculina. All the tubules of the

epididymis are not employed in the
urogenital union: the first tubule

remains free and becomes the ap-
pendix epididymis (hydatid of the

epididymis) and the other unem-
ployed tubules persist as appendices
retis. The paradidymis (parageni-

talis) is separated into its individual

parts, some of the ductuli collectivi

persist as the organ of Girald^s and
the terminal portions of the ductuli,

united to form a canal, persist as

the ductus coUectivus paradidymidis
(ductus aberransJHalleri)

.

Appendix testis

Appendix epidid.

Epididymis
(epigenitalis)

Paradidymis
(paragenitalis)

Ostium abdominale

Duct. coll. paradid.

Gartner's canal

Fig. 658 c—After the migration in the female. The
ovary remains in the body cavity, but rotates through

n ^^ l^r ^ ^^^ *^^* ^*^ cranial pole comes to lie later-
ally while the caudal pole, through which the axis of
rotation passes, remains where it was and becomes the
medial pole. The urogenital fold is rotated at the same
time around the Miillerian duct, and as a result the tube-

comes to lie cranial to the
ovary. The mesonephros
and primary excretory duct
degenerate ; of the meso-
nephros the epigenitalis
persists as the epoophoron
and parts of the paragen-
italis as the paroophoron.
Of the primary excretory
duct only the portion that
receives the tubules of the
epoSphoron is retained,
though portions of the rest
may persist as Gartner's
canal.

Epoophoron
(epigenitalis)

.Paroophoron
(paragenitalis)
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their position are shown in grey, and those that have attained
their final position are in black. The diagrams show that no
internal descent of the testis occurs, nor is there any downward
migration of the ovary or mesonephros. The mesonephros and the
reproductive gland are laid down throughout the entire length
of the abdominal cavity, and their lower poles lie from the begin-
ning at or in the true pelvis ; on the other hand, in both organs a
cranial portion, which may include more than half of the entire

organ, degenerates, and this degeneration may simulate a descent

of the organs.

The diagrams show furthermore that the tubules of the epi-

genitalis and paragenitalis—the persisting tubules of the meso-
nephros—are the most caudal tubules.

The testis undergoes an external descensus, during which no
alteration of the relative position of the parts occurs. The ovary
rotates through 90° and comes to lie with its long axis horizontal.

Simultaneously with this rotation the genital fold rotates around
its longitudinal axis, the Miillerian duct forming the axis. In con-

sequence of this rotation, which is through almost 180°, the Miil-

lerian duct comes to lie more cranially and the ovary more caudally.

The ostium abdominale of the Miillerian duct always lies in

the neighborhood of the cranial pole of the ovary, notwithstanding

that this wanders downwards as a result of the degeneration of

the cranial portion of the ovary; this is due to the fact that its

growth ceases for a considerable time, during which all the other

organs increase materially in dimension.
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XX.

THE INTERDEPENDENCE OF THE VARIOUS
DEVELOPMENTAL PROCESSES.

By FRANZ KEIBEL, Freiburg i. Br.

Except in the chapters in wliich the earlier stages of develop-

ment are considered and in that in which a review of the entire

development and of the elaboration of the external form is given,

the development of the various organs and systems of organs has

been so far presented as if it took place for the most part indi-

vidually and independently for each organ or system. We have
now to consider how the development of the individual organs
combines to produce the development of the whole. It is clear

that the normal fully developed organism cannot be produced
without a certain regular succession in the development of the

organs and a regular interdependence of the individual develop-
mental processes, but it is open to question whether this inter-

dependence is the result of the individual and independent devel-

opment of each organ taking place in such a way that it fits into

that of the others or whether it is due to the individual anlagen
of an organism mutually influencing one another during develop-

ment so as to cause the formation of a normal organism. Both
these views have their supporters. Roux (1893) advocates the

theory that the various cell complexes of the ovum differentiate

independently even from the segmentation stages (Mosaic
theory). Mehnert (1895) says: "The study of the individual
time differences in the differentiation of the same organ within
the same species shows that a constant correlation of the organ
development in the same embryo does not exist."

" The frequently striking lack of correlation in the develop-
ment of organs shows that each developmental process in an
organ is to a certain extent an independent process. The devel-

opment of a vertebrate embryo consists of a series of successive
individual processes, regulated only by phylogenetic relations.

Only the form and position of any organ can be modified by the
environment." Also, so worthy and thoughtful an observer as
Born (1897), in his investigations in regeneration in Amphibian
larvae, comes to the conclusion that the development from its be-
ginning (that is to say, from larvae in which the medullary canal

980
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had just closed and the tail-bud had begun to grow out) ^ depends
essentially on the self-differentiation of the individual parts. "A
correlation influence of the neighboring parts or of the whole can
never be perceived—neither a negative nor a positive one."
" The development corresponds throughout to the mosaic theory
of Eoux."

On the other hand, His has incorrectly been claimed as an
advocate of this view. He says (1874) in the sixteenth letter of
" Unsere Korperform": "The orderly connection of all the

processes underlying the development of the body is a principle

which the theory of descent must take into consideration in the

future to a greater extent than it has up to the present. So long
as investigators of phylogenetic problems have been content to

sketch out special histories of individual organs or parts of

organs, so long have they perceived the task to be accomplished
only in what is certainly a very limited portion of its actual ex-

tent; for the development of each individual organ is glways
merely a dependent partial phenomenon of a huge total process,

which links itself up in all directions." He expresses himself

similarly in his paper on " Die Entwicklung der menschlichen
und tierischen Physiognomien " (1892), and in his treatise on
"Der Prinzip der organbildenden Keimbezirke und die Ver-

wandtschaften der Gewebe " (1901) he assumes the existence not

only of spatial and temporal but also of chemical influences ; con-

sequently the principle of " organ forming germinal areas " that

His has established is not to be interpreted in the sense of Eoux's
mosaic theory.

A standpoint similar to that of His is also taken by 0. Hert-

wig. In various places in his writings he maintains that all the

individual parts of the embryo always develop in relation to one

another and the development of each part is dependent on the

developmeiat of the whole (compare 0. Hertwig, 1892 and 1906).

This is the view that I also hold, and in what follows I shall en-

deavor to supply further reasons in support of it. I am of the

opinion that the individual anlagen of an organism mutually in-

fluence one another in the development so as to contribute to the

production of a normal organism. I do not in this dispute the

fact that a relatively great individuality, varying in amount in

different species of animals, occurs in the development of indi-

vidual organs and organ complexes. That this is so is shown
by the investigations of Born, already referred to, and also by

' For earlier stages there are similar investigations by W. H. Lewis, who trans-

planted 23ieces of the dorsal and lateral lip of the blastopore of Eana palustrig

and was able to show that even the different parts of the blastopore lip possessed

in a high degree the power of self-differentiation.
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numerous malformations, of man as well as of other animals;

in these, individual organs or parts of organs may be developed

relatively normally, while others may be abnormal to a high

degree or may even be wanting. But neither by the experiments

of Born and others, among which those of W. H. Lewis (1907)

may be especially mentioned, nor yet by such malformations is it

disproved that the individual developmental processes influence

one another.

Fischel (1896) has been led to assume such an influence from
the measurements he has made of duck embryos with from 1 to

20 primitive segments. He finds that the older the embryo the

more regular is the relation of the individual portions of the body
one to another, and assumes "that during the development regu-

lating influences make themselves felt and bring it about that

gradually a distinctly orderly structure of the body supervenes,

whereby variations become slighter and rarer." He regards the

correlation of the developing organs as such a regulating in-

fluence. It may be remarked that long ago Karl Ernst von Baer
(1828) arrived at similar conclusions. Furthermore, one may
appeal to experimental observations for evidence of the existence

of a correlation between the individual parts of a developing
ovum, as, for instance, the fundamental experiments in which
several embryos are obtained from a single ovum, the experiments
of Lewis (1904) and Spemann (1901, 1903) on the relation of the

development of the lens to the optic cup and numerous experi-

ments in regeneration.

In many of these experiments one may imagine a pure contact
action, in others one must assume action at a distance. Un-
doubtedly action at a distance obtains when the development is

influenced by the reproductive gland. I do not intend to enter
into details here as to the effects of castration, but will merely
recall the influence that it has unquestionably been shown to exert
on the formation and growth of the bones. The epiphyses per-
sist for a longer time and so the growth also lasts longer (com-
pare Sellheim, 1899). Very interesting for their bearings on the
doctrine of action at a distance in development are the investiga-
tions of Paton and Goodall (1904) and Paton (1904) on guinea-
pigs, and especially those of Hammar (1909) and his pupils, Soe-
derlund and Backman (1909), Jonson (1909) and Syk (1909) on
the development of the thymus in the rabbit and man. The
human thymus and also that of the mammalia grows until the
onset of sexual maturity and then undergoes a rapid involution.
Also the occurrence of an age-involution of the honphoid tissue
(Berry and Lack, 1906) may be mentioned. Furthermore, Ham-
mar's pupil Lindberg has found that at about the time of puberty
the number of the blood lymphocytes distinctly diminishes. To
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what extent the suprarenal bodies, as well as the functioning re-

productive glands, inhibit a development of the thymus, acting as

thymus depressors, and to what extent the thyreoid, the

hypophysis, and the parathyreoids favor it, acting as thymus
excitators, will not be further considered here. These are in-

vestigations that have invaded new territories and still need much
enlargement.

The investigation of the interdependence of the various de-

velopmental processes has been the purpose of the publication by
Keibel (since 1897) of the Normentafel zur Entwicklungsges-

chichte der Wirbeltiere. A Normentafel zur Entwicklungsges-

chichte des Menschen has been published by Keibel and Elze

(1908) and some of the tables given in this may find place here.
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Desig. Size Age Body
form

Priinitive
streak

Primi-
tive
seg-

ments

Chorda Nervous
system Eye o-S Mouth

138 sections of 10,« =
1.38 mm. Kroemer
gives the following
data: "The greatest
length of the embry-
onic anlage from the
anterior edge of the
amnion of the head
cap to the chorion end
of the belly-stalk 1.95
mm., the length of the
embryo without the
belly-stalk from the
head to the tall 1.8
mm., the greatest
width of the yolk sack
barely 1.2 mm., the
width of the embry-
onic disk at the boun-
dary between the am-
nion and yolk sack
(measured in the head
view) 0.9 mm. The
measurements of the
yolk sack were 1.1
mm, (height), 1.4 mm.
(wi d t h), 1.5 mm,
(length)."

The age
is esti-
mated
by Bom
at from
10 to 14
days.

N o dor-
sal bend.
Head end
bent down
at right
angles and
cut by 24
section s

of 10 n.

Still in-
dications
of a neur-
enteric ca-
nal. Short
primitive
streak.
CI o ac al
membrane.

5-6
pairs
of pri-
mitive
s e g -

ments.

The
chorda
throu^h-
o u t i s

contain-
ed in the
ento-
derm.

The me-
d ullary
canal is
every-
where
wide open,
but the
brain por-
tion is
already
marked
off from
the cord
and shows
beginning
segmenta-
tion.

Optic
anlage
not yet
evi-
dent.

Pri-
mary
phar-
yngeal
mem-
brane.
No
oral
sinus.
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Digestive
tract, liver and

pancreas

Branchial
pouches, thy-
reoid thymus,
trachea and

lungs

The 1st bran-
chial pouch is

formed but
does not reach
the ectoderm.

Uro-
genital
system

Heart and vessels

Heart ventral, but
still paired. Paired
aortae. 1st branchial
arch artery. Aa. um-
bihcales . Vv . om-
phalo-mesentericse

.

Vessels on the yolk
sack full of blood

-

corpuscles.

S4^

Allantois

No amni-
otic duct
evident.

Allantoic
duct.

Remarks.

Obtained by laparot-
omy. Fixation: Mul-
ler'sfluid. Stain:alum
carmine; paraffin.
Sections: 10 /t trans.
Literature: Pfannen-
stiel in Handbuch der
Geburtshilfe, pubUsh-
ed by Winckel, Wies-
baden 1903.—Kroe-
mer, Wachsmodell
eines jungen
menschl. Embryo.
Verhandl. d. Ges. f.

Gynakologie, 1903.
,

The wide pericardial
cavity is not connected
with the peripheral
ccelom. The_ embry-
onic ccelom is being
formed caudally. On
the chorion the layer
of Langhans cells and
syncytium.
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Desig. Size Age Body
form.

Primi-
tive

streak

Primi-
tive
Beg-
ments

Chorda Nervous
system Eye Ear Hypo-

^ physis Mouth

Pri-
mary
phar-
yngeal
mem-
brane
still

closed.

Oral
siaua.

Phar-
yngeal
mem-
brane
/just

Uorn,
still

abund-
ant re-

mains
of it.

*6
Human
embryo
Pfannen-
stiel III.
Collection
of Prof.
Pfannen-
stiel, Giea-
sen. N. T.
Fig. Vr and
Vv. Text-
fig. 6a to
6w.

*7
Human
embryo
No. 300,
from
the collec-
tion of Dr.
Robert
Meyer,
Berlin.
N.T. Fig.
VI 1, VI r
and VI V.

Gr. L.
about
2.6
mm.

Or. L.
2.5
mm.

Embryo
bent over
the ven-
tral sur-
face and
slightly
bent
spirally.

Tail bud,
on its

ventral
side
doubtful
remains
of primi-
tive
streak.

13-14
pairs of
primi-
t i V e
s e g -

ments.

Remains
of prim-
itive
streak.
Cloacal
mem-
brane.

23
pairs of
prim.
seg-
ments,

Chorda em-
erging from
entoderm.
Cranially is

still in en-
toderm, cau-
dally it is

probably
primarily in-

dependent of
the ento-
derm and in
this region it

is no longer
Included in
the ento-
derm.

Chorda sep-
arated from
entoderm.

In brain
region medul-
lary canal is

open to caudal
to the region
of the optic
vesicle, simi-
larly the cau-
dal end. An-
lagen of neu-
romeres al-

ready present.

Anterior neu-
ropore closed,
but its posi-
tion still rec-
ognizable.
Medullary
canal still

wide open for
a stretch cau-
dally. Roof of
4th vent, be-
ginning to thin
out. Neuro-
meres. Tri-
geminus and
acustico-faci-
aUs ganglia
distinct.

Primary
optic vesi-
cles. They
he close to
the ecto-
derm; in
their
region
the medul-
lary canal
is wide
open.

Optic
vesicles.
Mesoderm
between
ectoderm
and optic
vesicle.

Anlage of
the auditory
vesicle rec-
ognizable as
a thickened
and at first

but little de-
pressed plate
of ectoderm.

Hypo-
physis
just
indi-
cated.

Auditory
vesicle al-
most closed
(open
through
4 or 6 sec-
tions of 6/i).

Ductus en-
dolymphati-
cus not yet
visible.

Anlage
doubt-
ful.
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Digestive tract,
liver and
pancreas

Branchial
pouches, thy-
reoid, thymus,
trachea and

lungs.

Urogenital
system

Heart and
vessels

h2
AUantois Remarks.

Wide hepatic
bay gust cranial
to the intestinal
umbilicus. No
traceCJyet of he-
patic trabecule.

The two first

branchial
pouches
reach the ecto-
derm, the 3rd is

formed.

Intestineistill
comm.unicates
widely with the
yolk sack. Liver
a thick-wailed
sack from which
the trabeculae are
beginningijto bud,

The 3 anterior
branchial
pouches
reach the ecto-
derm; the 4th,
though formed,
does not. Thy-
reoidea mediana
formed. Pulmo-
tracheal groove.
The paired
condition of the
pulmonary
anlage already
indicated.

Quite rudimenta-
ry "pronephric
anlage" in 8th,
9th and 10th pairs
of primitive seg-
ments. No trace
yet of a Wolffian
duct. Segmental
vesicles in 11th,
12th and 13th
pairs of primitive
segments.

Rudimentary
" pronephric an-
lage ."Mesonephric
anlage (se^ental
vesicles) with rudi-
ments of nephro-
stomes. Mesone-
phric cord partly
connected with
the primitive seg-
ments, extends to
the end of the de-
fined primitive
segments. Wolf-
fian duct begins
to acquire a lu-
men cranially; it

ends en closed in
the ectoderm, still

some distance
from the cloaca.

Heart S-shaped.
Posterior meso-
cardium through
a few sections.
Aorta paired
throughout.

Allantoic
duct.

Heart strongly
S-shaped. An-
lagen of the atria
are beginning to
differentiate.

The first two
branchial arch
arteries distinct.
The aortse fused
for a short dis-
tance.

Extirpation of uterus
for carcinoma.
Fixation : Formalin-
Miiller's fluid.

Stain: Paracarmine.
Sections: 10 /i.

Recent mitoses. Sep-
txun. transveraum.
No ventral connection
between pericardial
and peritoneal cavi-
ties.

The embryo was ob-
tained by operation.
Abundant mitoses in
the embryo.
Fixation:?
Stain: Borax carmine.
Sections: 5/1.

The embryo was mod-
elled by Dr. Peter
Thompson,
Cf. Thompson, P.,
Description of a Hu-
man Embryo, etc.,

Joum. of Anat. and
Phys., Vol. 41, 1907.
Also Meyer, Rob.,
Ueber die Beziehung
der Umierenkanal-
chen zum Colomepi-
thel, etc., Anat. Anz.,
Vol. 25, 1904;
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Desig.
Body
form

'£B
Chorda Nervous

system
Eye N"ose

Hypo-
physis

Mouth

*10
Human
embryo, 4
mm. (1 Feb-
1895).
Collection
of Prof.
Strahl,
Giessen. N.
T. Text-fig.
9a-98.

Between
Figs. 5 and
7 of His"
Normenta-
fel. (The
embryo of
Fig. 6 of
His' Nor-
mentafel is

probably
pathologi-
cal.) Ver-
tex bend
complete.
Nape bend
has begun

Chorda
separated
from the
entodenn,
but in the
cranial
part,
through 19
sections, it

has as yet
no meso-
derm be-
low it.

Roof of
4th ventri-
cle thinned
out. Neu-
romeres.
In cord no
dorsal col-
umn and
no anlagen
of the an-
terior
h o rn s

.

Branchial
cleft

organs of
the facialis

and glos-
sopharyn-
geus rec-
ognizable
as plac-
odes.

The distal
wall of the
optic vesicle
is somewhat
thickened
and is almost
in contact
with the ec-
toderm. A
wide com-
munication
between the
optic vesicle
and the cav-
ity of the
ventricle.
Anlageofthe
Zens recog-
nizable as a
thickened
epithelial
plate.

The right au-
ditory vesicle
completely
constricted off

and showing
the first indi-
cations of a
ductus endo-
lymphaticus.
The left vesi-
cle, which has
no signs of a
ductus endo-
bTnphaticus,
is connected
with the sur-
face ectoderm
by an epithe-
lial cord.

Convex
olfactory
areas
less

distinct

Early
anlage
of hypo-
physis.

Oral
sinus,
pharyn-
geal
mem-
brane
van-
ished.
No
tuber-
culum
impar
as yet.
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Branchial
pouches, thy-
reoid, thymus,
trachea and

lung3

4 branchial
pouches reach
the ectoderm,
all closed, ecto-
derm and ento-
derm partly
fused. Early
anlage of me-
dian thyreoid.
Tracheal
groove. Very
early anlage
of lung.

Urogenital
system

"Pronephric"
rudiments on
right side in
region of 8th
somite (5th
cervical), on
left in region
of 7th {4th
cervical).
Mesone-
phros (anlagen
of segmental
vesicles and
also rudi-
mentary
nephro-
stomes) be-
gins on right
in region
of 10th, on
left in region
of 11th somite.
Wolffian ducts
end independ-
ently, thick-
ened and with
lumen, close
to the ventral
surface of the
cloaca, near
the c 1 o a c a 1

membrane.
Pronounced
intestinal and
blEidder bay.

Heart and

Heart differ-

entiated into
ventricular
and atrial por-
tions. Anlagen
of trabeculse in
ventricle. Dis-
t i n c t atrial
canal. Pos-
terior meso-
cardium no
longer c o m -

plete. 1st bran-
chial art, be-
ginning to de-
generate in its

ventral part,
2nd and 3rd
well develop-
ed, 4th formed
(almost com-
pletely on
right). Pri-
mary origin of

aa. umbilica-
les, secondary
one forming.
Aortse fused
in region of
5th pair of
somites (2nd
cervical). A.
su b c 1 a vi a
formed.

Integument

Hirschland
(1899)
speaks of an
early stage
of the milk
ridge in this
embryo; we
would hesi-
tate to give
the epithe-
lial thicken-
ing in ques-
tion this
name.

Extremities

Upper limbs
unsegmented
swelling s

(Hirschland,
p. 235); low-
er limbs not
recognizable
in sections.
(Hirschland
speaks of the
"anlage of
the as yet
very small
lower ex-
tremities")'

Remarks.

Embryo obtained by
operation and fixed
while fresh. Somewhat
compacted mitoses.
Fixed in the chorionic
vesicle with nitric acid.

Stain: Borax carmine.
Cut into 3 pieces.

Literature : Hirschland,
L., Beitrage zur ersten
Entwicklung der Mam-
marorgane b. Men-
schen. Anat. Hefte, Heft
34-35, 1899, also Inau-
gural Dissert. Giessen,
1898. Jahrmarker, E.,

Ueber die Entwicklung
des Speiserohrenepithels
beira Menschen. Inaug.
Dissert. Marburg, 1906.
Recessus and mesolat-
erale present on right,

no recess and no meso-
laterale on left.
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Desig.

*14
Human
embryo G,
31. Collec-
tion of the
Anat-biol.
Institute,
Berlin
(Prof. O.
Hertwig.)
N. T, Fig.
VIII.
Text-fig.
12a-12p.

Size

Gr. L.=
nape-
breech
length, 4.9
mni. Ver-
tex-breech
length
4.7 mm.
Greatest
diameter
of yolk
sack
0.58 mm.

Body Primitive Prim. ^.^^
streak i segmentsform

Between
Figs. 6
and 7 of

i

His' Nor-
mentafe],!
nearer
Fig. 7. I

Vanish-
ed up to
the tail

bud.

35 pairs
of seg-
ments,
the most
anterior
quite ru.

dimen-
tary.

The an-
terior
end ter-

minates
close to
the hy-
pophy-
sis. Very
thin
chorda
sheath.

Nervous
system

Infundibu-
lum. Roof of
the 4th ven-
tricle thin.
7 distinct
neuromeres
in 4th ven-
tricle region.
No dorsal
columns in
spinal cord
as yet. Neu-
renteric
cord.

Eye

Transition
from optic
vesicle to
optic cup.
Lens repre-
sented by a
thickened
area of
ectoderm.
Scattered
mesen-
chyme cells

between lens
and optic
vesicle.

Ear Mouth

Auditory
vesicle just
constricted
off. The
point of
constric-
tion still

visible at
the ecto-
derm. Duc-
tus endo-
lymphati-
cus just
formed.

No re-
mains of
the phar-
yngeal
mem-
brane.
.Tuber-
culum
impar.
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Digestive tract,
liver and
pancreas

Branchial
pouches, thy-
reoid, thymus,
trachea and

lun^s.

Urogenital
system

Heart and
vessels

Extremi-
ties

Remarks.

Stomach anlage
already shghtly
twisted. Tail gut.
Abundant tra-
beculae in liver

anlage. Gall-
bladder formed.
Distinct anlage
of dorsal pan-
creas. Early an-
lage of ventral
pancreas. (Jan-
kelowitz [1895]
describes 2 ven-
tral pancreas
anlagen. It is

doubtful if there
are really two; it

seemed to us
that there was
only one.

)

4 branchial
pouches reach
the ectoderm.
The sohd, two-
lobed anlage of
the median
thyreoid is

connected with
the floor of the
mouth. Tra-
chea constricted
off. Undivided
bronchial buds.

Wolffian duct in-
terrupted cranial-
ly, free glomeruli
right and left

("iDronephric re-
mains")- In mes-
onephros cranially
anlage of glomer-
uli, caudally seg-
mental vesicles,

partly with rudi-
mentary nQphro-
stomes . Wolffian
ducts have reach-
ed the cloaca, but
do not yet open
into it. Very early
anlagen of the
metanephric buds
as enlargements
of the Wolffian
ducts. Nephro-
genic cord. Cloaca
with bladder and
intestinal bay.
Primitive germ
cells.

Atrial and ven-
tricular septum
formed, also the
right valvula
venosa. Pri-
mary origin of
the aa. um-
bilicales. The
aa. omphalo-
mesentericse
form a ring
around the in-
testine. Vv. om-
phalo-mesenteri-
cae connected by
an anastomosis
dorsal to the
intestine.

Upper ex-
tremity
plate-Uke,
lower one
like a
swelling.

Numerous fresh mitoses.
Fixation: (according to
Herr, 1893) sublimate-
acetic acid ;

(according
to Jankelowitz, 1895^
picric-sublimate-acetic
acid.
Stain: Borax carmine-
aurantia.
Sections: 10 ft, trans.
The embryo was
modelled by Dr. Ingalls,

compare Irgalls (1907J.
Literature: Herr, Bei-
trag zur Entwicklunga-
geschichte des menschl.
Auges. Dissert. Berlin,
1893.—Jankelowitz, Zur
Entwicklung der Bauch-
speicheldruse. Dissert.
Berlin, 1895. Also, Ein
j u n g e r menschlichen
Embryo, etc. Arch, f

mikr. Anat., Vol. 46,
1895.—O.Hertwig,
Lehrbuch der Entwick-
lungsgeschichte. Also,
Elemente der Entwick-
lungslehre, 3rd ed., 1907.
—Ingalls, N. W_.,

Beschreibung eines
menschl.
Embryo, etc., Arch. f.

mikr. Anat., Vol. 70.
1907.
Bursa omentalis, with
foramen of Winslow, is

formed.
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Desig.

*21
Human
embryo
Walther.
Collection
of Prof.
Strahl,
Giessen.
N. T. Text-
fig. 16a-16s

Body form

The embryo is

figured by
Hirschland
(1899, Plate
XIX to XX
fig. 2). Some-
what more
advanced
than the
embryo of
Fig. 8 of His'
Normentafel.
Distinct nape
and dorsal
bends. Max-
illary process
distinct.
Sinus cer-
vicalis wide
open. Tail to
the right.
Slight spiral
twisting.

~^ ' Primitive

I S segments
Nervous
system

38 primi-
tive seg-
ments, the
last not
delimited
(3 cranial
and 35
trunk seg-
ments).

I Neuromeres
! in region of

I
4th ventricle

: not very dis-
tinct. In-

I

fundibulum,

I

Cerebral
j
hemispheres

' indicated. In
spinal cord
anlagen of the

,
anterior horns

;
distinct, those
of the poste-

j

rior columns
I are just begin-

I

ning to form.

Eye Ear Nose Hypo-
physis Mouth

Optic cup.
]
Ductus Flat,

No retinal
|
endo- ,

and with
pigment as i lyni- still

yet. Stalk
;

phaticus some-
of optic cup

j

still

still very ! short
wide. An-

j
and

lage of lens a wide,
fiat groove,

i

in which are I

cell pro-
liferations. !

;
what
flat ol-

factory
areas.

Wide
open hy-
pophy-
seal
sack.

Tuber-
culum
impar
well de-
veloped.
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Digestive
tract, liver

and pancreas

Stomach dis-

tinct, half ro-
tated. Ductus
viteUo-intesti-
naiis still con-
nected with
intestine, still

shows no inter-
ruption, is

partly enlarg-
ed, partly sohd.
Tail gut degen-
erating, but
not yet inter-
rupted. Gall

' bladder and
ductus chole-
^dochus solid.
Dorsal and one
ventral p a n -

creatic anlage.

Branchial
pouchea, thy-
reoid, thymus,
trachea and

lungs.

Wide open si-

nus cervicahs.
|

4 branchial ,

pouches reach
i

the ectoderm,
all closed. Ru-j
dimentarySth

'

pouch. An- i

lage of median
thyreoid con-

\

nected with
the epithelium
of the mouth
cavity by a
long ulender
stalk. Trachea
already con-
stricted off

from the oeso-
phagus for
some distance.
Undivided
lung vesicles.

Urogenital
system

Heart and
vessels

"Pronephricrudi-
ment" only on
the right (in 11th
segment= 8th
trunk segment).
Large glomeruli
in m.esonephros,
quite caud ally-

there are still 3
segmental vesicles
unconnected with
the Wolffian duct.
In about the last
6 tubules the an-
lage of the glomer-
ulus is forming.
Mesonephros be-
gins on right in
11th, on left in
12th segment.
Wolffian ducts
open into cloaca.
Metanephric buds.
Metanephric mes-
enchyme in direct
contact with mes-
onephros, that of
right and left

come together
medially. Large
cloaca. Intestinal
and bladder bays.

to a

Atrial septum
not yet com-
plete. Foramen

] g
ovale not yet

I
ft

formed. Left I c;^

valv. venosa still ot

but little devel- '^

oped, and so the d
ventricular sep- g,-

tum. 1st bran-
chial arch artery
completely, 2nd
partly obliter-
ated, 3rd, 4th
and 6th com-
pletely. Aa.sub-
claviae arise at
the point of
union of the
aortic roots.
A. cceliaca at
level of 10th,
a. omphalo-
mesenterica
(with two roots)
at that of the
13th and 15th

'

segmental art-
'

cries. Primaryj
originof the aa.

i

umbilicales ob- !

literated. Left
ductus Cuvieri
quite small.

00 d

Extrem-
ities

Upper
and low-

1

er ex-
tremities
unseg-
mented
stmnps.

AUan-
tois

Allantoic
duct in
umbili-
cal cord
enlarged
for some
distance

Remarks.

Obtained by laparot-
omy.
Mitoses.
Fixation: Formol.
Stain; Borax carmine.
Sections; 15 u, trans.
Literature: Hirschland,
L., Beitriige zur ersten
Entwicklung der Mam-
marorgane b. Mensohen,
Anat. Hefte, Heft 34-35
1899, also Inaug. Dis-
sert. Giessen, 1898.

—

Jahrmarker, E., Ueber
die Entwicklung des
Speiserohrenepithels

,

etc. Inaug. Dissert.,
Marburg, 1906.
Dorsal and ventral pil-
lars of the diaphragm,
but as yet no pleuro-
geritoneal membrane,
erioesophageal space

(recessus superior sacci
omenti) in wide com-
munication with saccua
omentahs.
No mesolaterale sinis-
trum. Spleen anlage.

Vol. II.—63
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Desig.
to

I

<
I ^f3

^ o Chorda Nervous
system Eye Ear Digestive tract, liver

and pancreas

*28
Human
embryo
Chr. 1. Col-
lection of
Prof. Hoch-
stetter,
Innsbruck.
N. T. Fig,
XIII. Text-
fig. 20.

S
I

-g

5 -I

Chorda
homo-
geneous
from the
hypophy-
sis to the
tip of
the tail,

finally
united
with the
tail gut.

7 neuromeres
i in region of
tiie 4th vent.
Cerebral
hemispheres
formed.
Early anlage
of epiphysis.
In the spinal i

cord anterior
horns, anterior
and posterior
columns.
About 34 spi-

I nal ganglia
I and 27 spinal

]
nerves. Well-
developed

I branchial
I
cleft organs
on facialis,

glosso-
pharyngeus,
and vagus.

Optic cup.
Traces of
pigment in
retina. Lens
vesicle just
closed, point
of closure
still evident,
proximal
wall thick-
ened . In in-
terior of lens
vesicle scat-
tered degen-
erating cells,

on proximal
wall a heap
of cells.

Audi-
tory ves-
icle with
rather
long duc-
tus endo-
lymphat-
icus
(about
300 fi

long).

Rotation of stomach
around its sagittal
axis not yet com-
pleted. Duodenum
almost blocked by
epithelial proliferar
tions. Simple intes-
tinal loop. Ceecum a
spiudle-snaped en-
largement. Point of
attachment of the
vitello-intestinal duct
to the intestine rec-
ognizable as a small
enlargement of the
lumen. Tail gut rec-

'

ognizable as a solid
'

cord from the cloaca^
to tip of tail, enlarged i

at end and with a
lumen. Gall bladder

'

solid. Ductus chole-,
dochus with lumen. I

Pancreatic anlagen ^

still far apart.
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Branchial pouches,
thyreoid, thymus,
trachea and lungs.

Urogenital
system.

Heart and
vessels. SI

Remarks.

4 branchial pouches
!

reach the ectoderm.
'

A 5th branchial I

pouch. Median
thjTeoid bilobed,

[

a lumen in left lobe. '

Ductus thyreoglos-
|

sus completely
obliterated.

i

Trachea constricted
|

off. Bronchi giving
;

off their first

divisions.

Reproductive gland
indifferent.

*

' Pro-
nephric rudiment "

on left side (tubule
and "free glomeru-
lus ")• Mesonephros
at the caudal end
with segmental ves-
icles that have al-
ready reached the
Wolffian duct. Wol-
ffian ducts open
into urogenital sinus
after giving off ure-
ters. Renal pelvis
roundish. Anlage of
cortical portion of
suprarenal body.

Septmn I not yet
complete. Very early
anlage of the fora-
men ovale. Valv.
venosa dextra and
sinistra, septum spu-
rium. Septum ven-
triculorum still but
little developed. Be-
ginning division of
truncus arteriosus.
1st branchial arch
art. completely ob-
literated, 2nd inter-
rupted, 3rd, 4th and
6th com^plete, 5th
incomplete. Aortic
roots unite between
6th and 7th seg-
mental artery
(count by Hochstet-
ter). Post-cardinal
veins not yet united
by anastomosis ven-
tral to aorta. An-
lage of V. cava
inferior.

Extirpation of uterus on account of
carcinoma. Fresh mitoses.
Fixation: Sublimate.
Stain: Alxim cochineal.
Sections: 10 n, trans.
Literature: Hochstetter, Ueber die
Bildung der primitiven Choanen
beim Menschen. Verh. Anat. Ges.,
1892; Entwicklungsgeschichte des
Venensystems der Ajnnioten. III.
Sanger. Morph. Jahrb., Vol. 20,
1893; Die Entwicklung c[. Bhitge-
fasssystems in O. Hertwig's Handb.,
1901 and 1903.—Salzer, Entwick-
lung der Kopfvenen des Meer-
schweinchens. Morph. Jahrb., Vol. 23,
1895.—Tandler, Ueber die Entwic k-
Ixmg des menschliclien Duodenmn
in friihen Embryonalstadien. Morph.
Jahrb., Vol. 29, 1900 (1902).—
Narath, Der Bronchialbaum, der
Saugetiere vmd des Menschen. Bib-
liotheca med., Part A, Anatomy,
Heft 3, 1901.—Keibel, Die Entwick-
Imig der ausseren Korperform, etc.,

in O. Hertwig's Handb., 1902.—
Fuehs, Lehrb. der Augenheilkimde,
Leipzig and Vienna, 9th Ed. 1903.

—

Toldt, Anat. Atlas, 3d Ed., 1903.—
Langer, Zur Entwicklungsgeschichte
des bulbus cordis bei Vogeln tind

Saugetieren. Morph. Jahrb., Vol.
22, 1895.—Elze, Beschreibim,g eines
menschlichen Embryo, etc., Anat.
Hefte, Heft 106, 1907.
Left mesolaterale in one section.

Spleen tubercle. ^.,, ih
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Desig.
Body
form Chorda Nervous

system Eye Ear Nose Hypo-
physis

*50
Human
embryo
No. 250.
Collection
of Dr. Rob-
ert Meyer,
Berlin.
N. T.
Text- fig.

31a-31c.

Caudal
knob.

*78
Human
embryo
Krfinig.
KeibePs
collection.
Series
No. 1446.
N.T. Fig.
XXIII

V

and
XXIII i.

o

Between
Figs. 24
and 25 of
His' Nor-
mantafel.
Locality
of the nape

,
bend still

indicated.
I
Eyelids
beginning

I

to grow
I

I over the
; eyes. Tail
' knob.

I

Physio-
logical
umbilical
hernia.

I Chorda
still ho-

' mogene-
ous in

I

pelvic
, region.

j

Chorda
still ho-
rnogene-

I

ous in

I

region of
I
coccyx.

Still indi-
\

cations of I

neuromeres
I

in region of '

4th vent.
j

Epiphysis.
Posterior i

commissure. I

On thespinalj
side of post.

\

commiss. :

still 2 epi-
'

physis-hke
j

structures. !

Medullary
;

canal still

extends to
'

the caudal
\

knob.

Epiphysis
with buds.
Chiasma.
The medul-
lary canal
extends to
the tail

knob into
which it is

continued
as a solid
cord.

Oj)tic stalk
still open.
Abundant
retinal pig-
ment.
Lens vesicle

M filled,

not yet
forced .away
from ecto-
derm. Early
but distinct
aulage of
ductus naso-
lacrimalis.

i

Semicircu-j
lar canals :

present as
;

pouches,
I

Primi-
tive
choanae
closed
by the
mem-
branae
bucco-
pharyn-

I gese.

Primary
1

palate
I

formed.
I

Jacob-
,
son's

I

organ.

No lachry-
mal glands
yet. Naso-
lachrymal
ducts and
lachrymal
canals do
not yet reach,
the epithe- I

lium of the
nasal cavity
or conjunc-
tiva.

Cochlea
with i coil.

Cartilagin-
ous audi-
tory ossi-
cles. Car-
tilage in
external
ear and in
auditory
meatus.

External'

I

nares
in epi-

i
thelial
an 1 age.
Upper,
middle
and
lower
conchse.

Infundibu-
lum and
post, lobe
of hy-
pophysis.
Anterior
lobe not
yet bud-
ded out,
connected
with the
pharynx
by a rather
narrow
duct.

Hypophy-
sis richly
budded.
Remains
of the hy-
pophyseal
duct per-
sist.
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Digestive
tract, liver

and pancreas.

Branchial
pouches, thy-
reoid, thymus,
trachea and

lungs.

Urogenital
system.

Heart and
vessels

Integiunent Skeleton Remarks.

Cfecum and
vermiform pro-
cess. Scanty
remains of the
tail gut. An-
lagen of epi-
thelial buds in
small intestine.
Pimcreatic an-
lagen almost in
their final posi-
tion but still

distinguishable
from one an-
other.

Longitudinal
and circular
muscles in
oesophagus.
Musculature in
stomach, duo-

,

denum and reo-
tmn, Anlagen
of'fimdus
glands in stom-
ach? Beginning
formation of

,

villi in
duodenmu.
Epithelial
buds of smaJl
intestine in
diverticulum
stage. Anus
closed.

Remains of
the sinus cer-
vicalis uncon-
nected with
the surface
epithelium.
Median thy-
reoid has not
yet reached
the lateral
thjonus and
lateral thy-
reoid still

connected
with pharynx
by epithelial
cords. Bron-
chi divided
twice.

No cartilage in I

epiglottis yet. !

Larynx carti-
I

la^nous. Tra- ,

cheal rings
formed of
young carti-
lage. Carti-
lages of bron-
chi in prsechon-
dral stage.
Bronchi di-
vided up to
eight times.

Reproductive
gland indiffer-
ent. Miillerian
duct still short.
*'Pronephric
rudiment" on
the left side.
Mesonephros
with large glo-
meruli. Renal
pelvis budded
out. Renal
mesenchyme
beginning to
differentiate.
Ureters open
into the Wol-
ffian ducts.
Cloaca not yet
completely
divided up
(cloacalduct).
Suprarenal
bodies.

Septum I

complete.
Foramen
ovale.
Ostiima
atrioven-
triculare
conmiime
divided.
Septum
ventricu-
lorum
not yet
complete.

Anlage of
mammary
gland club-
shaped.

Reproductive
i

gland distinct-

1

ly an ovary. I

Lmnina of !

Miillerian
j

ducts not yet i

connected and '

ending some
distance from

;

the sinus uro-
genitalis in the
genital cord.
Well-devel-
oped
glomeruh in
the kidney.
Urogenital
sinus open.

Ventricu-
lar septum
complete.

On each side
a principal
anlage of the
mammary
gland in the
club-shaped
stage, in ad-
dition hyper-
thelial struc-
tures. No
hair anlage
yet.

Base of skull
and vertebrce
pr33cartilagin-
ous, also ribs
and scapula.
Humerus, ra-
dius, and ulna
cartilaginous.
Femur prae-
cartilaginous.

Terminal^
phlanges of
great toes car-
tilaginous; in
those of the
other toes car-
tilage is not
yet distinct.
Bone in hu-
merus, femur
and tibia.

Mandible,
maxilla, prae-
maxilla and
pala^^e ossi-

fying, clavicle
osseous and
cartilaginous.

Abortion

.

Mitoses.
Stain : Borax carmine.
Sections: 10 fi trans.
Pericardial cavity sep-
arated from pleural cav
ities, on the left ductus
pleuro-pericardiacus is

just closed.
Communication between
pleural and peritoneal
cavities is still wide.
Caudal limiting fold
(Hochstetter) formed
on both sides.
Spleen.

Gift from Professor
Kronig. Artificial abor-
tion.
Mitoses.
Fixation: Zenker's fiuid.

Stain: Hsematoxylin-
orange, some sections
water-blue-orcein-
safranin after Schridde.
Sections: 15 /i.

Perioesophageal space.
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Desig.

*84
Human
embryo No.
321 J^ Col-
lection of

j

Dr. Robert

!

Meyer, '

Berlin.

Body
form

3 a

P4 o)

The eye-

,

lids have
j

grown ;

over the
eyeball
for a con-
siderable
distance.

; Very small

I

tail-knob. .

Chorda

Chorda is

still homo-
geneous at
end of coc-
cyx, shows
lateral
buds in
that
region.

Nervous
system

Olfactory
lobe with
evagination
of ventricle.
Epiphysis
with buds.
Chorioid
plexuses in
the lateral
and fourth
ventricles
enormously
developed.
Medullary
canal ex-
tends to the
toccygeal
tubercle,
its lumen
enlarged
towards
the end.

Eye
I

Ear! Nose Hypo-
physis

Lachrymal
gland formed.
Naso-lachry-
mal ducts do
not yet reach
the epithelium
of the nasal
cavity, nor

^

the lachrymal
' ducts that of

j

the conjunc-
' tiva. Begin-
i ning differen-
I
tiation of the

I

retina. Prox.
I

part of the vas-

I

cular capsule
,

of the lens
formed. Endo-

I

epithelium on
I

the proximal

I

surface of the

I

cornea dis-
tinctly differ-

I entiated. Iris,

I

anterior and
; posterior

j

chambers of
the eye.

External
nares com-
pletely '

plugged _

'

with epi-
thelial pro-
liferation, !

epithelial
knobs pro-
jecting I

from it. '

Jacobson's
organ in

I

connection
with the

I

epithelium I

of the na-
'

sal septum
by a thin
solid cord.

Anterior
part of hy-
pophyseal
aniage
richly bud-
ded out.
Hypophy-
seal duct
vanished
except for
doubtful
remains.

Mouth

Palatal
ridges beside
the tongue.
Dental
ridges with
tooth^erms.
Parotid
gland be^n-
njng to
sprout out.
Submaxil-
lary
branched.
Sublingual
beginmng to
sprout out.
Papilla sali-

vahs, sub-
lingua, plicae

fimbriatse.
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Digestive
tract, liver

aud pancreas

Branchial
pouches, thy-
reoid, thymus,
trachea and

lungs

Urogenital
system

Heart
and

vessels

Integu-
ment Skeleton

M.2

Remarks.

Anlagen of
gland-like
structures in
fundus of stom-
ach. Circular
musculature
throughout
whole intes-

tine. Villi in
duodenum and
a large part of
small intestine.
Epithelial
buds or diver-
ticula in small
intestine. Anus
still closed

.

No cartilage
as yet in epi-
glottis. Open-
ing of larynx
partly fused.
Cartilage rings
in trachea and
main bronchi.
Bronchi divid-
ed up to 8
times. Lungs
at level of 2nd
—9th thoracic
vertebrae.

Reproductive
gland a testis. The
Mullerian ducts
extend to the im-
mediate neighbor-
hood of the uro-
genital sinus, they
are fused to form
the genital cord,
but their liamina
are separate
throughout.
Doubtful "prone-
phric rudiment."
Mesonephros
greatly degener-
ated. Glomeruli
and tubuli con-
torti distinct in
metanephros.
Smooth muscula-
ture of bladder
formed. Urogeni-
tal sinus open.
Sympathetic tis-

sue in centre of
suprarenal body.
Suprarenals he in
region of the 10th
thoracic-lst Imn-
bar vertebra, the
kidneys in that of
the 12th thoracic
-3rd lumbar. The
mesonephros ex-
tends from 1st-
end of 3rd lum-
bar, the reproduc-
tive gland from
Ist-middleof
3rd lumbar.

Ventricu-
lar septum
complete.
All the
valves
formed.

In addition
to the prin-
cipal mam-
mary gland
a nmnber of
hyperthelial
structures
on either
side, some
of which
have dis-
tinctly the
appearance
of early
stages of
mammary
gland an-
lagen. Early
hair anlagen
in region of
evebrows.

34 vertebrae,
Cartilaginous
skeleton
complete
(even in the
terminal
phalanges of
the toes).
Mandible,
maxilla,
prsemaxilla,

palatine,
frontal, zy-
gomatic to-
gether with
squama tem-
poralis osse-
ous. Bone
and cartilage
in clavicle.

Osseous
anlagen in
humerus,
radius, ulna,
femur, tibia
and fibula.

Mitoses.
Stain: Borax carmine.
Sections: 15 it.

Pericesophageal space
not found.
Pecuhar epitheUa)
growths in the median
Une of the ventral
body wall.
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These tables will suffice to give a general idea of the time

relations of the development of the various organs. The prac-

tical value of the tables is also plainly evident. The investiga-

tor who wishes to study some particular organ may quickly deter-

mine from the Normentafel what stages he requires for his in-

vestigation. And I would place especial importance on the fact

that the Normentafel make it possible to estimate the proper

value of isolated observations and to assign them readily to their

proper place.

Furthermore, as may be readily seen when one examines the

entire series of Normentafel, in which numerous closely succeed-

ing forms are shown, the tables furnish a measure for the deter-

mination of individual variations in the embryonic development

of man. Such variations undoubtedly occur, but, as in other

amniotes that have been studied, they are not very important.

However, the tables also furnish information on more general

questions. Even in the preparation of the first Normentafel,

that of the pig (published 1897), Keibel (1895) was able to demon-
strate that the modification of the time relations, indeed, one may
say that overlapping in the development of the various organs is

so extensive, that a satisfactory division of the entire develop-

ment into stages corresponding to a praepiscme form, a fish, a

terrestrial animal and an amniote, such as Oppel (1891), for ex-

ample, has assumed and which must be assumed if the biogenetic

law is strictly applicable, such a division is impossible. This

was then foiind to be true for other amniotes that were studied

in this way, and especially for man. We see a regular succession

of the individual ontogenetic stages only when the preceding stage

is the necessary condition for the succeeding one. " The uni-

cellular organism," says 0. Hertwig (1906 2),
" from its nature,

can be transformed into a multicellular one only by cell-division.

Consequently in all animals the ontogenesis must begin with a
division of the ovum. An organism with definitely arranged cell-

layers and cell-groups can only be formed from a mass of cells

when the cells, during their division, begin to arrange themselves
into firm unions." In this sense one may speak, with Oppel
(1891), of indispensable stages of development. Otherwise, how-
ever, we find in the time succession of the organs no indication

whatever of the succession in which they were acquired phylogen-
etically. It is sufficient to point out that the embryonic organs,
the amnion, chorion, and allantois, appear before other organ
anlagen are recognizable. Keibel (1895) has shown that this pre-

cocious appearance of various organ anlagen is probably asso-

ciated with the necessity for their earlier or later activity. That
definite traces of the path taken by phylogeny are retained by
heredity is, nevertheless, not to be denied, but for the time sue-
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cession heredity has proved to be a force of little moment. That
an actual recapitulation of the phylogeny in the ontogeny, and,

therefore, the validity of the so-called biogenetic law, is impossi-

ble for purely logical reasons Keibel (1893) has already pointed

out, when he states that "already in the first member of a devel-

opmental series the last one " is determined, and that, conse-

quently, the first member of a series must appear modified, when
compared with the first member of another series " which may
have had the same phylogenetie beginning, but was completed at

a lower stage of development."^ 0. Hertwig (1906^) has

termed " this relative dependence between the ovum condition on

the one hand and the course and final result of the ontogenesis on

the other hand, the ontogenetic law of causation and the par-

allelism of anlage and anlage product." It follows from this law

that all intermediate members will show modifications. These

questions, however, need not be further discussed in this place,

but I would refer the reader to Keibel (1903) and 0. Hertwig

(1906 1 ^). I would call the attention of those who may be in-

terested in comparing the interdependence of the different de-

velopmental processes of the human embryo with those of ape

embryos to the 9th part of Emil Selenka's Menschenaffen, in which

F. Keibel (1906) discusses the external form and degree of devel-

opment of the organs in ape embryos and has given tables show-

ing the development of the apes in the same way that Keibel and

Elze (1908) have shown that of man in the Normentafel zur Ent-

wicklungsgeschichte des Menschen.
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Abortion, causes of, i, 34
percentage of, i, 203

Adeciduata, i, 92
Afterbirth. See Placenta.
Age of embryos and fetuses,

human, determination of,

i, 180
composition of blood in re-

lation to, ii, 523
corpus luteum as criterion,

i, 182, 196
duration of, i, 180, 184, 186
fertilization, place of, 1,

181, 184
time of, i, 181, 183, 185

fetus, mature, size of, i,

186
lines for measuring, i,

187-195
ovum, growth of, i, 185
table of, i, 199, 200

Agenesis, i, 324
Agger nasi, ii, 201-203, 206
Ala cinerea, ii, 67

pulmonalis, ii, 424
temporalis, i, 412

AUantois, ii, 293-295, 296,
297-302, 314, 323

separation of intestine
from, ii, 322

Aluata, i, 108
Ameloblasts, ii, 352
Amnion, i, 21, 36, 44^6, 63,

122, 171
Amniotic cavity, formation

of, i, 21
Aneucephaly, i, 235, 240
Angioblast and blood, devel-

opment of, ii, 498
blood formation, sites of,

ii, 527
cells of the blood clusters,

ii, 532
in liver, ii, 528
in medulla of bone, ii,

533
leucocytes in lymphoid

organs, ii, 533
yolk-sac, il, 527
young blood-vessels, ii,

528
blood In relation to age, ii,

523
blood-plates, origin of, ii,

521
disintegration, ii, 509
erythrocytes, cytomorphosis

of, ii, 503
four stages of, Ii, 503

erythrocytes, ii, 503
blood-plastids, Ii, 503

Angioblast and blood, develop-
ment of. Ichthyoid
blood-cells, il, 503

sauroid blood-cells, ii,

503
mesamceboids, ii, 503

hiemoglobln, ii, 504, 509
hypotheses concerning for-

mation of, ii, 512
leucocytes^ cytomorphosis

of, ii, 513
basophile, ii, 515, 517
coarsely granular, il, 515,

517
degenerating, ii, 515, 517
disintegration, ii, 520
eosinophlle, ii, 515, 517
finely granular, Ii, 515,
516

four types of, ii, 514
lymphocytes, ii, 514
multiplication, ii, 520
neutrophile, ii, 515, 516
percentage of, ii, 527
without granules, ii, 514,

515
mesamceboids, primitive, ii,

602
multiplication, ii, 506
origin of human, 11, 501

Anus, formation of, ii, 323
malformations of, ii, 324

Aorta, ii, 778, 780, 781
Arch, hyoid, I, 75, 81, 417
Arches, aortic, ii, 536

branchial, i, 67, 69, 71, 82
hypochordal, i, 343
visceral, derivatives of, i,

417
Areas, association, ii, 104

auditory, i, 72
boundaries, ii, 103, 104

Arteries. See Vascular

Auditory areas, I, 72

B

Basloccipltal, I, 347, 425
Belly stalk, i, 39, 58, 63, 64,

65, 67, 533
BIzzozero's nodes, I, 2*8
Bladder. See Organs, urino-

genital.

Blastocyst, I, 105
wall, i, 105, 106

Blastopore, i, 49-53
Blastula, i, 50
Blood. See Angioilast and

blood.

lacuna;, i, 123, 126
vessels. See Vascular sys-

tem.

Bodies, lateral, geniculate, ii,

82
Bone, growth of, i, 311

histogenesis of, 1, 303
Intramembranous, I, 310
nasal, i, 431
regeneration of, I, 311

Bones, I, 316. See Skeleton.
sesamoid, i, 322, 385
substitution, I, 317

Bowl placenta. See under
Placentation.

Bowman's capsule. See Or-
gans, urinogenitalj kidney.

Bowman's glands. See Or-
gans, urinogenital ; kidney.

Brain. See Nervous system.
Branchial arches, i, 67, 69,

71, 82 ; ii, 446'

Branchiogenie organs. See
Pharynx.

Bridges, epithelial, 1, 247
Bronchus. See Respiratory

apparatus; lungs.
Bursa infracardiaca, I, 546

Caecum. See Intestinal tract.
Calcar avis, ii, 103
Calcium salts, action of, on
embryo, 1, 230

Canal, inguinal, ii, 944
neurenteric, 1, 327

Cardiac antrum, ii, 363
Cardiogenic plate, ii, 535
Carpal pads, i, 87
Cartilage, 1, 302, 306, 323

Jacobson's, ii, 196
Meckel's, i, 419, 439 ; Ii,

279
Eeichert's, I, 421 ; Ii, 279

Cartilages, cuneiform, i, 424
Cartllago corniculata, i, 424
Cavity, amniotic, i, 28, 37, 38,

50, 55, 60-61, 63
extra-embryonic body, i, 122
implantation, I, 107
meduUo-amniotic, I, 105
segmentation, I, 49
yolk-sack, 1, 105

Cell columns, I, 115, 132
islands, i, 132, 133
nodes, i, 132

Cells, nerve, origin of true,
ii, 10

Centrosome, i, 2
Chin. See Embryo; external

form.
Choause, primitive, ii, 191,

320
Chondrocranium. See Skull.
Chondrothorax, i, 34
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Chorda canal, i, 42
cavity, i, 49
dorsalis, i, 47, 53, 339, 407

entochorda, i, 330
fate and origin of, i, 327
gubernaouli. See Organs,

urinogenital; glands, re-

productive.
Chorion. See Placenta.

Cliromaffln organs, ii, 157

bodies, ii, 157
aortic, ii, 165, 168
in abdominal plexuses,

ii, 161, 163, 166
in old age, ii, 170
of gangliated cord, ii,

159
cells, ii, 154, 158
gland, suprarenal, ii, 170

cortex, ii, 170, 171. 175
medulla, Ii, 170, 172
nucleus, ii, 174
origin of, 11, 170

glands, accessory supra-

renal, ii, 176
glandula intercarotica, 11,

162
tissue, ii, 157, 159

chromafflnoblasts, 11, 157,

158, 159
function of, ii, 157

secretion of, ii, 157
sympatho-chromaffln, ii,

157, 158, 159, 163
Chrome reaction, ii, 157
Chromosomes, i, 14

reduction of, i, 14
Circulation, portal, meson>

phric, ii, 825
Clsterna chyli. See Lymph-

atic system.
Clavicle, i, 379, 381, 389
Clitoris, ii, 954
Coagulum, closing, i, 110
Coccygeal process, ii, 58
Coelom, 1, 54, 526, 739, 756

extra-embryonic, i, 55, 171

disappearance oi, 1, 171
of testis, 1, 543
pericardial, i, 530, 532, 535
peritoneal, 1, 530-531, 534
separation of, i, 535
theory, i, 48

Coelom and diaphragm, 1, 523
cavities, body, 1, 525

coelom, i, 525, 529
pericardial, 1, 526-

528, 530, 533, 547
peritoneal, i, 527,

528, 530
pleural, i, 531

free communication of,

i, 547
pericardial, pleural and

peritoneal, separa-
tion of, i, 535

diaphragm, dorsal pillars

of, i, 542
shifting of, i, 542

diverticulum of Nuck, 1,

544
hernia, congenital in-

guinal, 1, 544
of diaphragm, 1, 544
of umbilical cord, con-

genital, 1, 544
into exoccelom, 1, 544

Ccelom, hernia of umbilical

cord, covering, i, 544
lungs, 1, o38, 543
membrana pericardiaco-

peritonealis, i, 540
membrane, pleuropericar-

dial, i, 540, 641
membrane, pleuroperi-

toneal, i, 541, 542,

543
ovary, migration of, i,

544
pleuroperlcardial, i, 536,

541-542
pleuroperitoneal, 1, 536
scrotum, i, 544
Wolffian body, 1, 540, 542

Ccelom cavities, pleural and
peritoneal communi-
cation of, i, 541

pleural, independent, 1,

547
cavity, lesser peritoneal, i,

532, 544, 545
bilateral, 1, 544, 545
Broman's bursa omenti

mlnoris, i, 546
bursa omentalis, 1, 544,

545
cavity of greater omen-

tum, i, 545
of lesser omentum, i,

545
pleural, third, 1, 546

hiatus communis reces-

suum, i, 545
left, l,-532
recessus pneumato-enter-

icus dexter, i, 545
Winslow, foramen of, 1,

545
diaphragm, descent of, 1,

534
primitive, i, 530

ductus Cuvieri, 530, 533,
540, 541

exoccelom, 1, 523, 524, 527,
528

hernia into, 1, 544
magma rgticulf, i, 524

phrenic nerve, i, 533, 540
pulmonary ridge, i, 535, 540
recess, left pleural, i, 532
recessus hepato-entericus, i,

532, 545
mesenterico-entericus, i,

532, 545
pneumato - enterieus, i,

532, 545, 546
separation of, 1, 535
septum transversum, 1, 530,

531, 541, 542, 543, 547
sinking of, 1, 536

vein, jugular, 676 •

omphalomesenteric, i, 530
umbilical, I, 530

yolk-veln, i, 530
vesicle, 1, 530

Coloboma, 11, 229
Colon, 11, 318-319

diverticulum of, 11, 387
I

sigmoid, ii, 386
Concha. See Olfactory organ.
Conchae obtectoj. See Olfac-

tory organ.
Connective tissue. See Tis-

sue, connective.

Copula, 11, 454
Copulation, time in relation

to conception, i, 190, 204

Coracoid, i, 379, 381
Cord, umbilical, 1, 172
Corona radiata. See Germ-

cells.

Corpus striatum, see Nervous
system.

Costal processes, 1, 337
Cranium. See Skull.

Crista epidermidis, 1, 258
inguinalis, ii, 943

Cumulus ovigerus. See Germ-
cells.

Cuneiform cartilages, 1, 424
Cyclopia, 1, 231, 238, 240
Cytotrophoblast, 1, 25, 28, 30,

32, 35, 37, 105, 106, 125

D
Decidua, 1, 106, 128

basalis, i, 122, 128, 148,

159, 165
boundary layer of, i. 141
capsularis, i, 96, 121, 122,

130, 143
compacta, 1, 143
marginalis, i, 122, 128
parietalis, 1, 122, 137, 143
reflexa, 1, 129
subchorialis. i, 158
vera, i, 137

Decidual columns, i, 133
Islands, i, 162
pillars, i, 161
trabeculffi, i. 162

Dermal folds, 1, 257
ridges, 1, 257

Dermatome, 1, 261, 262
Deutoplasm, i, 2

granules, i, 6
Development ot egg mem-

branes and placenta, i,

91-97
Diaphragm, muscles of, 1, 481
Dlarthrosls, i, 320
Diplotrophoblast, 1, 147
Disk, intervertebral, primitive,

1, 337
Diverticulum of Nuck, 1, 544
Duct, allantoic, 1, 29, 38, 172,

173 ; 11, 296
amniotic, 1, 36-39, 41, 48,

50, 60
of Cuvier, 11, 537, 557, 825
pancreatic, accessory, ii,

429
Ductus venosus Arantll, ii,

825, 826

E
Ear, development of, 11, 264

auricle, 11, 282
antltragus, 1, 77
differences in form, 11,

286
canals, 11, 267

reunlens, 11, 268
semicircular, 11, 268

cartilage, Meckel's, 11, 279
Eelchert's, 11, 279, 280

cells, pneumatic, 11, 279
cochlea, 11, 267, 268, 2T1
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Ear, ductus endolymphaticus,
ii, 267, 268

epithelial sense-organ, ii,

271
layers of, ii, 271

epithelium of, il, 269
external, i, 77, 81
ganglion, acustico-faclalis,

ii, 272
geniculate, ii, 272

. inner, ii, 264, 265
labyrinth, membranous, ii,

267
meatus, external, ii, 284
membrane, Keissner's, ii,

271
middle, ii, 272

canal, tubotympanlc, ii,

275
cavity, tympanic, Ii, 277

primary, ii, 274
muscles of, Ii, 281
period, transformation, ii,

276
periods, three, 11, 272
structures within, 11, 278

nervus acusticus, ii, 272
cochlearis, ii, 272

organs of, ii, 264
ossicles, ii, 279, 281

incus, ii, 279, 281
malleus, ii, 279, 280, 281
stapes, ii, 279, 280, 281

pit, auditory, Ii, 265
pouch, anterior, il, 268

lateral, 11, 268
upper, Ii, 268

ramus ampullae posterlorls,

11, 272
sacculi, ii, 272

recessus labyrinth!, il, 266
sacculus, ii, 267
saccus endolymphaticus, ii,

266
scala tympani, ii, 271

vestibuli, ii, 271
tuba auditiva, ii, 272, 276
utriculus, ii. 267, 268
vesicles, auditory, 11,' 265,

266
Ectoblast. See Germ layers.

Ectoderm. See Oerm layers.

Egg chamber, i, 25, 127
enlargement of, 1, 127

membranes, i, 97
Elastoblasts, i, 260
Elbow, 1, 77

joint, 1, 388
Embryo, i, 122

action of calcium salts on,

I, 230
dissociation of tissues In,

i, 235
external form of, 1, 59-90

amnion, i, 63, 65, 67
antltragus, i, 77
arch, hyoid, 1, 72
arches, branchial, 1, 67,

69, 71, 82
visceral, i, 70

back, contour of, 1, 77
belly stalk, i, 64, 65, 67
bend, dorsal, 1, 64, 65,

66, 68
nape, i, 67, 69, 71, 74,

77, 79, 80

Embryo, external form of,

bend, vertex, 1, 64, 67
bends of back, beginning

of, 164
brain, 1, 65, 69, 70, 72.

79
canal, ueurenteric, i, 63
chin, i, 77
chorion, i, 64
coccygeal tubercle, I, 78
concha, i, 77
cord, spinal, 1, 64
disk, embryonic, 1. 62, 63
ear, external, 1, 77, 81

ear vesicle, 1, 67
elbows, i, 77
extremities, 1, 72, 74, 82
eye, 1, 72, 84
eyelids, i, 77. 78
face, 1, 81, 83
fetal stage, beginning of,

i, 77
fingers, i, 77
finger-tips, i, 77
folds, medullary, 1, 63

nasolabial, 1, 84
suborbital, 1, 84

foot, i, 77, 78, 79, 87, 88-

plates, i, 75
fore-brain, i, 70, 72, 83
furrows, branchial, i, 67

72
groove, medullary, 1, 63,

64, 65
primitive, i, 62
visceral, i, 70, 72

hand, I, 86, 88
plates, i, 75, 77, 78

head, i, 72, 75, 81, 86
heart, 1, 65, 67, 68, 69,

70, 71, 72
hernia, umbilical, physio-

logical, 1, 77
hind-brain, i, 72
intestine, ), 65
knees, I, 77
limb, lower, i, 78

limb, upper, i, 78
lips, i, 77, 86
liver, 1, 71, 72
mandible, 1, 77
membrane, cloacal. 1, 79
mid-brain, i. 69, 72
mouth, i, 77
mouth cleft, i, 83

neck, i, 77
neuromeres, i, 70
nose, 1, 77, So, 84
olfactory area, i. 69, 71

olfactory pit. 1, 72
oral sinus, i. 82
organ, glossopharyngeal,

i, 74
pericardium, i, 77
pits, optic, 1, 67
plate, medullary, 1, 03
prima, I, 77
process, mandibular, 1, 72
processes, maxillary and

mandibular, i, 70, 82
proportions of, 1, 89, 90
review of, I, 79
ridges, i, 68
shoulder, I, 77, 78
sinus cervicalls, 1, 71, 72,

74, 81
sinus, oral, i, 68

Embryo, external form of,

somites, development
of, 1, 64

streak, primitive, 1, 62,

63, 79
supra-orbital swelling, 1,

77
table of His's studies, 1,

62
tail, 1, 72, 74, 77, 78, 80,

81
bud, 1, 79
internal, I, 82

thigh, i, 78
thumb, 1, 78
toes, i, 75, 77
tragus, 1, 77
trigeminus ganglion, i,

72
trunk, 1, 77

trunk bud, 1, 79, 80
tube, medullary, 1, 66, 67
vesicles, auditory, i, 70',

82
optic, 1, 82

primary, i, 68, 70
yolk sack, 1, 63, 64, 65,

68, 79
inflammation of, i. 233
nutrition of, i, 94
position of, in ovum, I, 21
slow growth of, 1, 21

Embryonic disk, 1, 62, 63
papilla, i, 32
shield, 1, 30, 37, 39. 44; 58

Embryos, age of, 1, 180
length of, i, 196
nodular, i, 224

Embryotrophe, i, 94, 123
Endoplasm, i, 248
Entoblast. See Germ layers.

Entochorda, i, 330
Entoderm. 1. 49, 53-54
Epicardi'um. ii, 543
Epidermic ridges, i, 258
Epidermis, Blaschko's folds

of, i, 258
early stages of, 1, 243
embryonic, glycogen in, 1,

253
fat in basal columnar cells

of, 1, 253
pigment in, i, 252
prickle cells of, 1, 247
stratum corneum of, i. 249,

251
germinativum of, 1, 245
granulosum of, I, 250
Intermedium of, I, 246
lucidum of, 1, 250

Epiphyses, I, 352
Epistropheus, i, 345. 353
Eplthalamus, commissura ha-

benularls, il, 82
commissura posterior, ii, 82
fasciculus retroflexus, 11, 82
stria meduUaris, 11, 82
tracts in connection with,

11, 82
Bponychium, I, 283
Brythroblast, ii, 507

primitive, Ii, 509
Erythrocytes, ii, 503

cytomorphosis of, il, 503
disintegration of, II, 509
granulations in, ii, 507
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Erythrocytes, hypotheses con-

cerning formation of, ii,

512
In chorionic mesenchyme,

ii, 511
size of, ii, 523
variation of, ii, 507

Ethmoid, 1, 429
Exocoelom. See C(elom.

Exoplasm, i, 248
Extremities. See Embryo, esc-

ternal form of; and Limits.

Eye, i, 84 ; ii, 218
antrum cupulse, ii, 221
body, vitreous, ii, 233
bulbus oculi, ii, 226, 249
canals, lachrymal, ii, 226,

254
caruncula lachrymalis, Ii,

251
cavum hyaloldeum oculi,

ii, 221
chamber, anterior, 11, 225,

249
chorioid, if, 247
cilia, ii, 250
cornea, 11, 247
corpus ciliare, ii, 247

corpus vltreum, ii, 221
cup, optic, 11, 219, 225, 227,

228, 240
optic, pupillary opening,

ii, 228
chorioid Assure, 11, 225,

228
closure of, 11, 229

duct, lachrymo-nasal, ii,

226
ductus nasolacrlmalls, ii,

254
eyelids, ii, 250
flssura cupulse, 11, 226
foveolse opticse, Ii, 218
glands, accessory conjunc-

tival, ii, 253
lachrymal, ii, 251

growth of, 11, 256
iris, ii, 247
lamina externa cupulse, 11,

225
Inversa cupulse, 11, 221,

226
lens, 11, 230

capsule, ii, 221, 232
fibres, ii, 232
pit, 11, 220, 231
vesicle, Ii, 221, 230

lids, ii, 226
muscles, ii, 244, 254

ciliary, 11, 247, 248
nerve, optic, 11, 246
of newborn, ii, 257
passages, lachrymal, 11, 254
phylogenetic origin of, ii,

218
pits, optic, ii, 218, 227
retina, pigment epithelium

of, ii, 240
pigment layer of, II, 225

retinal layer, ii, 221, 241
ora serrata, ii, 241-242
pars caeca, ii, 226, 241,

244
clllaris, 11, 241
irldica, ii, 241

pars optica, ii, 241, 242
fovea centralia, 11, 243

Eye sac, lachrymal, 11, 226
saccus lacrimalls, ii, 254
sclera, ii, 247
stalk of, 11, 220, 224
uvea, ii, 249
vesicles, optic, ii, 227, 228
vessels, 11, 234, 248

retinal, ii, 237
vitreous humor, cavity for,

Ii, 221

(Facial muscles, 1, 509
Femur, i, 371, 372, 373, 377
Ferments, digestive, 1, 106,

117
Fertilization, i, 18, 120, 184,

185
and imbedding, table of, i,

27
chronological table of, 1, 26
corpus luteum and, 1, 182
in the Graafian follicle, 1,

18
in the tube, 1, 18
in uterus, 1, 18
on the ovary, i, 18
place of, 1, 18, 181

usual, of, i, 18
time of, i, 181

Fetus, mature, size of, I, 186
Fibres, acoustic, il, 82
Fibrin, 1, 130, 134, 151

canalized, i, 151, 153, 155
cover, i, 113, 121
formation of, 1, 154
nodes, I, 152
stria, Langhans', i, 151, 153

Nitabuch's, i, 151, 152,
153

Eohr's, 1, 151
Fibrinoid, 1, 131, 133, 153,

155
Fibula, i, 373, 377
Folds, amniotic, 1, 45, 55

Schultze's, 1, 172, 174
Blaschlio's, 1, 260

Fontanelle, metopic, i, 400
sagittal, i, 400

Foot. See Emhryo, external
form of; and Limis.

dermal ridges of, 257
extensors of, 1. 500
flexors of. 1, 501
plate, 1, 77
skeleton of, i, 373

Foramen of Monro, ii, 83, 91
ovale. See Heart.

Forearm, extensor muscles of,

I, 490
flexor muscles of, I, 490

Fossa Sylvli, ii, 101

Gastrula, i, 49-50
cavity, i, 49

Gastrulation. See Germ lay-

ers, formation of, and gas-
trulation.

Germ-cells, i, 1, 3
anatomical characteristics,

1, 2, 8
annulus. i, 9
bodies, polar, 1, 1, 2

Germ-cells, centrosome, I, 2
posterior, I, 9

chromatin, 1, 1

chromosomes, 1, 1, 2, 8, 14
corona radiata, i, 4
corpuscles, directive, 1, 1

cumulus ovigerus, i, 3

cytoplasm, 1, 1

deutoplasm, i, 2, 8
granules, 16

double-headed, 1, 11
double-tailed, I, 11
dwarf, I, 11
filament, spiral, I, 9

filum prlnclpale, 1, 9
terminale. i, 9

giant, I, 11
granules, mitochondria, I, 9
head, i, 8

liquor folliculi, 1, 3

massa intermedia, i, 9
maturation, processes of, i,

1

maturity, i, 4
measurements, i, 6, 9
membrane, spiral, 1, 9
micropyle, i. 5, 6
mitosis, 1, 1

neck, i, 9
noduli posteriori, 1, 9
nucleolus, i, 1, 3, 6'

nucleus of, i, 1, 3, 4, 5
oocyte, I, 4, 5
oopla-sma, 1, 2, 3, 4, 5, 6

cortex, i, 5

ovum, human, 1, 6. See
Oviim.

mature. 1, 2, 4, 5
pars conjunctionis, i, 9
perforatorium, 1, 9
polocytes, 1, 1, 2
sheath, mitochondria, 1, 9

spiral, i, 9
space, perlvitelline, I, 3, 4,

6

spermatids, 1, 13
spermatogenesis, 1, 8

cells, soma, 1, 8
chromosomes, i, 8
spermatocytes, 1, 8
spermatogonia, 1, 8

spermatozoa, i, 8
spermatozoa, giant, 1, 11
spermium, 1, 5, 7
movement of. i, 12

duration of, 1, 12
rapidity of, 1, 12
vi.ability of, 1, 12, 13

number of, 1, 15
spot, germinal, i, 1, 3
tall, i, 8

involucrum, 1, 9
vesical, germinal, 1, 1, 3
yelk, 1, 1, 2, 3, 5
zona pallucida, 1, 3, 4, 5, 6

Germinal disk. See under
Germ layers.

spot. See under Germ-cells.
vesicle. See under Germ-

cella.

Germ layers, formation of,

and gastrulation, I, 43-
58

actinia?, i. 51
amnion, i, 44, 45, 46, 56,

57
belly stalk, 1, 58
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Germ layers, blastopore, i, 47,
49, 50, 52

blastula, i, 44
canal, neureuteric, i, 47, 50
cavity, amniotic, i, 44

origin of, i, 55, 56, 57
arehenteric, i, 49
chorda, i, 49
gastrula, i, 49
gastrulation, i, 49
segmentation, i, 49

cephalogenesis, 1, 51
chorda, i, 46, 47, 48. 50, 58
coelom, early formation of,

i, 54
amniotic, i, 55
extra-embryonic, i, 55, 56,

57
conclusions, i, 54
conditions, corresponding,

in other mammals, i, 43
disk, embryonic, i, 58

germinal, i, 49
diverticula, ccelomic, i, 49
duct, allantoic, i, 58

amniotic, i, 55
ectoblast, i, 44, 47, 49, 56.

57
ectoderm, i, 47
embryo, body of, i, 47
entoblast, i, 44, 46, 47, 49,

56
entoderm, i, 44, 47, 48, 56.

57
epithelium, intestinal, 1, 47,

48. 49
folds, amniotic, i, 45, 46
gastrula, i, 43

cavity, i, 49
gastrulation theory, i, 47

definition, i, 47
two phases of, i, 48

groove, medullary, i, 58
head region, i, 46, 47
hypoblast, i, 47
intestine, i, 47
inversion, i, 46
layer, outer germinal, i, 44
lecithophore, i, 44
macrostomia, ii, 337
membrane, cloacal, i, 47, 58
mesoblast, i, 44, 46, 47, 49.

56, 57
formation of, i, 54

mesoderm, i, 47, 48, 50, 54,

55, 105, 114, 125
differentiation of, ii, 754
segmentation of, in man,

ii, 756
morula, i, 44
mouth, dorsal, i, 52
node, primitive, i, 46, 47
notogenesis, i, 51
oestrus, 1, 103
ovum, implantation of, i, 54
period, intermenstrual, i,

97, 98, 99
menstrual, i, 97, 102
postmenstrual, i, 97, 102
premenstrual, 1, 97, 99,

100, 101, 119
prooestrum, 1, 103
protoehordate, i, 51
relation of, to " heat," i,

102
ring, germinal, i, 49
segmentation cavity, i, 49

Germ layers, shield, embry-
onic, i, 44, 45, 46, 47

somites, primitive, i. 47
stomodsBum, i, 51, 52
streak, primitive, i, 44. 45,

46, 47, 49, 52, 56, 58
summary, i, 53
tail bud, i, 47
theories, gastrulation and

coelom, i, 47, 48
trochophora, i, 52
trophoblast, i, 44, 56, 57
trunk bud, i, 47
tube, medullary, i, 47
types, three, i. 44
uterine mucosa, structure

of, i, 97
villi, i, 56, 57
yolk layer, i, 44
yolk navel, i, 47
yolk sack, i. 48, 49, 56, 57
zona pellucida, i, 56

Glands, axillary, i, 281
bulbo-urethral. See Organs,

urtnogenital.
ciliary, ii, 250
ductless, interaction of, ii,

982, 983
lachrymal, accessory, ii,

253
lymphatic. See Lymphatic

system.
mammary, i, 277

epithelial appendages
around, i, 279

primary epithelial bulb
of, i, 279

Moll's, i, 280 ; ii, 250
oesophageal, ii, 362
of Bartholin. See Organs,

urinogenital.
of Cowper. See Organs,

urinogenital.
reproductive, development

of female, ii. 881
sebaceous, i, 266

of lids, ii, 250
sudoriparous, i, 276
sudoriparous, ciliary, i,

280; ii, 250
of axillary region, i, 281
of mammary region, i,

277-281
bulb, primary epithe-

lial, i, 279
nipple area, i, 279

zone, i, 278
supernumerary mam-

mae, i, 279
relation of, to hair fol-

licle, i, 281
suprarenal, ii, 157, 159, 160,

170. See under Ohrom-
affin organs.

thyreoid, ii, 453
uriniferous. See Organs,

urinogenital.
Glandula intercarbtica, ii, 162
Gluteal muscles, i, 496
Glycogen, i, 146, 148
Granules, eosinophile, ii, 518
Grooves, branchial, i, 73, 81

;

ii, 436
Gustatory organ, ii, 182

papillae foliatse, ii, 185
fungiform, ii, 185
vallatai, ii, 184, 186

H
HiBmatoma, retroplacental, i,

169
Haemoglobin. See Angiohlast

and Mood.
Hair, i, 262

bed, 1, 266
beginning of formation of,

i, 263
bulb, i, 272

papilla of, 1, 267
canal, i, 264

Stohr's, i, 264
cells, hair-canal, i, 270

pigment, i, 272
change, i. 275
cone, i, 267
connective tissue papilla of,

i, 267
crosses, i, 275
cuticle, i, 271

direction of, i, 274, 275
whorls, i, 275

disks, i, 263, 277
follicle, 267-269

relation of sudoriparous
glands to, i, 281

formation, Maurer's theory
of, i, 263

germ, i, 264, 265
primary, 1, 264

gland, sebaceous, i, 266
lamella, inner vitreous, i,

269
lanugo, 1, 270
layer, Henle's, i, 271

Huxley's, i, 271, 272
vitreous, i, 268

matrix plate, i, 268, 272
musculus arrector pill, i,

267, 268, 269, 270
origin, phylogenetic, i, 26'3

papilla, i, 265, 267, 273
cushion, i, 273
pili, i, 273

pigment cells of, i, 272
sheath cuticle, i, 2'71

Huxley's, i, 272
stage, bulb-papilla, i, 267,

268
streams, i, 275
territory, i, 265,
theory, Maurer's, i, 263

Weber's, i, 263
trichohyalin, i, 271
vitreous layer of, i, 268,

269
whorls, 1, 275

Hand. See Embryo, external

form of.

Head. See Embryo, external

form oj.

Heart, appendages, auricular,

ii, 546
arches, aortic, formation of,

ii, 536
area interposita, ii, 544
atrium, interior of, changes

in, ii, 547
bulb of, ii, 539, 541, 546
bundle of His, ii, 569
canal, atrial, ii, 537, 540,

541, 548, 550
cavity, pericardial, i, 530,

547
ventricular, il, 541
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Heart cells, vascular, ii, 535
chordse tendineae, li, 567, 568
cleft, bulbo-ventricular, 11,

536, 538
bulbo-ventricular, left, Ii,

541
crista terminalis, 11, 565
cushions, endocardial, ii,

543
endocardial, anterior, 11,

544
endocardial, posterior, 11,

544
endothelial, ii, 555

cylinder, 11, 536
bending of, li, 536
division of, 11, 537

development of, 11, 534
duct of Cuvier, 11, 557
endocardium, 11, 542, 543,

544, 555
epicardlum, il, 543
foramen. Interventricular, il,

559, 561, 564
ovale I, ii, 548, 555, 557
ovale II, ii, 548, 557, 558

form, external, li, 545, 556
groove, atrioventricular, 11,

549, 561
bulbo-auricular, 11, 541
Interventricular, ii, 550

limbs, bulbo-ventricular, 11,

537, 538, 541
limbus Vleussenll, 11, 558,

567
mantle, myo-eplcardial, II,

535, 541, 543
mesocardlum, anterior, 11,

535
posterior, 11, 535

musclesj papillary, li, 568
musculature, ii, 562

atrial, 11, 554
cardiac, ii, 543

muscuU papIUares, ii, 562,
567

pectinati, 11, 554
myocardium, 11, 543, 544,

553, 555
myo-epicardium, ii, 542
noduU Albini, 11, 568
orifices, atrioventricular, 11

559
plate, li, 535
portion, atrial, ii, 537
ridge, bulbo-auricular, ii,

541
septum I, li, 548, 549, 550,

553, 555, 558
septum II, ii, 548, 549, 557,

558
septum, aorto-pulmonary, .1,

553, 555, 563
bulbar, distal, II, 553
interventricular, 11, 541,

550, 560
primary, li, 540
spurious, ii, 540, 546, 549,

553
sinus coronarlus, II, 565

septum, 11, 557
Valsalvae, II, 559
venosus, ii, 537, 538, 539

horns of, il, 537, 546,
556

transverse portion of, II,

537

Heart' space, intersepto-val-

vular, 11, 540, 546, 549, 558
stages of, li, 536

first, 11, 536
second, ii, 545
third, 11, 556

swellings, bulbar, distal, II,

545, 556, 560
bulbar, proximal, ii, 544,

551, 560
syncytium, cardiac. 11, 563
system, atrioventricular, ii,

569
thickenings, endocardial, 11,

543
trabeculae, II, 543, 554
tubes, endothelial, 11, 535,

541
fusion of, II, 535

valve cusps, II, 567
valves, 11, 548

atrioventricular, II, 568
semilunar, Ii, 559, 567
sinus, right, ii, 540, 544,

567
venous, left, 11, 548, 549,

558
valvula Bustachll, li, 557,

567
Thebesii, 11, 557, 566

valvulse venae cavse Bus-
tachll, 11, 565

vein, pulmonary, li, 549,
558

vena cava superior, ii, 557
Hedgehog, 1, 123
Hemispheres, cerebral, 1, 70
Henle's sheath, I, 271-273

loop. See Organs^ urinO'

genital.
Hernia, congenital Inguinal, 1,

544
diaphragmatic. 1, 544
Inguinal. 1, 544
into exocoelom, i, 544
more common on left side, 1,

544
of umbilical cord, 1. 544
physiological umbilical, i,

81
Hind-gut. See Intestinal tract.
Humerus. 1, 379-381. 386-389
Hydramnios, 1. 208, 230
Hydrocephalus, i, 230, 242,

244
Hyold bone. See Slmll, hyoicl

bone., and larynx.
Hypoblast. See Oerm layers.
Hypothalamus. See Nervous

system

.

I

Implantation, 1, 104, 118, 121
interstitial, 1, lj.6

older theory of, i, 129
opening, 1, 29, 114, 121

Incus. See- Ear.
Integument, development of,

1, 243
corlum, 1, 254
and epidermis, connection

between, I, 256
bodies, papillary, 1, 254
cleavage lines of, 1, 260
collagepous connective tis-

sue in, 1, 254

Integument, corium, fat, i, 255

cords, 1, 255
islands, 1, 255
lobes, i, 255

stratum retlculare, 1, 254

dermal ridges and folds, 1,

257
folds, Blaschko's, i, 258
gland ridges, Blaschko's,

I, 258, 259
produced by surface

growth, 1, 257
rete Malplghli, 1, 257

papillae, 1, 259
tension lines, 1, 259

dermatome, I, 261
epidermis, 1, 243

early stages, i, 243
epitrlchium, 1, 243
periderm, 1, 243-245
stratum germlnativum,

1, 243, 245, 246
granule inclusions of

epidermal cells, I, 251
fat, 1, 253
glycogen, 1, 253
pigment, 1, 252

in ordinary cells, 1,

252
in stellate cells, 1,

252
stratum corneum, 1, 249,

251
granulosum, 1, 250
Intermedium, 1, 246
lucidum, 1, 250

metamerism of the skin, 1,

261
nerves of the skin, 1, 262
segmentation, subepithelial,

1, 261
tension folds, 1, 260

Intermenstrual period, 1, 103
Intestinal tract, il, 291

allantols, Ii, 293
anus, formation of, 11, 323

malformation of, 11, 324
bile-duct, common, 11, 316
caecum and vermiform proc-

ess, development of, 11,

326
beginning of, ii, 319

canal, chordal, ii, 307
neurenterlc, 11, 303, 307

fore-gut, beginning of, ii,

303
formation of, II, 291
gland, thyreoid, lungs, and

liver, early stages, 11, 310
hernia, the normal um-

bilical, li. 320
hind-gut, II, 312

formation of, ii, 306
Intestine, prffi-oral, li, 309

separation of. from allan-

tols, ii, 322
return of, to abdominal

cavity, II, 326
knot, primitive, 11, 300, 307,

308
liver, 11, 311, 314, 316
loop, primary Intestinal, II,

316
torsion of, 11, 319

lungs, li, 311
membrane, pharyngeal, 11,

309
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Intestinal tract, cesophagus,
separation of, from the
trachea, 11, 312

pancreas, ii, 314
plate, chordal, 11, 303, 304,

306, 307
separation of, from yolk-

sac, 11, 293
sphincter anl, 11, 324
stomach and pancreas, for-

mation of, 11, 313
stomach, form and position

of, ii, 330
descent of, 11, 330

streak, primitive, 307, 308
vermiform process, 11, 319
yolk-sac, 11, 295

and allantois, 11, 297
detachment of, 11, 315

Intestine, large, development
of, 11, 393

anomalies, ii, 397
contents of, 11, 398
layers, outer, ii, 396
vermiform process, 11, 396
villi and glands, 11, 394

Intestine, small, development
of, ii, 381

anomalies, 11, 391
glands, duodenal, 11, 388

Intestinal, formation of,

11, 387
layers, outer, ii, 389
muscularis mucosae, 11, 390
tunica propria, 11, 390
vacuoles in duodenal epithe-

lium, 11, 381
vacuoles in jejunum and

ileum, 11, 383
valvulse conniventes, 11, 390
villi, formation of, 11, 385

Jelly, Wharton's, i, 177
Joints. See lAmis, slceleton

of.

K
Kidney. See Organs, urino-

genital.
Knee, i, 78

joint, i, 369-372

Langhans's fibrin strias, 1, 157

layer, i, 32, 35, 37, 146

Larynx. See Sliull, hyoid tone

and larynx.
Layer, Huxley's, 1, 276-277

Langhans's, i, 32, 35, 37,

146
limiting. Zander's, 1, 283-
284

Lecithophore, Van Beneden's,

1, 44
Leg, muscles of, 1, 494

nerves of. See Nervous

system.
Leucocytes. See AngioUast

and blood.

Ligament, coraco-clavicular, 1,

381
coraco-humeral, 1, 381
costo-clavicular, i, 381
Interclavicular, i, 381
stylohyoid, 1, 440

Vol. II.-64

Limbs, skeleton of, 1, 318, 366
inferior extremity, i, 367

infantile characteristics,

1, 379
period, blastemal, 1, 367

scleroblastema, 1, 367
chondrogenous, 1, 367

ankle, i, 373
femur, 1, 369, 374

cartilaginous, 1,

370
fibula, i, 369, 372,

375
foot, i, 373
hip-joint, 1, 369, 370,

373
knee-joint, i, 369, 372
OS coxae, 1, 367
tibia, 1, 369, 372, 374

period of ossification,

i, 375
superior extremity, 1, 379

periods, blastemal and
chondrogenous, 1, 379

bones, sesamoid, 1, 385
carpus, 1, 380, 381, 382,

383, 384 '

distal row, 1, 383
proximal row, 1, 382

clavicle, i, 379, 381
elbow, 1, 380
forearm, i, 382
hand-plate, 1, 380, 381
humerus, 1, 379, 380,

381
joints, 1, 385
ligaments, 1, 381
metacarpalia, 1, 384
metacarpals, 1, 380, 381
ossification, 1, 382, 388
phalanges, 1, 380, 381,

385
radius, 1, 380, 381, 382
scapula, 1, 379
scleroblastema, 1, 379
ulna, 1, 380, 381, 382

Lip, lower, 77, 86
upper, 1, 83, 86

Liquor amnll, 1, 172
Liver, development of, 11, 403

anomalies, ii, 428
artery, hepatic, ii, 412

as a whole, 11, 426
bile-capillaries, 11, 415

cells, blood-forming, 11, 409
hepatic, ii, 418

duct, common, ii, 404, 410
cystic, 11, 410
hepatic, ii, 413
portal, 11, 414

ductus venosus, ii, 407
entodermal portion and

blood-vessels, relation

between, ii, 405
early development of, ii,

403
foramen eplploicum, il, 424

gall-bladder, ii, 410, 411

ligament, round, ii, 407
ligaments and lobes, ii, 422

lobules, ii, 420
biliary, 11, 420
hepatic, 11, 420
portal, 11, 420

nerves and lymphatics, ii,

419

Liver, recessus umbillcalis, ii,

407
sinusoids, capilliform, il,

407
tissue, perivascular, ii, 408
vein, hepatic, il, 406

portal, 11, 406
Lungs. See Respiratory sys-

tem.
Lymphatic system, develop-

ment of, il, 709
capillaries, growth of, 11,

739
clsterna chyll, 11, 716, 718,

721, 722, 725, 732
considerations, general, ii,

737
duct, thoracic, ii, 712, 715,

722-725
first evidence of, ii, 710
gland chains, ii, 732

ear, middle, ii, 734
Eustachian tube, 11, 734
jugular subclavian, 11, 734
mesenteric, 11, 734

glands, formation of, ii, 735
hemal, 11, 737
iliac, 11, 721
in alimentary canal,

special, ii, 737
mesenteric, 11, 719
origin of, a theory of, 11,

742
peripheral, ii, 725

lacteals, ii, 732
lymph-sacs, il, 709, 713

nodes, 11, 716
node, 11, 734
plexus, lymphatic, ii, 727

arm, il, 729
body, ventral surface of,

11, 729
foot, 11, 729
head, il, 729
superficiality of, 11, 729

relation of. to tissue
spaces, 11, 737

sac, posterior, 11, 716, 719,
721

retroperitoneal, 11, 716,
718, 719, 730, 732

subclavian, ii, 'TIS, 716
sacs, jugular, il, 710, 713,

715, 716, 722. 724, 732
stages, three, Ii, 735-736

two, ii, 709
summary, ii, 732
table, ii, 733
venous, origin of, II, 739

Lymphoid organs, leucocyte
formation in, Ii, 533

M
Macrostomia, II, 337
Malformations in nasal region,

II, 214
Malleus. See Ear.
Markcyllnder, Ii, 47
Markprlsma, II, 47
Matrix plate, i, 272
Maxilla, 1, 437
Membrana prima, 1, 29
Membrane, decidual, I, 92 '

Descemet's. See Eye.
or plate, chorionic, 1, 131
pleuroperltoneal, 1, 540, 541
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Menstruation, 1, 97
constant activity of, i, 97
cycle, menstrual, i, 97
metoestrum, 1, 103

Mesenchyme, ii, 738
axial, i, 300

Mesoblast. See &erm layers.

Mesocardium. See Beart.
Mesoderm, il, 58. See also

Germ layers.

Metatarsal pads, i, 97
Micropyle, i, 5

Microstomia, il, 337
Mongolian spots, i, 260
Monsters, i, 202

percentage of, i, 204
production of, by meclian-

ical influences, i, 230
Morula, i, 44
Mouth, i, 83 ; ii, 335
and its organs, ii, 335

glands, saliyary, ii, 347
lips and cheelis, forma-

tion of, ii, 337
palate, formation of, ii,

340
teeth, ii, 349

eruption of, ii, 353
tongue, ii, 343

papillae of, ii, 346
musculature of, ii, 344

uvula, ii, 342
Muscular system, development

of, i, 454
and nervous, i, 455

independence of, 1, 456
arm. See Shoulder and arm

(below),
extremities, muscles of, i,

482
arm, i, 488
shoulder-girdle, I, 483

forearm, extensor muscles
of, I, 490

flexor muscles of, i, 492
formation of, i, 456, 457
gluteal, i, 496
hand, Intrinsic muscles of,

i, 493
head, muscles of, i, 505

facial (hyoid arch), i,

509
larynx, Intrinsic muscles

of, 1, 518
mandibular arch, 1, 508
orbit, 505
pharyngeal, i, 516
tongue, i, 518

histogenesis, i, 458
cross-striated muscle, 1,

464
smooth muscle, 1, 458

iliocostal group, i, 474
intercostal, i, 476
larynx, i, 518
leg, muscles of, i, 494

femoral group, i, 494
foot, extensors of, 1, 500

flexors of, i, 501
plantar muscles, 1, 503

gluteal, 1, 496
obturator group, i, 496
thigh muscles, posteri-

or, i, 498
mesoderm, segmentation of,

i. 469
necli, 1, 480

Muscular system, necis, nerve

supply as liey, i, 458
origin of, i, 454, 457

perineum, i, 478
peroneal, i, 500
plantar, i, 503
scalenus group of, i, 480
segments, primitive, differ-

entiation of, i, 470
self-differentiation in, i, 456,

457
shoulder and arm, 1, 488
striped, i, 464
trunlt, i, 473

bacl£, deep muscles of, i,

473
subvertebral muscles, 1,

478
thoraco - abdominal mus-

cles, 1, 475
ventrolateral, of necl:, 1,

180
Myocosl, i, 470-471
Myotome, 1, 474-475

coelomic cavity of, 1, 543
columns, i, 474-475

N
Naclienlinie, 1, 187, 194, 196
Nails, 1, 281

coruiflcation, precocious, 1,

284
eponychium, tJnna's, i, 283,

284
fold, lateral nail, 1, 282, 283
formation, i, 284, 285
furrow, distal limiting, 1,

282, 283
posterior limiting, i, 282
proximal limiting, i, 283

lieratin, i, 284
lieratohyalln granules, 1,

283
Jayer, i, 283, 285
layer, Zander's limiting, i,

283
limiting furrows of, i, 282
onychogenous substance, 1,

284
primary base, i, 281

field, i, z81
ridges, longitudinal, 1, 285
root lamella, 1, 282

Nares, external, epidermal
plugs of, 185

Necl£, 1, 74, 77, 78
groove, Ii, 456
muscles, 11, 480

Nervous system, development
of, ii, 1

central nervous system, 11,

29
anterior horn, 11, 42
arcuate fibres, ii, 44
at end of first month, ii,

40
brain, ii, 33, 40

early finding of, 1, 70
subdivisions of, ii, 30

mesencephalon, ii, 30
prosencephalon, ii, SO
rhombencephalon, H.

30
cerebellum, ii, fait, 44
cerebral hemisphere, 11,

47

Nervous system, central, cor-

pora quadrlgemlna, 11,

46
corpus striatum, il, 40
development of, during

first month, 11, 31
diencephalon, 11, 36, 39
differences in vertebrates,

11, 29
ectodermal layer as

origin, il, 29
enlargements in, 11, 29
ependymal layer, 11, 44, 46

zone, ii, 42, 46
eyeball, ii, 39
fiexure, cephalic, Ii, 37, 39

pontine, 11, 37, 39
fold, ventral cephalic, il,

36
foramen of Monro, il, 47
forebrain, 11, 35, 37
formatlo reticularis, 11,

44
ganglion, acustico-faclal,

11, 272, 677
cervical, ii, 16'2

grooves, rhombic, ii, 44
hindbrain, 11, 36, 37
hypothalamus, ii, 36, 47

tracts in, il, 82
columna fornicls, 11,

82
fasciculus mammlUo-

tegmentalls, 11,

82
thalamomammlllar-

Is, 11, 82
infundibulum, 11, 33, 47
Isthmus, il, 39
lamina termlnalis, 11, 83,

47
margo thalamicus, 11, 36,

40
medulla oblongata, 11, 29
mesencephalon, 11, 30, 34,

89, 46
metencephalon, 11, 39
midbrain, 11, 35, 44, 46,

47
roof, ii, 29

myelencephalon, ii, 39
neopallium, ii, 82, 88
nerve, abducens, 11, 42, 45

acoustic, 11, 44, 45
cranial, il, 43, 45

third and fourth,
nuclei of, 11, 46

distribution, 11, 45
facial, 11, 44, 45, 46

nucleus, 11

fourth, 11, 46
dorsal decussation of,

Ii, 46
glossopharyngeal, 11, 44,

45
hypoglossal, ii, 42
lateral group of, 11, 46
ninth, 11, 44, 4o
seventh, 11, 44
spinal accessory, ii, 44
tenth, 11, 44, 46
trigeminal, il, 42, 44,

45, 46
vagus, 11, 44, 45

nerves, motor, il, 44
sensory, ii, 44

neural groove, il, 81
plate, ii, 31
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Nervous system, central, neu-
romeres, i, 70

neurons, higlier, ii, 40
primary, of peripheral

nerves, 11, 40
neuropores, ii, 31, 32, 36

anterior, ii, 31, 33, 35
posterior, 11, 31, 38

nucleus ambiguus, 11, 44
optic cliiasma, ii, 33

cup, ii, 47
evaglnatlon, 11, 36, 39
nerve, 11, 39-40
stalk, ii, 47

origin of, 11, 29
pallium, ii, 36, 40
peripheral system, ii, 29
plates, alar and basal,

11, 42
pons, ii, 39
posterior funiculi, li, 44
prosencephalon, 11, 30, 64,

46, 47
recess, mammillary, li, 39
rhombencephalon, ii, 30,

34-37, 39, 40, 42, 44,

46
nerves of, 11, 42

sense organs of smell and
sight, ii, 47

sheaths, myelin, develop-
ment of, ii, 104

subdivision of, ii, 29, 30
sulcus llmitans, ii, 42
system, branchiomeric, ii,

46
telencephalon, ii, 36, 40
thalamencephalon, U, 46,

47
thalamus, ii, 29, 36, 47
tractus solltarius, ii, 44
tube, hollow, ii, 29
velum medullare anterius,

ii, 39
ventricle, fourth, ii, 44

lateral, ii, 46
vesicles, anterior primary,

ii, 36
three primary, ii, 30

visual apparatus, ii, 47
zone, mantle, ii, 46

cord, spinal, ii, 33, 40
anterior commissure, 11,

53
anterolateral ground

bundle, ii, 47
arcuate fibres, internal,

ii, 48, 53
blood-vessels of, 11, 53
canal, central, ii, 49, 50
Cauda equina, ii, 59
caudal end, departures in,

ii, 56
filum termlnale, 11, 57,

58, 59
vestiges medullaires

coccygiens, li, 57
segment cocygien

direct, li, 57
r6f«chl, ii, 57

chorda, li, &8
column of GoU, il, 54

neutral, 11, 51
columns of, 11, 47

anterior gray, ii, 47, 51

posterior gray, il, 47,

50, 52

Nervous system, cord, conus
meduUarls, 11, 58

enlargements of, ii, 29
ependyma, ii, 51
fibres, descending, ii, 53

intersegmental, ii, 63
of descending pallio-

spinal tracts, ii, 53
suprasegmental, ii, 63

four-sided form of, ii, 47
from first month to

maturity, li, 47
funiculi, anterolateral, il,

53
dorsal, ii, 50
posteriores, 11, 53, 54

ganglion, coccygeale, il,

59
groove, marginal, ii, 48
horn, lateral, ii, 51
horns, posterior, ii, 52
myelinizatlon of fibres of,

ii, 54
differentiation by, ii, 55

root-zone, anterior,
ii, 56

column of Goll, il,

56
fasciculus gracilis,

ii, 56
posterior, ii, 56

order of, 11, 56
nerve roots, ii, 59

anterior, ii, 51
motor, ii, 47
posterior, ii, 47—48

nerves, coccygeal, ii, 58
nucleus, gracile, li, 54
position of, in vertebral

canal, 11, 58
root fibres, dorsal, ii, 53
schaltstiiek, 11, 48
septum, posterior median,

ii, 50
substantia gelatlnosa, ii,

47, 52
sulcus llmitans, 11, 47, 49
tube, neural, ii, 47, 48

cephalic flexure, 11, 35
flexures of, formation,

ii, 38
plates of, 11, 47

ventrlculus terminalls, 11,

58
zone, ependymal, 11, 47,

49, 50
mantle, ii, 47, 49, 50-

52
marginal, ii, 47

diencephalon, development
of, 11, 77

bodies, geniculate, 11, 82
mammillary, ii, 78

body, chorioid, ii, 80
capsule, internal, 11, 78
chiasm, optic, ii, 78
commlssura mollis, ii, 82
epiphysis, Ii, 81
epithalamus, li, 82
foramen of Monro, Ii, 79
ganglia habenulse, ii, 81
hypophysis, II, 78
hypothalamus, Ii, 77, 82
Infundibulum, ii, 78
lamina terminalls, 11, 80
metathalamus, ii, 77, 82
nuclei, lateral, 11, 77
nucleus, cochlear, il, 76

Nervous system, diencephalon,
nucleus, optic, 11, 77

ventrolateral thalamic,
ii, S2

pars optica hypothalam-
ica, 11, 78

pedunculi cerebri, Ii, 78
pouch, Eathke's hypo-

physeal, li, 78
prosencephalon, ii, 77
recess, mammillary, ii, 79
sulcus hypothalamicus, ii,

77
tela chorloidea of the

third ventricle, 11, 80
telencephalon, ii, 77, 79
thalamus, ii, 77, 82
three main regions of, il,

82
tuber cinereum, ii, 79
velum transversum, ii,

79
hindbraln, after end of first

month, ii, 59
rhombencephalon, ii, 59

atterent path, Ii, 65
arcuate fibres, external,

11, 62
internal, Ii, 62, 65

brachium pontis, ii, 66,

69
cells, persistent em-

bryonic, ii, 65
cerebellum, ii, 61, 6'6,

67
at end of first month,

11, 67
brachia conjunctiva,

ii, 74
cells, turkinje, 11, 74
cortex, ii, 71
ependyma, ii, 71
in fifth month, ii, 69
in second month, ii,

69
in third month, II, 69
lobe, anterior, ii, 71

median, ii, 71
posterior, ii, 71

tonsil, ii, 71
uvula, ii, 71

lobes, lateral, 11, 69,
71

nodulus, ii, 71
nucleus dentatus, ii,

74
peduncle, middle

cerebellar, Ii, 74
recess, lateral, ii, 69
stratum granulare, ii,

72
marglnale embry-

onale, li, 72
moleculare, Ii, 72

tracts, centripetal, II,

74
velum, anterior med-

ullary, Ii, 72
vermis, ii, 71

clava, Ii, 67
corpus pontobulbare, 11,

65
cuneus, li, 67 •

fasciculus, median
longitudinal, Ii, 62

fibre tracts, tautomeric
Intersegmental, ii, 62

flexure, pontine, II, 59
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Nervous system, bindbralu,
foramen of Magen-
die, 11, 61

foramina of Luschka,
ii, 61

formatio reticularis, 11,

62, 65
alba, 11, 62
grlsea, 11, 62

funiculi, posterior, ii,

64, 65

ganglion masses, supra-
segmental, 11, 59

lemniscus, lateral, 11,

67
medial, ii, 65

nerve, abducens, nu-
cleus, ii, 67

acoustic, il, 66
hypoglossal, nucleus,

11, 67
trochlear, ii, 69

nerves, cranial, 11, 62
effector fibres, 11,

62
receptive nuclei, 11,

62
peripheral, receptive

nuclei, ii, 63
nervus trigeminus, ii,

64
vestibularis, 11, 64

neurons, intersegment-
al, il, 59, 62, 63

nuclei, spinal, 11, 64
suprasegmental, 11,

62, 63
nucleus, acoustic, 11, 66

cuneate, 11, 65
graclle, 11, 65
Inferior olivary, 11,

65
tractus soUtarll, II,

64
vestibularis spinalis,

Ii, 64
olive, median acces-

sory, ii, 65
nucleus of, 11, 65

plate, alar, ii, 60
plica chorloldea, 11, 61
pons, 11, 66
pontine nuclear mass,

ii, 65
raphe, 11, 62, 63
restlform body, 11, 65
septum, median, ii, 63
substantia gelatlnosa,

II, 64
sulcus limitans, il, 59
tela chorloldea, ii, 69

Interior, H, 61
tract, pyramidal, ii, 66

descending pyra-
midal, 11, 6'2

efferent, 11, 62
tractus solitarius, 11, 64
trapezium, ii, 67

olive, interior, 67
superior, 67

tuberculum acusticum,
11, 61

ventricle, fourth, il

60, 67
obex, 11, 60
taenia of, Ii, 60

Nervous system, hindbrain,
ventricle, fourth,
zone, ependymal, 11, 59

zone, mantle, 11, 59, 63
marginal, 11, 59

longitudinal
bundle in, 11, 62

midbrain, development of,

11, 74
body, median geniculate,

ii, 77, 82
brachia conjunctiva, 11,

76
brachium, inferior, 11, 77
cerebrum, peduncles of,

11, 76
colliculus. Inferior, 11, 75,

76, 77
superior, ii, 76, 77

corpora guadrigemina, 11,

75
fasciculus, anterolateral,

11, 75
retroflexus, 11, 76'

formatio reticularis, 11,

76
ganglion masses, supra-

segmental, 11, 75
lemniscus, lateral, il, 76,

77
median, 11, 76, 77

nerve, abducens, 11, 75
acusticus, 11, 76
cranial, fourth, 11, 75

third, 11, 75
facial, 11, 76
hypoglossal, ii, 76
oculomotor, 11, 75
trochlear, 11, 75

nucleus, dentate, 11, 76
interpeduncular, il, 76
ruber, ii, 76
tegmental, 11, 76

Sylvius, aqueduct of, 11,

76
tegmentum, 11, 76
tract fibres, optic, 11, 76,

77
rubrospinal, 11, 76

nervous tissue, histogenesis,
11, 1

axial plate, neural, 11, 1,

2, 3
ectoderm, H, l
groove, neural, 11, 1
nerve fibres, myellnlza-

tlon of, 11, 23
central nervous system,

sheath cells of, 11,

25
myelin, 11, 24
myelin, formation, be-

ginning of, 11, 26
origin of, II, 25

neurolemma, ii, 23
node of Ranvier, 11, 24
non-medullated, ii, 23
sheath of Schwann, ii,

23
neuroblasts and motor

nerves, ii, 10
ganglion-cells in, 11, 15
origin of true nerve

cells, ii, 10
sheath

, cells of
Schwann, 11, 15

Nervous system, nervous tis-

sue, neuroblasts, theory,
cell-chain, 11, 13

neuroglia framework, de-
velopment of, ii, 5

cells, ependymal, ii, 5
gliogenetlc, 11, 10
neuroglia, 11, 5, 7,

8, 9
neuroglia, fibrillation

In, il, 9
neuroglia, variation

in shape of, 11, 8
ependymal neuroglia,

persistence of, 11, 77
fibres, neuroglia, II, 5,

8
neuroglia. Independ-

ent, specific prop-
erties of, 11, 9

neuroglia, not proc-
esses of neuroglia
cells, 11,-9

fissure, anterior medi-
an, 11, 6

membrane, lining, of
cerebrospinal canal,
11, 6

septum, posterior medi-
an, 11, 6

simple type of, per-
sistence of, 11, 6

spinal ganglia and sen-
sory nerve-roots, II,

16
cell processes, 11, 21
cells, indlCEerent, ii, 19

ganglion, 11, 17, 18,
19

supporting, 11, 18
ganglloblast, 11, is
ganglion crest, ii, 16'

tube, neural, 11, I, 31
cerebral vesicles, II, 1
closure of, 11, 3
development of walls

of, 11, 2
cells, ganglion, 11, 5
cells, germinal, 11, 4

Indifferent, ii, 5
ependyma, 11, 2
gray substance, 11, 2
neuroblasts, 11, 6
neuroglia tissues, 11,

5

spongioblasts, II, 5
three layers, II, 2

Intermediate, nu-
clear, or mantle,
11. 3, 4

outer, non-nuclear,
or marginal, II,

3

ventricular or
ependymal, 11, 3

white substance, 11,

2

myelospongium, II, 2, 3,
4

nerves, 11, l
spinal cord, II, 1
subdivisions of, 11, 39
syncytium, compact,
,

nucleated, protoplas-
mic, 11, 3

ventricles, II, l
peripheral nervous system.

11, 117
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Nervous system, periphei-al,
ansa hypoglossl, 11, 133

branches, cutaneous, 11,

119
muscular, 11, 119
terminal, 11, 119

cells, ganglion, 11, 119
division, anterior pri-

mary, 11, 119
posterior primary, 11,

119
ganglion, ciliary, 11, 150

Frorlep's, 11, 133
semilunar, 11, 141

group, somatic motor, 11,

132
abduceus, li, 132, 135
bypoglossal, 11, 132,

133, 136
oculomotor, 11, 132,

134
trochlear, 11, 132, 135

visceral, facial, 11, 136
glossopharyngeal, 11,

136, 138, 139
tractus solitarlus, il,

136, 142
trigeminus, 11, 141,

142
vagus, li, 136, 139,

140
loops, intersegmental, 11,

119
nerves, arm, 11, 127

and leg, il, 122
cutaneous, li, 127

cerebral, il, 128
cervical, first, 11, 120
cutaneous, lateral, 11,

128
femoral, 11, 128
hypogastric, li, 128
hypoglossal, 11, 120
inguinal, ii, 128
phrenic, ii, 120
special sense organs, 11,

129
spinal, 11, 117
thoracic, twelfth, 11,

128
nervus acustlcus, 11, 130

ganglion of, 11, 130,
131

spirale, il, 132
axillaris, 11, 125, 127
descendens cervicis, 11,

120, 134
descendens hypoglossl,

ii, 133
femoralls, 11, 124
medlanus, il, 125
musculocutaneus, 11,

125, 127
obturator, 11, 124
peronasus communis, II,

124
radialls, ii, 126, 127
sciaticus, 11, 124
subscapularls, 11, 127
suprascapularls, 11, 127
thoracales anterlores,

11, 127
thoracalis longus, ii,

127
tibialis, 11, 124
ulnarls, 11, 125, 127

plexus, brachial, li, 120,

125, 126

Nervous system, peripheral,
plexus, cervical, 11,

120
deep, 11, 120
superficial, ii, 120

formation, 11, 119
Intramuscular, 11, 123
lumbosacral, 11, 120,

124, 126
nerve roots, anterior, 11,

42
dorsal, 11, 42
ventral, derivation

of, 11, 117
trunk, main, termination

of, ii, 119
sympathetic nervous sys-

tem, 11, 144
cells, chromaffin, ii, 154
chain, ganglionic, ii, 152
cranial, 11, 149

ganglia, 11, 149, 150
ciliary, ii, 150, 152
otic, ii, 150, 152
sphenopalatine, ii,

150, 152
submaxillary, 11, 150,

152
ganglia, sympathetic, pre-

vertebral, ii, 152
submucous, 11, 153
visceral, 11, 152

ganglion cell of, ii, 147
origin of, ii, 144, 148
plexus, cardiac, ii, 153,

161
coeliac, ii, 153, 158,

161, 164, 168
hypogastric, 11, 153,

161, 165
telencephalon, development

of, 11, 82
archipallium, ii, 88
bulb, olfactory, il, 89
capsule. Internal, 11, 85,

87
fibres of, ii, 87

cavum septi pellucldi, 11,

91
cells, pyramidal, 11, 98
commissure, anterior, 11,

90
Of)mmissures^ Interfore-

brain, ii, 90
corpora striata and pal-

lium, ii, 83
corpus callosum, 11, 90,

91
striatum, ii, 82, 83,

85, 87
cortex, histological areas,

11, 100
visual, 11, 100

dendrites, Ii, 99
ependyma, ii, 100
falx cerebri, 11, 84
fascia, dentate, ii, 88,

94, 100
flssura chorioldea, ii, 84
fissure, great longitudi-

nal, 11, 84
foramen of Monro, 11, 83,

87
fornix, il, 90
gray matter, 11, 100
gyrus ambiens, ii, 88

lateral olfactory, 11, 88

Nervous system, telenceph-

alon, hemisphere, de-

velopment of wall
of, 11, 95

white substance of, 11,

99
hippocampus, 11, 88, 100
hypothalamus, 11, 90
lamina terminalis, ii, 90
layer, cortical, 11, 100

internal granular, 11,

100
pyramidal, ii, 100

line of Gennarl, ii, 100
lobe, frontal, li, 84

temporal, ii, 84
nerves, cranial, first, il,

89
nucleus, caudate, 11, 85

caudate, tail of, 11, 85
olfactory apparatus, ii, 88
optic chiasm, ii, 82
pallium, ii, 82, 83
Retzius papillse, 11, 100
rhinencephalon, 11, 82,

83, 85, 87
septum pellucidum, ii, 87,

90
space, anterior perfor-

ated, 11, 90
stria semicircularis, ii, 87
striae of Lancisi, 11, 94
sulci and convolutions,

formation of, 11, 100
arcuate, 11, 100

anterior, II, 101
calcarine, ii, 103
callosomarginal, 11, 103
central, ii, 103
cerebral, 11, 103
collateral, 11, 103
frontal, inferior, ii, 103

superior, 11, 103
hippocampal, 11, 100,

103
interparietal, 11, 103
olfactory system, 11,

100
orbital, II, 103
parleto-occlpital, 11, 103
parolfactory, ii, 103

superior, 11, 101
postcentral, 11, 103
precentral, inferior, 11,

103
superior, II, 103

rhinal, 11, 100, 101, 103
Sylvian, 11, 101, 103
temporal, superior, 11,

103
transitory, il, 104

sulcus llmitans, 11, 82
taenia semicircularis, 11,

85, 86
thalamus, 11, 83
tracts, commissural, il,

90
ventricles, il, 85

fifth, 11, 91
lateral, anterior horn,

11, 84
descending horn, 11,

84
posterior horn, 11, 84

Node, false, of umbilical cord.

1, 172
Nomenclature, B. N. A., 1, 546
Normoblast, 11, 507
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Nose, i, 83, 84, 91
alar cartilage of, il, 213

Notochord, i, 328
Nuek, dlyerticulum of, i, 544
Nutrition of embryo, i, 524

CEsopbagus, ii, 54B
anomalies of, ii, 367
cells, ciliated, ii, 360

non-ciliated, ii, 36'2

development of, ii, 355

folds, ii, 359
glands, ii, 362
layers, outer, ii, 365
vacuoles in epithelium of,

ii, 357
Olfactory organ, ii, 188

agger nasi, ii, 201, 202,

206
beginning of, ii, 189
bulla etbmoldalis, 11, 204
cavities, nasal, ii, 213
cells, ethmoidal, ii, 204, 205
conchffi, ii, 199, 200, 204

growth of, ii, 211
inferior, ii, 206, 214
middle, ii, 214
obtectae, ii, 200, 204
superior, Ii, 206

ethmoturbinal, ii, 200, 206
floor, nasal, ii, 210
folds, septal, ii, 206
Jacobson's cartilage, ii, 196
malformations, 11, 214
maxilloturbinal, ii, 202, 206
meatus, inferior nasal, ii,

201
superior, ii, 206

mouth cavity, ii, 208
nares, external, ii, 211
nasal fossse, ii, 191

skeleton, ii, 211
nasoturbinal, ii, 201, 203
nerves, 11, 207
organ of Jacobsou, ii, 195,

197, 198
palatal processes, 208
processus uncinatus, ii, 204
sinus frontalis, ii, 205

maxillary, ii, 205
spaces, accessory, ii, 206

oocyte. See Germ-cells.
Organs, urinogenital, develop-

ment of, ii, 752
divisions of, ii, 752
glands, excretory, develop-

ment of, ii, 753
bladder, ii, 869

musculature, ii, 880
bodies, suprarenal, il,

788
cloaca, division of, 11, 869

bladder and urethra,
separation of, il,

878
epithelium of, ii, 880
later development of,

ii, 879
musculature, 11, 880

duct, cloacal, ii, 872
excretory, terminal

portion, ii, 877
hillock, Muller's, 11, 878
membrane, anal, ii, 872

urogenital, ii, 872
pars pelvina, 876

Organs, urinogenital, glands,

excretory, cloaca, pars
phallica, ii, 876

septum, urorectal, 11,

871
sinus urogenitalls, ii,

876
cord, genital, ii, 791

sexual diflferences

and, 11, 793
nephrogenic, ii, 755,

758
corpuscles, Malpighian, ii,

784
duct, excretory, ii, 787

primary, ii, 784
Mullerian, 11, 787

fold, mesonephric, 11, 787
folds, urogenital, Ii, 783
gland, reproductive, 11,

786, 812
kidney, il, 834

ampuUse, ii, 837
capsule of, ii, 865

Bowman's, H, 847,

848, 849
Malpighian, ii, 850

change of position of,

ii, 863
columns of Bertini, ii,

844, 845, 846, 861
corpuscles, Malpighian,

ii, 852, 855-857
cortex, ii, 861
loop, Henle's, ii. 849,

850, 854, 855, 861
Stoerk's. ii, 854, 855

malformation." of, ii,

867
medulla, ii, 861
papillae, il, 855, 859,

860. 861, 863
pelvis, ii, 835, 859
permanent, ii, 753
provisional, Ii, 753
pyramid, Malpighian,

11, 843, 846
rays, medullary, ii, 862
right and left, ii, 863
tubules, ii, 836, 858.

861
development of, from

metanephrog e n i c
tissue, 11, 846

metanephrogenic tis-

sue and, ii, 842
tubulus contortus, ii,

849
ureter, epithelium of,

ii, 866
later development of,

II. 865
vesicle, metanephric, Ii,

847
vessels of. 11. 864

mesoderm, ii, 754
segmentation of, in
man, II, 756

mesogenltal, ii, 786, 787,
791

mesonephroB, II, 753, 783,
796'. 814

arteries, mesonephric,
II. 820

capsule. Bowman's, II,

• 796, 805, 808
cord, mesonephrogenic,

il, 799

Organs, urinogenital, glands,

excretory, mesone-
phros, cord, meta-
nephrogenic, II, 799

corpuscle, Malpighian,
ii, 803, 804, 806, 808,

812
degeneration period,

first, ii, 815
second, ii, 829

duct, aberrant, of Hal-
ler, ii, 813

excretory, primary,
ii, 796, 799, 804,
807, 812, 813, 817,

830
ductus coUectivus par-

adidymidls. ii, 830
epididymis. Ii, 812
epigenitalis, ii, 812,

819, 829
epoophoron, ii, 812,

819, 830
function of, ii, 868
glomerulus, 11, 805

external, ii, 796
ligament, broad, ii, 830
mesonephroi, 11. 808.

809. 811. 812
ovary, ii. 830
paradidymis, II, 812,

830
paragenitalis, 11, 812,

815, 829
paroophoron, ii, 812,

830
sexual portion of, 11,

812
stalk, segment, prim-

itive, II. 798, 818
tubules, epigenltal, 11,

829
mesonephric, II, 796,

817
mesonephric, forma-

tion of, ii, 800
mesonephric, parent

tissue of, II, 798,

818
mesonephric, rudi-

ments of, II, 819
paragenltal, II, 829
pronephrlc, Ii, 819

veins of, ii, 825
mesorcblum, II, 786
mesovarium, ii, 786
metanephrol, 11, 789, 809
metanephros, 11, 753, 789

cord, nephrogenic, 11,

831
development of, Ii, 831

' phylogenetic, ii, 867
divisions of, ii, 831
tubules of, ii, 831
tubulus contortus, 11,

831
origin of, Ii, 754
phallus, ii, 794
pronepliros, Ii, 753

canal nephrostome, Ii,

759
chamber, pronephrlc,

II, 759, 774
cord, nephrogenic, Ii,

764
degeneration of, II, 761,

782
development of. ii, 739
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Organs, urinogenltal, glands,
excretory, pronephros,
duet, free terminal
portion, 11, 772

glomeruli, external, II,

760, 762, 770, 782
In man, 11, 761
portion, collecting duct,

11, 761
free terminal, ii, 761

ridges, pronephrle, 11,

763, 764
stalk, segment, prim-

itive, ii, 767
tubule, principal, 11,

759, 770
pronephric, ii, 760,

761, 762, 764
supplemental, 11, 759
urlnlferous, ii, 776

two divisions, 11, 761
vessels of, 11, 774

aorta, il, 778, 780,
781

arteries. Intestinal,

11, 776, 778
artery, coeliaco-mes-

enterlc, 11, 777
umbilical, 11, 778,

780
rami intestlnales, 11,

781
rete mirabile, ii, 776

perl-lntestlnale, 11,

778. 781
vein, cardinal, pos-

terior, 11, 782
omphalomesenteric,

11, 779
rectum, Ii, 869
stalk, primitive segment,

11. 754. 755, 756, 758,
783, 784

tubules, mesonephric, ii,

787
urinary. Ii, 753, 754

ureter, development of,

11, 833, 835
glands, reproductive, devel-

opment of, 11, 881
blood-vessels of, 11, 909

arteries, mesonephric,
11, 909

spermatic, acessory,
ii, 909

spermatic, Internal,

ii, 909
canal, utero-vaglnal. for-

mation of, 11, 915
formation of wall of,

916
form, external. II, 916

cells, prenital, it. 882, 901
origin of. 11. 882

chorda gubernaculi, 11,

943. 946. 947. 968. 969
clitoris and labia, devel-

opment of, ii, 954
cords, Pfltlger's. Ii. 904
differences of, II. 910
differentiation of. II, 890

female. 11. 891
male, 11, 891
oSgonla, 11, 890
spermatogonia, II, 890

duct, excretory, primary,
11, 915

Miillerlan, early, 11, 911

Organs, urinogenltal, glands,
reproductive, ducts,
female, 11, 911

para-urethral, 11, 966
Skene's, ii, 966

fascia cremasterica, II,

945
follicles, Graafian, Ii, 905
genitalia, external, devel-

opment of, ii, 947
homologies of male and

female, ii, 958
glands, Bartholin's, 11,

966, 967
bulbo-urethral, 11, 966
Cowper's, 11, 966, 967
sinus, develoment of

the small, 11, 967
vestibular, 11, 966

IndlflEerent, 11, 881
development of, Ii, 885
mediastinum testis, II,

893, 896
rete blastema, 11, 892,

896, 905
septula testis, 11, 895
testis cords, 11, 892
transformation of. Into

testis, 11, 891
tunica albuginea testis,

11, 896
In the female, il, 910
In the male, II, 909
labia and clitoris, devel-
opment of, II, 954

ligaments of, 11, 940, 942
round, II, 943, 946, 947

Ugamentum lablale, II,

946
ovarii proprium, 11,

942, 946, 947
scroti, li, 944
testis, ii. 942, 946, 947

lumina, vascular. 11, 909
male embryos, degenera-

tion of tubes and
utero-vaglnal canal In,

II, 929
mediastinum ovarii, II,

900
ovary, II, 881, 890
and tube, relative posi-

tion of, 11, 908
form of, ii, 907
gland, reproductive,

transformation of in-

to, ii, 897
growth of, 11, 903
malformations of, 11,

909
septa ovarii, 11, 900

penis and scrotum, devel-
opment of, ii. 951

phallus, II, 948
indifferent. 11, 949

prostate, 11, 965
rete arteriosum uro-

genitale. ii, 909
saccus vaginalis, forma-

tion of, il. 969
scrotum and penis, devel-

opment of, il, 951
sexual differentiation, 11,

881, 949
sinus urogenltalls, further

development of, II, 960
glands in, ii, 965, 967
malformations of, 11,

964

Organs, urinogenltal, glands,
reproductive, testis,

11, 881, 890
and ovary, comparison

of, 11, 910
artery of, II, 909
descent of, 11, 967
malformations of, 11,

897
tubercle, genital, il, 948
tubes, Fallopian, definite

wall of, formation of,

11, 919
tunica albuginea ovarii,

11, 900
vaginalis communis, II,

972
propria testis, 11, 972

vasculosa, ii, 910
urogenital fold, organs

of, fate of, ii, 973
union, il, 937

sex, female, degen-
eration of uro-
genital union and
primary excre-
tory duct, II,

939
male, further dif-

ferentiation of,

11, 937
uterus and vagina, trans-

formation of tubar
portion of uterus and
utero-vaglnal canal
into, ii, 919

female, external form,
development of, 11,

918
growth of, post-fetal,

II, 928
male, external form,

development of, 11,

918
masculinus, II, 918
musculature of, 11,

926
wall, development of,

Ii, 924
vagina, development of,

11, 921
vagina and uterus, in-

hibitions of devel-
opment of. 11. 930

of utero-vaglnal can-
al, II. 933

of uterus, Ii. 932.
936

musculature of. ii. 926
veins, spermatic, II, 910

Ossicles, auditory. See Ear.
Ossification centres, primary,

350
secondary. 1. 352

Ovium and spermlum, com-
parison of, I, 13, 14, 15

development of, three stages
of, 1, 13

monsters, I, 15
number of, I, 15

relation of, 1. 182, 183
predetermination of, 1, 17

twins, I, 3 5
Ovulation and • mestruatlon,

relation of, 1, 182, 183
normal period of, 1, 121
relation of, to menstrua-

tion, 1, 181, 198
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Ovum, 1, 28, 228
abortive, i, 202
amnion, i, 21, 22, 23, 24,

25, 29, 30, 33, 36, 37,

38, 39, 40, 41, 42
belly stalk, 1, 23, 24, 38, 89

insertion of, i, 36
blood-vessels, 1, 25, 34, 35,

36, 37, 38, 40, 41, 42
body ellipsoidal opaque, i,

24
canal, neurenteric, i, 31, 36,

39, 40, 41
capsule scar, i, 22
cavity, amniotic, 1, 23, 26,

29, 30, 38
formation of, I, 21

medullo-amniotic, I, 30,

31
mesodermic, i, 41

cell columns, i, 32, 35
chorda, i, 41, 42
cliorion, i, 23, 24, 28, 29,

30, 33, 36, 37, 38, 39
mesoderm of, 1, 36
rapid growth of, i, 21

cleft, pericardial, 1, 40
coelom, embryonic, i, 42

extra-embryonic, i, 40, 41
cytotrophoblast, i, 25, 28,

30, 32, 35, 37
decidua, 1, 25, 37

basalls, i, 37
capsularis, i, 35

disk, germinal, 1, 29, 30,

31, 39, 40
diverticulum, entoblastic, 1,

29
duct, allantoic, i, 29, 30,

31, 32, 33, 38
amniotic, i, 29, 32, 34,

42
ectoblast, 1, 33, 39, 40, 41

chorionic, i, 28, 29, 31
embryo, i, 23, 24, 28

position of, in ovum, i,

21
slow growth of, i, 21

endoblast, I, 41
endothelium, 1, 40
entoblast, I, 31, 39, 40, 41
entoderm, 1, 42
epithelium, cffilomic, i, 36,

37, 38
exocoelom, 1, 30
fertilization of, i, 26

and Imbedding, table of,

i, 27
chronological table of, i,

26
fertilized, age of, i, 119
folds, medullary, i, 36, 39
fragmentation, i, 7
fungoid tissue, i, 25, 28
groove, medullary, 1, 36, 39,

40, 41
primitive, i, 40

heart, 1, 23, 42
human, and embryos, early,

i, 21-42
definition, I, 21
early production of, i, 7
implantation of, i, 102,

109, 122
passage of through tube,

i. 19, 118
pathology of, i. 202

abortion, 1, 202, 203

Ovum, human, pathology of,

anencephaly, 1, 203,
207, 240

cause of, i, 227-240
mechanical, i, 233
ovum, i, 227-231
uterus, 1, 231-233

chorion, i, 208, 210,
211, 212

cleft palate, i, 203, 207
cyclopia, 1, 231, 238,

240
development, general

arrest of, I, 203
diminished size, 1, 207
dissociation, I, 234-237
dropsy, 1, 230, 236, 237,

240
ectopia of liver, 1, 203
embryos, pathological

classification, 1, 214-
225

exoccelom, 1, 208, 209
frequency as to time, I,

225
granular, stringy sub-

stance, i, 214
hydramnlos. I, 230
hydrocephalus, i, 230
magma rfiticulS, i, 209
monsters, 1, 203, 204,

205, 210, 226, 229-
240

conditions for per-
petuating, i, 238

percentage of, 1, 238
with hydramnlos, 1,

208
mucoid substance, 1,

214
normal, i, 205
percentage, i, 203, 204

in first month, i, 204
in second month, 1,

204
process, i, 227-240
relation of diameter of

chorion to length of
embryo, 1, 207, 208

salt solution, specific

action of, I, 230, 238
spina bifida, 1, 203,

207, 231, 240
teratomata, compara-

tive, experimental,
I, 229, 230

heart degenerations,
1, 230

merosomata, i, 230,
233, 234

polysomata, 1, 229
spina bifida, I, 231

tubal pregnancy, I, 228
villi, 1, 208

position of embryo In, 1,

21
segmentation of i, 19, 20

hypoblast, 1, 33
intestine, I, 40

In uterus, position of, i,

96'

eccentric, I, 96
interstitial, I, 96

Langhaus's cells, layer of,
I, 25, 28, 30, 32, 35, 37

measurements, 1, 22, 23, 24
26, 28, 29, 30, 31, 32, 34,
35, 36, 37, 39, 41

Ovum, membrane, amniotic, i,

29
cloacal, 1, 36, 38
mesenchyme, I, 25
mesoblast, i, 25* 29, 31,

33, 40, 41
mesoderm, 1, 28, 39
multinucleated, 1, 7
multiple, in single fol-

licle, 1, 7
related to twin pregnan-

cies, i, 7
nucleolus of, 1, 8, 9, 13
of human ancestors, 1, 20
of monkey, segmentation of,

20
oocytes, I, 7
oogonia, i, 7
opening, implantation, 1,

103, 108, 114, 121
plasmoditrophoblast, 1, 25
plate, head, I, 40, 41

medullary, i, 39, 41
relation of uterine decidua

to, i, 28
scar, Eeichert, i, 33
segmenting, of monkey, 1,

20
shell, ectoblastic tropho-

blast, 1, 30
ectoblast or trophoblast,

1, 32 ,

shield, embryonic, I, 29, 30,
31, 32, 33, 34, 36, 39,
42

germinal, 1, 29
space, intervillous, 1, 33,

34, 35
periembryonic mesoderm,

1, 30
spongioblast, 1, 30
spongiotrophoblast, 1, 28,

32, 36, 37
streak, primitive, i, 30, 32,

33, 36, 37, 39, 40, 41
syncytium, 1, 30, 31, 33,

34, 35, 36, 37
table, chronological, 1, 26
trabeeulae, ectoblastic, 1, 32
trophoblast, 1, 28, 39
Tilli, i, 22, 23, 24, 28, 29,

30, 31, 33, 35, 37, 42
yolk sack, 1, 21, 22, 23, 24,

25, 26, 29, 30, 31, 33, 36,
37, 38, 39, 40, 41

yolk sack, hypoblast of, 1,

33
zone, equatorial, i, 35

Pabulum, 1, 94
Pancreas, development of, li,

429
accessory, ii, 440
alveoli, il, 436
anomalies and variations,

ii, 440
at birth, ii, 489
ducts, outlet of, ii, 485
Islands, li, 437
outgrowths, dorsal and
ventral, 11, 431

union of dorsal and ventral,
ii, 432

vessels and nerves, II, 434
Paraderm, 1, 54
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Perineum, 1, 81
muscles of, i, 478
primitive, 11, 322

Pharynx, development of, 11,

446
and Its derivatives, ii, 446
arches, branchial, 11, 446,

449
visceral, li, 446

area mesobranehlalis, ii,

449
clefts, branchial, 11, 446
copula, 11, 454
duct, thyreoglossal, 11, 453
ductus branchlales, ii, 456

cervicalis (praecervlcalls),

ii, 456
pharyngo-branchlales, il,

451, 464
pharyngobranchialls com-

munis, 11, 462, 468
groove, ventral pharyngeal,

ii, 448
organs, branchlogenic, 11,

460
body, inferior epithelial,

il, 470
internal epithelial, II,

471
superior epithelial, II,

468, 470
ultlmobranchlal, ii, 468,

470
glandula carotica, 11, 460
glomus carotlcum, 11, 460
parathymus, ii, 461
parathyreoid, ii, 461
thymus, 11, 460, 465

accessory lobe, ii, 465
body of, il, 465
cord, 11, 465

thyreoid, li, 468
plica retrotonsillarls, ii, 458

triangularis, ii, 458
pouch, fifth, il, 468

fourth, ii, 468
second, 11, 457
third to fifth, li, 460

pouches, ii, 446, 447, 452
differentiation of, 11, 457
primary, 451
secondary li, 451

sinus cervicalis (praecervi-

calis), ii, 455, 456
tonsil, ii, 457

sinus, 11, 457
tuberculum Impar, 11, 453

tonsillare, li, 458
Pillars, decidual, 1, 161
Placenta, formation of, 1, 137.

See also Placentation,
amnion, 1, 171
arterlo-venous anastomoses

In, 1, 171
chorion, 1, 28, 37, 122, 171

absorbing villi of, 1, 132
anchoring villi of, 1, 132
color, I, 171
decidua compacta, I, 138,

139
parietalis, 1, 137, 138,

142, 166
spongiosa, I, 140, 142
detritus zone of, i, 136

differentiation of, i, 137
frondosum, 1, 137, 142
glands of pregnancy, 1,

140

Placenta, chorion laeve, 1, 137
pathological changes in,

i, 210-214
prickle processes on syn-

cytium of, i, 126, 147
primary villi of, rapid
growth of, 1, 21

secondary villi of, i, 130
chorionic epithelium, 1,

147
Langhans's layer, 1, 147
syncytial layer, 1, 147

circulation, i, 164
color, 1, 170, 171
cord, umbilical, 1, 172
cotyledons of, 1, 168, I,

170
j

covering layer of, i, 131,
135, 147

cysts, placental, 1, 155
decidua basalls, i, 159
decidual pillars, 1, 161
duct, allantoic, 1, 172
fibrin, canalized, i, 151,

153
formation of, i, 154
stria, Langhans's, 1,

151
Nitabuch's, i, 151,

152, 153
Rohr's, I, 151

fibrinoid, derivation of, i,

153, 154, 155
fcetalls, 1, 143
fold, Schultze's amniotic,

i, 172
fusion of amnion and

chorion, . 1, 171
giant cells, i, 14s
glycogen in, 1, 146, 148
growth in area, 1, 167

in thiclsness, 1, 167
hsematoma, retropla-

cental, 1, 169
Infarcts, red, 1, 156, 163

white, i, 155, 157, 175
liquor amnii, 1, 172
mature, I, 169
Meckel's blood-channel, 1,

165
mitoses, I, 148
plane of separation, i,

169
plate, basal, 1, 159, 162,

163
closing, 1, 158

septum of, I, 163
sinus clrcularls, I, 165

marginal, i, 165
situation of, 1, 169
trophoblast shell, 1, 137
vessels, choriodecidual, 1,

160
villi, amniotic, 1, 171
form of, i, 146
stroma of, i, 143

yolk sack, 1, 173
stalk, 1, 172

Placentation, i, 91
allantois, 1, 91
chorion, I, 91, 92

decidua, I, 92
capsularis, I, 96

definition of, I, 91
haemotrophic phase of, 1,

137
nutrition In, i, 94
ovum, I, 91

Placentation phenomena, cyto-

logical, i, 95
placenta, complete, I, 92

bowl, i, 93
conjoined, 1, 92
cumulatse, i, 92
diffusa, I, 93
discoldalis, 1, 93
endothellochorlalls, i, 93
epitheliochorlalls, i, 93
hsemochorialis, 1, 93

embryotrophic phase,
I, 94

hsemotrophic phase,
i, 94

hsemochorialis discoid-

alls olllformis, i, 93
half, 1, 92
labyrinth, 1, 93
multiplex, i, 93
oUiformes, i, 93
pllcatse, i, 92
syndesmochorialis, 1, 93
vera, i, 93
zonaria, i, 93

position of ovum, 1, 96
excentric, i, 96
interstitial, 1, 96

Plasmodltrophoblast, I, 105
Plexuses, abdominal, 11, 159,

161, 163
aortic, ii, 161
intercaroticus, 11, 161, 162
mesenteric, inferior, 11, 161
renal, II, 161
suprarenal, Ii, 161, 164, 168

Pregnancy, tubal, cause of, i,

19
Processes, developmental. In-

terdependence of, Ii, 980

R
Respiratory apparatus, devel-

opment of, ii, 473
earliest, Ii, 473
larynx, ii, 476

arytenoid swellings, li,

476
cartilages, 1, 421-423
cords, vocal, li, 480
plica ary-eplglottica, 11,

476
epiglotticse laterales, li,

478
glosso-eplglottica media,

ii, 477
glosso-eplglottlcse later-

ales, il, 479
pharyngo epiglotticse,

il, 478
ventriculares, 11, 481

tuberculum arytsenoide-

um, Ii, 478
corniculatum, II, 478
cunelforme, li, 478, 479

ventrlculus laryngis, ii,

480
lungs, ii, 482

air-cells, li, 490
arteries, pulmonary, Ii,

485, 490
bronchus, eparterial, il,

483, 488
first lateral, II, 483

cartilage plates, ii, 489
connective tissue of, 11,

488
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Respiratory apparatus, lungs,

elastic tissue of, li, 490
form of, as a wliole, ii,

493
lobes, ii, 490, 491
lobules, ii, 489
sacs, pulmonary, ii, 482
system, bronchial, ii, 482
veins, pulmonary, ii, 486

trachea, 11, 475
bifurcation of, ii, 485

Resume of early development,
1, 116

Kldge, epidermic, i, 258
papillary, i, 258
pulmonary, 1, 539
subdermal, i, 258

Scleromeres, processes of cos-
tal, i, 337

neural, i, 337
Secretion, Internal, 11, 157
Segmentation, 1, 19, 20
Sense organs, development of,

ii, 180
epibranchlal, 11, 182

Serotlna, 1, 113
Sex, determination, 1, 15
Sight. See Eyes.
Skeletal system, morphogene-

sis of, 1, 316
abnormalities in develop-

ment, 1, 323
agenesis, 1, 324

hyperplasia, 1, 324
hypoplasia, i, 324
In congenital syphilis, 1,

325
In rickets, 1, 325
in teratomata, 1, 325

bones, 1, 317
cartilages, 1, 319
cartilaginous, 1, 317

Investment, 1, 317
Joints, 1, 320-322
membrane, i, 317
scleroblastema, 1, 317
sesamoid, 1, 322
substitution, 1, 317-319

condensation, 1, 317
first step, 1, 317
hard parts, 1, 317
Joints, 1, 317, 320-322
scleroblastema, 1, 317
variations In development,

1, 323
Skeleton and connective tis-

sues, I, 292
Skeleton of limbs. See Ltmba,

skeleton of.
Skin. See Integument.
Skull, hyoid bone, and

larynx, I, 398
axial region, 1, 398
blastemal period, 1, 400

brain, i, 403
chorda dorsaHs, 1, 400,

401
cranial cavity, floor of, 1,

403
roof of, 1, 403

ethmoidal process, I, 401
Jaws, 1, 404
labyrinth, I, 402
membranous skull, 1, 401

Skull, blastemal period, neural
process, 1, 400

occipital plate, 1, 400, 401
orbitotemporal process, 1,

401
chondrocranium, 1, 399, 404
chondrogenous period, i, 404

nasal fossae, 1, 405
septum, i, 404

orbit, i, 405
sphenoid, 1, 404

chorda dorsalis, I, 407
cranium, primordial, 1, 414,

415
ethmoidal region and nasal

capsule, i, 413
hyoid bone, 1, 421, 422
labyrinth, 1, 407, 417

capsule, 1, 407
laryngeal cartilages, 1, 421-

423
nose, agger nasi, 1, 416

cartilaginous nasal cap-
sule, 1, 416

inferior turbinate, 1, 412
middle turbinate, 1, 413
superior turbinate, 1, 413
turbinates, accessory, I,

416
uncinate process, I, 416

occipital region, I, 406
base and partes laterales,

1, 406
orbitotemporal region, 1, 411
ossicles and Meckel's car-

tilage, 1, 419
Eelchert's cartilage, 1, 421
sphenoid, 1, 411
tectum posterius, 1, 410
tympanohyale, 1, 421
visceral arches, 1, 405

branchial arches, I, 405
hyoid bone, I, 405
laryngeal cartilages, I,

405
derivatives of. 1, 417

Incus, i, 405, 420
malleus, 1, 405, 419
mandibular arch, 1, 405
Meckel's cartilage, 1,

405
stapes, 1, 405, 420

head, mesenchyme of, 1,

398, 400
neural region, 1, 398
ossification, I, 399
period of ossification, 1,

424
auditory ossicles, 1, 439
concha Inferior, 1. 430
fontanelles, 1, 437
keratohyale, I, 440
mandible, 1, 440
maxilla, 1, 437
OS ethmoldale, 1, 429
OS frontale, I, 436
OS hyoldeum, 1, 440
OS lacrymale, i, 431
OS nasale, I, 431
OS occlpitale, 1, 425
OS palatinum, 1, 431
OS parletale, 1, 436
OS sphenoidale, I, 427
OS temporale, 1, 431

apex pyramidalis, I,

435
canalis caroticus, I,

435

Skull, visceral arches, ossi-

fication, OS temp.,
facial canal, 1, 435

fibrocartUago basaUs,
I, 435

foramen lacerum, 1,

435
labyrinth, 1, 435
mastoid cells, i, 435
perlotic portion, i,

433
tegmen tympanl, 1,

435
tympanicum, 1, 432
zygomatic process, 1,

432
OS zygomatlcum, 1, 438
stylohyale, 1, 440
temporomandibular

Joint, I, 441
tympanohyale, i, 439
vomer, i, 430

soft structures of, 1, 399
visceral region, 1, 39s

Smell. See Olfactory organ.
Spermatogenesis. See Oerm-

cells.

Spermium. See Germ-cells.
Spina bifida, i, 231, 238, 240
Splanchnopleure, I, 174
Spleen, development of, 11,

745
corpuscles, Malplghlan, 11,

750
ellipsoids In, 11, 750
function of, erythrocyto-

faclent, II, 748
mesodermal origin of, 11,

745
vascular system, develop-
ment of, ii, 746

Spot, embryonic, 1, 22
Stenson, canals of, )i, 342
Stereocllla, I, 147
Stomach, development of, II,

368
anomalies of, II, 380
epithelium and gastric

glands, 11, 371
at birth, 11, 377

glands, gastric and pyloric,

il, 378
layers, outer, II, 379
vessels and nerves. 11, 369

Streak, primitive. See under
Oerm layers.

Suprarenal bodies, accessory,
II, 175, 176, 177

Suprarenal extract, II, 157
Sympathoblasts, 11, 157, 158,

159
Symplasma syncytiale, 1, 125
Symplasmata, 1, 125
Syncytium, 1, 106, 111, 123,

126, 131, 133, 135, 147
origin of, I, 123, 124, 125

Tables of time relations of the
development of various or-

gans, 11, 1000
Tall, 1, 81

Internal, 1, 87
Testes. See Organs, urlno-

genital.
•Thorax, 1, 331
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Thumb. See Embryo, ewternal
form.

Thymus, ii, 456, 460, 465
lobe, accessory, li, 465
superflclalls, ii, 456

Tissue, connective, collagenous
in corium, i, 254

histogenesis, 1, 293
bone, i, 303, 312

ossification, endochon-
dral, 1, 309

Intramembranous, i,

806
subperiosteal, i, 308

elastic, 1, 301
growth of, i, 311
mesenchyme, axial, i, 296

of the head, i, 297
mesoderm, parietal and

visceral layers, 1, 296
origin of, i, 293, 298, 312

adipose, i, 302, 312
cartilage, i, 302
elastic, 1, 301

regeneration, i, 311
reticulum, i, 300
somites, mesodermic, i,

294, 295
syncytium, early meso-

dermic, 1, 293
white fibrous, i, 300

Tissue, fungoid, 1, 110
Toes. See Embryo, external

form.
Touch organs, ii, 180
Trabeculse, decidual, 1, 162
Trichomerism, i, 261
Trophoblast, i, 44, 56, 57, 105,

109, 110, 112
Tumors, i, 328

coccygeal, i, 54

u
Ulna. See Limbs.
Umbilical vesicle, ii, 291
Uterus post partum, condition

of, i, 174. See also

Organs, urinogenital.
adnexa, i, 176
cervix, mucosa of, i, 176'

muscularis, i, 176

Vacuolation, i, 106, 117
Vascular system (see also

Heart, Lymphatic system,
Spleen„ etch

development of, ii, 570
beginning of, ii, 571
comparative, ii, 586
form of, ii, 573
questions, two fundamen-

tal, ii, 571
human, development of, ii,

587
ansa vitellina, ii, 593
arch, superficial plantar,

ii, 668
pulmonary, 11, 604
vascular, ii, 603

arches, visceral, first two,
ii, 612

arteries, adrenal, 11, 653
alveolar, inferior, II,

628
anomalies of, ii, 651

Vascular system, human,
arteries, aorta, il,

677
arch, aortic, ii, 592,

604, 609, 613,
617

development and
fate of, li, 613

variations in ves-
sels of, ii, 630

branches of, ii, 631
aortae, descending,

ii, 631
three groups, ii,

632
capillaries, il, 636
descent of, il, 619
dorsal, first sprouts

of, ii, 622
end branches of, ii,

655
first branches of, ii,

594
fusion of, ii, 643, 644
lateral branches of,

ii, 607
offshoots of, ii, 598,

601
pairs arising from,

ii, 605
primitive, 11, 592

lateral branches
of, ii, 599, 601,
604

trunk, ii, 618
ventral branches of,

11, 611
ventralis, ii, 592, 610

aortse, ii, 591
fusion of, 11, 643
primitivae, ii, 603

auricular, posterior, II,

630
axillary, li, 664
basilar, il, 611, 623
brachial, ii, 663

deep, il, 665
bronchial, 11, 651
carotid, common, ii,

617
arches, il, 605
external, ii, 610. 617,

620, 627, 629
internal, il. 597. 605,

610, 617, 677
and its branches,

ii, 621
splitting of, 11, 623

central retinal, ii, 625
cerebral, anterior, 11,

623
anterior and median,

ii, 605, 611
middle, ii, 624
posterior, Ii, 624-5
vertebral, ii, 605,

611, 623
cervical, il, 605
choroidal, anterior, ii,

623, 624
ciliary nasal, il, 625

temporal, ii, 625
cceliac, 11, 605, 611,

«45, 647
ccellaco - mesenteric, 11,

777
comes nervl ischiadici,

II, 659

Vascular system, human,
arteries, coronary, li,

630
cutaneous, ii, 638
cystic, ii, 649
dorsalis pedis, ii, 669
dorsal, presegmental, ii,

601
segmental, il, 598,

599, 600, 621,

633, 643
anomalies of, ii,

641
epigastric, inferior, 11,

638, 658
ethmoidal, ii, 625
femoral, ii, 658, 668
fifth thoracic, ii, 611
first cervical dorsal

segmental, 11, 605
first segmental cerv-

ical, 11, 611
fourth thoracic, ii. 611
gastric, left, ii, 649
gluteal, superior, il,

659, 668
hepatic, ii, 649
hyaloid, il, 625
hypogastric, ii, 659
hypoglossus, 11, 605,

611, 621, 623, 635
iliac, common, li, 658

external, 11, 659
infra-orbital, ii, 627-

628
Intercostal, supreme,

ii, 635
Interosseous, dorsal, 11,

663
palmar, 11, 66'2-666

intestinal, ii, 776, 778
shifting of, ii, 648

ischiatlc, 11, 611, 658,

659, 667, 668
lachrymal, ii, 625
lienal, ii, 649
lingual, ii, 629
lumbar, 11, 605
mammary, internal, ii,

ess, 665
maxillary, external, il,

629
median, ii, 665

cutaneous dorsal, 11,

637
mesencephalic, ii, 625
mesenteric, inferior, ii,

605, 611, 647, 659
main branches of, 11,

651
superior, 11, 675, 681

mesonephric, ii, 652,
653, 820, 823

middle meningeal, il,

627
muscular, 11, 638
nasofrontal, 11, 625
occipital, ii, 629
oesophageal, ii, 649
omphalo-mesenteric, li,

605, 611, 645, 675
omphalo-mesenteric, an-

omalies of, ii, 645
ophthalmic, il, 605,

611, 623
pancreatlco duodenal,

superior, 11, 649
phrenic, il, 822



1020 INDEX.

Vascular system, human, i

arteries, phrenic, In-
|

ferlor, 11, 649, 654
presegmental, dorsal,

ii, 677
pudendal. Internal, 11,

659
pulmonary, ii, 617, 631

left, 11, 617, 631
right, ii, 617, 631

radial, 11, 665
radicles, dorsal, il, 6'36

ventral, 11, 636, 637
radicular, anterior, 11,

637
posterior, 11, 637

renal, ii, 654, 822
accessory, 11, 822
variations of, 11, 654

retinal, central, 11, 228,
230

sacral medial, 11, 605,
612, 656, 659

segmental, il, 605
saphenous, 11, 668
segmental, li, 611, 660
sixth thoracic, il, 611
spermatic, accessory, 11,

822
Internal, 11, 653, 822,

823
spinal, anterior, 11, 639

variations of, 11,

640
central, 11, 637, 640
posterior, 11, 637
primitive anterior, ii,

637
spinal, sulci, 11, 637
splenic, injecting, 11,

746
stapedial, ii, 609, 625,

628
branches of, 11, 627

subclavian, 11, 605, 621,
635, 660, 661, 664,
665, 6'67, 686, 690

suprarenal, 11, 822, 823
tarsal, perforating, 11,

668
temporal, superficial, 11,

630
thoracic, 11, 605
thyreo-cervlcal, il, 665
thyroid, superior, 11,

629
tibialis anticus, ii, 668

posterior, li, 669
ulnar, 11, 665
umbilical, 11, 591, 595,

600, 605, 611, 642,
656, 657, 778, 780,
814

ventral segmentals, 11,

642, 643
vertebral, 11, 621, 623,

635
cervlcals, ii, 623

vitelline, 11, 603, 642,
656

primitive, 11, 594,
596, 599, 600

bulbus aortae, 11, 592
capillaries, chorionic, ii,

591
circulation, umbilical, 11,

589
vitelline, 11, 594

Vascular system, human, cord,

spinal, vessels of, II,

641
cycle, vascular, 11, 591
ductus Cuvieri, ii, 608,

612, 671, 680, 685, 692
venosus Arantii, ii, 673

early, description of, ii,

588
embryo with forty

somites, ii, 609
without mesodermic

somites, 11, 588
with six to eight

somites, 11, 594
with thirteen to fifteen

somites, 11, 599
with thirty-five somites,

11, 604
with twenty - three

somites, 11, 602
heart, ii, 591
origin of, ii, 587
plexus, brachial, 11, 664,

667, 686, 690
capillary, of yolk sac,

ii, 593
palmar, superficial, Ii,

663
plantar, deep, 11, 668
plantar, superficial, 11,

668 1

vitelline, 11, 593, 594,
596

vitelline capillary, 11,

594
ramus arcuatus, ii, 612
sinus, coronary, 11, 680

lateral, 11, 679
petrosal, inferior, ii,

680
superior, li, 680

sagittalis, superior, 11,

611, 678, 679
venosus, 11, 608, 609,

612, 670-673
vasa vasorum, aortic, II,

651
vein, anonymous, left, 11,

680
right, 11, 680

antibrachial, median, II,

694
axillary, 11, 612, 690
azygos, li, 684, 685
basilic, ii, 670, 690, 693
brachial, ii, 690
cardinal, 11, 600

anterior, ii, 600, 601,
608, 611, 612,
671, 676, 680

transformations of,

ii. 676
posterior, 11, 602,

604, 608, 671,
680, 681, 684,
687, 690, 694,
782, 825

transformations of,

11, 680
caudal, ii, 825
cephalic, li, 690, 692,

693
cerebral, anterior, II,

679
median, II, 679, 680
posterior, 11, 608,

612, 678, 699

Vascular system, human, veins,

development of, ii, 669
of body wall, II, 685
of extremities, ii, 687
system, ground plan

of, ii, 670
types, 11, 669, 670

comites, II, 669,
698

primary, 11, 670
secondary, II, 670

dorsal segmental, 11,

608
epigastric, superficial,

11, 687
femoral, ii, 695, 697
fibular border, ii, 681,

690, 6'94

head, lateral, 11, 677,

678, 679
medians, 11, 676, 677,

678
hemiazygos, II, 684

accessory, II, 680,

685
hepatic, ii, 825

common, 11, 681
left, ii, 608, 612, 671,

673
median, 11, 674
right, ii, 612, 673,

674, 683
lower, 11, 674
upper, 11, d74

iliac, transverse, Ii, 683
intercostals, 11, 681, 687
interdigital, 11, 693
Ischiatic, 11, 694, 695,

825
jugular, external, 680,

692
internal, il, 676, 678

jugulocephallc, 11, 692
Unguo-faclal, II, 608,

612, 680
lumbar, II, 681
mammary. Internal, II,

687
mesenteric, II, 672, 673,

674, 675
superior, 11, 675

omphalomesenteric, 11,

537, 608, 619, 620,

671, 672, 673, 675,
779

ophthalmic, il, 608,

625, 678
portal, ii, 675

angular, 11, 673, 674
arcuate, II, 673

pulmonary, ii, 549, 631
radial border, 11, 690
renal, ii, 654, 681
sacral, median, ii, 694
saphenous, 11, 670

great, li, 694, 697,
698

small, 11, 690, 694,

696, 697, 698
segmental, li, 608
subcardlnal, II, 604,

608, 681, 825, 827
subclavian, ii, 608, 686,

690, 692
right, 11, 680

thoracico-eplgastric, 11,

670, 686, 687, 690
tibial, 11, 690
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Vascular system, human, yeins,

ulnar, 11, 686
border, 690, 692, 693

umbilical, il, 537, 591,
592, 593, 596, 60»,
670, 671, 673, 685,
687

and vitelline, trans-
formation of, 11,

671
vena capitis medlalls,

11, 598, 6'01, 622
cava, inferior, 11, 608,

612, 674, 681,
683

superior, ii, 557
umbilicalis Impar, 11,

592
vitelline, 11, 594, 590,

602, 608, 609, lilL'.

670, 671, 672, 674.
675

vitello-umbilical, ii, 670,
671, 676

common, 11, 601
Vertebral column and thorax,

1, 331
blastemal period, 1, 332,

333, 334, 335, 336
chondrogenous period, 1,

337, 338
processes, articular, 1,

340
cartilaginous radicular.

1, 339
laminar, i, 340
neural, i, 339
transverse, 1, 340

summary, i, 341
vertebral body, i, 337,

339
disc, primitive Interverte-

bral, 1. 334
interdiscal membrane of, i.

334

Vertebral column and thorax,
" interdorsal membranes," 1,

331
" luterventral membranes,"

1, 331
length, relative, of regions

of spine, i, 358
occipital region, i, 334
ossification, period of, 1,

350
ribs, i, 355
sternum, 1, 356
vertebree, i, 350

atlas, 1, 352
centres, epiphyses, 1,

352
primary, i, 350
secondary, i, 352

cervical, i, 352
coccygeal, i, 355
epistropheus, 1, 353
lumbar, 1, 353
sacrum, i, 354

regional differentiation, 1,

341
vertebrae, cervical, and

base of occipital

bone, 1, 343
atlas, i, 345
basloccipital, i, 347
epistropheus, i, 345
ligaments and joints, i,

348
vertebrae, lumbar, sacral,

and coccygeal, 1, 348
cartilaginous ribs, i,

349
vertebrae, thoracic, and

thorax, i, 341-343
scleromere, i, 331, 335
sclerotomes, i, 331
spine, curvature of, during

development, i, 358
regions of. relative length

of, i, 358

Vertebral column and thorax,
vertebrae, comparative de-

velopment of, 1, 360
number of, and regional

differentiation, 1, 358
Vessels, arm, 11, 659

variations of, Ii, 667
choriodecidual, 1, 160
chorionic, ii, 592
extremity, ii, 659
first embryonic tissue to re-

ceive, il, 598
hypoglossus, ii, 611
limb, lower, 11, 667

variations of, ii, 669
vitelline, 11, 593

Villi, 1, 94, 103, 114, 145
amniotic, 1, 171
chorionic, 1, 130

anchoring, i, 232
epithelium of, i, 131
free or absorbing, i, 132
injected, 1, 146'

secondary, i, 130
Visual apparatus, li, 47

W
Winslow, foramen of, 1, 545
Wolffian body. See Ccslom.

Yolk layer, 1. 44, 49
sack, 1, 21, 36-37, 40, 63,

79, 173 ; ii, 293-306,
310, 315, 3ii', 500, 527

epithelium of, 1, 44, 48
separation of Intestine

from, ii, 293
stalk, t, 173 ; ii, 317, 319
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