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PREFACE TO THE SECOND EDITION.

Ix the presentation of the second edition of this book the
effort has been made not only to make such additions and
alterations as the progress of the science rendered necessary,
but to correct whatever crrors existed in the first edition, and
to improve the work gencrally as much as might be. For
kindly suggestions along these lines the author would express
his thanks to the various reviewers who have from time to
time noticed the work ; he would also express his profound
appreciation of the generous spirit in which the book has
been received.

The publication of the monogrph of Peters npon the em-
hedding of the ovum and the formation of the placenta,!
followed by the work of Webster,? whose researches confirm
the results of Peters’ investigations, practically setting aside,
a8 it docs, the previous views upon these proccsses, neces-
sitated radical changes in the text. Therefore the chapter
treating of the Decidue and the Placenta has been rewritten,
as has also the greater part of the section npon the Cherion.

In addition to these changes, several new illustrtions
have been added.

Avavsr 15, 1901. $C -

! Die Einbettung des Menschlichen Fies. H. Peters. Vienna, 1899.
* Human Flacentation. J. Clarence Webster. Chicago, 1801.




PREFACE

Tur facts of embryology having acquired in recent years
such great interest in connection with the teaching and with
the proper comprehension of human anatomy, it is of first
importance to the student of miedicine that a concise and yet
sufficiently full text-book upon the subject be available. It
wag with the aim of presenting such a book that this volume
was written, the author, in his experience as a teacher of
anatomy, baving been impressed with the fact that students
were seriously handicapped in their study of the subject of
embryology by the lack of a text-book full enough to be
intelligible, and yet without that minuteness of detail which
characterizes the larger treatises, and which =0 often serves
only to confuse and discourage the beginner.

In the arrangement of the subject-matter of the book, it
has been the aim not only to present a connected story of
human development, but also to make each chapter as nearly
as possible complete in itself, for the sake of convenience of
reference. It is for this reason that some repetitions occur
in the text. The frequent allusions to certain facts of com-
parative embryology are rendered necessary by the very
nature of the subjeet, but it lias heen the writer's aim to muke
these allusions as simple and as easily intelligible as possible.

In the sclection of the illustrations, great carc has been
exercised to employ those of the greatest teaching value, and

to arrange them, with reference to any one chapter, as nearly
]



10 PREFACE

as poesible in proper chronological sequence. Due acknowl-
edgement is made in each case for every illustration borrowed
from other works.

With few exceptions, no attempt has been made to cite
aothorities in the text, and the author would here express
his obligations to the writings of His, O. Hertwig, Kalliker,
Bchaltze, Bonnet, Balfour, Marshall, Piersol, Minot, Tour-

peux, and many others.
J. C. H.
3706 PoweLTOoN AVE,
PRILADELFHLL
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CHAPTER I.

THE MALE AND FEMALE SEXUAL ELEMENTS;
MATURATION; OVULATION; MENSTRUATION;
FERTILIZATION.

ExervoLoGY is that department of biology which treats
of the generation and development of organisms. It may
refer to the development of the race or stock—Phylogeny—or
to that of the individusl—Ontogeny; again, it may treat of
animal or of vegetable development.

Since mo observations have bcen made upon embryos
of an age less than four or five days, and but few, indeed,
upon those younger than sixteen or eightcen days, we
cannot be said to possess definite knowledge of the very
earliest processes of development in man. There is, how-
ever, sufficient analogy between the known facts of human
development and those of corresponding stages in allied
groups of animals, as well as between the various groups of
animals themselves, to establish certain broad general princi-
ples of agreement in essential features. In tracing the his-
tory of human development, thercfore, frequent recourse
must be had to the development of animals, since in this
way only is it pussible nt present to fill up the gaps in our
knowledge of human embryvology.

That a new individual may be called into existence, the
union of the male clement, or spermatozoon, with the female
element, or ovum, is necessary. Such union is variously
called fertilization, fecundation, and impregnation.

Prior to the beginning of the present century, little or
nothing was definitely known councerning reproduetion and

development. The opinions of the biologists of carly times °

found expression in a theory which was then_called the theory

"
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of unfolding or of evolution, but which rhoré)mréceritly " has ( RS0 1140
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18 TEXT-BOOK OF EMBRYOLOGY.

been designated the preformation theory. According to this
doctrine, the egg or germ contained all the parts of the adult
organism in an exceedingly mioute condition, and develop-
ment consisted in the simple growth or unfolding of already
formed parts. As the theory of unfolding implied the pre-
formation not only of the immediate but of all subsequent
offapring, its votaries were able to compute that the ovary
of Eve contained 200,000 millions of human germs.

With the discovery of the spermatozoon in 1677 by Hamm,
a pupil of Leuwenhoeck, a controversy arose ns to whether
it was the spermatic filament or the ovum that contained the
germ. Those who maintained the former view were known
as animaleulistz ; those who held the latter, as orists.  Acvond-
ing to the opinions of the animalculists, the spermatozoon
was the complete organism in ministure, and it required for
its growth the soil or environment which the ovum alone
could furnish.

The enunciation by Wolff, in 1759, of his duetrine of epigene-
sis completely overturned the preformation theory. Wolff
maintained that the germ was unorganized matter, and that the
union of male and female material was essential to reprodue-
tion. While Wolff’s theory was in the main correct, it re-
mained for later investigators to show that the ovum did not
eonsist of unorganized matter, a1 he thought, but that it pos-
sessed definite struetuml charmeteristics.  Thus, the germinal
vesicle of the hen's epp was diseovered in 1825 by Purkinje,
and the germinal spot in 1826 by Wagner.  Soon after the
enunciation of the cell-doctrine h}' Sehletden amd Sehwann,
it was seen that the ovum was in reality a typical eell, pos-
sessing all the parts of «uch a structure.

Tt was not, however, until about the year 1840 that it was
shown, by Kalliker, Reichert, and others, that the spermatozoa
are the active agents in feenndation.  Previously it had been
held, since the refutation of the preformation theory, that the
seminal fluid performed this function, and that the spermato-
zoa were parasitic organisms.

The length of time necessary for the development of the
new individual varies according to the species; in man it
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occupics nine calendar months or about ten lunar months—
that is, from 273 to 280 days. The period of human gesta-
tion is arbitrarily divided by His into three stages: (1) The

Chromatin part of para-
RuceNuy,

Nueltolus in divigion,

Nucleys,

2

Vi

Prolougsy

arial fiber,

Tatl.

Middie
pirce

Head.

Residur l!'

£p2YNa .
ding

S —D

e y73
F16. 1.—1 th 8 Various stages of the dovelapmoent of the spermatozoon of the
tnouse ; 9, the epermatozoon of the mouse (afler F. Hermann): 10 and 11, spermato-
zoa of the dog ; 10, ns seen frowm the side; 11, as scen frow the broader surface (afier
Bonaet).

stage of the ovum, comprising the first two weeks of develop-
ment ; (2) The stage of the embryo, extending from the end
of the sccond week to the fifth week, during which time the
germ begins to assume definite form ; and (3) The stage of
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the fetus, which includes the remainder of the term of intra-
uterine existence.

It may be pointed out that the term ovum, as employed in
embryology, bas three different significations: it designates
the female sexual cell prior to its impregnation ; it is used in
the sense noted above to designate the fertilized egg ; and it
is somewhat loosely applied to the product of conception
during various stages of development.

THE SPERMATOZOON.

It is noteworthy that Loth epermatozoa and ova—that is,
both sexual celli—are products of metamorphoses taking
place in epithelial structures, the former being derived from
the spermatogenic cells found in the seminiferous tubules of

the testicle, while the latter come from
A4 B the germinal epithelium of the ovary.

The form of the seminal filament va-
ries greatly in different species (Fig. 1).
The human spsrmatozoon (Fig. 2) is an
elongated body, about 0.05 mm. (ghy
inch) in length, consisting of three parts,
8 head, a middle piece, and a tail or
flagellum.

The head is much thickened as com-
parcdd with the other segments, appear-
ing egg-shaped as seen upon its broader
surface, the smaller extremity being
conneeted with the middle picce ; seen
in profile, it is convex on one side and
concave on the other. The middle
piece is somewhat longer and much
Fio. %=Humsn sper. thiNNer than the head, while the tail

matoroa  (aficr Hetzlus): i H
A, spermatuzosn sen 13 3 slender filament slightly more than

Joce: b boad; m. midle four-fifths of the entire length of the
B, G, seva from :ht;?u?' spermatozoon.  Lying in the center

of the spermatozoon, and extending
throughout its entire length, is the slender axial fiber, which

is prolonged slightly beyond the tail,
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The power of locomotion which the spermatozoon exhibits
ig conferred by the vibratile movement of its tail, accompanied
by a rotation about its long axis through an arc of 90 degrees,
The rate of progression is about 0.05 or 0.06 mm., or its own
length, per seeond. -

Spermatozoa possess remarkable vitality, remaining active
in the male genital tract for several duys after death.  In the
genital passages of the female, they may retain their activity
for severnl weeks, nnd when mounted and proteeted from
evaporation they have been known to show vibratile motion
after the lapse of nine days (Piersol). Weak alkaline solu-
tionz render them more nctive, while acidy, even quite dilute,
destroy them. The spermatozoa of the bat, being deposited
in the female genital passages in the autumn, retin their
power of fecundating ova until the following spring.

Spermategenesis.—The details of spermatozoon-formation,
or spormatogonesis, vary in different animals, A cross sec-
tion of a seminiferous tubule (INig. 3) shows a layer of

Fra. 8.—8¢ction of testicle of musk-rat: seminifersus fubule scen in cross sectlon:
a, wall of tubule; &, parictal cells; ¢, wmother-cells ; &, spermatoblasts,
cuboidal cells called parietal cells, lying in contact with
the basement membrane of the tubule wall.  This layer con-
gigts of the so-valled Sertoli's columns, or sustontacular cells,
and of the spermatogenic cells. The sustentacular cells are
merely supporting ; the spermatogenic eells give rise to the
spermatozoa. The immediate offspring of the spermatogenic

e et Sy
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cells are the mother—ells, 8 group lying in contact with the
spermatogenic cells, on the side toward the lumen of the
tubule, The multiplication of the mother-cells results in
the production of the smaller daughter-cells, whose nuclei
are the spermatoblasts, or spermatids of some authors. The
round spermatoblast soon becomes oval, and later pear-shaped,
and its chromatin accumulates in the outer half of the nu-
cleus, giving rise to & dark, deeply-staining zone in this posi-
tion, and a clear zone on the side toward the lumen of the
tubule. At the same time the nucleus or spermatoblast
_ escapes from the daughter-cell. A little later the sperma-
toblast shows three zones—an outer clear band, a middle
dark aren, in which the chromatin has become localized, and
an inner clear region. A slender filamert or spine of chro-
matin, the rudiment of the tail, now grows from the middle
dark zone into and through the inner clear area (that is,
toward the lumen of the tubule), projecting slightly beyond
the limits of the nuclear membrane. With the disappear-
ance of the nuclear membrune and the progress of further
changes—uwhich changes consist in the formation of the head
from the outer clear band, of the tail and middle pisce from
the middle dark zone, and of the delicate sheath for the tail
and the middle piece from the inner clear band—the develop-
ment of the spermatozoon is practically completed.

The spermatozoon has been regarded as a metamorphosed
cell, the head representing the nucleus, and the cilium
or tail the protoplasm. This view, however, is contro-
verted by certain authorities (Kélliker, Biondi, Niessing,
Piersol), and the weight of the evidence is in favor of regand-

ing the entire spermatozoon as having been developed from a
cell-nucleus,

THE OVUM.

The female sexual cell or ovam is remarkable among animal
cells for its size, it being a rule, to which there are no known
exceptions, that it is much larger than any other cell in the
body of the parent. The human ovam measures, in the mature
state, 0.2 mm. in diameter,

In structure, the ovum presents the parts of a typical cell ;
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namely, a cell-wall, here ecalled the vitelline membrane, the
cell-contents, or vitellus or yolk, a nucleus or germinal vesi-
cle, and a nucleolus or germinal spot.

Surrounding the ovum is a somewhat loosely-fitting trans-
parent, elastic envelope, the zona pellucida, and outside of
this is the corona radiata. These two layers are often re-

L,‘\ \». }
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Fis. 4, —Fug from o rabbits follicle which was 0.2 mm, (4 Inch) {n dismeter.

(nfter Waldeyer). 1t is surrounded by the zoua peliuctda (e po), on swhich there
rest at one place follfculsr ecells (). &), Thao yolk contains dentoplasciie grmuules
Ly In the germinntive veslele (k. 63 the nuclear network (ko n.) is especinlly
marked, and cuntalns a large germinative dot (k. ).

ferred to as the egg-envelopes ; and since they are contributed
by the discus proligerus of the Graafian follicle, it must be
remembered that they are not, properly speaking, a part of
the ovum. Between the zona pellueida and the ovum is the
small perivitolline space. The radial striation of the zona is
generally regarded as due to the presence of minute canals
opening into this space. The canals are thought by some to
fucilitate the ingress of spermatozoa, thus corresponding in
function to the micropyle, a small aperture found in the less
easily penetrable egg-envelopes of many invertebrates and
of some fishes,
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The vitelline membrane does not eall for extended deserip-
tion. It may be regurded as a slightly specinlized eondensa-
tion of the peripheral part of the cell-contents.

The witellus, or cell-contents, here, as in other cells, is
essentially protoplasm, to which is added materinl called deu-
toplasm, designed for the nutrition of the ovum at the begin-
ning of development. The protoplism is sizo called the
formative yolk aml the egg-plasm, while the dentanlasm is
known as the nutritive yolk. In the human oviin these ele-
ments are more or less uniformly distributed ; there is, how-
ever, a differentiation into an inner, slightly less clear region,
containing more yolk-grannles (dentoplasm), and & peripheral,
clearer zone.  The charncteristie transpaveney of the human
egg-ecll is due to the fact that the dentoplusmic particles
found in it are not cloudy us in the ova of other nranmals,
The following classification of ova by Balfour is based upon
the arrangement of these constitnents :

1. Alecithal ova are those in which the protoplasm and

Fia. S.~Iiagram of an cae with the
Butritlve yolk ln o polar Jaitlon. The
farmative yulk conethiusss ot the anfunl
Fledd, P e sk | K seh, ) lo which
the germlnative venlele (b)) ls e
ciomed. The outeltive yolk in.dd fille
ihe fosl of the cem up to the vigelativg
Pole (1 F) iMeriwigg.

Fra, 6 ~Diagram of an ege wilh tha
mualedtlve yolk In the eenter. The
Eerminative vioslele ik by oecupics the
middle af the nutritive yolk on b
which I+ enveloped in o mantle of
furtnative yolk by Meriwig).

dﬂlllﬂpl}mm are “'ﬁnl‘rﬂlh' ']iﬁtrillk:lml, as in the ova of Mam-
maliy, ineluding man), and of amphioxus (Fig. 4).
2, Telolecithal ova ure those in which the relativel y abun-

e e T
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dant deutoplasm is accumulated at one side of the ovum,
called the vegetative pole, while the protoplasin appears asa
flat germ-disk at the animal pole on the opposite side. Here
belong the eggs of birds, reptiles, and bony fishes (see Fig. 5).

3. Centrolecithal ova are those in which the deutoplasm is
ceniral, the protoplasm completely surrounding it, as in the
eggs of arthropods (Fig. 6).

Ova are classified also according to their method of seg-
mentation. This will be deseribed later.

The germinal vesicle or nucleus is the most important part
of the cell, since, us will be seen hereafter, it is essentially
by the conjugation, or more accurately by the fusion, of the
nuclei of the mule and female parent-cells that generation is
effected. As a rule, there is but one nucleus, though there
" may be two. Its position is usually—if not universally—
eccentric, this being more marked where there is a distinct
differentiation into animal and vegetative poles, in which case
it is found always near the animal pole. It is nearly spheri-
cal in shape, and like the nucleus of any other typical cell,
it is composcd of a network of puclear fibrils or chromatin
substance, and nuclenr juice or achromatin, the former con-
taining the latter within its meshes. Surrounding the nucleus
is the well-marked nuclear membrane, while within it is the
nucleolus or germinal spot. The latter may be single or
multiple, according to the species, though the number is fairly
constant for cach species. Nagel ascribes ameboid move-
ment to the germinal spot.

Polarity.—The polarity of the egyr has been incidentally
referredd to, Apparently it owes its existence to the eccentric
position of the nucleus, the animal pole being that point on
the surface to which the nucleus is nearest.  Polarity bears a
gignificant relation to the specific gravity of the ovum, since
the nucleus reaches the surfuce of the latter at the animal
pole and there extrudes the polar globules; and it is also
related to the scgmentation of the fertilized egp.

The Hen’s Egg.—As the hen’s egg is so largely utilized
for the study of development, it will be profitable to consider
briefly its structure. The ovum or egg-cell is represented hy
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the yolk or yellow of the egg, the albumen or white, as well
as the shell wnd shell-membrane, being egg-envelopes con-
tributed by the oviduet.  As in other ova, the egg proper is
a single eell, having n vitelline membrane and a germinal
vesicle.  The enormous size of the cell iz due to the large
quuntity of nutritive material or deutoplasm present, this
contributing by far the greater part of the buik, while the
much smaller formative yolk or tootoplosm, -.;rnlmmn;, the
germinal vesiele, 18 =0 w.'u_ntrmu‘ﬁ_* Illi'ti"."h] tiat it seems to
float upon the surface of the dentopiasa,  The litde whitish
spot ou the surluce of the yolk, known as the cicatricula or
germinative disk, consists of the germinal vesicle with the
surrounding formative yolk. It iz in the germinative disk
alone that segmentation takes place, and it is for this reason
that egys of this class are {lcglgrmml meroblastic, or partially-
dividing eggs.

The deuwplasm iz made up of wkite and of yellow yolk

Fia 1. Idagrammatle longilndlnal section of sn unincatatsd hen's oo (afler
Aiaw Theoarmi (Fogew hal slteread) s B germallh g w g mhote yolk, which
wrmaieid ff & capleml flmalk vllln..ulﬂ A, alnl & numtwr of condenits Ll-l!’ o par-
Foriing Tha gelluw ol (g 1) md, Yielline membrane; 5 & sorsewhat fo.d
® e wan fhreia Lager mlib i tinnivdintely envelopsss he volk ;) w, aibarees, oo puverd
A mcsipaiiog lagere of gomv miwd less okl poetions ;. ok & chalame | & ok, alr-
wgn b bl Blid el of e g shinply & space betwosn e fuo lavess of

fow prat | peeanbormnn g oo o, Doied, ® e, vuker layer of the ahellmemiiane ) L
P

(Fig ) Tho fupmor sonsists of a thin layer spread over
tha pripBuras il tho Tatler § of o siall mass, known as Pacder's

-
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nuclens, situated under the germinative disk; of a larger
mass, the latebra, more deeply placed ; and of several con-
ceatric layers separated from each other by the yellow yolk.

Such is the egg as it leaves the hen's ovary.  In the begin-
ning of the oviduct it is fertilized by the spermatozaa alvend y
there.  After fertilization it pusses into the longiwdinally
furrowdd seeond part of the tube, where it reccives a copivis
coating of albuminous material, the white of the egg; thence
it goes into the villous thind part of the oviduet, where it
acquires a1 calearcous coating, the shell; finally, passing
through the fourth part of the eanal, it is *laid.”

The layer of albumen immediately _-':urrnum]ing the yolk
is relatively dense ; it is prolonged to either extremity of the
eug, somewhat spirally twisted, ns the chalazae. Inclosing
the albumen is the thin tough shell-membrane. This con-
sists of two layers, which sepamte at the blunt pole of the
egree soon alter it iz laid, giving rise to the air-chamber. The
shell, compased largely of lime =alts, is very porous and thus
readily permits of the necessary ms-interchange between the
contents of the ¢ and the external air duving inenbation.

Ova do not possess the remarkable vitality which is ebar-
aeteristie of spermatozon.  An unimpregnated ovum  per-
ishes in from seven to nine days.

Oogenesis,—The formation of ova takes place throughout
the greater part of fetal life and continnes for a short time
(two years, according to Waldever, Dischoff, and others)
after birth, Their number is estimated to he nhout seventy
thouzand.

The ovum, the direct derivative of the germinal “_"“'hﬂ"
Uum covering the free surfice of the ovary, js situnted in the
cortical part. of the latter organ, being enclosed D qhe
Graafian follicle,  As u rule, each Graafian fullicle °F ovi-
sac containg but one ovum, though sometimes twos and more
rarely three are present.

The Graaflan follicle, in its mature condition,
from 4 to 8 mm. in diameter, which is surrn??
sheath, the theea folliculi or tunica vagculosa, cont”™
condensation of the ovarian stroma.  The outer, ¢
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frce surface; b, tunfes mibuginea: e periphems? stroma eontalning |
Geaaflan futlicles () e well-adenneed follisle frean whose wall stubrand
loga Tias pariinlly separatsd ; f cavity of lquor folllculi: g ovum surroud
el ianss eonstituting dizcus proiigerus (Flersni)

Fro. A—&cctlon of human ovary, Inclading eotiex: o, germianl rpithq

zoue of the theea, containing large blood-vesscls, is
guished as the tunica fibrosa; the inner more cellula
rich in small vessels and capillaries, as the tunica

AN
SR

‘:.;L}_ﬂh
.

ey
Fra, 9.—Bection of well-developed Uraafian falllele from
Her); the eoclosed ovum coplains by




THE OVUM. 29

The fibrous wall of the follicle is lined by the membrana
granulosa, which consists of many layers of epithelial cells ;
these, at the point of contact with the ovum, project in such
a manner as to surround it completely, the cellular envelope
thus formed constituting the diseus proligerus. The inner
cells of the discus are arranged in two layers, the individual
elements having their long axes radially directed. From the
appearance of radial striation, conferred partly by this cir-
cumstance, the inner zone has been called the zona radiata
or zons pellucida, and the outer the corona radiata. The
cavity of the Graafian follicle is filled with fluid, the liquor
folliculi.

The stigma, or hilum follicull, a yellowish-white apot devoid
of blood-vessels on the free surface of the Graafian follicle,
indicates the point at which rupture will take place. After
this event, which occurs when the ovum is “ripe,” the latter
passes into the Fallopian tube.

The ultimate origin of the egg is to be sought in that im-
portant group of eells on the surface of the ovary to which
Waldeyer gave the name germinal epithelium. This first
appears at ahout the fifth week of intra-uterine life, as a
localized thickening of the cells of the structure that subse-
quently becomes the perituneum, The thickened areas com-
prise two longitudinal elevations on the dorsal side of the
future abdominal cavity, one on each side of the median
plane of the body ; these are the genital ridges. Owing to
the development of conncetive tissue beneath the epithelium,
the ridges increase in thickness, and, with the progress of
other changes, finally become, in the female, the ovaries.
At about the sixth or seventh week—the germinal epithelium

now consiating of several lavers of cells instead of being a
single stratum thick, as at first—cord-like processes, the
sexual cords, or primary egg-tubes, or egg-columns, grow from
the surface into the underlying connective tissue, carrying with
them certain of the surface—cells (see Fig. 112). Conspicuoys
among these are the large sexual cells, or primitive ova; while
smallor eells, likewise from the germinal epithelium, gpe
also present.  The sexual cords become diviged into groypg

- Foo



L
el

30 TEXT-BOOK OF EMBRYOLOGY.

of cells, each group containing one or more primitive ova
and many of the smaller cells. Gradually, the small cells
of the group surround the primitive ovum, at first as a single
layer of flattencd cells, which are succeeded by several layers
of polygonal cells. From these enveloping cells come the
membrana granulosa and the theca of the Graufian follicle,

The primitive ova become fully formed eggs upon the
assumption by their rather ill-defined nuclei of the charac-
teristic shape and structure of typical nuclei, coincidentally
with the occurrence of other changes of secondary importance
in other parts of the cell.

The youngest ova are found nearest the surface of the
ovary, the cggs as they develop advancing toward, but never
entering, the medulla of the organ. Finally, in the fully-
developed condition of the ovum and the follicle, the size of
the latter is such that its diameter equals or excecds the
thickness of the ovarian cortex, its position being usually
indicated by a small prominence on the surface of the ovary.

MATURATION OF THE OVUM.

By maturation or ripening is meant that series of changes
by which the ovum is prepared for fertilization and without
which the latter process is impossible. In nearly all mam-
mals, including man, it occurs while the ovum is still in the
Graafian follicle ; in some other groups it takes place after
the egg has reached the oviduct.

Briefly, maturation may be said to consist in the extrusion
from the cell of a part of its nucleus and of a small part of
its protoplasm. The nucleus undergoes changes practically
identical with those of ordinary cell-division. First, the
nuclear membrane disappears, the nucleolus disintegrates,
the nuclear juice becomes mingled with the surrounding pro-
toplasm, and the nucleus moves toward the periphery of the
egg (Fig. 10). There ia now formed a nuclear spindle from
the achromatin substance of the nucleus. The long axis o
the spindle lies parallel with one of the radii, and its dire
tion is determined by the position of the pole-corpuscl
Each pole-corpuscle is surrounded by a radiation, the att:
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~ tion-sphere or polar striation.  These bodies exercise a con-
trolling influcnce upon the nuclear spindle, so that it assumes

Fig. t.~Fortioine of the nva of Astrrias gfarintiz, showing changes affecting the
goemminal vesfole at the hegiuning of waturation (Hertwigi: a, gernifnal vesicle:
b, gesmlnal spot, composed of guclein and paranucleln (¢) ;) d, nuclear spindle in
trcoess of fortsation,

such a positivn that ench of its apices points toward a pole-
corpuscle, ,

The outer extremity of the nuclear spindle, being made to
protrude by the continued onward movement of the nucleus,
hecomes detached (Mg, 11); this separated piece, with the

Firo. N.—Formation of the polae Lodies in the ova of delevice glacialis {lient-
wig ps, polar sofudle; pb’, At polar dbody: p&7, second polar bisly; n, nucleas
resurnitiz to conditlen of roest,

small surrounding constricted-off mass of protoplasm, con-
stitutes the first polar body. From the remnant of the first
nuclear spindle, a second one is formed, which in the rame
manner extrudes the second polar body. What remains of
the nucleus now moves toward the center of the cell and
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temporarily disappears, soon to reappear ns the female pro-
nucleus. The position of the female pronucleus is nearly or
absolutely central. The protoplasm surrounding it is rudially
striated (Fig. 12). The egg is now ready for fertilization,

A n \ ' It

T

T

A g

i - Fi0.12—A, mature vum of echinus: n, female proaveleus. W lmmatuee oy arjan
1 ovum of vehinus {Hertwig) "’

The fate of the polar bodies is undetersined.  For some
time after their extrusion, and pending tljir final disappear-
unce, they are to be seen lying in the perivitelline space.
The furmation of polar globules is probahly almost universal
throughout the animal world, although ﬁ_:_l. reptiles aud binds
and in some fishes and amphibians they have not as yet been
demonstrated. It is of interest to m;u: that in some par-
thenogenetic eggs—that is, ‘epres capable of developing into a
new individual without contaet with the male clement, as for
example the summer eggs of plant lice and of some other
arthropods—only one polar globule is said to be formed,

One of the theories advanced to explain the phenomenon
of maturation is that of Minot. This théory assumes that
the ovum is at first hermaphroditie—that is, that it contains
both male and female elements, and that the extengion of the
polar bodies is a casting-off’ of the male clement. Hertwig
and others believe, however, that the formation of the polar

; bodies i3 an abortive cell-division, the bodies being aborted
1 cells,
OVULATION,

Extrusion of the ovum from the Granfian fullicle, or ovu-
: lation, oceurs upon the completion of the proecess of matura-

x
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tion. As the time for this event approaches, the wall of the
follicle at the site of the stigma becomes much thinned and
finally rupturcs, and the ovum passes into the Fallopian
tube (Fig. 13). If, instead of pussing into the tube, the

——
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Fru. 13 —=Ovary ;i-m miskure Gimafan fellicle ‘a.hm..u. r-:u-!:: in-.t.mtﬂ [Ftihemant-
Ihmsalgnesh,

ovum maintzins its connection with the ovary and is fertil-

ized there, it may nndergo partial development in #ilic; such

a condition constitutes one variety of extra-uterine pregnancy

or ectopic gestation,

Ova are extrnded from the ovary, one or more at a time,
at regular, generully monthly, intervals, from puberty to the
climucterie.

After the escape of the ovum, hemorrhage into the empty
fellicle oceurs, the resulting elot being the corpus hemorrhagi-
cum, According te Leopold, it rupture eccurs during the
intermenstrual period instead of at the time of menstruation,
hemorrhage will be small or entively wanting, the resulting
corpus lutcum being ealled then alypical, to distinguish it
from the fypical bdy formed in the ordinary manner,

The blood-clot is svon permeated by eells originating in
the wall of the follicle, some of which ave fusiform con-
nective-tissie l.'q.']].-.-‘, while others are l:u-;__n.-. volls uqmtuilﬁnf__{'
the yellow pigment, lutein,  Meanwhile, the follicolar wall
thickens and becomes plieated,  Later, upon the replacement
of the muza of elot and eells by filivonzs tizsne and the devel-
opment of capillaries within it, the body assumes a yellowish
cieatricial appenranee and s koown as the corpus luteum.
(Iige. 14). The eolor of the corpus varies considerably in

3
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different species of nnimals, the yellow color heing character-
istic for the human subject. :

If the ovum is not fertilized, the corpus luteum attaios its
maximum development in less than a week and begins to

~ghrink at about the twelfth day, becoming completely ab-

sorbed in a fow weeks., IFf fertilization cecurs, it continues

- to grow for two or three months and nequires a size one-

fourth or oue-third that of the entire vwury; pevsisting till

Curpar luteam,

Tude ¢ul aerory,

. "\‘.‘:K:"Prl'#gn.
Fia. 1i.—Dvarles of twa virging, ehowing larpe corpora Iuten, resembling those
jrvgnnney it

toward the end of gestation, it finally shrinks to a sr
white sear, which may not totally disappear until a mont
more after Jabor.

It has been eustomary to designate the larger, better
oped yellow body, the true corpus luteum, or the
lutenm of pregmancy, in contradistinetion to the so-
false corpus luteum of menstruation, and to regard th
ence of the former as nbsolute proof of previons im
tion, This view is no longer tenable, since bodies *
in appearanee with true corpora luten have been
virgin ovaries (Hirst).

The relation of ovulation to the menstrnal fo
been much diseussed. While the two processes us
at the same time, they are not to be regarded ¢
one upon the other. It has been ghown by
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observations have been confirmed by Leopold, that as a rule
Grasfian follicles burst during menstruation, though they may
rupture before or after this event. It has also been shown
that in the rabbit sexual intercourse hastens the rupture of
the follicle.

. MENSTRUATION.

Menstruation, or the catamenial flow, is considered here
because of its natural association with the function of ovu-
lation.

Menstruation may be defined as o periodical discharge of
blood and disintegrated epithelium and other structural ele-
ments of the mucous membrane of the body of the uterus,
mixed with mueus from the uterine glands and the vagina,
occurring normally about every twenty-eight days, and
associated with more or less disturbance of the entire sexual
system. The inauguration of the function marks the age of
puberty, the beginning of the sexual life of woman; its ces- .
sation, known as the climacteric, or menopause, indicates the
termination of the child-bearing period.

In temperate climates, the menses are established between

. the thirteenth and =eventcenth vears and cense between the
ages of forty and fifty. In the tropics, they appear some-
what earlier ; in cold climates, somewhat later. The function
is suspended during pregnancy and, usually, during lactation.

The quantity of the disecharge, though subject to consider-
able variation, is usnally from 4 to § fluidounces. The blood
is venous in character, and, owing to admixture of alka-
line mueus, does not coagulate unless present in excessive
amount.

The menstrual cycle of twenty-eight days may be di-
vided into four periods: the constructive stage, comprising
from five to seven days; the destructive stage, lasting about
five days; the stage of repair, covering a period of threc or
four davs; and the stage of quiescencs, including the remain-
ing twelve to fourteen days.

In the comstructive stage, which occupies the six to seven
days preceding the discharge, the mucons membrane of the
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uterus becomes markedly swollen, the normal thickness of
from 1 to 2 millimeters being more than doubled. The ute-
rine glands becomne wider and longer and also more hranched.
The blood-vessels, especially the capillaries and veins, un-
dergo great increase in size, and the connective-tissue cellg
are increased in number. The thickened mucous membrane
resulting from these alterutions is the decidua menstrualis.
The term “ constructive ” is applied to this scriea of changes
for the reason that their apparent purpose is the preparation
of the womb for the reception of a fertilized ovim.

The destructive stage, corresponding to menstruation
proper, lasts from three to five days. It consisis essentially
in the partial destruction of the hypertrophied mucous mem-
brane, the menstrual decidua, accompanied by hemorrhage.
The ivitial step is the infiltration of blood into the subepi-
thelial tissue ; according to Overlach, this takes place, not by
rupture of capillaries, but by diapedesis. In a day or two
the superficial layers of the mucous membrane disintegrate
and are cast off, those portions of the enlarged uterine glands
included within this strutum sharing the same fate. By the
loss of the epithelium and the subjacent strata, the blood
vessels are exposed.  Subsequently these rupture, giving rf
to the characteristic hemorrhage.  Fatty degeneration seec
panies the death of the cast-off' tissue, and wa= thuug_]ﬂ
Kundrat and Engelman to be the direct cause of the he
rhage ; it is probable, however, that fatty degeneration
present until after the flow of blond haz begun,!

The stage of repair, comprising the three or four da;
lowing the period of the discharge, witnesses the ret
the uterine mucosu to its usnal condition.  With the
subsidence of the swelling, the superficial lavers, wk
lost, are replaced by the growth of new tiseue
deeper layers, which persisted, The formation o
epithelium begins at the mouths of the uterine gl

The stage of quiescence ¢xtends from the clos

! Marshall's "' Vertebrute Ewbryology ;' Minots “ H
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ceding stage to the end of the eyele, or, in other words, to
the beginning of the next constructive stage.

Other parts of the sexual apparatus, including the ovaries,
the Fallopian tubes, and the mammary glands, show more or
less sympathy with the uterus during menstruation, the
changes in them consisting chiefly in swelling, hyperemia,
and tenderness.

The Relation of Menstruation to Ovulation and
Conception.—The function of menstruation and the ex-
trusion of ova from the Graafian follicles, though closely
associated, are not dependent upon each other. Ovulation
occurs perhaps most commonly during the time of the men-
strual discharge, but it may take place before or after this
event. While it is now generully accepted that the two
functiona are not mutually interdependent in the sense that
one is a necescary part of the other, yet, since the turgescence
incident to sexunl intercourse has been shown to hasten the
rupture of the follicles, it seems reasonable to suppose that
the ovarian hypereinia attendant upon the menstrual epoch
would exert a like influence.

Since the function of menstruation is normally suspended
during pregnancy, the relation between menstruation and
ovulation, and of these to coneeption, are of practical inter-
est in determining the date of labor. The duration of preg-
nancy i3 from 270 to 280 days, nine calendar, or ten lunar,
months, and it dates from the moment of conception. But
gince the ovum retaing its vitality for abont a week after its
extrusion from the Grahan follicle, and since the activity
of the spermatozon may continue for severul weeks after their
entrunce into the female genital traet, it is impossible to fix
accurately the date of eoneeption even in those cases in which
there has been but one coitns. It is now believed by most
embryologist= that the ovum ix fertilizable only while it is
in the Fallopian tube, a period probably of about seven days ;
if this be troe, it follows that conception must oceur within
a week after ovulation, although it may be elfected as Iate as
two weeks after coitus.  Since the ovam is usnally discharged
from the ovary during the menstrual period, it is evident that
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the time most favorable for conception is the week following
menstruation ; and inasmuch as the latter function is sus-
pended during pregnancy, it is obvious that the most reliable
basis for calculating the probable date of conception is the
last menstruation. The method usually employed is to count
nine months and seven days from the first day of the last
menstruation. After what has been said it is perhaps need-
less to remind the reader that this can furnish only approxi-
mately the date of labor. In a case where conception ve-
curred a few days prior to the first omitted period, there
would be a discrepancy of several wecks between the actual,
and the calculated, termination of pregnancy.

FERTILIZATION.

Pertilization is that peculiar union of spermatozoon and
egg-cell which initiates the phenomena resulting in the forma-~
tion of a new individual. As implied in a preceding section,
impregnation is possible in the higher organisms only after
the completion of maturation, while in others, as for example
the maw-worm of the horse, spermatozoa enter the ovum
before the extrusion of the polar bodies, and thus one proces
overlaps the other.

The more primitive method of fertilization is that effecte
without copulation of the parent organisms, or external fr
tilization; this occurs in osscous fishes, in some amph
ians, and in many invertebrates. In these groups, '
ova and semen are discharged into the water and
meet.  In frogs, however, there is a quasi-copulativ
male embracing the female during the breeding seas
depositing semen upon the egys as they are evacuat
all higher animals, internal fertilization oceurs, thi
effected by sexunal congress.

In man, fertilization normally occurs in the outer
the Fallopian tube. The semen having been de:
the vagina, or the uterus, or even upon the vulvr
matazoa make their way into the oviduct by t'
motion of their tails. Meeting the ovnm, they sv
it, and some of them pass through the zona y
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the perivitelline space. It is believed by many investigators
that the canals of the zona cunstitute the avenues of entrance
for the spermatozoa. In the rather firm egg-envelopes of
insects and some fishes, there is a small aperture, the micro-
pyle, through which .the spermatozoa gain entrance.

While many spermatozoa may pass through the zona, enly
one—that one whose head first impinges against the vitelline
membrane—enters the ovum. Why others do not or cannot
enter is unknown; possibly because the egg's power of attrac-
tion is annulled (Minot). Polyspermia, or the penetration of
several spermatozoa, may occur, however, if the ovum is
unhealthy ; and in some lower types it is said to be normal.

As the spermatozoon is about to strike the vitelline mem-
brane, the protoplasm swells up at the point of contact into
the receptive prominence (Iig. 15). Through this the sper-

Fin. 15.—Partlons of the ova of Asdering glacfalis, showing the approach and
fuslon of the apermatozoon with the ovum (Hertwligl: e, furtilizing male element ;
b, elevation af protojdiasm of egg: ¥, &, stages of fuslon of the bead of the aper-
matozoun with the svum.

matozoon hores its wayj losing its tail in the process, and
thus beeoming the male pronuclens. The female pronucleus, it
will be remembered, lies in or near the center of the egg. The
two pronuclei now approach each other, and, upon meeting,
fuse and temporarily disappear. Soon they reappear, and
now constitute the segmentation-nuclsus or cleavage-nuclens
(Fig. 16).

Since the spermatozoon is the metamorphosed nucleus of a
cell formed in the testicle, and since the female pronucleus is
a part of the nucleus of the ovum, it follows that the seg-
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‘mentation-nncleus consists of chromatin substance ﬂnrh‘::‘d
from each parent. As this fact has been thought to explain,
anatomically, the offspring’s inheritance of both paternal and

Fin. 16.—A, :ft rliimd ovum of cehiinns (Mertwlg): the male (a) and the female
Tronueleus (b) are approaching: In 1 they have almoast Foaed ; ©, oviam of echlpur
afier comapletion of fertillzation (Hertwig) @ on., segrentatlonnocleus.

maternal charneteristics, it has been made the basis of
theory of heredity formulated by Hertwig and independen
advanced by Strashuryger.

Artificial fertilization, or the bringing about of the devels
ment of the ovum by artificial (chemical) means, without
participation of the male element, has been recently ext
mentally effected with the eggs of the sea-urchin by 7
of Chicago, These eggs, when first immersed for abor
hours in o mixture of sea-water and a weak soluf
magnesium  chlorid, and then transferred to norp
water, were found to undergo complete and normal
ment, producing perfect larve. This artificially

dwnlupment differed from that of the ordinary me
in being slower. o

s o0, e



CHAPTER II.

THE SEGMENTATION OF THE OVUM AND FORMA-
TION OF THE BLASTODERMIC VESICLE.

WHILE the fertilized ovum is passing along the Fallopian
tube to the uterus—a journey believed to require seven or
eight days in man'—it undergoes repeated segmentation, or
cleavage, hecoming a more or less globular mass of cells or
blastomeres. This mass is the mulberry-mass or morula.

The details of the process of division correspond closely
to those of ordinary indirect cell-division, or karyokinesis.
The first indication of approaching cleavage is seen in the
segmentation-nucleus, just as, in other cells, the sequence of
changes leading to cell-division is inaugurated in the nucleus.

The achromatin-substnnce of the segmentation-nucleus
forms a nuclear spindle in the ordinary manner, with a cen-
trosome or pole-corpuscle at each apex. The centrosome
is surrounded by the polar striation or attraction-sphere.
After the usual preliminary changes, the chromatin-substance
assumes the form of V-shaped loops arranged around the
equator of the spindle in such a manner as to produce the
wreath or aster. Each chromatin loop splits longitudinally,
and the resulting halves of each move to opposite poles of
the spindle, where they become grouped about the pole-cor-
puscle to constitute the daughter-wreaths of the new nuclei.
The vitellus now begins to divide, the first step being the
formation of an encircling groove on its surface ; this groove -
deepens more and more until finally division of the cell is
complete. In like maunner, cach daughter-cell divides into
two, and each of these two into other two, the cell-division
continuing until there results the mass of cells, or morula,
already mentioned (Plate I, Fig. 1).

These processes have been followed the most accurately in

1 Recent investigations by Peters, of Vienna, upon an amn'; of three or
four days, alrendy embedded in the uterine mucosa, would indicate that lesa

time than this is vccupied in traversing the ovideet
41
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the egg of the sea-urchin; in reptilian eggs, as well as in
thuose of the rabbit and other mammals, they have been
studied also and have been found to agree with the former
in all essential respects. Certain modifications dependent
upon the relations and proportions of formative-volk and
food-yolk will be pointed out hereafter.

While no one has scen the segmentation of the buman
ovum, there is no reason to suppose that it differs materially
from that of other mammals.

An interesting and probably significant modification of the
method of cleavage as just described has been vbserved by
Van Beneden in the ova of the maw-worm of the horse. In
this case male and female pronuclei do not fuse but merely
lie clore together. At the beginning of scgmentation, the
chromatin of each pronucleus assumes the form of a con-
voluted thread, which divides transversely into two sister-
threads. In this manner are produced four loops of chro-
matin, which become grouped around the equator of the
nuclear spindle just formed, and each one of which then
splits longitudinally into two threads. In the migration of
the scgments that now ensues, cach pair of sister-threads
separates, one thrend going to one pole of the spindle, one
to the other. Hence, at each pole, and taking part, there-
fore, in the formation of cach new nuclens, are two male
and two female threads of ehromatin.  Thus the male and
female pronuclei contribute equal shares of chromatin te
each daughter-nucleus.

Very suggestive in this conncetion is the observation
Nussbhaum, that if the same principle should be found
apply to all subsequent cell«livision, then every cell of
adult organism would consist of equal amounts of mat
from each parent.

Cleavage-planes.—The direetion of the planes of ¢
age is determined hy certain laws. The direction
plane of the first cleavage bears a definite relation
long axis of the nuclear spindle, whose position, in t

pends upon the manner of distribution of the egp
plasm, its direction coinciding with the longest dis
an oval egg, but lying in any diameter of a sphe:
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The first cleavage-plune always cuts the axis of the nuclear
spindle perpendicularly at its center; the second biscets the
first, also perpendicularly ; and the third is perpendicular to
the two others, and pusses through the middle of their axis
of intersection,

Kinds of Cleavage.—The mode of cleavage of the
ovam ig influenced by the relation of the protoplasm and
the deutoplusm to ench other, and by their relative propor-
tions. The clussifieation of ova according to their method
of cleavage is as follows:

1. Holoblastic ova are those in which se¢gmentation is total
—that is, the entire ovum undergoes division, If the re-
~sulting cells are of equal size, there is said to he

(1) Total equal cleavage; to this class belong the alecithal
ova of mammals (Fig. -4) and of amphioxus, to the segmen-
tation of which the above description niay be said to apply,
Strictly speaking, the cells are not of exactly equal size,
those in the region of the vegetative pole of the epg being
slightly larger than those av the animal pole.  Contrasted
with this is

(1) The total unequal cleavage of ammphibian ova, whose
segments ave of unequal gize (Fig. 17).  These eggs being

Pio, 17— Dagrara of the Givision of the froe's epg: A, stago of the Qest adbvision.
B, staze of the second division, The four scements 6f Lhe secand stawe of slivision
niv beginnheg to be divided by au cquatoria! firraw inta eight segments: p, pige
mauted rurface of the exo at ihe acimal pole: gr, the part of the cyg which s
ricker In protopdnsm o, the part whifch is ricier 1n deotoplasm; sp, noelear
epindle (Hertwigi

telolecithal, the ligher protoplasmie animul pole is directed
apward, while the deuatoplasmic vegetative pole is under-
neath.  The incquality of the resulting segments, ns well as
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the direction of the cleavage planes, may be appreciated by
reference to Fig. 17, which represents a frog’s ovu,

2, Meroblastic ova aro those in which the segmentation is
partial, division being limited to the formative yolk, or
protoplasm.

(a) Partial discoidal cleavags is the varicty of meroblastie
cleavage that occurs in those telolecithal ova liaving a germ-
disk (Fig. 7), to which Intter the segmentation is limited.
This method of segmentation is scen in the eggs of binds,
reptiles, and fishes, TIn the egg of the bird, which may be
taken ns n typical example, the germ-dizk, in whatever posi-

tion the egr may be placed, floals on the top of the yolk.

The beginuing of the first segmentation is indicated by a
furrow in the center of the surface of the germ-disk (Fig.

18).  This furrow deepens, cutting vertically from the

e T

A < e
Fio. 15~Burface view of the firt slages of cleavage In the hen's exg (alle

Costed: o, bonder of the gurmedisk; b, vertical furrow ; e, mnall contral pgnent;
large perlpheral segment.

upper to the lower surface of the germ-dizk, dividing it}
two equal parts. Another groove, crossing the frst
right angle, bisects each of the two segments, und eac
these iz in turn bisected by a radial furrow, so th
germ-disk now consists of eight sector-shaped cells,
furrows, appearing near the center of the disk, cut
apices of the sectors, adding small eentral segments.
divigion continues until the perm-disk consists of a
mass of cells, several strata thick, lying on the surfa
yolk.

The second method of meroblustic scgmentation

(b) Peripheral cleavage, which occurs in the ce
ova of arthropods (Fig. 6). In these egps, it wil

o
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bered, the nutritive-yolk is centrally placed and is surrounded
by the formative-yolk. The segmentation-nucleus lies in the
center of the nutritive-yolk, and in this position undergoes
division and subdivision. The new nuclei now migrate into
the peripherally placed formative-yolk, when the latter di-
vides into as many parts as there are nuclei, and thus the
central unsegmented nutritive-yolk becomes enclosed in a
sac compuosed of small cells.

THE STAQE OF THE BLASTULA.

Very soon there appears in the interior of the morula or
mulberry mass referred to above, a little fissure-like space,
called the cleavage-cavity or segmentation-cavity. When
this space has increased somewhat in size, the germ is said
to have reached the blastula stage, or the stage of the blasto-
dermic vesicle (Plate 1., Fig. 2).

What ny perhaps be regarded as the primitive form of
the blastula is that of the lancelet, or amphioxus lanceolatus,
one of the lowest vertebrates, a fish-like animal several inches
in length inhabiting the Mediterranean Sea.  The blastula in
this eaze is a simple sac composed of cells which surround
the cleavage-cavity as a single layer (Fig. 21, A). The cells
in the region of the vegetative pole are larger and more tur-
bid, because more dentoplasmie, than those at the animal
pole, as shown in the same figure.

The mammalian blastula is a hollow sphere, whose wall is
a layer of cells, the outer cell-mass, and into whouse central
space, the cleavage-cavity, projects an irregular mnss of gran-
ular eells constituting the inner cell-mass (Plate 1., Fig. 2).
The cleavage-cavity eontaing an albuminons Auid, It is
during this stage that the germ, in the ease of mammals,
reaches the uterns. As a peculiarity of the mammalian
ovum, the blastula now inereases preatly in size, the cleav-
age-eavity  beeoming dilated.  The zona pellucida, which
=till surrouncs the ovum, is by this time quite attenuated,
amed iz ealled the prochorion. The outer cell-mass, likewise
much thinned-out, constitutes Rauber's layer (DPlate I., Fig.
4). The signifieance of the cells of Rauber’s layer is un-
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known, © After a time they I,Tim[rlrmr, I:riﬁ_u:h]y [l}l" diginie-
grution (Kdlliker). The form of the blastula of mmphibinns
and of the Sauropsida (birds and reptiles) is greatly madified
by the relatively abundant nutritive yolk with which their
: ova are endowed. An
amphibion ovum in the
blistula stage is shown
in ¥ig 19 1t will be
seen that its walls con-
sist of several layens of
cells, amd the cleavage-
eavity iz encroached
upon to a considenible
extent by the large and
abundant cells of the
© vegetative pole, which
Fia. 10.~Hlastala of triton tenfntus: S5, s00- are  especially rich in
meutatlon-cavity ; rz, mamglunl gona: ds, eells ;
with abundant yolk (Herwigh, dq:lltn;ﬂ:u-.::n,. In the
egps of birds and rep-
tiles—that ig, in the telolecithal egea that “IHI{‘I‘E’I} Imrlinl
dizeoidal eegmentation—the blastula form is so markedly
modificd as to be rearcely recognizable. In this case, ns
shown in Fig. 20, the cleavage-cavity is a narrow fssure

-~ * T u, r 1
ol gt He e g, LA LN
B T et e ML Tt TR
S A R R L R

F1a. 0. —Medinn sectlon theotgh a perm-4isk of peistiurus in (he hlastn

{nfer Rilekerth: H, cavity of the blustuls; egmenied gurm ; di, Aoel
yolk with yelk-nuelef. " 2 R

whose roof is the germ-disk, and whose floor is the
mented nutritiveyolk, which latter corresponds ther

the lurge vegetative cells forming the floor of the ar
egg shown in Fig, 19, b

A e

L T



CHAPTER III.

THE GERM-LAYERS AND THE PRIMITIVE STREAK.

THE STAQE OF THE UASTRULA.

By the conversion of the one-layered germ, the blastula,
into the germ with two layers, the gastrula stage is attained.
The gustrule, in its typical form, consists of two layers of
cells surrounding a central cavity, which Jatter communicates
with the extsrior by means of a small aperture, the blasto-
pore. The mv'tt_',' is the archenteron or celenteron or intes-
tino-body cavity. The outer layer of cells is the ectoderm
or epiblast; the inner layer is the entoderm or hypoblast.
This form of the germ is scen in holoblastic invertebrate, us
well a3 in some vertebrate ova, and is typically exemplified
in the development of the amphioxus. The blastula of this
animal is a simple sac, the wall of which is a single layer of
epithelial cells surrounding the cleavage-cavity (Fig. 21, ).
By a pushing-in of the vegetative cells, the cleavage-cavity
is encroached upon and finally is completely obliterated, being
replaced by the archenteron (Fig. 21, ¢). From this it is
obvious that gastrulation occurs here by n simple process of
invagination. In ova with a large amount of food-yolk, as
in those of frogs, birds, und fishes, the process is modified
and complicated by this condition.

According to the so-ealled gastrula theory of Haeckel, all
metuzoa—that is, multicellular animals as distinguished from
protozoa, or unicellular organisms—pass through a typical
gastrula stage in the course of their development.

It has been held as a general principle that the higher
animals during their development repeat, to a greater or less
extent, the embryonic or the larval forms of the lower mem-
bers of the group to which they belong. Huxley has pointed
out the morphological identity of the adult form of the ccelen-

ar
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terata with the two-layered pmstrula.  This prineiple is one
ol importance as applying to the developmental bistory of
the various organs.

It must not be understond, however, that we find in mam-
mals auch a gastrula as that of amphioxos; some embryolo-
gists, indeed, do not employ the term gustrula in connectivn

Furo, 2le=Gastrulntion of amphilozus smodifed froan Hat=chek), A

, Mastulacz
az, animal oellsg o vegotatlve collsg o, cleavacecavity, B Thorlnning inyegize

ot of yogetntly e pale. O Gestrula stage, (e invacinmntion f the segetniive rells
ling eomplete: ok, vuter germ-dayer, o, innet gepwelayor; wl, arghenlersng E

Llastuguire.

with mammalian development, but eall the germ blast

dermie vesiele even after it has hecome t\\'q-i:'L}'e'rmI.
The mammalian v gastrula ™ (Plate 1, Fie 33 is n vesi

whose wall, for the most part, i= a single layver of Hatter

cells, known as Rauber’s laver; this lnver has been refe

to above as the awtenunted outer cell-maszs of the hia

Thronghout a limited aren, the germ-wall i< eomprosed

other lavers of cells in addition to the laver of Ranbe

mner of these lavers, compozed of fattened cells, is 1

derm; the outer, lying next to Ravber’s laver, and o

of enbical eells, is the ectoderm. At a Jater stage bt

take part in the formation of the entire wall of the
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The ectodern and the entoderm ure produced from the
inner cell-plate of the blastula. This mass gradually flattens,
becoming at first lens-shaped ; spreading out peripherally on
the inner surface of Rauber’s layer, it i3 at length differen-
tiated into the two primary germ-layers, the ectoderm and
the entoderm.

The cavity of the vesicle is the archenteron, or cclenteron.
As previously stated, the process of gastrulation and the form
of the gastrulu are modified in the case of ova possessing a
large proportion of deutoplasm. In the case of the frog,
for example, as well as in other amphibians, the blastula has
the form shown in Fig. 19. By an invagination of the blas-
tula-wall at the place of transition from the animal cells to
the vegetative cells, all of the latter and a part of the former
are carried into the interior of the blastula to form the lining
of the archenteron (Fig. 22). Compare this with the amphi-

Frio. 2 —Fagitial section through an veg of trlton (after the end of gastrulation):
ak, culer germ-layer: ik, Inner germelayer: oz, yolk-cells: df and o, dorsal and
venltral Nps of the coclenteron: wd, eolentersn: d, vitelllne plug; mk, middle
germo-layer (Herwlgn

oxus gaxtrula as shown in Fig. 21, In the bird’s egg, the
form of whose gastrula is shown in Fig. 23, an infolding
or invagination wceurs, as in the frog’s cgg, at the pluce of
transition from the animal cells to the vegetative cells, or, in
other words, at the margin of the germ-disk. The gastrula

thus formed is represented in Fig. 23, Its archenteron is a
r
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narrow fissure, and its blastoporc, sitvated at the posterior
margin of the germ-disk, is excecdingly small.
The Embryonal Area.—1lpoen tht surface of the germ

day of development-in the case of the rabbit’s germ—there is

s

o\ o =
L R b Rt vl A T ERS LI :
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Fra. B.—Lonzlindinal section thropgh the germ-link ot = fretilizod onlncabatsl
epg of the plehticesle (sfter Duvaly: ak, outer, &, Winee ecroedaver; o, cwled-
teron; o, antecien, A, posterioe p of the binstopsore o fesoratie groosel

a round whitish spot, the embryonal area, 1tz position corre-
gponds to that formerly held by the iuner cell-plate of the
blastula, as shown in Plate I., Fig. 2. Tt is only in this
region that the wall of the vesicle is, at this particalar s1age,
composed of more than a single laver of cells, the ectoderm
and the entoderm not extending much, if' at all, beyond its
periphery.

The embryonal aren, soon becoming oval (Fig. 21) and,
later, pear-shaped, exhibits, at its posterior murgin, a trans-

o &

Fio. W —Diastuls of the rabbit seven dagys old withour the outer *
trines.  Lengih 44 mm. (afer Killlker), Muenited ten digimeters, |

from sbove, ln 8 from the slite: a9, embryonie s arva cbryonalis);
up o which the Glasula is rwn-hym-t:q s o &

verse thickening ealled {he terminal ridge, which is
to be the aaterior lip of the blastopore. It may be s
to say that the terms anterior and posterior are
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reference to the {utnre body, the narrow end of the area em-
bryonalis eorresponding to the posterior pole or caudal ex-
tremity of the fetus,

In the chick's epg, the cmbryonic area (Fig. 23), or em-
bryonie shiehl, appears while the egg is yet in the oviduct.

Lo B

i, D=t gormi-dlaks of ben's ege 1o the (et o of Incutaiion (kfler

Eedler): off trea opaca; &0 sron pacliuobdong o coosvenl ) af, ctesteni-knob, of, elu-
Bryenle abiebds jee, pramliive grouve.

Its embryonic crescent corresponds to the mamalian terninal
ridge.  Segmentation being limited to the germ-disk in the
chick's egg, the resulting blastaderm, which is not o vesiele,
but & flattened miass (Fig. 23) composed of several lavers of
cells, rests by its margin upon the partinlly liquefied yvolk,
The ecntral region of the blastoderm, which overlies the
liquetied portion of the yolk, from its translucenee is known
as the area pellucida (Fig. 23), while the dark opague rim,
resting upon the yolk is the area opaca. The inner rim of
the area opaen i= the area wasculosa. These regions nre
ob=erved al=o in the mammalian ege,

It in in the ewhryonal area afone that the body of the
embryo is developed ; the other parts of the germ produee
extrm-embrvonic stenetnres, such as the amunion, the volk-
s, ofe,

Partial longitudinal division of the embryunic arca dur-

ing development results in the production of some form of

double monster ; its complete cleavage gives rise to homologous
or homogencoua twins, which are twins of the same sex and
of almost absolutely identieal structure,  Ordinary twins are
developed from separute ova, which may or may not have
come from the same ovary,

The Primitive Streak.—The primitive streak is a lincar



|
§
£

\
:;

: ':.';:mqiﬁjqn??mu;‘kiﬂg Iying in the long axis of the embi

TENT-BOOK OF EMBRYOLOGY.

‘area and containing a median furrow, the primitive
. {FigEB}‘ A transverse section through the primitive streal

Fin, %.—Embryonle area of mabbit-cmbryo (E. v, Beneden) : primitive streak beglo-
nliig o cell-proliferition known as the ¥ nude of Hensen,'

(Figs. 27 and 28) shows that this surfice-marking is pro-
tueed by a thickening of the ectoderm along the median
line, owing to a proliferation of cells from its under side.
The length of the streak i= about two-thirds of that of the
embryonal aren. In the rabbit’s ovam it is seen at about
the seventh day ; in the human germ the time of its appear-

F1o. . —Bectlon ncrosa the primitive streak of mbtit-ocmbrya (Killiker)

i ar re, nxinl ectodefm undersolng proliferation, me shown by ka
Einetle Bgures k] ; enf, eniodorm : m, mesodara, ;

ance 13 not koown, but iz probably about the twelfth
thirteenth day, 1In the case of such a gastrula as that of

;.INPHDIE&[F:g 21}, the lips of the blastopore approact
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other and fuse in a line corresponding to the median longi-
tudinal axis of the future embryonic area, the fusion or con-
ereseence beginning at the aoterior extremity of this line
and proceeding toward iis caudal end,  The surface-marking
produced by the apposition and partial union of the blnzto-
porie lips was ealled the primitive streak, and its median
furrow was known as the primitive groove, long before their
trae signifieance was appreciated.  Since the cdge of the

blastopore marks the place of transition from the entoderra
to the edoderm (Fig. 21), the two germ-layvers after the
Frimiliioe provee. Hepimnin

ammniam Fald,

1' Feimieies ifreals,

Eutossewivg fiai g
-_‘_i'rn.l'-\rr..wr,

Primtize bpdy-carily (colimi),

Fiscerad Layer
o mercdere, Hrtodere

Fro, 28 ~Transverse sectlon of the wobeyonie nren of o fourteci-and-a-hal Slay
ovum of sheep (Bonnet),

union of the edges of this opening are in intimate nssociation
under the primitive streak, as shown in Fig. 28,
Morphologieally the primitive streak of the higher verte-
brates is regarded as the fused and extended blastopore of
lower types. The terminal ridge of the mammalian embry-
onic area, ns well as the crescent of the embryonie shield of
avian and reptilian eggs, represents, ns stated above, the
anterior lip of the blastopore. Since the embryonal area is
inereasing in eircumferenee while the lips of the blastopore
are nndergoing union or concrescence, the transversely di-
rected terminal ridge, which lies at the posterior edge of the
embryonal area, and which remains a fixed point, becomes a
-«

-
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longitudinal marking, and this marking or primitive streak
comes to lie, therefore, behind the site of the blastopore.
Reference to Duval’s diagram (Fig. 29) will make this clear.

A B L
e,
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o, T
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7 ::*1 :'r Wi M E)
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W N K\ Nagr e
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Fro. ®.~Disgram elucidating the formation of the primitive groove (after
Duvell The Ineressing size of the germ-disk lo the eoure of the development is
indicated by duotted clreular lloes. The heaty lines represcnt ihe crescentls

grouve and the primitive groove which arises from (L by the fuslon of the edges
of the crescent,

After the development of the primitive streak, there is
seen, in the median line of the embryonal area, anterior to
the streak, another marking, the head-process of’ the primitive
streak. This is almost identical with the primitive axis of
Minot, which that investigator describes as a median band of
cells eonnected with the entoderm and extending forward
from the blastopore.

Hensen's node is an accumulation of eells on the under
surface of the ectaderm at the anterior end of the primitive
streak. It is important because of its relation to the neurvn-
teric canal, which will he deseribed later.

Although the primitive streak and blastopore play no part
in the luter stages of development, it iz worthy of note that
the former lies in the line of the longitudinal axis of the
future body, and that the position of the blastopore marks
the posterior or caudal end of the embryvo,

The Development of the Mesoderm.—The mesoderm
or mesoblast is a structure composed of several lavers of cells
I¥ing between the ectoderm and the entoderm, It is earliest
formed in the vicinity of the front end of the primitive
streak, the position ﬁlrmerh held by the blastopore. From
this point it grows laterally and posteriorly and, later, anteri-
orly as well. Tt is not, however, until other important

't'h.n_goa have taken place that it extends completely around
the germ.
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The terms gastral mesoderm and peristomal mesoderm
are used to designate respectively that portion developing
from the region of the head-process of the primitive streak
and that portion growing from the region of the blastopore.

Concerning the origin of the mesoderm much difference of
opinion prevails, The simpler and more primitive method
is seen in the amphioxus, in which it develops as two evagina-
tions from the dorsal wall of the archenteron, one on each
eidde of the mid-live. These entodermic fulds, containing
each a ecavity, the enteroceml, grow out laterally between the
inner and the outer germ-layers. DBy tranaverse constriction,
each fold divides into a series of segments, the somites, which
lic on cither side of the median line from the head-end to the
tail-end of the embryo. Each somite divides into a dorsal
part, the “protovertebra,” and a wventral part, the lateral
plate. DBy the fusion of the laternl plates of each side their
several eavities become one, the body-cavity or calom.

The origin of the middle germ-layer in higher vertebrates
i3 far less elearly mude out.  Some investigators hold that it
arizes in essentially the same manner as does that of amphi-
oxus—that ix, by evagination or outfolding of the entoderm
bounding the cwlenteron; the investigations, however, of
Bonnet and of Duval respeetively upon sheep and chick
embryos, point to a different conclusion. Bonnet’s ohserva-
tions show that the mesodermic tissue, starting from Hensen's
node, grows ont laterally between the ectoderm and the ento-
derm, and that at some distance from the median line of the
embryonic area there iy a delamination or aplitting-off of
cell: from the entoderm ; and, further, that these two primi-
tive areas prow toward each other and unite to form one
continuons sheet of mesoderm. It may be said, therefore,
that the wmesoderm originates from a double source, chiefly
Sfrom the entoderm, bt also from the ecloderm, gince the cells
giving rise to the part that grows from the region of Hen-
sen’s node are eetodermic. A section of the germ transverse
to the long axis of the embryovvic area (Figs. 27 and 28)
shows the mesoderm to be a distinet and independent layer,
sharply defined from the other germ-layers everywhere except
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in the region of the mid-line, in which position the threo
layers are so closely related as to constitute une structure.

_The mesoderm does not extend completely avound the germ

at this stage, being deficient on the side apposite the embry-
onie area.
- The meswleri, after its formation, grows by the pm]iﬁ:m-
tion of its own cells, independently of the ectoderm and the
entoderin,

If the expansion of the mesoderm, as indicated by the
surfuce appearance of the germ (I'ig. 20), be notud, it will

Fro. M.—Tagrammnlle surfice view of rabbdt's avum af 200 hours (afler Toar-
neux). The darkly shadel arca lodicates the extent of the mesoderm,  a, Periphe

eral Umit of area opmea; &, of arce pellacidas ¢ of parictal gone; o, of abem-zone;
Ji llensen's node; o, proamnion,

be scen that at first it is present thronghout a pear-shape
Somewhat Iat
two wing-like expansions grow forward from the front -
of this area (IMig. 31); these wings, mecting at their
enclose a space, the proamnion, which is devoid of mesod
Referring amin to the transverse scetion (i, 28),
evident that the middle germ-layer in the vicinity o
median line is composed of a somewhat irregular me

cells, while farther away it constitutes a lamina on e
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As development advances, these two portions beeome more
diflerentinted from each other, althougl they are not entirely
separated until much later.  The thick mass adjacent to the
median line is the vertebral plate, ur primitive segment plate,
or paraxial mesoderm; the more flattened luternl portion is
the lateral plate. "The mesoderm at this swge, therefure,
consists of four parts—the two paraxinl masses, Iving one on
ach side ol the median line, and extending from the head-

Fra Ml.—Dlagrmmatbe gurfacs view of rabbill's v oF 201 hoiirs {afler Toies
neusy  The dark Iy aliaded aren indleates the extent of the mesaederin, 1, Perlpbis
oral Mouit of arca ojaea: 2, of aren gellneldas 3, of porlctal sone: §, of Slemi-gone:
€, Mensen's moale ; 7, promnoatiion,

emd to the tail-end of the embryonnl area, and the two lateral
plares, situated upon the onter sides of the paraxial columns,

Fach primitive segmnt plate undergoes transverse division
into a number of irregularly cubical misses, the mesoblastic
somites, or primitive segments, often improperly called the
protovertebre, The presence amd position of’ the primitive
segments are indicated by trnsverse paeallel lines on the
surfaer of the germ, which constitute a series on cither side
of the primitive streak and it= head-proces< (Figs. 31 and
7). The formation of the somites heging at the cephalie end
of the embryo and progresses tailward.

The lateral plate of the mezoderm splits into two lamellw,



'

 IEXT-DOOK OF EMBEYOLOGY.

the ’?"'-t'!. Lof the mid-line, in which position the the
YOy Elﬁﬂ]yrehﬁﬂ a5 bty cousiiioie ome sITOCONNR
does not extend ecumpletely sround the ge
n, being deficient on the side oppesize the emb

m]m-ﬂ, after ite formation, grows by the pmlii-ﬁ-.
ts own cell, independently of the oteelerm and the

1
s indicated by M
; :.*.-".i,'li.. i: "iﬂ‘:

MM fWMk sutfice riew of sabhil's ovum of 200 hours ‘afler Tous

Arkly shaded arca Indicstes the extent of the measiorm. o, Periphs

HArea opaid; b, of ares pellocida; o, Blakas oo R :
‘%tw:'ﬁillﬂrlmuhu_ el o, of parieis! sone; o, of stes=-sone

e 'ﬂlﬂt at first it is present throughont s pear-shape
hhuefhamw end is directed forward,  Somewhat lat
T ﬂ‘ihg-hlm eXpansions grow forward from the front -
mhﬂ?ig. 31]; these wings, met.-:i.u; at their
o, %E'Miﬂn. which iz devoid of mesod
Again to the transverse scotion (Fig. 28),
I}B middle germ-layer in the vieinity o
composed of a somewhat irregalar me

s Er away it constitutes a laming on e



THE STAGE OF THE GAST_F,; rr s 57
.

As development advunces, these two POrtic e
=

it i i become  rnore
differentiated Irom each other, althougrh tlaay-

. & 3 mre not entively
separated until much later.  The thick myni=s adjacent to the

medinn line is the vertebral plate, or primitive sezment plate,
or paraxial mesoderm; the more flattencel  lanterl prortiesn is
the lateral plate. The mesoderm at this stage, therefore,
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of which the outer or parietal layer is the somatic mesoderm.
and the inner or wisceral layer ia the splanchunic mesoderm.
The somatic mesoderm unites with the ectoderm, forming the
somatoplenre; the splanchnic mesoderm unites with the ento-
derm, forming the splanchmoplenrs. The fissure-like cavity
between the somatopleure and the splanchnopleure is the
ewlom, or body-cavity, or pleuroperitoneal eavity (Fig. 36).
The great serous cavities of the adult body—pleural, peri-
cardial, and peritoneal—are later subdivisions of the cce-
lom.

The mesodermic cells bounding the Lody-cavity become
flattened and endothelioid in chamecter, and constitute the
mesothelium ; from them are descended the various endothe-
lial cells lining the serous cavities of the mature organism.
According to some authorities, among whom Hertwig may
be especially mentioned, there develop from the mesotheliuin
at an early stage certain cells whose particular function is
the formation of the different kinds of connective tissue,
such as bone, cartilage, fibrous tissue, ete.; these clements
are often distinguizhed as mesenchymal cells, or collectively,
a3 mesenchyme. Accordiug to this classification, the impor-
tance of which is insisted npon by Minot, the mesenchyme
includes all the mesodermic tissue except the flattened cells,
the mesothelium, lining the body-cavity.!

His claims a double origin for the mesoderm. He main-
tains that the mesothelium and the smooth musculature of
the body are of intra-embryonie origin, and these structures
he terms the archiblast; while all other parts of the meso-
derm, which he designates the parablast, have, in his opinior
an extra-embryonit sourcs, being derived possibly from t'
granulosa cells of the ovary. These views are not shar
however, by the majority of embryologists.

The Derivatives of the Germ-layers.—From
three primary germ-layers are developed the various t
and organs of the body by metamorphoses which m:

* Minot holds with Gioette that the mesenchymal cells are the
of the mesothelium. Hertwig maintaina that the menenchyma ar'
all the other germ-layers by the emigration of isolated cells
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referred to the two fundamental processes of specialization,
or the adaptation of etructure to function, and of unequal
growth, which latter results in the formation of folds, ridges,
and constrictions.

From the ectoderm are produced :—

The epidermis and ils appendages, including the nails, the
epithelium of the sehaccous und sweat-glands and their invol-
untary muscles, the hair, and the epithelium of the mammary
glands.

The @ufoldings of the epidermis, including the epithelium
of the mouth, with the enamel of the tecth, the epithelium
of the miivury glands, and the anterior lobe of the pituitary
body :

The epithelium of the nasal truct with its glands and com-
municating eavities:

The epithelial lining of the external auditory canal, includ-
ing the outer stratum of the membrana tympani :

The- lining of the anus and of the anterior part of the
urethra :

The epithelium of the conjunctiva and of the anterior part
of the cornea, the crystalline lens,

The spinal cord, the brain with its outgrowths, including
the optic nerve, the retina, and the posterior lobe of the
pituitary hody.

The cpithelium of the internal car.

From the entoderm are produced :—

The epithelium of the respiratory tract.

The epithelium of the digestive tract, from the back part
of the pharynx to the anus, including its associated glands,
the liver, and the pancreas.

The epithelial parts of the middle car and of the Eustachian
tube. '

The epithelium of the thymus and thyroid bodies.

The epithelium of the bladder, and of the first part of the
male urethra, and of the entire female urethra.

i
F
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From the mesoderm are developed :—

Connective tissue in all ifs modified forms, such as bone,
dentine, cartilage, lymph, blood, fibrous and areolar tissue.

Muscular tissue.

All endothelial cells, as of joint-cavities, bursal sacs,
lymph-sacs, blood-vessels, pericardium and endocardium,
pleura, and peritoneum.

The spleen.

The kidney and the ureler,

The festicle and its system of ercrefory ducts.

The ovary, the Fallopian tube, the ulerus, and the vagina.

From the foregoing tabulation it may be seen that, gener-
ally speaking, all epithelial structures originate from either
the ectoderm or the entoderm, the notable exception to this
rule being that the epithelinm of the sexual glands and their

ducts, and also that of the kidney aud of the ureter, pmceed
from the mesoderm.



CHAPTER IV,

THE BEGINNING DIFFERENTIATION OF THE EM-
BRYO; THE NEURAL CANAL; THE CHORDA
DORSALIS; THE MESOBLASTIC SOMITES.

THE germ, in the stages thus far considered, has the form
of a hollow sphere or vesicle. It will be seen, in following
the further history of development, that the luyers of cells
constituting the walls of the vesicle give rise to the alterations
of external form and to the rudiments of the various organs
of later stuges by processes which, though secemingly com-
plex, are referuble to certain simple fundamental principles.
It is, namely, in the unequal growth of different parts of the
germ, in outfoldings and infoldings, and in the furrowing and
constricting-off of parts, as well as in the adaptation of struct-
ure to function, that we find an explanation of the various
developmental processes.

The first indication of the formation of the embryo and of
its differentiation from the parts of the germ that are destined
to produce, wholly or in part, the several extra-embryonic
structures, is the marking out of the embryonic area by the
thickening of the cells of the vesicle-wall in a definitely cir-
eumseribed region. The structures designated as extra-em-
bryonic are the umbilical vesicle, the amnion, the allantois, and
the fetal part of the placenta. The development of these and
the production of the external form of the body of the em-
bryo will be econsidered in the next chapter.

The primitive streak and its head-process have been already
described.  After their appearance the further evolution of
the embryonic body is closely associated with three funda-
mentally important processes—namely, the formation of the
neural canal, of the chords dorsalls, and of the mesoblastic

somites.
81
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row or groove (Fige. 32, 33, and 34},  The curling margins
of the plate carry with them, as they rise, the adjacent
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thinner ectoderm ; these projections constitute the medullary
folds. A surfuce view shows the medullary folds to be
continuous with eaxch other in front, while their posterior
ends are separated and embrace between them the front end
of t_hﬂ pﬁmiiivc streak {Fig. :'FE:I. Since the formation of :
these steuetures is always more advanced iu the anterior part
of the embryonie arca, their posterior exiromitics dare not

sharply defined but fade away (Fig. 22),  7he edges of the

medullary plate continue to curl until they wueet, when they

unite, forming the medullary or neural canol (1Mo, 35 and
Cloring S

Ertoderm, mrural casal, P dpon,
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Fin. 36 —Transverse sectlim of o ffteen-and n-helfday sheepombrye posseasing
meven somites (Demnet)

46). The medullary folds and plate continuing to advance
toward the tail-end of the embryonie area, and the closure
of the tube taking place from before hackward, the entire
primitive streak is made to disappear by being included within
the ncural tube. , ;

The medullary folds having grown toward each other a
short time bLefore the union of the edees of the medullary
plate now unite over the partinlly formed nevral tobe, By
the growth of the medullary folds and their :-'ulli'l':l?q'tl('l;l-
coaleseence, the completed nenral tule comes to lie under the
surface ectoderm, its eonnection with which i= afterward lost.
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It is nppurent, therefore, that the neurnl tube is a structure
whos=e walls are composed of cetodermic cells, and that ir Las
originated from the ectoderm by what may be called o process
of infolding.

The medullary canal is the fundament of the entire adult
nervous system.  The ficst step in the conversion of e struet-
ure =o simple into one 50 vomplex consists in the dilatation of
the cephalic snd of the neural tube and the subzequent division
of this diluted extremity into three imperfectly separated com-
partmenis. samed respectively the fore-brain, the mid-brain,
ain vesicles, It is by the multiplication and
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specialization of the eell: composing the walls of the medunl-
lary tubie that the cerebrospinal axis is produced, the brain-
vesieles griving rize to the brain-mass, while the remainder of
the tube produces the spinal cord.  Approximately one-half
of the length of the tulie is devoted to the formation of the
brnin, the other half ﬂtl'nliul_{ the :-ipimﬂ gord.

The neural tube closes first in the future eervieal region,
the uEph:l]ie praart of the ecanal Nnmi:ﬁng opsn for a time.
From the neck region the elosure of the tube progresses
toward either end of the embryo.

The Notochord or Chorda Dorsalis.—The notochord
i= a =olid evlindrical eolumn of eells lving parillel with the
medullary tube, on lllir_li:lm'sul side of the archenteric l.ﬂ\'il}'.
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Its position is that of a line passing through the centers of
the bodies of the future vertebrse, The development of the
chorda occurs at the same time as that of the neural tube,
and in a very similar manuver. A thickening of the cells of
the entoderm in a longitudinal line extending along the
dorsal aspect of the calenteron produces the chordal plate.
Along either edge of the chordal plate a small fold of ento-
derm projects ventralward. By the curling around of the
edges of the chordal plate, the latter becomes a solid eylinder
of cells, which is sepurated from the entoderm proper by the
union of the chordal folds, as shown in Figs. 35 and 36.

The appearance of the notochord is the first indieation of
the axis of the embryo, since around it the permanent EI’IiHHI
column is built up. The relative size of the chorda is less
in the higher vertebrates than in the lower members of this
group. It is ove of the distinctive features of a vertebrated
animal,

The chorda is essentially an embryonie structure, since it
gives rise to no adult orgun. Its only representative in
pﬁulhﬂml life is the im].p}' substance in the eenters of the
intervertebral disks. It is a permanent structure in one
vertebrate only, the amphioxus. In this animal it iz the
representative of the spinal column of higher vertebrates
The notochord affords another illustration of the principle
that higher organisms repeat, in their development, the
structure of the lower members of the group to which they
belong.

The Neurenteric Canal.—The neurenteric canal *
closely associated with the development of the medulla
canal and with the disappearance of the primitive groc
We have learnsd that the ]ﬂﬁ.stnporg 1= the orifice thre
which the ceelenteron opens to the exterior, and also th
hirds and mammals the position of the blastopore, as
cated by the presence of the terminal ridge, correspon
the anterior end of the primitive streak, and therefore «
primitive groove. Reference to Fig. 32 will show t)
mednllary folds have extended so far posteriorly th
embrace between them the primitive groove; theref:
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they unite to form the neural canal, the primitive streak fulls
within its limits,

In a gastrula with an open blastopore, such as that of the
amphioxus and those of amphibians, the blastopore is in-
eluded between the medullary folds, and, after the completion
of the neural eanal, it eonstitutes an avenne of communica-
tion hetween the latter and the ecelenteron or primitive enterie
cavity; this communication is the neurenteric canal. Tn
mammals, as also in birds, reptiles, and selachians, classes in
which the primitive strenk is the representative of the closed
blastopore, & small eanal is found at the anterior end of the
primitive groave, passing through Hensen's node, and open-
ing inte the colenteron,  With the covering in of the primi-
tive gronve hy the medullary folds, this caval beeomes the
penrenterie eanal.  Aceording to Grf Spee, a oeurenterie
eanal i= fonnd in the human embryo, as well as in the groups
above mentioned.  The eanal is o temporary structure nnd
gives rise to no organ of the adult.

The Somites or Primitive Segments.—Tle meso-
blastic somites are cuboidal masses of cells, armnged in two
parallel rows, one on cach side of the notochonl, extending
the entire length of the body of the embryvo,  They are
sometimes called profovertebre, but this term if used at all
should be restricted to a suldivision of them that appears
luter.

The development of the somites was incidentally referred
to in the deseription of the mesoderm.  As mentioned in that
eonneetion, the paraxial plates of nesoderm, lying as parallel
longitudinal columns, one on each side of the notochord,
break up, each one into its corresponding series of primitive
segments,  The division throughout the entire length of the
houly takes plce not simnltaneonsly, but conseentively, begin-
ning at the head-end.

The segmentation of the axial mesoderm iz indicated by
certain surfice markings.  The surface of the embryonal
area, at the stage when the primitive streak and the medul-
lary grroove are present, shows a dark zone on either side of
the median line, the so-ealled stem-zome, which marks the

et e s s St
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limits of the axiul plate of mesoderm (INig. 37); the position
of the lateral plates is indicated by the peripheral lighter

* parietal zone. The stem-zone soon exhibits, on each side of

the primitive streak and medullary groove, a series of parallel
transverse lines, produced by the trunsverse furrowing of the
axinl plates, preparutory to their division into the primitive

- segents.  The first pair of somites is fornied in the fture

cervical region, betore the medullary fulds have united to
form the neural tube, and when the peimitive streak is yet
present.  After the appearunee of the Hrst pair, the forma-

Fig. 37.—Rabblt cwbryo of tho ninth day, scen from the dorsal side fafter
Ralliker)y 3fagmified 21 dinmeters. The stem-zone (4 and the parietal sone (pi)
are Un ke dlstingnished. In the former & palrs of pelinitive segments have I<en
taiablished at the sbde of the chiorda and nevtrml tube: ap, area pelueidas o,
meduliaty groove: rh, fare-breln; ab, eye-veslcle; ma, mid-braing Ab hind-Lrain:
ine, primltive seenent; s, stem-zone; pr. parietal zone: &, heart; ph, poricantial
ract of the Wady-eaviiy: of, mamgin of the entrapes e the hoemlgut (renlere

Darmpforie), been through the overl - i Yell
s ying structures; qf, amolotic fold: o,
vinphalomesenterion. ¥

tion of other segments proceeds headward and tailward. In
gelachinns the number of hend-segments lias been shown to
be nine; in higher vertcbrates the number is possibly less.
The trunk-segments nre ndded in regular order from the
neck-region to the tail-end of the embryo.

The first somites appear on the eighth day in the rabt
and hetween the twenticth ond twenty-second hours in
chick. While they are forming, the ncursl canal is clo
the notochord is differentiating from the entoderm, ant

Iﬂlt‘_ﬁll plates of mesoderm are plitting to farm the h
awvity or emlom,
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TrE SOMITES OR PRIMITIVE SEGMENTS. 9

In structure the primitive segments of lower vertehrates
consist of columnar cells arranged around a central cavity
(Figs, 34 and 36). The cavity, iv the amphioxus, communi-
cates for a time with the ceclenteron, since the segments
are in this ease developed as entodermic evaginations; in
selachians, the method of formation of whose primitive sep-
ments may he regarded as the primitive method for ver-
tehrates, the eavity is for a time in communication with the
body-cavity, since the segments in these animals develop as
Af by evazination from the dorsal side of the mesoderm afler
it has separted into ite parietal and viseernl lavers and before
it has divided into the axial and lateral plates, The size of
the eavity is quite vuriable; in some cases, s in the Amniota,
it is almost it not entirely obliterated by the encroachment
of the eells of the walls of the somite.

Belonging to the somite, though not apparent on the sur-
face, iz o mass of cells which connects, for same time, the
somite proper with the lateral plate (Fig, 36). - This is
known as the intermediate cell-mass or middle plate. Later,
the sepuration of these is effeeted, the mesinl part of the
somite being  the myotome, the intermedinte rell-mnss
becoming the nophrotome. Kach wone of these parts
containg a cavity, that of the myotome heing called the
myocwl. IFrom the joner, mesinl side of the myotome,
embryonie  connective-tissue  eells (mesenchyme) develop,
ennstituting the sclerotome, or skeletogenmous tissue, The
selerotomes, made up of loazely-arranged embryonal con-
nective tissue, grow aronmd the medullary ennal and ehorda
dorsalis, spreading oul and fusing with each other,  Sulise-
quently this tissue produces the vertebml column and its
associated  limumentous and  eartilaginons strnctuves.  The
outer part of' the myotome, sometimes enlled the eutis plate,
gives rise fo the eorinm of the skin of the trunk. The re-
maininge pawrt of the tyotome, thut situated lfi)rﬁf,ﬂutunlli:.',
constitutes the muscle-plate or myotome proper ; it gives rise
to the voluntary mu=enlature of the trunk.

The segmentation of the body of the embryo is an embryo-
lugieal process of great significance.

™
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The segmented condition is common to the developmental
stage of all true vertebrates, and in some invertebrates it
persists throughout adult life. The development of the
axial skeleton and of the muscular system, it will be seen
later, bears an important relation to the process of segmen-
tation, as does also the evolution of the genito-urinary
gystem.

Upon reflection, it will be seen that in the region of the
embryo corresponding to the future neck =nd trunk, the
segmentation affects only the dorsal part of the body, while
the ventral mesoderm, the so-called luteral piste, which con-
tains the ceelom, remains unsegmented. On the other hand,
in the head-region, the segmentation is both dorsal and ven-
tral, the former being in series with the trunk-segments,
while the latter, affecting the ventral mesoderm, and there-
fore also, in the corresponding region, the ceelom, produces
the structures known as the visceral arches (see Chapter VIL.).

The relation of the primitive segments to the differentia-
tion of the skeleton and of the musculature of the trunk, and

aleo of the visceral arches to the muscles of the jaws, will be
considered in subsequent chapters.



CHAPTER Y.

THE FORMATION OF THE BODY-WALL, OF THE
INTESTINAL CANAL, AND OF THE FETAL
MEMBRANES. : :

e

- THE farzastion of the fetal membranes ocenrs eoineidentully
with the prednetion of the external form of the body of the
einbrye. . These changes mark the division of the hollow
sphere se vesiele of which the germ consists up to this stage
inty twa gasentinlly different parts—namely, the embryonic
vody and the fetal appendages, the latter of which are destined
for the nuteition und protection of the growing embryo.
Although the several processes by whieh are produced the
different parts of the embryo and its various appendages go
on simultanconsly, it is necessary, for the sake of clearness,
ta consider snecessively the development of ench structure
from its inception to its eompletion.

THE FORMATION OF THE BODY-WALL AND OF THE
INTESTINAL CANAL OF THE EMBRYO.

In the stages of development thus far considered, the park
of the ovum that is to beecome the embryo—that is, the
embrvonie aren—is represented by a loenlized thickening of
the wall of the blastodermic vesicle, of the shape and relative
size shown in Fig. 24, which presents a surface view of the
germ. On cach side of the embryonie nxis, represented by
the notochord, is the paraxinl mass of mesoderm, which has
undergone partial segmentation to form the somites; on the
distal side of the paraxial eolumn, the mesoderm has split
into the somatic or parietal, and the splanchnic or visceral
lamelle, between which is the body-eavity or cwlom, The
cavity of the germ until the occurrence of the trunsforma-
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tions about to be deseribed is vne undivided compartment
which is bounded by splanchnopleure; and a conzpicuous
feature of the changes under consideration i= the division of
this cavity into two by the folding in of the =planchnopleure
composing its walls. | :

The first indication of the foldings that lead to the differ-
entiation of the embrvo from the fetal appendages 1= seen
upon the surfuce of the germ at a very curly stage. A sur-
face,view of the germ—in the cuse of the chick on the first
day of incubation—shows, at what hecomes the head-end of
the embryonic arca, a transverse crescentiz groove, with its
concavity looking backward (Fig. 32); a similar groove is
seen at the oppusite extremity of the area, and al=o one at
each lateral margin. These mnrginnl' grooves are depres-
sions in the somatopleure. The elevated outer widges of the
grooves form folds of somatopleure, designated re=pectively
the head-fold, the tail-fold, and the lateral folds of the amnion.
As these marginal grooves increase in length they meet cach
other and now constitute one continuous ﬁ.]rrﬂwi which encir-
cles the embryonic area ; its outer elevated edge is the amnion-
fold. This furrow, which may be eallel an inverted fuld
composid of splanchnopleure and somatopleure, progressive!
deepens und at the same time itz bottom is enrried inws
toward a point vertically under the central region of

.embryonic area; that is, a fold composed of =omatop

aml splanchinopleure grows from all part= of the peri
of the embryunic area toward the point indicated alx
point which corresponds to the site of the future umbi
By the ingrowth of the wdges of the fuld, the cavity «
archenteron is more and more constricted (Plate 11
2 and 3), until finally, with the completion of the in’

it becomes divided into two parts of unequal gize ; the

of these spaces is the gut-tract, or intestinal canal of
bryo, while the larger is the yolk-sac or umbilic

The constricted canal through which the gut-tra
nicates with the yolk-sac is the vitelline duct

Figs. 4 and 5).

While the splanchnopleuric layer of the in



PrLaTe M.

= e

—

Fleadsam.
i

1tie
Frasiclare
-

A amd i

[
1

]

&
e
]

]
-
]

I rams iusteaging the GartnatBone ool Blae proanastons B fetamd pcamlorawite s geacad e Fravi
Blanales,



T4 TEXT-BOOK OF EMBRYOLOGY.

tral walls of the body of the embryo. The fold e=
to advance from each side and from each end, -
edges come together and fuse in the median lice
ventral surface of the body.! At one place, howeve
of the edges of the fold does not occur; this regics
sponds to the umbilicus and is often designated the
navel. Here the part of the somatopleure that fz
body-wall is continuous with that part of this rce
which constitutes the amnion (Plate II., Fig. 6).
infolding of the somatopleure the body-cavity or
peritoneal space becomes divided into an intra-e=
and an extra-embryonie portion, the two communicati
time through the small anoular space that encin
proximal end of the vitelline duct; this is represcute
accompanying figures.

By this simple procesa of folding, associated ®
unequal growth of different parts, the leaf-like fi=
constituted by the embryonic area is differentiated £
body of the embryo; the ventral portion of this be
consists of two tubes, one within the other, of wi
smaller, bounded by the splanchnopleure, is the &
canal, and the larger, enclosed by the somatopleure
body-cavity, the walls of which are the walls of the bod
embryo. In the dorsal region is a third tube, the B
canal; between it and the dorsal wall of the intesti
notochord, on each side of which are the somites (F
The further evolution of this body and the differents
its various organs and systems will be described i
quent sections,

THE AMNION.

The amnion is a membranous fluid-filled sac, wk
Nlll.'lds the fetus of certain groups of vertebrate 3
during a part of their period of development. In e

1Failore of union of the somatopleuric folds in the median E
thorax produces the deformity known as cleft sternum ; while lack
of the Iateral halves of the abdominal wall results in an extra-€
Position of the intestines, or, if in lemser degree, in exstrophy of the



THE AMNION.

found a8 early as the fourteenth day,! before the medul
groove has closed to form the neural canal ; it attain
maximum gize by the end of the sixth month and per
until the end of gestation. It constitutes n loovse enve
for the fetus, Leing attached to the aldlominal wall of
lutter ut the margins of the nmbilicus, and loosely envelo
the umbilieal cord (see Plate 111, Fig. 2).

An amnion is found in birds, reptiles, and mammals, {
groups being classed together as Amniota, while fishes
amphibians, which are without an amnion, constitute
clnss Anamnia,

The first indication of the growth of the amnion is app
at a comparatively early stage of development. A sor
view of the blastodermic vesicle of the first day of inc
tivn in the eaze of the chick, or of about the cighth da
development in the mubbit, shows a curved line or mar
at the anterior wlge of the embryonie aren (IVig. 32); tl
the anterior marginal groove, in frunt of which is ane
marking, the head-fold of the amniom.  Very soon the la
and posterior marginal grooves appear at the sides and p
rior edge respectively of the embryonic aren; the outer
vated edges of these marginal grooves constitute the la
folds andl the tail-fold of the amnion, The grooves and
incrense in length in each direction until they meet,
they form one continnouz furrow, which eireumseribes
embryonie area, and the outer elevated edge of which i
amnion fold. ‘The groove involves both the somatop
and the splanchinopleure, constituting the inverted fol
these two struetures that grows in to fovm the body-wall
the wall of the gut-traet, while the amnion fold is comy
of =somatoplenre alone (Plate 11.). This separation of
somatoplenre and the splanchnoplenre enlarges the e
embryonic portion of the beady-eavity. The amnion
vontinnes to grow upward, and finally its edges meet and
over the back of the embryo, the line of uniun being the
niotic suture: the suture closes first at the head-end of
embryo and last at the tail-end. After the union of the €

U Recently it lios been found complete in an ovom estimated to be
dave all,
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of the fold, its inner laver, consisting of ectoderm and parie-
tal mesoderm, separates from the outer layer to constitute the
true amunion, whose euclosed space is the amnlotic cavity; the
onter layer, which is merely a purt of the general somato-
pleure, is the false amnion or serosa. Lt is apparent from
this deseription that the amniotie euviiy is lined with ceto-
dermal epithelium and that its walls eowsist of° somatoplenre
—that is, of ectoderm and parietal mesocurm,

While the amnion fold is growing upnwand, the ll.‘.ll]lrl'j'ﬂlliﬂ
aren—now undergoing  differentiation inta e embryonie
body—is sinking down upon the yolk-sae. The amnion fold
does uot grow uniformly in all parts of its periphery. The
head-fold is produced first and constitutes 2 cap or hood cov-
ering the head of the embryo, which is forming simultaneously
by the ventend growth of the somatoplenre at the bottom of
the marginal groove. It is only after the development of the
head-fold is well advanced that the lateral, and, later, the
candal, portions of the amnion-fold grow up to meet it. The
head-fold is, for o time, destitute of mesodermie tissue, since
it corresponds to that region of the wall of the hlastodermie

, vesiele described on page 56 as the proamnion.

The amnion of man presents an important variation
from that of all uther Amniota, since the inner layer of the
amuion-fold does not entirely sever its connection with the
outer luyer, but remaing attached to it over the eaudal pole
of the embryo. 1In conzequence of this attachment the true
amnion is eonnected with the false amninn, and sinee the tru
amnion is continuons with the body-wall of the embryo, tl
cudal end of the embryonic body is attached to the firls
wnnion or chorion by a mass of tissue called the allante
stalk or belly-stalk, as seen in Fig. 38, The relation of *
belly-stalk to the development of the allantois will be poir
out hereafter,

The space within the amnion—the amniotic eavity—ie
with the amuiotie fluid or liquor amnii,

The amuion at first envelops only the sides and dor
the embryonic hody, oceupying the upper part of th
enclosed by the chorion, as shown in Plate 1L, Fig
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6; the groove, or furrow, however, of which the ammion fold
i8 the peripheral or outer elevated edge, becomes deeper, and
the bottom of the groove is earried toward the middle of the
futare ventral surface of the embryo, its ventrad growth con-
tinning until it reaches the position of the futnre umbilicus
{(Plute 11.; Vig, 4, transverse scction ; Figs, & and 6, longi-
tudinal section),  The laver of somatopleure constituting the
inner wall of the groove—that is, on the side toward the
embryonic avea—becomes the lateral and ventrul walls of
the body of (e embryo, as deseribed above 3 in this manner
i elivered! the trnsition from the flattened or layer-like em-
breeyie aica e the definite form of the embryonie budy.
The venirs! hody-wall i3 continuous at the marging of the
nasbilicns with the amnion, since the romatopleure, forming
the puter betidary of the original proove, is a part of that
membrge,  After its completion, therefore, the amnion en-
vielops the bady of the embrye on every side, Iving closely
apphied to it, sinee the amniotie cavity i3 at first very small,
With the progress of development and the inerease of the
fhiid the pmnion requires more room, until, in the third
month, it fills out the entire space within the ehovion, with
the inner surface of which it acquires a loose connection.
The mnbilienl vesicle and the allantoizs have meanwhile
undergone regression. The walls of the nmniotie sae con-
tain contractile fibers; it ix to these that the rhythmieal con-
traetions ohserved in the amnion are due.  Tts lining is at
first a single Inver of flattened epithelial cella; at the fonrth
month the eells are eubical for the most part, but te some
extent columour.

The liquor amnii is a watery flnid having a specific gravity
of 1.007, and containing about 1 per cent. of solids (albumin,
aren, amd grape sngar).  The origin of the fluid is believed
to be in the bluod of the mother, the liquid portion of which
trnsndes into the ammiotic eavity., The amniotie fluid in-
ereazes in quantity until the sixth month of pregnaney ; from
this time until the elose of gestation it generally diminishes
about one lalf. A pathological excess of the flnid constitutes
the comlition of hydramnios.

The function of the amniotic fluid is two-fuld ; it serves as
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a buffer for the fetus, protecting it from mechanical violence,
and it supplies the fetal tissues with water, since portions of
it are from time to time swallowed. Evidence that the fetus
swallows the fluid is afforded by direct observation of chicken
embryos, and by the presence of epidermal cells, hairs, and
fatty matter in the fetal alimentary canal. After the devel-
opment of the bladder, the urine of the fetus is from tinue to
time evacnated into the amniotic cavity.

The epidermis of the child in utero is protected against
maceration in the amniotic fluid by the presence of a fatty
coating, the vernix casecsa, which is a modified scbuceous
gecretion,

At the end of pregnancy, the amnion is lquscly united

with the chorion and the deciduz ; during birth it ruptures,
and its fluid escapes.

THE YOLK-S5AC.

The yolk-sac, or umbilical vesicle, as seen in the higher
vertebrates, is a capacious sac attached by a narrow pedicle,
the vitelline duct, to the ventral surface of the embryonic

intestinal canal, the duct passing through the umbilical aper-
ware (Plate 11, Fig, 6),

In order to appreciate more fully the function and the
morphological relations of this structure, it is necessary to
glance at the conditions that obtain in the several classes of
vertebrate animals. In ova that develop outside of the body
of the parent organism, a special dower of pabulum is pro-
vided for the nutrition of the embryo ; this dower is repre-
ecnted by the deutoplasm so abundant in telolecithal ova.
In the case of amphibians, whose cleavage, it will be
rernembered, is holoblastic or total, the cells richest in deuto-
plasm are accumulated, after segmentation, in the floor of the
archenteron ; this accumulation produces on the future ventra
surface of the embryo a marked bulgiog, which constitute:
the amphibian yolk-ssc. As the embryo grows, it draw
upon this store for its putrition, in consequence of which t'
sac gradually shrinks, its cells being, for the most
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liquefied and ahsorbed, while sorme of them contribute to the
lining of the intestinal eanal.

In o higher type, ns exemplitied in sharks and dog-fishes,
the yolk-sae is produced by a folding-in of the splanchno-
plenre and  the somatoplenre, the walls of the =se being
therefore constituted by both of these layers; this folding-in
divides the archenteron into a smaller part, the intestinal
anal, lying within the bedy of the embryo, and a larger
cavity, the volk-sue, sitnated outside of that body.  The
splanchuopleurie layer of the yolk-mae is continuous with the
wall of the intestionl canal, while its somatopleurie layer is
continuons with the body-wall. A system of blood-vessels
develops npon the volk-sae, their function being, to convey
the nutritive material into the body of the embryo,  These
Iod-vessels constitute the so-called vascular area, which
appears, in surficee views, as a4 zone encireling the embryonie
nrea, and, later, the embryo, since the latter repozes upon the
proportionately mueh larger volk-sae,  As the contents of
the e beeome absorbed, the latter shrinks, the splanchno-
plenric laver slipping into the abdomen of the embrvo
through the umbilical opening, the somatopleuric layer con-
tracting to close that aperture.

In the Amniota (p. 773) the development and strueture of
the volk-sae are moditied by the presence of the amoion.  In
these gronps the yolk-sae amd the got result from the division
of thie archenteron by the folding-in of the splunchnoplenre
alone, sinee the somatoplenre grows away from the splanchno-
plenre 1o form the amnion-fold, and thus enly partially in-
vests the yvoll-sae (Plate 11, Fig. 4).

Sinee the yolk-sae eontaing the store of fond destined for
the nutrition of embryos that develop ontside of the maternal
body, and sinee the mammalian embryo, which leads an intra-
uterine existence, i3 endowed with a relatively small quantity
ol such store, the yolli-=w of mammals would seem to indi-
cate the descent of the latter from oviparous ancestors.
Further and stronger evidenee of such deseent is found
in the fact that the eggs of the lowest order of mammals,
the Monoteemaln, comprizging the echidna and the ornitho-
rhynchus, are “laid” and undergo extra-uterine development.
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In the human embryo the umbilical vesicle is found par-
tially constricted off from the intestinal canal by the end of
the second week ; by the end of the third week the separa-
tion of the two cavities has advanced to such an ezteuf. that
the vitelline duct is present, the sac attaining its maximum
size by about the fourth week. )

The function of the umbilical vesicle, as above intimated, is
to serve as the organ of nutrition for the embryo during 8
certain period. The manner in which its blood-vessels de-
velop will be considered in Chapter X. Their growth pre-
cedes that of the intra-embryonic portions of the vascular
apparatus, the vascular area of the yolk-sac being the seat
of the earliest blood-vessel formation. The vessels find
their way into the body of the embryo along the vitelline
duct, and consist of two vitelline arteries and two vitelline
veins,

With the development of the allantois the yolk-sac retro-
greases, the allantois succeeding it as the organ of nutrition
and respiration. By the end of the sixth week the sac has
shrunk to a narrow stalk, which is surrounded by the en-
larged amnion, and which terminates in a knob ; at birth,
the knob lies near the placenta (Plate V., Fig. 2), and the

atrophic remnant of the stalk is one of the constituents of
the umbilical cord.

THE ALLANTOIS.

The allantols is an embryonic structure which is found in
thuse vertehrates possessing an amnion. Its growth is cor-
related with the retrogression of the umbilical vesicle, whicl
etructure it supplants as the organ of nutrition and respirr
tion for the embryo,

Appearing ut first as a little evagination or out-pocket’
of the ventral wall of the gut-tract, the alluntois finally
cornes & pedunculated sac lying in the extra-emhryonie
of the carlom (Plates IT. and IIL), its stalk leavie
body-cavity proper through the umbilieal opening.
an outgrowth from the intestinal canal, the walls ¢
allantois are made up of splanchnoplenre—that is, of
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derm and viseernl mesuderm.  Blowd-vessels develop in the
mesodermic stratum, the prineipal teunks, the twe allan-
toic arteries and veins, lwing connected at their proximal
ends with the primitive heart 3 this svstem of vesscls consti-
tutes the allantoic circulation and s the avenue throngh
which the growing embryo iz supplied with ontritive mate-
rinl and oxygen.  As the fundus of the alluntois inereases
in gize, it spremds itzelf” out vpon the inner surface of the
false amnion or chorion (Plate [T, Fig. 1), into whose villi
its vaseulur tissue pencteates, and with which it beeomes
intimately blended.  The union of the allantois and the false
amuion produces the true chorion of some anthors,

The human allantois presents= a =triking pecnliarity as com-
p:.m::l \'.'ith I‘.h:l.I ni‘ l.l'.ll'l.Ih el n-]ﬁihw: in T, the allantols

Fuin, 3. —Iragrummatic soctlans IC[Fene i g i th am arrangement of the min-
polomas bog thiee oanelient slagres oof thee b ety (llis)

develops not as a free sae projecting into the extrm-cmbryonie
body=cavity, but a< a mas< of splanchnoplearic tissue whicly
contains only a rudimentary cavity wmel which grows inte
the abdominal stalk (Fig. 38 and Fig 47, bat), being goidesd
by that stroeture to the chorion.

" The function of the allantois in rgye-luving animals, and
possibly in some others, is te =erve as a notritive and pe-
spiratory organ and as areceptacle for the fetal urine; in

8
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wmen its cavity is exceedingly minute, and its chief funﬂﬁf:l
is to furnish a means of conveying blood-vessels from the
embryo to the chorion.

The part of the allantois contained within the h-ody of the
embryo produces three structures of the adult organism : 1,
the urachus, an atrophic cord extending from the summit of
the bladder to the umbilicus;* 2, the urinary bladder; and 3,

the first part of the wrethra of the mals, or t.he entire female
urethra. The extra-embryonic portion shrinks nﬁ_er the
appesrance of the placenta and forms one of the constituents

of the umbilical cord, its blood-vessels becoming the umbil-
ical arteries and veins.

THE CHORION.

At the time when the false amnion is forming, the nttE:!u-
ated zona pellucida still surrounds the embryonic vesicle
as the so-called prochorion, which unites with the false am-
nion, producing the primitive chorion. After the allantos
has grown forth from the gut-tract and has spread itself over
the inner surface of the primitive chorion, it becomes blended
with the latter to constitute the true chorion of some authors.
The chorion, according to the above momenclature, may be
defined as the membrane which encloses the germ at the
stage following the appearance of the amnion and the false
amnion, and which has resulted from the fusion of the allan-
tois with the primitive chorion ; or, ignoring the zona pellu-
cida, the chorion results from the fusion of the allantois an
the false amnion, Minot, however, defines the chorion as all
that part of the extra-embryonic somatopleure which is not
used in furming the true amnion, and hereafter in this worl
the word will Le used in this sense. This definition limi
the term to the ontermost covering of the germ after !
formation of the amnion (Plate I11., Fig. 1).

The chorion consists of an outer ectodermic layer
an inner lamella of mesodermic tissue. The mesoblastic

i8 thin, being composed of from two to four layers of m

L If the urachus remaing i ing i i
v patulous instead of becoming impervions
may escape at the umbilicus, and the condition is » “.rigy of urinar
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oval, or fusiform cells, and is at first devaoid of blood-vessels.
The latter, in the form of capillaries, make their appearance
at some time during the sccond week, probably as extensions
of the blood-vessels of the alluntois,

The outer ectwlermic or epiblustie cells of the chorion ut
a very early periodd, certainly ns early ns the third day,
undergo proliferation to form a layer of tizsne called the
trophoblast, which is from one to several layers of cells in
thivkness. The trophoblast layer is thickest at the plave of
attseliment wf' the ovam to the uterine mucosa. The inner
celis of the traphoblast are enbical, and have large, finely
grammlar, rovud or oval nuclei. Iu the youngest human
oviz as vet exumined—that of Peters, estimated to be three
or four duys ald-—the tropheblast was found to present many
little projections in the form of strands and buds, these
being the fuiadations of the future villi of the cheorion. The
trophioblast laver was not eolid, but was heneycombed with
little spnees or vaenoles filled with mnternal blowd, which
spaccs were partly lined with a nuclented proetoplasm, the
carly syoeytinm (Plate IV, «). Even at this early stage,
therefore, when the trophoblast strands or early villi are as
yet devoid of a mesoblastic clement, they are bathed with
the maternal bload,  Very soon the mesoblustic tissue of
the chorion grows into the trophohlast strands, thus forming
the Permancnt villus atems ; and ﬂuﬁng the secoud week
eapillaries extend into the stems, completing the formation
of the fully developed villl of the chorion.

The early development of villi is characteristic of the
hnman chorion (Fig. 39 and Plate TL., Fig. 6). At first the
villi, either covering the entire surface of the chorion or
k-m'm;_ the two opposite poles free, are of unifurm size ; in
the latter half of the first month, bowever, there hl""ll'ﬂ to
be a differentintion into a region containing stnn!!m-, n.m'[ one
having larger and more numerous, projections,  The differ-
ence hetween the two uareas becoming more marked, the
relatively smooth part of the membrune, possessed of rudi-
mentary gvilli, is designated the chorion leve, while the
region with well-developed villous projections is distin-
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CHAPTER VI

THE DECIDUE AND THE EMBEDDING OF THE OVUM.
THE PLACENTA. THE UMBILICAL CORD.

THE DECIDUSE AND THE EMBEDDING OF THE OYUM.

Tur decidum (deciduous or caducous membranes) are the
1'._'.'?":"..’- i Imleosg n!‘ t!]q' Hierus so iL_'\'l‘il_li'Il"‘{! as o
form oot eniy a lining for the uterine cavity, but also an
envelope enclosing the ovum, anda

Iy altered part which serves
< @ bond of connection between
the ovoum aod the womb,

hiring the four or five dayvs

,J.h;ﬂ? }uw’hg;b

]'5'"'-'55:1_1_:‘ nien=rrnation, thoe =o-
calledl  constrnctive stage of the
menstrual evele, the mueous mem-
brane of the womb becomes much
thiekened and unu=ually vascular,
the purposze of these changes being
evidently the prepamtion of the
uterus for the reception of the
ovin in the event of impregna-

tion. It impregnation has not

by Ay

i

oceurred, the thickened TCas,
the decidua menstrualis, i< in great
part cast ofl as a part of the men-
strual discharge ; if, on the other
hand, coneception has taken place,

”'lL' Mg = ““"lllhl':lllf.' IHH'HI]._{HE:-\- Fio Al =Croms goetion ‘nm‘h

Sl greater hypertrophs. O sece (e s semane of Con

tion, 1t i5 <oon o cons=ist of a super- natiey (nfter Kundeat and Bn.

ficial compact stratum and n deeper Eelmnnu.

spongy layer reposing directly npon the muscnlar wall of the

uterus,  In the compact laver are the necks of the muek
85
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somewhat later, thut of the uterine glands is also lost. By
the end of the fifth month the fetus and its appendages have
increased in size to such an extent that they completely fill
the cavity of the womb, and the space between the vera and
the reflexa is obliterated. After the second month the vera
becomes progressively thinner and the reflexa undergoes
degenerative changes to such a degree that by the end of
pregnancy merely remnants of it are present.! By the sixth
month the vera is intimately blended with the chorion.

THE PLACENTA.

The placenta, in certain groups of mammals, including
man, is the organ of nutrition for the fetus during about the
latter two-thirds of the perimd of gestation.  In man, it i3
a discoid structure, attached by one rurface to the wall of
the womb, and connected on its uppns‘ite aspect with the
fetus through the medium of the umbilical cord.

The human placenta represents the highest specialization
of an apparatus for bringing the fetal Llood into intimate
relation with the blood of the mother. In eggs that develop
outside of the body of the mother, such as those of reptiles,
birds, and the lowest mammals, the Monotremata, thé
growing embryo necessarily aequires no connection with
the uterine mucosu, but draws upon its orviginal dower of
nutriment, the dentoplasm, until its development is com-
pleted, when it brenks through the shell and seeks its own
food ; in these groups the charion develops no villi. In
the marsupials, a group of mammals higher than the mono-
tremes, the ovum, although developing in the uterus, forms
no close conneetion with it, but obtains its nourishment by
simple imbibition from the aterine mucosa. On the other
hand, in all mammals higher than monotremes and marsn-

pials, the chorion is distinguished by the presence of villi
upon its surfuce.

Between the human placenta and the non-villous chorion
of the marsupials, certain gradations exist; for example, in
pigs, whales, and some others, there is no proper placenta,

P Welster,
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the villi being evenly distributed over the surfuce of the
chorion ; while in ruminants the villi are grouped into little
clusters or tufts ealled cotyledons, which nre lﬂail:r dletachable
from the mueous ]ining of" thoe womb, ﬂ'wiug to this loose
counection, the uterine mucosa is nen-deciduous—that is, it is
not cast off after the birth of the young., The foregoing
clas=es are therefore styled Mammalia indeciduata, in contr-
distinetion to the Mammalia deciduata—including mamn,
rodlents, and Insectivora—in which there is a loss aof the
greater parl of the uterine mucous membrane after the

Fio, 42 —Mature placenta- o, entire organ, showlng fiemal sorfeoe with memboanes
atlached ta the perlphery ; ko partion of altached surlscs,

expulzion of the fetus, In the Carnivora the placenta
his the form of a zone or ring—placenta zonaria—while in
man and certain allicd mammals, as apes, rodents, and some
others, it is discoid in shape—placenta discoidea.

The human placenta is formed in the third month of preg-
naney ; since it results from the union of the chorion frondo-
sum with the decidua serotina, it consists uf a fetal and a
maternal part.

Our caneeptions of the development of the placenta must
be maodificd to accond with recent investigations. The em-
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hedding of the ovum in the uterine mucosa and the mocliﬁn:.l-
tions ocenrring in the chorion, ineluding the growth of its
villi and itz differentiation into the chorion frondosum and
the chorion leve, have been considered above, Tt will be
recalled that the ovum eats its way, s it were, into the
mucosa, thus causing the superficial loyers off the latier 1o
disappear at the site of implantation. ir is possibly this
process of erosion upoen the part of the fetal trophoblast
that opens up the already dilated capillavios of the serotina—
the sinuses—and allows the maternal Llooul avecss to the
blood-lneune of the trophoblast, where it thus bathes the
primitive villi. Sinece the entire trophoblast is vacuolated,

Fi6. 42.=8chemniic reprasentation of the development of the placents (after
Petara): A, mesoblast: T, trophoblsst; B L., blom) lacuns: Sy
Ea, endobellun; Ch, maternal eapillasics:
spongloan of serotis,

, syneyiion
2., circomyaliation zond; Spe

the maternal blood at this time—the first week—is bronght
into relation with the whole surface of the chorion.  In the
latter half of the first month the distinetion between chorion
frondosum and chorion leve lrl:‘ginii to be m:nﬁﬁ:"ﬁt, the villi
of the latter gradually retrograding until, in the sixth week,
they are greatly degenerated, many of them being without
blood-vessels,

The villi of the charion frondosum inerease in size, number,
and complexity, some of them acquiring attachment to the
seroting, but not, as a rule, entering the serotinal blood sinuses.
The formation of new villi eontinues thronghont pregnavey.
The villi nequire capillaries in the sccond week, these being

4
=



THE PLACENTA. 91

extensions of the allantoic blood-vessels. The gyneytium of
the chorionie lacunse, now the intervillous spaces, increases in
quantity, and not only lines the spaces, but exists in the form
of masses, some of which hecome attached to the zerotina be-
tween the villi, while others penetrate into it, many being found
at the fourth month in the serotinal connective-tissue spaces,

The decidua serotina (basal decidun) in the first month is
edematons and hyperemie, presenting dilated eapillaries and
biood-spaces. many of which communieatae with the inter-
vitlous spaces of the chorion, By the sixth week its surface
cpithelivs = entirely lost, and the parts of its glands con-
tained in the compaeta are to a great extent obliterated.  [In

Fra. dl—schematfe representation of the developmenl of the placenta (after
Petersp: M., mesoblast; Tr., trophoblast: S, syneytiom ;. En, endothelinm: Ou,
materpal capillaries ; fe, fotal capllincles; ele, decldual septuns; Bb, Obring
LR, Intervillons space,

the fourth month it is thinner, more irregular in thickness,
contains less sinuses, and shows degeneration in the eom-
pacta, with many masses of syneytium, Toward the end
of pregnaney the sinuses inereage in size, and the irregu-
larity in thickness and the degeneration are more marked.

The placenta at term is a discoid mass, in situ, but less
Hattened after its expulsion from the nterus.  Its diameter
is from 135 to 20 and its thickness from 3 to 4 centimeters.
The uterine surface is convex and irregolar, and is im-
perfectly divided into tufts or cotyledons. The somewhat
coneave fetal surface, rather mottled, is covered by the
loosely adherent amnion, and presents, usually near its center,
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the attachment of the umbilical cord. The maternal part
of the placenta, the decidua serotina, is of varying thickness,
in some pluces being absent. Its compact layer shows
fibrinous degevcration, very few traces of glands, and no
epithelium. The blood-spaces, lined with endothelium and
representing greally dilated capillaries, are in communication
with the intervillous spaces of the fetal placenta (Plate IV, ).
Scattered throughout the serotina ure masses of syncytium.
In the shed placenta there is very little of the serotina, since
separation takes place through the compacta, the spongiosa
and a part of the compaeta remaining upon the uterine wall.

The fetal part comprises almost the entire thickness of
the east-off placenta. It is made up of villi* of all ages and
sizes springing from the chorion (some attached distally to
the scrotina, others projecting free into the intervillous
spaces), and of masses of synevtium attached to both villi
and chorion (Plate IV., a). The intervillons spaces are a
system of intercommunicating cavities through which the
maternal bloud ecirculates and which are in communication
with the blood-spaces of the serotina. Elevations of the
serotinu hetween the villi constitute the septa placents.
The so-called marginal sinus at the periphery of the
placenta is merely a system of intervillous spaces that
intercommunicate more freely beeause of the relative
paucity and small size of the villi in this region.

The site of attachment of the placenta to the uterus is
usually the upper part of the posterior wall.  Under certain
circumstances it may become attached lower down, even
extending partly or wholly over the mouth of the womb,
constituting then the condition known as placenta previa.

THE UMBILICAL CORD.

The blood-vessels throngh which the fetal blood finds its
way from the fetus to the placenta and back again to the
fetus, together with the atraphic vestiges of certain structures
associated with the development of these vessels, constitute
the structure known as the nmbilical cord. In considering
the growth of the human allantois it was pointed out that the

! For structure of villi, see pages B3, B84,
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latter structure, as it grows from the ventral wall of the gut-
tract into the so-called allantoie or abdomingl stalk, beeomes
the zeat of development of the two allanwic arteries and of
an equal number of allantoie veins,  With the metamorphosis
of the charion frondosum into the fetal placentn, the abdom-
inal stallke becomes mare glender and at the same time much
elongmted, anmd the allantoie blond-veszels are hencetorth the
umbilical vessels, The two umbilical veins fuse, so that, at
birth and for some time before, there iz but one vein, though
there are still two arteries.  “I'he umbilical vein, entering the
body of the fetus throngh the umbiliens, passes divectly to
the under surfiiee of the liver, where it nnites with the fetal
portal vein amd gives off a bmneh of communication, the
ductus wenosus, to the inferior vena eava, after which it
enters the liver through the transverse fizsure. The umbilieal
arteries, whose intm-embryonic portions are called the hypo-
gastric arteries, ure the dircet continuations of the superior
vesicul arteries of adult snatomy,  They leave the bady of
the fetns at the umbiliens,

The umbilical eord, while consisting essentially of the
three blood-vessels mentioned, eontaing also the remnant of
the allantoie stalk and of the umbilieal vesicle, these struet-
ures being surronndel and held together by a quantity of
vibryonic eonneetive tissoe, the jelly of Wharton, which
miakes up the ehief part of the mass of the cord ; npon the
surfice is o layer of epithelinm, eontinuous, at the distal end
of the eond, with the epithelium of the amupion.

The nmbilical cond hias an avernge length of 55 em., or 22
inelies, bt varies hetween the extremes of 15 em. (6 inches)
amd 160 em. {6l ilh'hl:'.*-l-]‘; it thicknesa is abone 1.5 em.
(3 inchh  The cord presents the appearance ol being spi-
rlly twisted s it is probable, however, that the appearanee
of torsion is conferred by the spirnl or eoiled armngement
uf itz arteries, due to their exeessive growth, mther than by
a twist of its entire mass.  There may be one or more true
knots in the conl, produced by the slipping of the fetus
through a losp.

Tle position of attachment of the cond to the placenta is
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usually near, but seldom exactly in, the center of the fetal
surface of that organ; rarely it may be found attached to
its edge, and still more rarely to the fetal membranes them-
selves at some little distance from the edge of the placents,
with which, in the latter case, it is connected by its blood-
vessels,

The great length of the human umbilical cord is thought
to be due to the relatively large quantity of amniotic fluid
present in the human subject. :

After birth, the portions of the hypogastric arteries extend-
ing from the upper part of the lateral wall of the bladder to
the umbilicus undergo atrophy, becoming impervious fibrous
cords ; the intra-ahdominal part of the umbilical vein like-
wise becomes atrophic and impervious, constituting the
so-called round ligament of the liver.

RELATIONS OF THE FETAL MEMBRANES AT BIRTH.

When the amuniotic fluid attains its maximum bulk—at
about the end of the sixth month—it requires so much space
that it presses the amniotic membrane closely aguinst the
chorion, which latter, covered by the remnants of the re-
flexa, is in turn forced into intimate relation with the vern
(Plate V.). At term the vera and chorion have become

practically onc membrane. ‘The ammnion, while adhering to
the inner surface of the chorion, is

lovsely associated with
the latter that it may bt"]ﬁdc{l off from it. The mem-
branes, which constitute a fluid-filled sac surrounding the
fetus, are ruptured by the contractions of the uterus at some
time during parturition. Through this rent the child is
forced during birth, the placenta and the membranes re-
maining behind.  After the expulsion of the child, the vera
and the placenta detach themselves from the uterine wall,
and, with the chorion and the amnion, constitute the after-
birth, which is expelled shortly after the expulsion of the
child. The separation of the after-birth takes place in the
compact luyer respectively of the decidua vera and of the

uterine placenta. The spongy layer and what remains of the
compacta serve for the regeneration of the uterine mucosa.
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the individual organs is taken up after traciog the course
of development to this stage, it should be borne n fﬂl_n‘l
that the rudiments of some of them are already distin-
guishable before the germ-layers become infolded to form
the body-wall and the gut-tract. It will facilitate a compre-
hension of the general principles concerned in the origin of
the different parts of the body to refer to the tabulated state-
ment of the derivatives of the three primeary germ-layers a8
presented in Chapter II1.

In considering the external form of the product of concep-
tion, one may adopt the classification of His, referred to in
the first chapter. This nuthor divides the period of devel-
opment into three stages, of which the first, the stage of the
ovam, or the blastodermic stage, comprises the first and second
weeks of intra-uterine growth ; the second, the stage of the
embryo, extends from the second to the fifth week ; and the

third, or the fetal stage, inclndes the time between the fifth
week and the end of gestation.

THE STAQGE OF THE OYUM.

During the fortnight allotted to this first stage of develop-
ment occur the varivus changes by which the impregnntaﬁ
ovum acquires the form of a hollow sphere, designated the
embryonic or blastodermic vesicle. The series of transforma-
tions has been described in Chapter TT.  In this place it will
be sufficient to refer to the external characters of the blasto-
dermic vesicle as depicted in Figs. 39, 40, which represent
the ovum deseribed by Reiehert.  This ovum was estimated
to be about twelve l.']a].":t old, and war one of the }-uungr.‘st
human ova ever deseribed, Its form was that of a sphere
somewhat flattened, its short and long diameters measuring
respectively 3.3 mm. and 55 mm. The flattened surfaces
were smooth, while the equatorial zome was beset with villi.
The carly appearance of villi is charucteristic of the human
ovum,

THE STAQE OF THE EMBRYO.

It is during the early part of the ‘second stage, ut about
the fourteenth day, that the somatopleuric layer of the blasto-
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dermic vesicle becomes folded in to produce the walls of the
embryonie body, Fig. 46 shows a human embryo of about
the fifteenth day, whose form is as yet imperfectly differ-
entinted, the ventral wall of the body being incomplete,
since the gut-tret is still in communication with the nmbili-
eal vesicle thronghout almost the entive length of the embryo.
The back aud sides of the embryo are enveloped by the
amnion, and the dorsal outline is concave. The caudul pole

Fio, 45~ [Muman embryo of about the thirteenth day (His). The candal pole of
the embeyo 18 counceled with the Llastode rmie veslele by means of the abdominal
wr allantole :Iqtk; the amnlon alresidr J_'tlll\]l'_1l¢‘l"l,' enchmes tho l'l‘[‘lbrfﬁ. and the
Targe vitelline sae communicates throughout the grewiee part of the witral surface
by means of the unelvsc] gul-lrack

ia seen to be connected by means of the allantoie stulk with
the primitive chorion, which latter structure, however, is not
represented in the figure. The concavity of the dorsal out-
line is peculiar to the human embryo of this stage. The
:im’vlupmcnt of the head ia closely nesociated with the dilata-
tion of the cephalic end of the neural tube and the subse-
quent division of this dilated extremity into the three primary
brain-vesicles, the fore-brain, the mid-brain, and the hind-
brain. The oral pit, the first indication of the future mouth,

is present in the early part of this stage; it is a depression
7
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between the prominent fore-brain vesicle and the carliac
dilatation (Fig. 47),

Fin, 4h —Human embrya of abont the Gfteenth day () The embryo 2
cliedl o the wall of the Ilastedermie vesicle by mvans of (e wetlical or
Bhiantsode stnlk, amil b5 enclosod within thae amimdon: the Jaree vielline sav freely
catntnupicates witls e still w Idely vpuen gut.

Fua, a7.—~luman calirya withy yilkesne, minnlne, moe! Belly-stalk of Afleen
lghteen 'il" U Lt vsllech, The cliuriomn b alstise byl nil assn® o wiiw, kel e s e’ the
roint of mitachmeut of the amulon to the choron drawn ot o a Ulpss baf, Bctlye

ALk Sek, lallwnd : we, primitive segient; g, vitelline bloed-yessels s s, yulks
Fuc 8, hearts o, visevzal ureh,

Between the fifteenth and the twenty-first day, the lens-
vesicles and the otic vesicles are fourmel by invaginations of

the surfice cetoderm (Jig. 48, 7 and 8), these saes being

e . 8 A iy A S V.



THE STAGE OF TIHE EMBRYO. 99

£

el
o~
g
=

=1
=
=
I

&

o

L
FANN AR pUU puedRg Yy

F16. 48.~Farly human embryas, all enlarged about two anid a tinlf thnes (118s) 2
1=, from twelfth to ffteemd day: 6,6, from cighteenth to twenty-Ant day ; 7, 8,
from twenty-third to twenty-6i3h day: 912, from iwenty-seventh to thirtieth day
13-17, from thirty st o thirty-fourth day. mon, amnion : ue, minbillenl or vitellioe
vestele; afs, mllantoic or shdotminal stnlk; e, @, Lrajuevesicles; h, heart; oo, visceral
arches; o, optic vesieles o, otle vesiele; of, olfactory pit; 4 £, upper and lewer
cxtremities ; o, sotaltes ; of, eatdal process; «, primitive umbilical conl.
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the rudiments respectively of the crystalline lens and of the
membranous internal ear; at this time also the visceral arches
and clefts first become distinguishable. On the t\'L'rut:\’-—['I‘l‘ﬁt-
day, the rndiments of the limbs appenr as little bud-like
The .1..11~.]=[4-Llul:|.-i Jiro-
Jjection on the ventral surface between the now :'-?‘!H“-‘*t coms
pleted yolk-sac and the cephalic end of the body is produced
by the primitive heart (Fig. 48, 10, 11, and 12). :

Until the twenty-first day the embryonic body is erect.
Between the twenty-first and twenty-third days o marked
alteration in the appearance of the germ is brought about IJ:}'
a pronounced l:t.!!lﬂi,ng of the long axis of the embryonie
body (Fig. 48). The degree of curvature is such that the
candal and cephalie extremities overlap. The flexion reaches
its maximum degree by the twenty-third day. The curved
dorsal outline is referable to four well-marked flexions, the
position of the most anterior, or cephalie flexure, correspond-
ing to that of the future sella tureica and being indicated h.y
the projection of the mid-brain vesicle (Fig. 51, 111.); at this
point the anterior part of the head iz bent almost sufficiently
to form a right angle with the posterior half, A sccond or
cervical flexure is found in the future neck-region, while
further candad are scen the le=s lnrmun.nu:d_-d dorsal and ecocey-
geal curves.

The fourth week marks the period of the most active
growth of the embryo. After the twenty-third day, the
body s a whole uncoils somewhat, although in the latter
half of the fourth week the individual flexures noted above
become more conspicuous,

The Visceral Arches and Clefts.—The visceral arches,
with the intervening visceral clefts, constitute a conspicuons
feature of the external appearance of the embryo during this
stage. These arches are a series of five approximately
parallel ridges appearing upon each side of the future
neck-region and extending obliquely downward and for-
ward toward the ventral surfice of the embryo (Figs. 49
and 51). The four furrows lying between the five visceral

arches are the visceral clefts. A coronal section of the neck-
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Fin, 40 =Fomn i ginbryonf about three weeks, shiowlng viseoral arches pnd fur-
rows and thele relotion to sottie arches (FHs) : e, me, maxilary and moanditnlar
rotosees of sl ¥lsceral arli; o F=a TVt Lo fourch sorie archis ;s fi oy, primi-
tive jl.tﬁ:l'_ll.t afnl cardinal volos s o6 dioet of Cuvlors of, v, mirian afd ventricle of |
primitive heart; er, TLoeiline san: v, o, venttal and doreal aorte s oo, of, opdie and :
otie vesloles ; wry, wa, Bmbllleal velns and asterdes o, vitel e veln ) ol nllantals,
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CHAPTER IX.

THE DEVELOPMENT OF THE FACE AND OF THE
MOUTH-CAYITY.

TaE evolution of the face depends so largely upon Ehe
growth of the parts concerned especially in the production
of the mouth and nose that any account of its development
must deal for the most part with the development of those
structures. In tracing the earliest stages of facial growth,
it will be well to consider the face as a whole before pro-
ceeding to a detailed description of its several parts. If we
seek the principles underlying the conformation of the face,
we shall find that its apertures and chief cavities are merely
50 many provisions for bringing the central nervous system
and the alimentary tract into relation with the outside world.
It will be scen, for example, that certain smuall depressions
appear upon the surfuce ; that one of these, which is destined
to become the mouth and the respiratory part of the nasal
cavities, assumes relationship with the alimentary tract and
with its offshoot, the respiratory system ; that other depres-
sions, which subsequently develop into the olfactory parts
of the nasal chambers, come into relation with outgrowths
from the brain, the olfactory bulhs; and that still another
surface-invagination becomes the lens-vesicle, which likewise
meets with an outgrowth from the brain to become a part of
a peripheral sense-organ, the eye.

The first step in the differentiation of the face is the for-
mation of the oral plate, the earlicst indication of the future
“f““th' The oral plate appears on the twelfth day, and con-
sists of a small arca of ectoderm and entoderm, the neso-

derm being absent. It is situated on the ventral surfuce of
18
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the head-end of the embryo, which already prmhl*ﬂll
enlargement of the cerebral vesicles. The oral plate becornes
relntively depressed by the upgrowth of the surrounding

tissnes, the fossa thus produced constituting the oral pit or ] :

stomodeum (Fig, 46). The oral plate is now the pharyngeal 3

membrane (Fig. 55). Refcrence to the sagittal section will 1 |
1;;-“‘!

Fra, .~Medlan section through the head of an embeyo rabbit 6 mm. loog |
iafter Mihalkovies:: e, membrane between somodmam and fore-gnl, pharyngeal
membrane (Bachenhaut:: Ap, plaes from which the hypophyels Is developod; A,
beart: bl lamen of foregqut: ok, elineda: v, ventedole of the cercbrum; of, thind
veoiricle, that of the between-brain (thalnmenesphalon): v%, fourth ventricle, that ]
af the bind-brain and aflecbraln (epencophalon and metoncephbinlon, of medoils #
ﬂ'llhmgﬂtn;; b, ventral capal of the splnal eonl. .

show thidt the oral pit eorresponds in position to the head-
end of the gut-tract. The formation of the pit is, in effect,
a pushing-in of the surfuce ectoderm to mect the alimentary
entoderm. D
A seconel important faetor in the development of the face '
18 the appenrance of the first and second visceral arches,
which oceurs in the third week. As pointed out in a pre-
ceding section, the first visceral arch divides into the mandi-
bulwe wreh and the maxillary process (Fig, 51), the latter -
being the smaller and appearing to spring from the mandi- : "i-g
bular arch. Both the maxillary processes and the mandi-
bular arches grow towand the median line of the ventral
surface of the body. Owing to the growth of these struet-
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ures and to the sharp flexion of the head and neck that

oecurs between the twenty-first and the twenty-third day, o

the oral pit becomes very much deeper and acquires niore
definite boundaries. During the third week it is a fossa of
pentagonal outline. Its upper boundarv is formed by the
unpaired nasofrontal or nasal process ( Fig. 56, ), which is
essentially a thickening on the ventra! wall of the fore-
brain vesicle, brought into close relation with the fossa by
the flexion above referred to.  The lower boundary is formed
by the mandibulur nrches, while the Intcre! extent of the fossn
is limited by the maxillary process of cach =ide

Soon after the appearance of the aral pli. the firure naves are

foreshadowed by the development of the iwo cifsctory plates,
situated one on each side of the nasofvciial provess, widely
separated from cach other. These epithelial urens, which
soon become depressions, the nasal pits, ave elosely united
with the wall of the fore-brain wvesicle from the first; they
develop subsequently into that part of the nasal mucous
membrane which is concerned especially with the sense of
smell.  This faet Lecomes very significant when it is remem-
'"Efﬁﬂ that the olfactory bulbs, with which the olfactory epi-
thelium nssumes intimate relationship, are outgrowths from
the brain.

The nasofrontal process, during the fifth weck, becomes
much thickened along its lateral margins, forming thus the
ﬂﬂﬂ“ﬁmmu (Fig. 56, A), which constitute the inner
boundaries of the nasal pits. At the same time, there grow
ﬂ::-tmwurd and forward from the nasofrontal process two
ridges, one on each side, the lateral frontal processes, which
form ‘“W outer boundaries of the nasal pits (Fig. 56, ).
In this manner the pits become much inereased in depth.
The lateral frontal process projects between the unsal pit
and the m‘“j‘““"ﬁ' process, its line of contact with the latter
s v T g It oyl e
it is of importance, however, ns indi 1l ; ¥ u,]J o
a5t devaloiis : y 1 uu:,miln!._ the poxition o
R Thepmg lnH.Fﬂ ﬂur't: whlc‘:h will he lroﬂrrn;'ﬂ‘tn

: sal pits are widely in communication with




¥

TR

DEVELOPMENT OF FACE AND OF MOUTH-CAVITY: 121

the cavity of the primitive mouth, About the :fiurtigih duy, ..
however, the extremities of the maxillary processes have
grown g0 far toward the median line that they bave met

Fua, fh.=Dovelopmient of the face of the human embryo (Hisi: A, embryoof
aboul twenly-nioe days. Thye nesofrontal plate diMorentiating Into peocesus
globulares, Loward which the maxillary processes of frst visceral arch are extond-
lng. M, embrya of about thirty-four days: the globular, latersl frontal, and max- |
ary processes are in apposition ; the primitive opening Is now better defined, €, -
embrya of about the elghth weok : inmediate boundarles of mouth are mare defl
ulte and the nosal orifiees are partly formed, external ear sppearing. D, emlicyo
At end of secomd month.

and united with the lateral frontal processes and with the
nasofrontal process (IMig. 56, B and €’). In this manner .
the nasal pits become separated from the oral fossa, each of :
these openings acquiring more definite boundaries. It is
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apparent. from this deseription that the upper boundary of
the primitive oml cavity is not identical with that of the
adult mouth. The nasofrontal process is the forernnner of
the intermaxillary portion of’ the upper jaw, including the
corresponding part of the upper lip aml of the nasal sop-
tum and bridge of the pose.! The lateral frontal process
hecomes the wing of the nese. By the completion of the
changes here noteld the face weuires mofe distinetive form.
[t will be seen that the upper jew peoper results from the
metamorphosis of the waxiilacy goocecs The noner in
which its sinus, the antrnm of Hiiemer s, is mbdad, as well
as the ossification of the jaw, witl b condden o heveadter.

The development of the ey v it S Jeseribed in oons
neetion with that of the sen=e-ovee - Do far s the eyes
have relation to the external form of the e, it will be sul
ficient to say that the surtie ectodorn is fovaginated in the
fourth week to form the lens-vesicle, thi- <ae, which gives
rige (o the erystalline lens, being coversd Ly two listle fuslils
ol -.-!:h'r:lt.-rl:el_. the primitive eyelids: that the organ i= <itiateld
on the side of the head, in marked contrst to its position in
the mature state s amd that the nase-optic furrow, 1n|'s-'.'inl:1-|_\“
refirred By, prnsses fromn the inner "'“.’-:I"' of the eye owanl
the wing of the nese,  The 1](*‘..‘v!l|-|11n|'u|: of the Faee having
been pointed out in a seneral way, the individual parts may
be considered separately,

THE MOUTH.
To review ]"}'-‘H}', for the sake of convenience and cler-
n""-':'.‘ ﬂli' l"-:“'“‘..'.'[' hi:—'ll!l‘F HII ||||;4 1].4\'.1'..[1”“!"1 Ilr 1hl,' !Jl“"t]'-

we find the first step te be the apperine, the twellth

day, of the oral plate. By the enlarsement of the anterior

end of the nenral tlie ta form the cercbral vesicles, and by

Y dErelip s the deformity reaultine from failure of union betseen the
tasaftomtal and ghe easillary provesses, St the paeolmmial proces I
an _““I'tiﬂ'd strnetore, in whiel: l||"|-'1.'!ni: the nterinaxillary lamis, anvd
which unites on either side with the earrespemdine masiiluy prowiss-—the
lntzer !t-i““ the f,-,.-\,.“.““,.r of the Vs s iil |----l|-|-rl wer Dhiave nil
explanation of the laiera) posbtion of baredipe This e may bsy of
eottree, elther enilateral or Vilneral,
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the development of the wvisceral arches, this area becomes a
depression, the oral pit.  The pit is at first hounded caudnd
by the eardiae prominence and cephalul by the fore-hrain
vesicle (Fig. 46G).  In the thicd week the oral pit becomes a
five-sided fussa, owing to the growth of severul new struet-
ures.  These are the unpaired nasefrontal process, which
bounds the fosza above, the mandibular arches, which bound
it below, qnd the maxillary processes, which form the Iateral
bonndaries Fig, 56} The mandibular arches do not nctlmﬂ}'
unite with ench other until the thicty-fitth day. The angle
between the maxillary preoeess and  the mandibular arch
corresponids to the anele of the fatore month,  In the sixth
weeck—abwont the furticth day—the oral fossa acquires a new
upper boundary, which separates it from the nasal pitg, by
the growth of the maxillaey and Jateral nasal processes
toward the median line to unite with the nasofrontal
[ramcess,

The primitive ol eavity, as before mentioned, is at first
separated from the gui-tract by the pharyngeal membrane
(Fig. 53).  Thi: structure ruptures at some time during the
fonrth week, thus bringing the mouth inte communieation
with the npper end of the gut-tract.  The exnet location of
the pharyneeal membmne with reference to the adult pharynx
15 somewhat dillienlt to define; it is certain, however, that
the primitive mouth includes more than the limits of the
adult oral cavity, comprising, in addition to the latter, the
anterior parct of the wlnlt pharvnx, Referenee to o sagittal
section, ns in g, 53, shows the relation of the orophueyngeal
cavity to the brain-ease 1 in the tissue separating the two the
loor of the craninm i< sulequently formed, A little evagi-
mation from o poine (hp, Fig, 55) in the back part of the
primitive ol cavity beeomes the anterior portion of the
pituitary body or bypophysis, the postevior lobe of which
develops as an evazsination from the foar of the primary
fore-licain vesiele,  With the |iq:l|.'rclulm:|pul of the flooe of
the evaninm, the hivpophy=is hecomes entirely isolated from
the arl cavity., A little pouch or recess usually demonstrable
i the median line of the roof of the pliarynx of the child,
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though not always present in the adult, is the persistent

- pharyngeal end of the diverticulum that forms the hypo-

physis; it is known as the pharyngeal bursa or Rathke's
pockat.

Very soon after the formation of the upper jaw in the
manner above deseribed, the oral surface of the jaw presents
two parallel ridges. Of these, the outer, which is the larger,
develops into the upper lip, while the inner smaller ridge be-
comes the gum, The lip and gum of the lowor jaw are pro-
dueed similarly, at the same time or « little inter. S far,
the only demarveation between the mouth and the nasal
cavity is furnished by the tissne reprosenting the united
mf‘mutnl, lateral nasal, and maxillary processes, 1l nares
opening widely into the cavity of the mouth posterior to this
partition,

The formation of the palate, hawever, effectz a separation
between the two that gives to ench space its permanent limita-
t:iuus, On the inner or oral surfice of the upper jaw twe
ghel[-like pmjwtimm appear, one on each side, which are
the rudiments of the future palate. 'hese eradually grow
toward each other, the 'llmg'.u:., which has meanwhile been
developing, projecting upward between them.  In the eighth
week, union of these two luteral halves of the palate begins

al their anterior extremitics, By the ninth week union has

taken place ns far back as the extent of the future hard
palate, and, by the eleventh week, the constituent halves of
the soft palate have united also. As these two halves ap-
proach each other the tongue recedes from between them,
owing to the growth of the lower jaw, su that, when union
occurs, that organ oecupies its normal position under the
palate. Osseous formation within the soft tissue first formed
produces the palate processes of the superior maxille and of
the palate bones, which processes eollectively constitute the
hard palate of the adult. The intermaxillary bones are
formed within the primitive partition between the mouth and
the narcs. The completion of the palate definitely marks
off the nasal chambers from (he month, thus dividing the
Wl}’ oral m‘i‘lt}' o a lower space, the true mouth, and an

———— RN —

vasaEET Y B
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upper region, which is ezzentinlly a part of the respimtory
gvslem,

The uvula appears during the latter half of the third
month as a small protuberance on the posterior edge of the
soft palate.

The Teeth.—The teeth, morphologically considered, are
caleitied papille of the skin, ecapped by o layer of peenliacly
madified and ealeified eells of the epidermis.  Althongh in
man and the higher mammals the teeth are found only upon
the gums, o eortain lower Wypes they have a much wider
diztribution. ocenreing upon the roof and foor of the mouth
and in the E*h:n'_\'rﬁx. aml nlsa, in selachians, npon the g{:nunﬂ
skin-surfaec. in which Jatter case they are <o wodified as to
constitute sonles,

The dentine aned comentum of the touth, a5 well as its palp,
are derived foonn the mesoderm ¢ the enamel is o diveet de-
rivative of the everiving eetodermie epithelium.  Mammals
are said to be .—'!'_,.f.-_._,r:.rh.,.r, sine lhv_\‘ f[rt‘uh;p two sets of
teeth : while sueli proups as sharks, which continue to pru-
duce and lose new teeth thronghout life, are denominated
polupliyadant,

The development of the teeth is inaugurted in the sicth
week of cinbreyonie Jife by the muluplication of the epidernnal
cells covering the <urfiee of the gums (o form a linear ridge,
The growth of the ridge i= away from the surface, =o that
the new stroctire project= into the undecving mesoderm,
This horseshov-<haped ridge, which corresponds in divection
and extent o the line of the gom, sobdivides into Lwo
pavallel videes off which the onter macks the position of the
fiinre eroove hetween the cum and the lipy the inner is the
dental shelf or dental ridge, which st be pewmrded as the
citrliest fndicativn of' the fature tecth, The dental shelf
extend= into the nnderlyving mesodermie tiz=ne, not dircetly

P Deficiesey of agion of the inlves of the palate, resulting inoa wedisn
!i:“"‘“h‘. eomeslingtes the defi -:'Enl':'_'r, aofeyr peikare,  This i.!r'ﬁril'ru.:"r iy o
linitend {0 the Load or o tiie ~ofl paslate, o it aiay nilece Tealy, or it may
ba soen in (e il eithers alome—e gt or bl woslo—or in conjunclivn
with elef pradate,
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downward bLut in an oblique direction townrd the inner or
While the dental shelf is grow-
ing, it line of connection with the surface mtmlerm_ ia
marked by the superficial dental groove, which at one time
was looked upon as being the first evidence of tooth-forma-
tion.

Upon the side of the dental she!f vpposite the free or
oral surface, individual protuberances develap, corresponding
in number to that of the teeth of the tempovary set—ten for
each jaw, ITach little projection eotsists vi o mass of ecto=
dermic cells, which sonn bevomes @ pundet at its deep ex-
tremity, becoming thus elub-shuped sl fner fask-shaped,
antl which is ealled the enamel-sac «v :cimiz.vo enamel-germ,
gince the enamel of the tooth is dey eloned from it (Fig. 57).

F10, 57.~Three suecessive siages lo the development of o toothegerm of o ple
embryn (after Prey and Thiersch): a, b, e, layers of thlckened oral epitielium.
showing dental groove on surface fn 3; e, enamel organ; J, dental papilia; g, &
Internal and ex)

lornal layers of the folllele wall: i, Blood-vezacl: &, maxiita; o,
p tugrowth, the cnd of which eapands into the enamelsac,

Meanwhile the continuity of the original dental shelf is
broken by the dissppearance of the cells jn the intervals
between the individual enamel-germs, cach germ becoming
thereby isolated from its neighbors. The neck of the flask-
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shaped enamel-germ becomes reduced to a slender strund of
cells and finally disappears, so that there is no longer any
connection between the ennmel-gsae and the ectodermie cells
of the free surface of the gum. While the enamel-sacs for
the temporary teeth are growing in this manner, the corre-
sponding structures for the teeth of the permanent dentition
bud from the inner side of the dental shelf—that is, the side
looking toward the tongue—except those for the three per-
manent molars, which grow backward toward the articulation
of the jaw from the position of the second temporary molar.

As the enamcl-germs grow downward into the mezodermic
tissue, the latier sends np a number of conieal projections,
the dental papiim, one for each enamel-organ, This dental
papilla, of mesodermic origin, is the parent of the dentine
and of the puig of the tooth,  When the dental papilla and
the enamel-sne weet, the sne beeomes invaginated, its under
surface assumiie o conctive form. The enamel-sae at this
stage therefore is a «louble-walled eup which eaps the dental
papilla. It i2 at abont this time that the connection of the
enamel-organ with the surface cetoderm is lost.

The farther evoluiion of the enamel-organ consists essen-
tially in the armpgement of its constituent cells into three
layers and the formation, by the deepest of these three layers,
of the special elements of the fully-developed enamel—the
enamel-prisms, ‘T'he most superficial steatum of the enamel-
organ is composed of low columnar or polyhedral eells; the
deepest layer, that nearest the papilla, the so-called mem-
brana adamantina, consists of beautifully regular columnar
cells, the ameloblasts or adamantoblasts ; between the two is
a group of less choracteristie epithelinl clements. The cells
of the deep layer, the enamel-cells, are alone coneerned in
the production of the enamel. The enamel-organ for a time
covers the entire dental papilla. During the course of de-
velopment, however, the growth of that part of it covering
the future root of the tooth aborts, leaving the crown alone
covered with the enamel,

The first step in the formation of the enamel-prisms by
the enamel-cells is that the protoplasm of the deep extremity
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of each cell beeomes homogencous, and o tuft develops on
the end of the eell, projecting toward the papilla. By the
caleification of’ this tult the for-
mation of an  enamel-prism is
begun (Fig. 38).  The process
ol caleification continnes to al-
vanee from the deep or papillary
aspeet of e cnamel-organ toward

the suriiee,  From this it comes

abont et the pewest enamel i3
next e the

other words, nearest the .«=||r|':'|r|.N|[-JI

;
crennel-cellz, or, in

that the enamel-prisms
ave areanzed isoa direetion gen-
l.'-nllllr verti] 1o the lree surfice
of the tootli, Tl formation of the
enamel of the milk-teeth hegins in
the latter pavt of the foreth wonth,

:Illll :li o]

Fiti. % =semialinermunlie fig-
Lre shawing the severn! parts of

4 caleilrlog ennmelargan (Toues
tengl: 1 conteal colls of cuampl-
organ, Tand & eclls of Inner lnver
ol wvnmiiel=gan, 3 belog the o
amel eells: 4, g of YOupg o
amel: & ennimel privins: &, voung
dentine teavorsed by thie dontinal
flwra T, odontaldasts: & conteal
Heene of deutal pajaiiia

The middle Faver of the enamel-
orean becomes ereatly altered in
eons=titution, owing to the acen-
wnlation of Muid and e the re
duction of it= cells to the form
ol thin plates, the appearanee

. betne rather that of eonnective
tissue than of an epithelial ctencture.  The supaerficial layer
of cells nndergoes strophy, their sxact fite not being known.

The atrophie remmant of the enamel-ein 1= onmd npon
the free surfiee of' the tooth Tor a variable time after its
""'1,“,“}"“' constitating the membrane of Nasmyth.

I'he dental papilla liaz been relerred to as< the struetur
lh:ﬂ- j:,"i‘.‘l.'ri 1.'i-il: 1 Ihl' liL‘I!lﬁl!h'. It urilrin:m'.u Fevntn :u‘ﬁ\'l'
multiplication of the s ey 4-1-1|: The pumber of
papille correspomds to the number of enamol-orgaus. A8
the papilla grows toward the enmel-arenn it carly avenires
:-“Fflnhlrilr' The shape of the papilla, whether that of an
]ni‘lﬁﬂl‘, of i I.‘-"ll'litl(', or of 4 molar teusthy, 1= |It-hr1'uﬁ|||_-|.i |I1|I
the shape which the enamel-ormn nssumes,  The connvetives
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tiszue cells upon the surface of the papilla assume distinetive
character, hecoming large and branched, and constitute the
so-called odontoblasts iy, 55).  They are virtually modi-
fill osteoblasts, Forming o continwous  layer, they have
been styled the membrana eboris.  Detween this layer of
odontoblasts and the enamel-organ w layer of intercellular
snbstanee appears, the membrana preformativa.  The odon-
toblasts now send ont processes toward the enamel-organ,
which are linown as the dental precesses.  Clhleification
begins upon the suefice of the papilla and progres<es toward
itz eenter, bar is not complete. Small anealeified arveas, eor-
responding @0 the globular spaces of the completed woth,
remain next the coamel, The dental processes likewise fail
to become caleifioo and these are the adult dentinal fibers
oceupying the dentival tubules ol the finished dentine,  The
odontobla=ts contiaee the formation of dentine until the den-
ul papilla i entiecly sovmunded by it What remains of
the [-:Ipmal, VRE ihie mmplvtinu ol the luili[:, constitutes I|JE
pulp, a ||i;:||'|_".' viscnlar connective-tissue substanee slpport=
ing upon it surfies the odontoblasts, The deposition of
demting Lizrins in the latter part of the joneth wonth,

During the metamorphosis of the dental papilla the meso-
devmic tissue fmmediately surrounding it undergoes slight
eonden=ation to form the follicle of the developing tooth,
A= the 1.-h:1l:ll-t‘|-*rr'.-_:tlll recedes from the :illrt':l{‘l*, the flliele
inerenscs in extent o sueh adogree as to envelop the entive
radimentary tooth, Only that part of the follicle which
eovers the e oot of the tooth = of subsequent import-
amee, however ;. unds :';:1ni||_: |r:|t'I|':L| trmuosformation into triue
Bony tis<iie, it cives rise to the comentum or crusta petrosa,
whilis thie tpimees<itild external liroens ]'.'l:,'l._-r constilutes the
lining periosteum of the alveolus (Fig, 37).

The development, of the permanent teeth iv precisely analo-
gons fo that of the milk-tecth,  The ennmel-germs for the
permanent fecth, with the exception ol the molars, bud from
the lingual side of the dental shell in the serenteenth week
{Fig, 59), the gevm fur the frst permanent molar uppearing
ihont a week enrlier at the posterior extremity of the dental
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shelf after the manner of a milk-tooth, The germ for the
second molar buds from the neek of the first molar in
the third month after birth, while that of the third melar,
the wisdom tooth, springs from the neek of the second aboul
the third year. At birth, therefore, the gums contain the

Fun. b8, —Ceoms-acetlon of the bowor jaw of o cal cabryen, showing the erinzmel-
gerns of o milkdooth nml of & peemanent Gecthi (frou Connel, alter KOIEen:
#, thickened oral eplihellum ; so, cunel-ormen of permnanenl teoth, wlich his

Erown wut &t & from the neek (0) of the enamel-ae ol o mlkeoatli; mi, bner jaiw,
", Meckel's cartilage,

two sets of teeth exeept the sccond and thivd permanent
molars.

The eruption of the temporary teeth begins usnally at about
five and a half months after birth with the appearance of the
ﬂ!mtml incisore, and is complete at from cighteen to thirly-
six months, when the second molars are ent.  T'he first teeth
of the permanent dentition are the first maolars, which are
erupted at about the sixth year. The accompanying table
shows the time and the order of eruption of the teoth :
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Temrorany DexTiTiON,

Central focisors . . . . . v v« v o o« B} to T months.
Lateral dnuisors « & o & o o w0 o v oo o T 0 10 munths,
Firstmolars . . . . . = . &« ¢ &+ ¢ = « 17 told months
Comines . .« « & v 2 & 2 s 2 = s s o s« 4 to20 months

Epeomed molara . . . . . . . 0 .0 0 . L 1E o 36 montha
Peeuaxesr Dexriros. .
Fimbmolami . = =« « o « 2 + = = =+« (thyen
UCentral fneizors . . .« o -+« .« . o Tihoyear
Lateral ineieors o o o . 0 = o o o« o . Bth year,
First premwsdars. . . 0 0 o o o 0 o . oo S yean
Sevon] poemolarss o L L 2o v s s e oo LD vear
anines - e von oxom owos o os o« o« 3tk o 12th year.
Sevanul wedlars . c o« +owow o= oo L2l to D3t year,
Third masdurs twizdom teeth) - - - . . . 17th wa 216t year,

The Salivary &lands.—The salivary glauds, which in
mamieils consizt o three pairs, the parotid, the submaxillary,
and the susidaguol, develop as outgrowths of epithelium
From the lintee oucons membrane of the month.  The
epithelind eloments o the pglods are therelove of ectodermie
origin. The gwrvwtl of the submaxillary F!:i"tl l:!.'_:;in-l m 1he
rixth week, that of the parotid in the eighth week.  Each
epithelial ontgrowth is ot livst a solid evlinder, which under-
goes repeated branehing and acguire: a conneetive-tissue
framework amd cap=ule from the sarronmding mesoderm, 1t
i= not until the middle of the i0h month that the lumen of
the pland appears. Thi= i= brought alout by the moving
apart of the cpithelial cells composing the evlinders aml
theie beanehes,  The main does of the gl fir<t hecomes
hollow, then s brancles, and finally the lomina of the
alveali make theiv appearanes. The respeetive sites from
which the coveral sbids grow correspomd in o general way
to the pesitions at which the duets of the wdule glands open
into the month-cavity,

The Tongue.— Adthangh the tongue originates from
ti==ttes Delonweinge rewlly o the walls of the |1||:1.r_~.'n.~;, its o=
vieloprment ey b conveniently econsideral in connection
with that of the month beeanse of its relations in the mature
oreanizm. This organ, composed ehicfly of muzenlar <nb-
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stance, is formed from three originally scparate parts, an
anterior unpaired fundament, and twe posterior bilaterally
symmetrical segments.  The line of union of these three
parts is indicated approximately in the adult argan by the
Veshaped row of cirewmvallate papillic on the dorsmin of the
tongue, The anterior part of the tongue develops [ronma small
unpaired tuberele, the tuberculwn imusr, which grows from
the median line of the foor or antericy wall of the pharynx
between the first, or mandibular, wod i oo, or h_'rhit],
arch (Fig, 60, #). The posterior segm . ¢ <1 tonzne results
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from the growing together of two latera] halves, which develop
from the anterolateral walls of tle ]rl:::r\':n: at the Elll.‘-iﬁl'"
of the sccond and thind vieeernl arelics, but not feom the
arches themselves,  Thesn videres are sompetimes deseriliod as
the fused anterior (ventral) extromitios of the archies just
mentioned, TII'-? Ilil}'ﬂlil‘l:ll tubercle Inereases 1o size to :ill'-'ll
an Efleni s 1o constitute the major part of the organ, In the
median line of the anterior wall of the pharyns, e lintely
hn-hfm'l the tuberenlum fmpar, the epithelial Tining of this
cavity ponches forward and downward to devels wp later into
the middle lobe of the thyroid bodv.  As the ridees which
are to form the posterior part of the rlunguu [T 1:1:-.-r:|1! 3 anil
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posteriorly to this median evagination, they completely en-
elose it in the process of fusing with each other and with the
anterior tuberele.  In this munner a canal or duet is formed
leading from the surfuce of the tongue at the angle of junc-
tion of ita three segments down te the middle lobe of the
thyroid body, the latter meanwhile having descended from
its original position.  This canal is the thyroglossal duct or
cunal of His,  During the further progress of development,
the cunal snllers obliterstion, its only vestige being the orifice,
which is known as the feramen emenm of adult anatomy.

The papillz of the toague ave found exclusively on the
part derived o the tnberenlum impar ; the line of nnion

between the antorios ol posterior parts lies therefore hehind
the row of eirovmne'lae papille. The papille begin to
make their apioovane as carly as the beginning of the third
month.

Prior o the anivs «f the two Jaternl balves of the hard

palate, by which the oimitive oral eavity is divided into the
mouth proper and (e nasal chambers, the tongue projects
upward between the palate-shelves, almost completely illing
the primitive mouth. As the ]a:i.l.'llc-:hl_‘h't:.ﬁ :1pprt:m'h each
other, however, the tongue gradually recedes to its subsequent
normal position.

THE DEYELOPMENT OF THE KOSE.

The nose being an organ of special sense, its development
15 deseribed in conmeetion with that ol the other special-sense
organg in Chapter XV I, Owing, however, to its imporiunt
relation to the other parts of the face, it is desimble to refer
to its evolution in this connection,  Tor a more detailad
aceonnt, the reader is referred to Chapter XV L

The first indication of the organ of smell is in the form
of the two patehies of thickened ectoderm, the nasal areas or
ﬂlfﬂ.ﬂtﬂl‘? plntcs, 1\‘]4{:_-]1 ;|]|I|{;:u' Eil )] l||1_- lu_';il:h'l.':'l'l'l’] Sifh“ llr thl{'
orul fos=a in the third week of Ill‘.‘i‘f:ln'lITllﬂ'll. At the end of
the fourth week the arens are depressed and constitute the
nasal pits (Fig, 56, A). The nasofrontal process, n miass of
thickened mesodermie tissue, lies between them, During the
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fifth week the lateral edges of this process hecome thick and
rounded, forming the two globular processes, while growing
ontward and downward from the sides of ita base ave the two
lateral nasal or lateral frontal processes. Thus the nasal pils,
which l..‘t‘al':l‘f_-sjm’m,] with the p-u:-;il,{f.nu of the future anterior
nures, become bordered on the mesial side by the g|ﬂ|lu]=ﬂ'
processes and on the outer side by the laternl nasal processcs,
Below, the pits are continuous with the oral fossa, Owing
to the vont inusd grl:ﬁ!,-‘[h of these minsses the !l‘Il.-i !,_:l‘.l'[!'l.lil":l'
become deeper.  The Juternl nuesi process is separated ex-
ternally from the maxillary proce < of ihe first visceral arch
by a groove, the naso-optic furrew. ‘il Loaver extremities of
the "“'lﬁi”m'j* and lateral nasal [T cans unite with each
other and wldvance townnd the wedion Hne helow the nasal
pit.  In the lauer part of the =izth week they unite with
the nasafrontal process amd thus scparace the nasal pits from
the omal fussa and furnish the Lasiz of the upper lip. The
nasal pits are now the anterior nares, and the nose is repre
sented by the itregular masses of ti==ne surronnding them.
While the orifices of' the nares are soparated from the arifice
of the primitive orml cavity, their decper parts are continmoms
with the latter, there Leing as vet no hard or <oft palate.

!“ the vighth week the nose first aequives definite form,
awing to the continued crowth of the masses of Lisste Te-
ferred to above, The nasofrontal process forms the bridge

of the nose with the mazal septwm, and al=o the intermaxillary
part of the superior maxillie and the conneetive-tissue parts
of the upper lip. The lateral frontal process hecomes the
ala of the nose,  The pose j< <111l viery Lipesened sl laat in e

third month, atter which time it eradually assumes it char-
teteri=tic Torm, -



CHAPTER X.
THE DEVELOPMENT OF THE VASCULAR SYSTEM.

Tuk vascular system, including the blood, the heart, amd
the blood-vessels, hewins its development very carly in em-
bryonie lifi.,

While the lesrt i formed within the body of the embrya,
the Blood and the earlicst Dlood-vessels have their origin in
an extr=cmbryonie stvaetare, the volk-sae, It is wnote-
worthy that 1) preet= of the vasenlnr system procecd from
mesadermie tis=oe, the leart amd the vessels originating from
eleti= within this = truetnre, wnd being lined, therefore, with
endothelial eclls

In l'lll'l‘l.'.‘illllllf].!':lll.'l" with the \‘1[[‘_’5'5"; relations which the
embryo sustains woward the fetal appendages at different
times, it cirenlatory system iz distingnizhed  sncees<ively
by certain special leatures.  Thus, during the activity ol
the AL llk-=mer 5= an I of outeition, the vitelling cireulation
i present ; following and supplanting this is the allanteic
circulation, which Iatter, in tuen, gives place to, or, in laet,
becomes the placental system of vessels,

THE VITELLINE CIRCULATION AND THE ORIGIN
OFF THE BLOOD,

The seat of the liest formation of the bloodsvessels and
of the blood is the wall of the yolk-sae, entirely outside of
the body of the embrvo.  The wall of the yolk-sae, the
reader niay he reminded, consistz of the extra-embryonie
1-1|ﬂunrhllﬂp!ruru- coversd with o part of the ﬁrlill:lli;tlﬂeun.‘.
The mesodermis lver of the sae exhibits—at the end of the
first day in the chick—a networl made up of cords of cells.
Interspersed  thranghount this network, as part of it, are
groups of mezodermic cells known as the blood-islands of
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Pander. Soon the cords composing the network become
hollowed out =0 as to constitute an 2 n:'l.-'-tnnu::-iiug ml_it:llil‘lm
of vessels, the cells which are to compose the walls of these
vessels meanwhile wequiring the endothelial type.  The re-
muining component cells of the bload-islands coineidentally
undergo partinl disintegration and liquefuction, by which
their nuelei are set free. These nnelei, surrounded by a
very smull and inconspicuous cavelope of protoplasm, are
the primitive red blood-corpuseles und ure, during the first
month, the only corpuscular clements that the fetal blood
containg, They differ escentially ivomn the adult red cor-
puseles in the fact of their being pueleatal. .Their shape is
at first spherical or spheroidal,  Subzegoently they entirely
'-'Hﬂlplit'll-l‘. Other cells are added to it blood during the
second month and afterward,  Withont dizcussing the un-
gettled question of the origin of the adalt blood-cells—the
red and the white corpuscles and tlhie blood-plaques—it may
be pointed out in passing that the liver is a very important
sotree of the red l'.ul.'p-ll.-l.'].q,'a-'. during letal hife,

Li"ﬁlillg the first network of vessels on the surface of the
yelk-sac is a cireular vessel, the sinus terminalis (IMlate V1),
Sinee the yolk-sae is relatively <o large that the body of the
embryo appears to rest upon it, and sinee the surrounding
somatopleure is translucent, o surfhee view of the ovam at
this stage shows a vaseular zone encireling the embryonie
aren and the later Lody of the embryo. This zone is the
area vasculosa, or vascular area, the scat of the carliest for-
mation of blood and of blood-vessels of the cmbryo.

The vessels, by o process of budding, grow from the vas
cular arca along the vitelline duet into the hody of the
embryo. Iere they take their conrse toward the primitive
.Illt'H.l."l‘, which has meanwhile been ";I“"""']"!‘inl-'- From the
anterior and posterior and lateral limits of the vaseular area
—using these terms with reference to the axis of the em-
bryonie body—four pairs of vitelline veins converge toward
the vitelline duct and unite to furm the two vitelline or
omphalomesenteric veing, “These \'&ills. after ,_.m{.ring the
body of the embryo, pass headward along the wall of the
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intestinal tube and empty into the lower or candal end of
the primitive heart,  "I'he trunks which are to constitute the
vitelline arteries, aficr entering the body with the vitelline
l‘-]ul.‘t, [r=s llp“‘.‘lr:i :Ihlng the dorsal hni]_‘;'-w:tll, within the
dorsal mesentery, to become continuons with large arterial
trunks that have procecded from the primitive heart,
The large tennk< referved to are the viseeral-arch vessels,
which unite to form the primitive aortwe,  The visceral-arch
vessels (see Nz 0% ave o series of live pairs of arteries that
pf = 'h:.‘ a cominon stem, the truneus arteriosus, {vom the
upper end of the primitive heart. They pass along the
respective viseorn! arvelies toward the dorsal surface of the
hﬂd:-' where ol the vessels of one side unite infe a4 common
trunk, the priraitive zorta. I'he 1wo ]n‘illlhi\‘u Ao, priss
ing vamlalward in the dorsal mesentery, give off) as their
largest branches, the two  omphalomesentevic or vitelline
arteries above referecd to. The development and the re-
pression of the viecoral-nrel vessels i."lll'l'l.‘FI'lll.hlli.l with the

growth nnd the decolenee respeatively of the viseeral arehies,
Not all the vesscls are pre=ent in i ﬁ:l]_\'-llt.-\'rlupq'tl codition
at any one time, the tirst pair hm‘ing begun to atraphy before
the fifth pair makes its appearanee. The metamorphosis
into eertinin adult vessels of zuch of them as persist will be
considered in a later seetion.

Thiz system of vessels constitutes the vitolline eireulation,
the manifest funetion of which is ta convey nutritive mate-
rial from the yolk-=ie 1o the embrvo, While the vitelling
cirenlation i= of weeat importance in any ovam provided
with abmndant nuteitive volk, sueh as that of the binld, it is
ol compartively =lizht consecuence in wan aml the other
higher mammals, and it mnst he remardod ns a vestige of the
avian or reptilian ancestry of the mammalian ovam, or, at
least, a= 4 reminder that the nummalian ovim was originally
provided with an abundant volli, It mnst e borpe in miml,
however, that ihe neunmalinn blastodermie vesiole imbilies
trem the walls of the uterns o richly nutritive allmminons
fluid, which [TH e taken up later amwd carvied to the eme-
bryo by the vitelline civenlation.  This system of yolk-sae
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vessels disappears with the regression and dimppmrnnm.i_iﬁ-‘
the yolk-sse—in the human embryo at abont the fifth week.
To render the comprehension of the later phases of the
vasenlar system more simple, their consideration is deferred
until the development of the heart shall have been described,

THE DEVELOPMENT OF THE HEART.

The heart, when studied in the lower-type animals, is
seen to be morphologically a dilutet and specialized part of
n vaseular trunk embedded in the ventr:l mesentery. In
man, the first fundament of the heast npposia at a very early
period—namely, before the splancli+ pletre lias folded in to
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form the gut-tmet, or, in other words, before the end of the
H_ﬂ.noml week. This fundament, in all higher vertchrates, is
bilateral, having the form of two tubes produced by vacuola-
tion 'flf the splanchnic mesoderm and lying widely separated,
one in ench half of the still spread out splanchnopleure
(Fig. 61, 4). A transverse section through the future neck-
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region of a sheep- or rabbit-embryo shows the tuhug;lb '- ,?Sf

actoss, since their long axes are parallel with that of the =
body (Fig, 62). With the folding in of the splanchnopleare
aud the union of the edges of its folds, the fubes are carried ¥
toward each other, and subsequently, by the disappearance
of the tissue intervening between them, their cavities become
ove (Fig, 61, B and €), After the formation of the gut-
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truct, therefore, and the simultancons appearunce of the
ventral body-wall, the heart-fundament is o single straight
mesodermic tube, situated in the pharyngeal region, in close
relation with the ventral wall of the body, between the latter
and the fore-gut.  Reference to Fig. 61, ) will show that
the henrt-tube is separated from the body-cavity (or ccelom)
on each side by o layer of the mesoderm, and that these two
layers connect the heart dorsally with the gut-tract and
ventrally with the body-wall, forming respectively the meso-
cardium anterius and the mesocardinm posterius, These folds
temporarily divide the upper portion of the body-cavity into
two lateral rirts,
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The disappearance of the stratum of mesmderm imme-
diately surrounding the heart-tube and the diferentiation
of the tissue limiting peripherally the space thus formed,
results in the production of u second larger tube enclosing
the first.  The ecells of the onter tube heeome specialized
into muscle-cells, which are to constitute the future heart-
musele, while those of the inner c}']imh-r tlatten wind a=sume
the endothelioid type to become the endocardium.  The wrowth
of centrally projecting processes from the mo=eular wall and
the outpocketing of the endothelial tube to cover these
processes and line the gpaces enciosed by them foreshadow
the spongy character of the inner =artfie o of the adalt heart,
with its column® carme® und muscsll petinati, [t is signifi-
cant, as showing the contmetility of wioiillorentiated prote-
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plasmic cells, that the heart beging 1o pulsate even heefure
ﬂ“f Appearmmee of any museulur tis=ne in its walls,

Phe upper end of the heart-tulye tapers away into the
truncus arteriosus (Fig. 63, 1), 2 vessel whieh hifureates into
the first pair of viseeral-nrels vessels, while its lower ex-
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tremity receives the vitelline wma above referred to. Ex-
cessive growth in I|-t:kliulr{¢|4:i| end of the tube being more
or less fixed in |;r-u1l?r , yeeessitates flexion or folding, the
form which thf.+ heartsfihe assumes in consequience being that
of the letter 5 placad obliquely (Fig, G4, A).  The venous

n

Freo, Sl =2, Bient? of Tiieonni cnabersos oof 205 mn, (1) a, tronens arteriosis;
B, peetteitines vonlricie s o vomens soemtent, W, heart of banian enhero of alsul
A (I, bR arierioass g &, venons aegient bebinde s ¢, primitive ven-
irlebe (he Fromtg,

Timb of the 5 Hes comdad and toward the Ini':,th:'- arterial sep-
ment heing dirceted headward aond toward the right, so that
the twe lie almo=t in the =une voronal plane.  These rela-
tions are =oonn aliered v el o rotation arotnld n lt‘.ﬁl'lgihluﬁll:li
axi= that the venous part of the heart comes to lie nearer
the daraal wall of the hode, with the arvterial portion ventral
ta ity hoth being branght at the =une time into practically
one tramsverse plane by the headwand migrtion of the
venous, amd the milward migeation of the arterial, moiety.
At this time the heart i= relatively so large, and the ventral
budy-wall covering it =o thin, that the organ appears as i’
sitiated ontside of the embeve’s body (Fig 51, p. 104),
Simultneonsly with these alterations in position, the ar-
terial part of' the heart i< heing warked off' from the venous
segment iy o transverse constriction, the former heeoming the
ventricle, the latter the auricle or atviom (Fig, 64, A).  The
mivrow eonnnnication between the two is the auricular or
atrioventricular canal, which soon acquires the primitive

i 4
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strioventricular valves. ‘The truncus arteriosus becomes de-
limited from the ventriele by a eircular constriction, the
fretum Halleri, the proximal part of the truncus arteripsus
dilating somewhat to constitute the bulbus arteriosus. The
truncus arteriosus divides into the viscerl-areh vessels, as
pointed out in the last seetion.

The Metamorphosis of the Single into the Double
Heart.—The heart with but one ventricle and one auriele or
atrium is found not only during the early perinds of develop-
ment in all air-breathing vertebrtes, bue = the permanent
condition in fishes. In the developient of the individual,
as in the evelution of the higher vertehrate type, the appear-
ance of the lungs, which replace the branehie of fishes as an
afrating apparatus, is aceompanied by o division of the heart
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U of atriom corresponding with ausiculor nppendage s v temieus aftericaes ;o

Burleular canal; r, primltive sentriele, I heart of Bumnmn esabevo of aboat

Afth week (Mis): o, el ansele POy rlzht amrlele: ¢, trungus ipterlasus ; o, Intes

venlrienlar grovve; ¢, flglit ventriele: J, left ventriclo

into right and left halves for the pulmonary and the general
systemic cirenlation respectively. -

"I‘]ur division of the hunan atrium begins in the forrth wel
with l.'I.le growth of a perpendicular videe from its dorsal
cephalic walls (Fig, 66, B), which extends towand the cavity

and ultimately divides it into right and left auricles ( Fig. 6.
The atrioventricular canal, with its anterior and posterior
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ritlges or valves, shares in this partition, becoming therehy
the right and the left avriculoventrienlar orifices.  The
separation of the ateinm, however, is not complete, sinee
there remains in the septum an aperture, the foramen ovale,
which persists until hirth or shortly after,

The division of the ventricle, which follows that of the
awricle amd which is completed by the seventh week, is first
indieated by o vertical proove, the sulens interventricularis,
geen on both the dopsal and the ventral surface (Fig. 65).

H

Fua, 66X, rectlon of Beard of human embeye of 10 mos (liss: o, sepiim
epurtun ;b istoraiieleciler sepduim ;oo st B of sitns roinlens: o rleht wurlele;
e ot waedehe s g, anelendne conel; e, bt venteicle: &, interventrionlne sopdn
b el ventelebe, B sed:! s of Bieast oF B oaget: enibeea of si=atl the fifth week

AMiser o, scptuan spadring, & narealar (CATELH e tine of alins peunbens
il msler peamaes (ligesnnst Gepnpiess oovnded, o, phel® wl e ¢ belt atreluma; f&vpduzn
ot renedinm g o, elpht vontele b A vontelendae septun b, Lot venteiele,

From the internal surfice, corvesponeling to the pesition of
the sulews, 3 wedinn contrally projecting ridge appears and
l!l_ﬂ.‘ﬂlllilh into u =eptin, thoas producing the right and the left
ventricles ( Iig=. G6 il 67).

The truncus arteriosus, after havine become somewhat flat-
h"]u:‘d, h:i‘ the wrowth of a vertieal =eptin, or |=:u‘lil|'u-|| tl“ig.

Oceasiomally the formen ovale remains pratulines fur ~everal wecks or
months wftor Livth we cven throsehout Bife.  As this condition pllows the

verens blood voomdngle wirh (he srterial, the serface of the ady is Dluish
ar eranctie, wond aochild s sl lend ds aabd to ber o Y Ddinee l-uh_\'.“
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67, ), is divided into the aorta and the pulmonary uurr*-’s
- Though the three septa referred to develop independently of Y
each other there is such correspondence between them, asfo

et

position, that the effect is as if they constituted one contin= -

‘wous structure,
Before the division of the atrium into the auricles, its
walls pouch out on euech side to furm the auricular appen-
dages, one of which belongs to each future auricle (Fig. 65).
While it is still a straight tube, the heart receives at its
venous extremity the two vitelline voins,  Subzequently this
particular part of the atrium is disiinguizhed ns the sinus
venosus or sinus reuniens, this being » short thick trunk into
which empty, in addition to the vitelline veins, the ducts of
Cuvier and the umbilical veins. The mouth of the sinus
- venosus is guarded by a valve compesed of ivo leallets. In
the division of the atrium the sinus 1veno=u= i4lls to the right
auricle, while emptying into the left auricle is the single pul-
monary vein, which is formed by the anion of the fonr pul-
monary veing, Still later, the sinus venosus iz merged into
the wall of the right auricle, and henee the venous trunks
above mentioned empty by separate orifices into its eavity.
The left leaflet of the valve at the month of the sinus
venosus becomes atrophic ;s the right divides into two parls,
one of which becomes the Eustachian valve at the orifice of
the inferior vena eava, while the other forms the valve of
Thebesins, or the coronary valve, at the opening of the coro-
nary sinus (the latter being the persistent lower end of the
left duct of Cuvier). The Eustachian valve serves to direet
the blood from the inferior cava through the fornmen ovale
w:lnng as that aperture is present. The single pulmonary
vein is in like monner incorporated in the wall of the left
anricle, the four palmonary veins in consequence acquiring
separate openings into that eavity.

The Valves of the Heart.—Before the division of the
atrium and the ventriele into right and left halves, the atrio-
'*'_E“tﬁﬂﬂlﬂt" canal has the form of a transverse fissure, each
h‘I’ of which is thickened into o ridge (Fig. 67, 4). These
ridges or endocardinl cushions are the primitive valves.
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When the atriul partition grows down and the ventricular
geptum. grows up, their free edges meet and unite with the
ridges, each ridge being thereby divided, on its atrial surface
by the atrinl or interauricular septum, aud on its ventricnlar
nspect by the ventricular septum, into a right and o left half
(Fig. 67, B). Since the ridges, at their points of union with

Hornp 0 cluchdatie the changes In the mutoal
relatfons of the Inteccontrboni=. oritee and the wstium intesventriculare sy well

ns b diviston of the vontriele sl lapze arteriea.  The ventrieles are imagined to

have Leen divided fute balvos; one looks into the posterfor (toraal) halves, in

which, taarcover, the eandlae trabeculie, cle,, have been omlited for the dake of

sl plifying the view, .4, heant of an embeye rabudl, o whieh the head s 223-3K
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and a rlght half ne far as the (nterventricolar orifce (0, The rigbt end of the

fsramen atrloventeloulare comuoune (F,ae, o extends frto the right ventriele: tho

endocardinl curhions (o ed, woeld are developel, 8, heart of on embirye eabbie,

bead 5.8 mun. long.  The endocandin eushions o, ek, u, ek) of the fornmen atrfoven-

triculare commune sroe fasesd, and thereby the foramen atrloventrleulare commune

I8 now geparalod into o frasmen atrioventriculnee dextrnm (F ae d) and sinistrom

'_E ar.®. The ventrleular |u.|5|.|:I|||| (= TRITEY MNkewlse Doeed with the eadoganiial

cushlons, uied hos grown forward o (e ns tie partition (# of the truncus arterlo-

sua, Y the elosire of the reninant of the ostlum Interventriealare (07 the sop-
tom membrmnacenn I formed; ok, rlght, B, loft ventelcle; b, ventolenlnr parti-

thon: Pu, arteris polmonalls; A, aoring & partitlon of the truncus nrieriosos; O,

wslinm intervontrieolare; Foae e, foramen atelaventrleulare communea; Foae, o
anill Foor, s, foramen atffoventrioniare dextrum and slulsirom; o ek, o ek, upper
and lower endothetinl or endocaniianl eushions,

Fro. 67.—~Twao dinperms Jafing

the septa, fuse likewise with each other, the origiual orifice
i4 bigected into the right and left auriculoventricular aper-
tures, the only valves of which are the ridges or cushions in
fuestion,

To trace the further development of the fully formed

valves, it will be necessary to consider the changes which
10
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with trabeculwe that have remained musculnr, the adult mus-
cull papillares.

The semilunar valves of ihe aorta and pulmonary artery
appenr when the truneus arteriosus divides to form those
vessels.  The orifice of the trunens arteriosus is provided
with a valve having four leatlets (Fig, 69, A). By the di-
vision of this veszel into the pulmonary artery and the norta
(Fig. 649, B awd (), the lnteral leaflets are bisected, the ante-
rior hall’ of cach, with the anterior leatlet, going to the ante-
rior vessel—the pulmonary arterv—while each posterior or
dursal hall, with the doresal leaflet, falls within the ovifice of
the aorta, The vesulting disposition of the segments of the
aortie amd pulmonaey valves is such that, in the aori, two
leaflets are sitnited anteriorly and one posteriorly, while in
the ense of the podpsary artery these conditions are roversed
(Fig. 69, ') In the tully developed heart, however, it is
found that the aorta hin- 1w Jrasterior lesflets and one ante-
rior, and that 1he pulmonaey avtery  presents one posterior
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and two anterior scgments,  In the division of the trunens
arteriosus, the auterior half, or the pulmonnry artery, falls
to the right ventviele, and the peterior trank, the aorta, to
the left ventricle, the (wo ventrieles Iving =ide by side.  In
order, thevefore, that the ventriclos may nequire the relative
positions which they hold in the adult there must be sueh a
rotation that the left ventricle comes to lie behind the right.
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This rotation of the heart from right to left necessarily alters
the relation of the pulmonary artery, causing it to lie not
directly in front of the norta, but in front and to the left.
If one conceives of a rotation of the two vessels from right
to left through an arc of 60 degrees around a vertical axis,
the altered relation of the pulmonary and aortic leaflets be-
comes at once intelligible (Fig. 69, C and D).

THE ALLANTOIC AND THE PLACENTAL CIRCULATION.

The development of the allantcis and its accompnnying
system of blood-vessels is simultansous with the decline of
the yolk-sac and the vitelline circulation. Since the-allan-
tois is an evagination from the gui-tract {see p. 80), itisa
splanchopleurie sac, its walls consisting therefore of an ento-
dermic and a mesodermic layer. Blood-vesscls develop
within the mesodermic stratum as extensions or branches
of previously existing intra-embryonic trunks. These ves-
sels are the allantoic arteries and veins. The two allantolc
arteries are branches of the primitive aorta and leave the
body of the fetus, in company with the neck of the allantois,
at the umbilicus. Having reached the peripheral part of the
allantois, they break up into a eapillary plexus, the extension
of which into the villous processes of the false amnion com-
pletes the union of that structure with the allantois to form
the true chorion (Plate I11.).

The two allantoic veins develop pari pasac with the arteries
and convey the blood from the chorion to the fetus, En-
tering the body of the fetus through the still large um-
bilical aperture, they find their way along the intestinal tubwe
to the septum transversum—uwhich structure may be regrarded
a8 the primitive diaphragm—to the region of the heart,

where they open into the ducts of Cuvier. Fach duct of

Cuvier (Fig. 72, A) is formed hy the union of the primitive
jugular vein with the cardinal vein of its own gide, the car-
dival and the Jugular veins returning the Llood respeetively
from the lower and upper parts of the trunk. This .*,-L_'l.‘st{‘.'l'll
of bload-vessels constitutes the allantoic circulation; it is of
great importance in anv ovum that is developed outside of
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the body of the mather, as in the case of bindy, reptiles, and
fizhes, in which clusses the allantoiz is the organ of natrition
from the time that the volk-sae censes to perform that fune-
tion until development is complete. In man, however, as in
all other mammals exeept the monolremes and marsupials,
the allantoic eirculation may be looked npon as, in a measure,
rudimentary, since it serves to convey nutriment from the
chorion to the fetus ouly nutil the formation of the placenta.

The placental system of blood-vessels, appearing
in the third momh with the development of the placenta,
ineludes the principal tranks of the former allanwie system,
the allantoic arterics awml veins having become the umbilieal
vessels. ‘The two mbilical arteries convey impure blood
from the fetns o the placenta, where it cirenlates through
the eapillarics . that cosan and reccives oxygen and nntriment
from the Llood of the mother,  As bhetfire stated, there i3 no
intermingling of the dtal and the maternal blowd, the two
currents being eparatod by the very thin walls of the eapil-
laries, throwgh which csmosis vecurs,  The purified blowl
returns to the fetos throngeh the umbilical veins and reaches
the right auricle throngh the inferior vena cava, a portion of
it having passed throngh the liver,  The two umbilieal veing
which are present for a time Ffuse subscquently to form a
gingle vein,  The complicated details of the arterial and the
venous trunks, and the relation of the latter o the develop-
ment of the liver amd irs speeial svstom of vessels, may be

advantageonsly considered in separate seelions,

THE FETAL ARTERIAL SYSTEM.

The truncus arteriosus, the luree artery which arises from
the, 53 vet, nndivided venteicle of the heart, bifureates into
two tranks, the fivst pair of visceral-arch vessels (Fig. 70, 4).
Theze first visceral-arel vessels, al=o sometinmes ealled the
first aortic arches, run feom the ventral surfiee of the hady
ﬁl“"j—! the first viseera!l arehes, toward the dorsum, where
they enrve downward and pass candalwared, one on each side
of the median line, in frout of the primitive vertehrl column,
Very =oon theve arise from the trunens arteriosns helow the
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point of origin of the first vessels, four additional pairs of :

visceral-arch vessels, which similarly pass dorsad along the
corresponding  viseeral arches, and swhich unite with the
dorsal part of the first pair to form the primitive aorta of
each side. Iach primitive norts results, therefore, {rom the
confluence of all the viscerl-urel vessels of its own side

P16, Wh—Dlagnuns lusteating arranzement of primitive heart and aortie
arches (mnd(fied from Allen Themuon): 1, vitellne velns returning blad frotm
varcular aren: 2, venous sewment of heart-tube : 3 prlmitive ventriele; 4, lnincus

AHaTGus: 5, 6, upper and Mower primitive aorte ; &, 0, continuation of douhle

tortoe 64 veasels o enndal pole of embrye: 6 vitellbne el returning hloead lo
Veaoubes e ™ embryo; 6, vitelllng artesies retorning

["Fig. 70). The two aortw afterward hecome merged inte 8
single trunk. At first the principal branches of the norta
L the vitelline arterics,  As these latler vessels become
mm".spi““““-‘h the allantoic or nmbilien] arteries come into
prominence as the chiel branches.  Indeed, the umbilieal
arteries may be gaid to be the continuation of the aorta, since
:‘he largest part of the blood-strcam is diverted into them.
Fhe aorta proper continues in the median line as the caudal
norta, which latter is represented in the adult by the middle
sacral artery.

So far the arterial system of the fotus prescuts an abso-
lutely svmmetrieal arrangement (Fig, 701, Changes very
saon oceur, however, which lead to the asymmetrieal condition

iy
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fonnd in the adult. These ehanges are due to the atrophy
of gome truoks and the preponderance of others. From the
point where the dorsal extremity of the fourth arch joins
the fifth, a branch passes to the rudimentary arm (Fig. 71). -
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The first aml second arches, exeept their ventral and dorsal
limbs, undergo atrophy. The ventral limbs of the irst and
gecond arelies persist and heeome the external carotld artery,
while their dorsal extremities, with the third visceral-arch
vesgel, become the internal carotid artery. The ventral stem
of the third arch constitutes the common carotid. The right
fourth-arch vessel beeomes the right subclavian, its stream of
hlood being conveyed to the arm by the branch which has
tuleen ity Grigiﬂ. {rom [hn Pﬂi"t gf jll[lftiﬂ“ aof the dul‘Eﬂl ends
of the fourth and fifth arches. This latter branch is there-
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fore the continuation of the subelavian, The ventral seg-
ment of the right fourth arch wounld be represented in the
adult by the inneminate artery. "T'he fourth arch of the lelt
gide ussumes a lower position ; sinking into the thory, it be-
comes the arch of the sorta. Sinee the right fifth arch becomes
atrophie, the dorsal end of the richt fonrth-arch vessel—
the future right subelavian arterv—Iloses its connection with
the primitive aorta, and the latter vow appears as the con-
tinnation of the /g fourth arch,  Fhe ventral stem of the
left third areh, which becomes the fiiore 1ef common carotid,
and also the left subelavian, which nrises (rom the posterior
or dorsal end of the left fourth wrl, are aow hranches of
the arch of the aorta.  When the tevsens o teriosns beeomes
divided into the aorta and the pulewnacy artery, the lelt
ffthi-areh vessel s the nnl:.' one of the bewehies= ol the trimens
that falls to the pulmonary artery, ail the other viscerl-arch
vessels being conneeted with the aerta.  The left fifth vis-
ceral-arch vessel therefore is represented in the adult by the
pulmonary artery. The fetul luness Leing impervious, only a
very small part of the blood of the pulmonary artery is sent
to them. The larger portion of the Blood passes from the
pulmonary artery to the aorta through a communicating
trunk, the ductus arteriosus, whicli bevones ;luiu*l‘\'inll-f alier
birth with the establishment of the proper pulmenary cire-
lation.

These transformations affrd an explanation of the ditlerent
relations of the recurrent laryngeal nerves ol the two =ides,
At first they are symmetrically arcanged. The pnenmo-
gIStEe nerve, as it erosses the fourth viseoml-nrel vessel,
gives off’ the reeurrent larvngeal nerve, the later winding
around the artery from before baekward on its way to the
l!l'l'}‘l.l.\:. “'I“'n l5'“’-' it fonrth arch bicomes the areh of il
aorta and sinks into the l‘]h.'.'-‘t, the nerve is carried with it;
hence afier this time, the lelt nerve is found winding aronnsld
the arch of the aorta,

Anomalous arrangoments of the branches of the sortie
arch, as well as of the arch it=elf, ave veferable to anomalons
development of the original system of visceral-areh vessels
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For example, it the right fourth arch, which usually becomes

the right subelavian artery, be suppressed from its origin to

the point where the arteey for the right upper estremity is,
given off, the blood must find its way into the latter vessel

through the dorsal stem of the fourth arch, and this dorsal

stem will then become the right subelavian artery,  In such

cise, the right subclavian of the adult will be found to arise

trom the left extremity of' the arch of the aorta and to pass

abliguely upwand to the right side of the neck behind the

trachen amd the 1'.-'-ltlr]|:1gl:|.4=,-

THE FETAL VENOUS SYSTEM.

The venous system of the embryo presents several sue-
cessive plases, correspeiding in part with the various stages
in the evolution i the acterial svstem,  The first tronks to
appear are the vitelling veins,  These vessels have their ovigin
in the vaseular aren on e wall of the yolk-=a¢ in the manuer
alreidy de-eribed in eonmeetion with the vitelline eireulation,
The two vitelline or omplalomesenterie veing, which result
from the convergence of all the venous trunks of the vas-
eular avea, follow the vitelline duet into the bendy of the
embrea throngh the still widely open umbilieal aperture and
take thetr conr=e hendwad :|.'|-|||_-__1; the intestinal canal to apen
intoy the candal end of the primitive heart-tube (Fig. 70,1, 1),
At a later period they open into the sinus venosus of the heart,
and still later, when the sinus venosns beeomes a part of the
general ateinl eavicy, iute the ateivm it<elt, Near theire termi-
nation these veins communieate with eacl other I amastomaos-
ing trunkes that coeivele the fituee duadenal region of the in-
testinal tnhe. A< the valli-2ae dimini=hes in size and it por-
tavce, the vitelline veins deercase i ealibier, and the umbilieal
veins, conveviee blood from the allanteis and subsequently
from the plieenta, functionally replace them, The proximal
parts ol the vitelline veins have an im]mt'f:lllt conneetion
with the cireulation of the liver, a5 will be seen hereafter

The umbilical veins, which are developed in the mesndermie
tissne of the allaetois, pritss fromn the |:l:n-¢m[:1 o the
umbilical cord and, enteringe the fetal body at the umbilicos,
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E_’ - run at first along the lateral, and later along the ventral,
E' wall of the abdomen toward the heart. Meanwhile there
- have been established a pair of venous trunks, the primitive
jugular veins (Fig. 72, A), to return the blood from the head
and the upper part of the trunk ; and a sceond pair, the car-
dinal veins, which bring the blood from the lower part of
the trunk, and especially from the primitive kidneys. The
primitive jugular vein—which represents the external jug-
ular of the adult—passing downward along the dorsal re-
gion of the neck, meets the cardinal voin of its vwn side and
| unites with it near the heart, the short thick trunk thus
. formed being the duct of Cuvier. The right and left ducts
i of Cuvier converge and open together inlo i sinus venosus
(sinus reuniens) of the heart, whieh also sow reccives the vitel-
line veins and the umbilical veins.  Upan the development of
the upper and the lower limbs, the eardinal vein appears as
if formed by the confluence of the internal ad external iliae
veins, while the primitive jugular below the entrance of the
subelavian vein is designated, with the duet of Cuvier, the
superior vena cava, since, owing to the preponderance of the
jugular over the cardinal vein, the Cuvierian duet appears
to be a direct continuation of the jugular. At this time,
then, there are two superior venwe cavee, the terminal parts
of which, however, are naot exnetly symmetrieal, since the
left passes around the Jdorsal or posterior wall of the atriuny,
owing to the rotation of the heart from right to left.

The lower venous trunks likewise present o symmetrical
arrangement. The bilateral symmetry of this stage of the
venous system, while permanent in fighes, hecomes modified
in man to produce the familiar asymmetrieal condition of the
adult venous trunks by two factors principally—first, the
development of an unpaired vessel which is to constitute a
part of the inferior vena cava, and second, the atrophy of
certain vessels and parts of vessels with a consequent diver-
sion of the major part of their blood-strenm into other clinn-
ﬁE]E-‘ Associated with these alterations is the evolution of o
Bpecial set of blnml-wssula, the portal venous system, fur the
supply of the developing liver. The development of the
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portal system, however, may be deferred for separate con-
gideration (sce page 161).

When the sinns venozos heeomes a part of the atrinm—
constituting that part of the wall of the adolt auricle which
is destitnte of musculi pectinati—the two duets of Cavier, or
the superior eavie, as well as the veins from the abdominal
viseern, open by separnte orifices into the atrinl cavity.  An
unpaired vessel now develops below the heart in the tissue be-
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tween the primitive kidneys (e 72, o, 1) This constitutes
the upper or eardise seement of the inferior vena cava.  The
lower extremity of this trunk anastomoses by two transverse
branches with the vight and the left eandinal veins (Fig 72,
By The eavdinal veins of the two sides are further con-
nected by o transverse trunk at their lower extremities amd
by one that prt==es aeroza the vertoheal eolumn just below the
heart,  In like manuer the two SAUPErior Ve cavie commil-
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nicate with each other by a transverse vessel, the transverss
Jugular vein, at the upper part of the thorax, above the ﬂ'ﬂh 1
of the nortn. With the exception of the unpaired trank
which is destined to constitute the upper part of the inferior
vena cava, the arrangement of the veins at this time is abso-
lutely symmetrical. The apparcutly meaningless asymmetry ==
of the adult yenous trunks is easily necounted for if one =
notes the alterations in the course of the blood-current which
nowW oceur,

The blood-stream of the left saperior vena cava gradually
becomes entirely diverted into thi riglic eava through the
transverse jugular vein, and the pevt of ihe left cava below
this point, being now functionless, <hwiveis to an impervious
cord (Fig. 72, C). This cord or -trand of tissue, the rem-
nant of the left superior cava, is foumd in postnatal life,
front of the root of the left lung, embedded in a fold of the
serous layer of the perieardium, the so-called vestigial fold
of Marshall. Since the left superior vena cava receives, near
its termination in the auricle, the large coronary vein, which
returns the greater part of the blood from the heart-wall,
this proximal extremity of the left cava persists ns the
coronary inus of the heart. The trnsverse communicating
trunk—the transverse jugular vein—and the part of the left
cava above it now constitute the left innominate vein, the
course of which from left to right is thus explained. The
left superior vena cava of the fatus js represented in the adult,

cord lying in Marshall’s vestigial fold, by the vertical part
?F the left innominate vein and by a part of the left superior
intercostal vein,

The lowest connecting branch between the cardinal veins
enlarges and conveys to the right cardinal vein the blood
from the left internal and external ilinc veins (Fig. 72), in
congequence of which the part of the left cardinal vein
heh:w the kidney undergoes atrophy and, finally, complete
obliterntion. The newly-formed transverse trunk is the left
common iliac vein. The part of each cardinal vein above .5
the renal region suffers an arrest in growth, in consequence :
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of which the blood is diverted from these veins into the
transverse nnastomosing branches hefore mentioned as con-
necting the respective cardinal veins with the lower end
of the unpaired eaval trunk (Fig. 72, B and C 6).

a result, the lower Lalf of the right cardinal vein, now
receiving at its distal end the two common ilige veins, lLe-
comes directly continunous with the unpaired eaval trunk, and
with it constitutes the inferior vena cava, The inferior vena
eava, therefore, is portly an independently formed structure
and is partly the greatly developed lower half of the right
cardinal vein. The vpper half of the right cardinal vein,
eonveying now @ relecively small part of the blood-stream,
becomes the ves:. azy;os major, the termination of which in

the superior ven: cav: = axplicable when it is horme in mind
that the cardivai and e primitive jugular veins, by their
conflucnce, forse: tiwe <t of Cuavier.

While no purs i ¢80 right cardinal vein suffers complete
effacement, the 4t one, in o part of its conrse, entirely dis-
appears.  All the bloe:d of the left external and internal iline
veins being tran-ported to the right side of the body through
the fowest transverse trunk—that is, the newly-formed left
common iline vein—the part of the left eardinal vein below
the kidney retrogrades und :||-ip]n:...lr.-$. The part of the left
cardinal above the renal region ln;.n;mg behind in growth,
the blood from the left kidney is conveyed to the inferior
vena eava by the transverse trunk that conneets the cardinal
veins in the renal region ; this transverse trunk becomes, there-
fore, the left renal veln, Since the spermatic velns originally
emptied into the cardinal veins, it is found, after these trans-
formations, that the right spermatie opens into the inferior
vena eava, while the left sperinatic is a tributary of the left
renal vein® Some anatomists, indeed, regard the left sper-
matie vein as the representative of the lower part of the left
eardinal vein of the fetus.

As the left renal vein develops into the chanuel for the
major part of the blood from the left kidney, the ]mrtiun of
the left cardinal vein above this pomt, remains an incon-
spicuons vessel, and that part of it intervening between the
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duet of Cuvier and the cross hranch (Fig. 72, 7} 4) situated
immedintely below the heart nndergoes total obliteration, The
blood ascending through the persisting part of the left canli-
nal vein must therefore pass across to the upper part of the
right eardinal vein, now the vena azygoes major; and the
pervious portion of the left canlingl vein, with the trans
verse trunk referved to, constitiiies the vena azygos minor.

THE FORMATION OF THE PEHICARDIUM, THE PLEURAE,
AND THE DIATrRAGH.

The development of the peries-dinie s so intimately re-
lated with that of the pleuree and ¢ the dinplimgm that an
aceount of it involves a deseriptive off i evolution of these
structures, By way of facilitatin: o comprehension of the
rather complicates] details of the proces, the reader is re-
minded that the tbe whiel constiates the primitive heart
is furmed by the eovalescence of the two tubes produced
within the splanchnie mesoderm, and that thi= mbe and also,
for a time, the heart resulting from it, are embedded within
the ventral mesentery ; :md: further, that the part of the
ventral mesentery conneeting the heart with the ventral

Fio. 33— Llagrammatie ehossseetiong of he
of the Leart wt Bevel af fatias
durwnl Ersenilery ; ¢,
LT §
rsisyeraum ¢ g

Ly eof the cibeyo in the redlon
L4 '“ﬂ!'llqu.cl.l.. b, v anaprhgenl se gnient el erpltract rl'..
mesfat i posterius: o, mesccarl b entetius; £ In-zine=
LR LT transversium, ertalnlng vitelline aud allantode woiis; f, Bopium
thornce prolomgeatlon of alsloimns! Caviny ; i, acunl ennul

Lody=wall is the mesocardium anterius, while the tuld pussing
from the heart 1o (he gut-tract is the mesocardium posterius
( ‘12. ?3, A, and |"'i1,:, ﬁl, ",
aml the bodv-wall js 4 part of the bhodv-cavity or cadom
{th”“"rt":ﬂ\'h_‘r' of IKiilliker, parietal n:n'irl}' of His). The

The space bhetween the heart
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first indieation of the sepamtion of this space from the future
alxlominal eavity is furnished by the appenrance of o trans-
verse ridge of tissue growing from the ventral nnd lateral
aspieets of the hody-wall.  This mass is the septum trans.
vorsum., It biears an important relation to the course of the
vitelline and the vmbilieal veins,  As the veins diverge
from the i]lHI}'-T‘ﬂlII to renech the heart, t!m}' carry with them,
as it were, the parictal laver of the mesoderm in which they
are embedded, forming on cach side a fold that projeets me-
sially and dorsally (Fig 73, B and ), the two folds ap-
proaching amd fivally meeting with the ventral mezentery
in the median plane, The septum transversum thus formed
contains in the region nearer the intestine u mass of em-
bryonal conneerive tissue which is ealled the liver-ridge or
prehepaticus from the faet that the developing liver grows
into it.  Since the septum transversum, exclusive of the
so=called lver-ridee, is the primitive tlin|1hr.|g:u. it will Le
feen that the Tiver, in the carely stages of its growth, is inti-
mately a=socinted with the anlage of the diaphragm, The
septum transversum partinlly divides the bhody-cavity into a
pericandiothoracic and an alilominal part, as shown in Fig.
T8, B oand € Near the dorsal wall of the teunk, on each
sille of the intestine and its me=entery, the septum is want-
i, amd thus the two spaces communicate with cach ather
by opening= that are known as the thoracic prolongations of
the ahdomin) cavity. At this stage, then, the four great
serons =ies of the hady, the two pleural, the pericardial, and
the abdeminal, sre indicated, but are <till in free communi-
ention with cach other,

The pericardial cavity is the first one of these to be elosed
off'; subsequently the plenral sacs ave delimited from the
abdominal spaec.  Just as the transverse septum, which
partly forms the tloor of the thomeic eavity, holds an im-
portant relation to the course of the vitelline and the umbili-
al veins on their way to the heart, so iz a vertical septum

PAnluge, a German word signifving growndework, or, in embryology, the
first erunde outline of an LEgan or jarl, lyas coame into use in ]‘:hgliah writ-
ings wpon the sulject becasse there is oo exact English cquivalent for L
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(Fig. 74, A, b) which separates the perieardial space from the
pleural spaces associated with the position of a lurge vein.
This vein, the duct of Cuvier, formed in the upper part of
the thorax by the confluenee of the eardinal and the jugnlar
veing, lies at first near the dorsal body-wall and then along
its Interal nspect.  Im the latter position it encruaches upen
the pleuropericardial space and is covered by the sematic or
parietal wesoderm (Fig. 74, ). 1t is this inwardly project-

A
Fro. H.—Dingrammatie erosa-sectlons of the bady of the smbive inthe regien
of the heart entirely above the level of the diaphrgm: «
jerieardial fold containlog duct of Cuvler: e, plouroperieandind gjace o o, oo

cardlum posterios ; ¢ mezecardioim anterios; f, lomg; g, pleusal caviey: b p2rd
candial cavity.

r, wenghimicus &, pleame-

ing vertical fold of serous membrane containing the duet of
Cuvier which constitutes the pleuropericardial fold and the
appearance of which initiates the divizion of the thoravie cav-
ity into two spaces, one for the heart and one for the lungs,
The plc:ummrit:nnlinl fold continnes to prrow toward the me-
dian plane of the body until it meets the mesocardium pos-
terius (Tig. T4, B), with which it fuses, thus completing the
purimrdial e [}l} anil iﬂnluﬁhg it from the [r]vlll‘ui sQHee (o)

The heart is still relatively very large and oceupies the
greater part of the thoracic cavity, leaving only a compam-
tively small space, situated dorsally, for the accommodation
of the developing lungs, This latter space, ns previously
mentioned, remains for a long time in communication with
the abdominal eavity by the two thoraeie prolongations of
the latter, which lie one on ench side of the intestinal tube

and its mesentery (Fig. 73, €, and Fig. 74, <1, Bi. Refer-

ence to Fig. 74, B, will show that these tube-like spaces are
enclozed completely by serous membrane and thas they are

g
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entirely distinet from each other. It ia evident also, that the
mesial wall of cach space is constituted by the mesocardium
posterius and the dorsal mesentery. The lungs first appear
as two little sues, connected by 2 common pedicle, the future
trachen, with the npper emd of the esophagus,  Aw they grow
downward in front of the csophagus and in eontact with it,
they push the serons memmbrane before them carrving iv away
from the esophagus (Fig, 74, 1), and thos they acquire an
ivestment of serous membrane, which is the visceral layer
of the pleura. T'he layver of serons membrane in contact
with the body-wall i< tls: parietal layer of the pleura. "The
lower extremitio: of e Tuug:ﬂ al I““I-'-'t]' come intn relation
with the upper sarfiee of the liver, from which organ they
are finally separcated Lo othe prowth of two folds, the pillars
of Uskow, frota the Goccolateral pegion of the hody-wall,
These folds or cidges prajeet forwand and unite with the
“earlicr  formal cptime transversum o complete the dia-
phragm. S far, bowever, the dinplimgm iz merely conncetive
tissue, the mu=enlar condition beingr aequired later by the
ingrowth off muaeceulse substanee from the teunk,  Ovension-
ally the dorsal or vounger part of the diaphagm fails to
unite with the venteal or older fundanient on one silde of the
boudy, leaving an aperture eough which a poertion of the
intestine may pass into the thomweie cavity.,  Sueh o comdition
constitures . congenital dinphrarmatic hemnia.

The heart and its pericardial sae cecapy the greater part
of the thoreie cavity, while the lungs= are merely narrow
elongated orgnns Iving in the dorsal part of this space as
ghown in Fig. 71, £, As the lungs fnerease in diameter,
they spread out ventmlly sud grudually displace the parietal
Inver of the pericardinm (Fig. 74, £) from the Iateral wall
of the ehest, crowding the perieardium forwanl and towand
the modian plane of the body (zee Fig, T4, €Y until tinally
the adule relationship of these structures is established.

THE PORTAL CIRCULATION.
The circolation of the adult liver is peenliae in that the

organ is supplied not only with arterial blood for its nutrition
mn
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but receives alzo venous hlood luden with eertain pmductsﬂf
digestion obtained from the alimentary tract, the spleen, and
the panereas. This venous blood enters the liver through
the portal vein and is designed to supply to the gland the
materials for the performance of its special funetion:.

Fig, Sh—Four snccessbve sbages T thie oy el of Ehe (=ftal Yenoms ays-
temn (from Tourens, after Bisi: ), ootlne of 1ver: = doodenn ; 2, slnus senos

s 4 umbilesl volus; &, 5, oA, ¥lellne velne, whieh in JEsmld £are conpeched
by the annalber siges: A, mibge: v weliy s 7. el vein

rlor Yonn eava Lt 1)
duetus venosus 9,9, Vet hejatics: revehuntos s 10, 3, ven hepatiee advehentos

As might be expeeted from the et that the liver is an
appendage of, and o direet outgrowth from, the intestinal
:.-:um]. it receivies ils h]"‘“i-."’“lﬂil_\'. in 1l H“.U- stagres of its
"lt"“-']"'i*““-'l'ki. from the wvessels that supply  the pri.lnilit‘{'
mtesting, that is, from the vitelline veins, ‘These veins, on
their way to the heart, pass along the intestinal canal and
are connected with each other in tle I‘t.';_*iull of the lotore
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duodenum by tronks thnt encirele the bowel, these conneet-
ing wvessels eollectively constituting the annular sinus (IMig.
74, I and '), The liver originates from a small diver-
ticulum which is evaginated from the ventral wall of the in-
testinal canal,  Growing forward between the folds of the
ventral mesentery, this little tubolar sae divides amd sub-
divides g0 a5 to prodece o gl of the componnd tubunlar
type.  The developing liver i from the ficst in close relation
with the wvitelline veins and their ring-like anastomoesing
branches, nd recelves it Blasdesupply from the latter through
viessels that are Soows oo fhe venm hepatice advehentes

(Fig. 75, 10, 100, Theoo afierent vessels break up within
the liver iuto o svaem o capillaries, from which the blood
passes throueh o b vessels, the venm hepatice reve.
hentes, indw tlie toviin st ol the vitelline veins,  Thos
a part of the bl of coteilioe vetns i= diverted to the
liver and, alter eiccclath o mrongh thiat organ, is veturned to
them fuether on 10 du sveved to the heart,  As the liver,

with s inereasine doyel poaent, reguires  more and  more
blowd, the entive Blocdectveam of the vitelline veins passes to
ity aned the parts of these veins between the vene hepaticie
advehenies and the vense hepariene revelientes heeome abliter-
ated (Fie, 75, B oand ) The viteline veins, therefore,
leave the intesting] eanal at vhe dundenal region and triverse
the liver on their winy do the heart, o this cavly slege of
the devi I'I"I'JI--'H!'H-!' -IiJ'- Mo divar, e, i peecives ds anleilion _J".-‘mn
the ;'I{IJI;.'-HH', |'|‘r1‘.l'irl-":|)'.l"i fhe vitelfine veinas,

When the }'u]l-—=m'|i und rirocs el I'u_l-_:fl'-':ﬁiull_. as it does
about the fifth woek, the Bver must deaw upon the allantoie
and the placental ve-sels for s nuteition.  To do this it
must negquire conneetion with the mnbilical veins,  The latter
vezaels pass upward o the ambiliens alonge the ventml
wall of the body and crapiy inte the sinos venosoz of the
heart above the site of the liver (Fig. 75, 1, 4, 4). The twe
umbilical veins fuse o Fm one, and this one effeets commu-
nieations heneath the liver with the vense hepaticw advehentes
from the vitelline veins,  As the needs of the liver exceed the
eapacity of the vitelline veins, more and more of the Wlood of
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the umbilical vein is sent to it, until finally all the blood of the
latter vein passes into the liver and reaches the heart through
the terminul part of the left vitelline vein. (The left vitel-
line vein very wurly beging to predominate over the right)
The part of the umbilical vein above the liver nmdergoes
atrophy and disappears,  Althongh, meanwhile, the volk-sac
has dwindled, the vitelline veins persist, in part, sinee they
receive blowl from the walls of the sliinentary tract. The
ticer e, in this vecond Hﬂ:‘ﬂ: r.i]" fin ol -:-,g’r,‘;mu'.r-f_, receives Mool
Jrom tira sewrces, the abdomine! #oec: and the placcata,

Ax previously indieated, the 5eoxima! hall” of the inferior
vena eava develops as an uppeiived voseel conneeted with the
primitive heart, It opens abovo e e lelt vitelline vein.
In a short time it far outstrips the later in erowth and, with
its extension downward, the poine of suion of the two ves-
sels iz earried downward toward e liver, the vitelline vein
becoming larger and constitusing now  the hepatic vein.
Meanwhile the volume of blood "-;“'ill-r: through the umbili-
el vein has inerensed 1o saeh an extent that the liver is no
longer able to transmit it to the infirior vena cava, and eon-
sequently a commumication s cstablished Depween these two
vessels on the mnder surtuce of the liver.  The connecting
braneh is the ductus venosus or ductus Arantii. The blowd
of the nmbilieal vein is divided, therefore, into two streams—
one that enters the inferior vena cava divectly throngh the
ductus venosus and one that traverscs the liver on its way to
the cava, .

The portal vein results from the persistence of o part of
the vitelline veins, The vitelline veins, a5 we have seen,
anastomose with cich other by twa ving-like branches that
encirele the duodenum, The right half of the lower ring
and the left half of the upper one atrophy, so that the blood
of the vitelline veins makes jts way to the liver through the

left half of the lower ving and the right half’ of the npper
one (Fig. 75, D). This si-ugio vessel constitutes the portal
T,ah' anid its eonrse, therefore, is backward around the left
side of the duodenum and then to the right. S0 long as the
yolk-sae is Present, the vein receives blosd both from it and
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from the walls of the intestine.  After the disappeavance of
the yolk-sae, the intestinal and the visceral veins are the sole
tributaries of the portal vein.

THE FINAL STAGE OF THE FETAL VASCULAR SYSTEM.

The eivenlation of the fetus at bicth and the changes ensu-
ing immedintely thereafter may pow be easily understond.
The fetal blood beang sent to the plucenta I]:l.r-!.'iligh the fl}'pn-
gastrie ur umbilical arteries, receives oxveen there and is
returned to the boddy of' the fetus throngh the nmbilical vein,
The latter vessel tokes ibs conpso ll[m'urll :lluug the ventrl
wall of the abiiemen o the under snetice of the liver, lying
here in the anwevior poet of the longdtadinal fissure,  In this
position the LWlood-stecim of the umbilieal vein is divided
into two paris, one of which nnites with the fetal portal
vein to enter the liver, while the other passes through the
ductug venosus diveetly 1o the inlevior vena eava.  The
Blood  which euters the Hver, alier traversing that ormn,
redches the inferior vena cava throngh the hepatie veins,
Thus, in the one case diveetly, in the ather case by passing
thrangh the liver, oll the placeutal blood veaches the inferior
venn eavi and passes on o the right auriele of the heart.

Fram the right anviele the blood pazzes through the for-
amen ovale to the el aucicle, and thenee, l|||'u:lj:;h the mitral
orifive, 1o the Lot ventricle. Being deiven from the left ven-
triele into the aortn, it s eonveved throngh the branches of
the aortie areh to the bead and the apper extremities,  Find-
g its oway inte the veins of these parts, it s returned,
through the cuperior vena cava, to the rvight auriele, from
which eavity it passes, through the tricuspid orifice, into
e vight venteiele,  Fron the vight ventriele it goes into
the pulmonary artevy. Sinee the longs are not as yet per-
vions, or bur vory <lightly <o, the envrent iz deflecred almost
entively throeh the duetos arteriosns to the descending aorta
=t of woing to the langes,  Some of the blood of the
deseending nore s distributed o the varions parts of the
ey Delonw the po=ition of’ the hearet, while <ome of it is
sent throogh the by pognstrie or umbilieal arteries to the pla-
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centa for aération. It is evident that no part of the fetal
blood, except that in the umbilical vein, is entirely pure, the
venous and the arteriul blood being always more or less
mixed.

With the detachment of the placenta at birth, several
marked alterations occur. The circulation through the
umbilical vein ceases, that part of this vessel which inter-
venes between the umbilicus and the portal fissure of the
liver becoming, in consequence, an impervious fibrous cord,
the round lgament of the liver. The ductus venosus like-
wise suffers obliteration. Since the lungs now assume their
proper function of respiration, the communication between
the right and the left sides of the heart and also that between
the pulmonary artery and the aorta cease. Hence, the re-
spective avenuves for these communications, the foramen ovale
and the ductus arterfosus, become obsolete. There being no
further need for the hiypogustric (umbilical) arteries, the cir-
culation through them ceases, and they become were cords
of fibrous tissue, whose presence is evidenced by two ridges
in the peritoneum on the inner surface of the anterior wall
of the abdlomen. The proximal parts of these arteries persist,
however, as the superior vesical arteries.



CHAPTER XTI.
THE DEVELOPMENT OF THE DIGESTIVE SYSTEM.

Tue adult digestive system oonsists of the mouth with ita
aceessory organs, the teeth, the ton we, el the salivary glands;
of the pharynx, the esophagus, the stemaci, and the small and
the large intestine, including ni. . tiu
organs, the liver and the panc
apparent complexity of its stevcioce, the alimentary trct
may be regarded az a tube, cortiin
become specialized in onder to wiine om0 the perform-
anee of their respective funetions, the

Saportant glandular
wwithistanding the

i< of which have

tlivar clands, the
liver, andd the pancrens being loghily ditior ntinted evaging-
tioms of its walls, While in muan awd e the higher verte-
brates the tube is thrown into coils Ly oo of its excessive
length, in the bower-Ly pe animals it i= much more simple in
its arcangement,  For 1*.'-::11.|1|11v, in certain fi<hes amd in some
amphibians the alimentary teaet has the Gem of o slichtly
flexnous tube, the deviations trom the simple stroieht canal
being few and insignificant, and the <tonach being repre-
gented by a local dilitation of the b,

The simple condition obaininge in the representatives of
t!nr.- animal kingdom referred to nhove sugreests the likowise
simple fandamental plan of the human cmbryonic gput-tract.
There is, in fact, n period in development when the gut-tract
of the Inunan embryo has the form of o simple straight tube.
The processes ineident to the formation of this tbe mark
the earliest stages of the dl!\'oll:-[ﬂll--n! o the alimentary syvs-
mf“‘ the tube itself aequiring definite form simultancously
“'Iﬂ‘l tllf_‘ ]’Il'lllllll'(‘.ﬁnl:l of {1he ]Jﬂli"‘n' ol the l'_":'ﬂl‘-l'}'r't.

The first indication of the alimentary canal appears at o
very early period of development, Inriug. inangnemted in fact

by those iml"f'ﬂﬂlll alterations that serve to differentiate the
163
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blastodermie vesicle into the body of the embryo and the
embryonic appendages. [t will be remembered that, afier
the splitting of the parictal plate of the mesoderm into jts
two lamelle, and the nnion of the outer of the Tayers with
the ectodern and of the ipper with the estoderm 1o form
rezpectively the somatopleure and the splanchnopleure, these
two double=layvercd sheets undergo (olding in different diree-
tions,  Before the folling ocenrs, the perm i3 o hollow
sphere whose caviiv 1= the archenteron and whose walls
are the somatoplenre wnd the splanchooplenre,t  While the
somatapleure in o cone correspondiog with the margin of the
embryvonic area Lo cnee depressed and s carried under that
arca to form the fvieal o0 ventral body-wall of the embryo
(Plate 1L, Figs o o0 4, and also more distally Folds
up over the aren ts or the ammion and the false amnion,
the splanchuoplos o B0 viae in a line eorresponding with

the periphery of (i o nie aren, iz depressold amd eareied
inward from all sdes toward the position of the Totnre

umbilicus,  Thi= (olding in of the splanchmopleure efleets
the division of il archonteron into two parts, a smaller
eavity falline within the bady of the embryo, which latier
i< forming at the same time, and 2 lirger extra-cmbryonie
compartment, which is the yolk-sac or umbilical vesicle. The
irltm-ullllu‘ynnic cavity is the gut-tract.  The eonstrieted
communication hetween the two is the vitelline duet,  While
the vitelline duct i< =till & mther wide aperture, the anterior
anel posterior partz of its intestinal orifive are designated
respectively the anterior sl the posterior intestinal portals.

As the somatoplenrve closes in aronnd the vitelline duct, it
forms the wall of the abilomnen, the n[u-uillg left, which is
traversed by the duet, being the umbilical aperture.

It is evident therefore that the lining of the gut-tract is
constituted by the innermost ;._'t’I'I:rlvlil._'l.'t'l': the entoderm, and
”11“ all its epithelial elements are consequently of entodermie
origin,  The folding in of the splanchoopleure begins at
about the end of the =ccond week, and is o far advanced

' Strictly rpeaking, the sometoplenre and e splanchnoplenme ane ol
formed b fore the folding oeen ey bt the processea go on ot the same TN
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Fia. 58— Reconstructlons of human embrgs of sloat setventecn days (188 o,
aptie and ef, otie veslelor s ae, ne’, notid hoond @ &0 £o Mmoo, sutdepol 3 den bl

FULL vn Vielie sac; L liver: v, b, prinlite venteis e ainl tETeas npieriestie]
vl e, Vet and doreal wsrtee e, ot arches s fr, primitive jugular veiug (=

cardinal veing Jt, daet of Cuvier: wi, we, el lieal volon mmld artery; @f, allantos:
we, unbien) ol

before the end of the third week that the archenteron is defis
mtely divided into the gut-tract and the volk-=ae.
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In its carlicst definite form, then, the gut-tract iz a tbe
extending trom one end of the embryonic body to the other,
which opens widely at the middle of its ventral aspect into
the vitelline duet, but which is elosed at both emids, It is
vatial to speak of the primitive got-tract as consisting mor-
phologically of three parts, the head-gut, which i the region
on the headward =ide of the orilice of the vitelline duet ;
the hind-gut, which is the part near the fail-end of the
embryo; and  the mid-gut or intervening thinl portion
(Fig. 78).

The elosed head-cnd of the ;_::I!-tllhu {.'ul'rl-:i]mnth with the
floor of the primitive swonth-vavity, the two gpaces being
separtted by o thin veil of  tissue, which eonsists of the
entoderm and the cotoderin aned 15 ealled the pharyngeal
membrane {1“i;,_5. Fit) SR, S on=tderalile prulmrliutl ol te so-

oy b .-‘ii
)

i

Fra, 70— Modlnn seetlon taroineh the heasl of a5 embevo rmbbit 6 mm, long
(Rher Mibknlkavioss: el membrane etween stogualatim atil foregut, pharyngesl
{10 TR TR [ B TR RN A, place from which the hypaghysis b= alvselopd; 4,
Beart; Ld, ity of foere cnt: oh, olieedis o, ventricle of the copehiruin ; v, third
venbelele, that oo fhe Ve bwern Yrain (Ehalamencephalond; ¢ et ventriele, that
ef the bmdhentn i afier termbin Gope s plumlon ol o bt plalon, oF v lls
Shltigmnta) ; Lomentral eanal of the splonl eonld,

called hend-gut constitutes the primitive pharynx.  This
region of the tihe has o relatively large caliber, and pre-
#enis on its Jateral and ventral walls the series of recesses
OF cvaginations known as the throat-pockets or pharyngeal
pouches ([Fig. GO).
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While the inner, entodermic layer of the gut-tube becomes
the intestinal mucosa, the outer, mesodermic stratum produces
the muscular uud the conmective-tissue purts of the bowel-
wall, the most guperficial layer of the latter with i mezo-

-theligl or endothelial cells forming the visceral layer of the

peritoneum.  Sinee the mesodermic layver of the splanchoo-
pleure of cach side is continnous with the eorresponding
mesodermic layer of the somutopleure on either side of the
embryonic axis, the primitive intestinal canal has a broad
area of attachment with the doral wall of the hady-cavity
(Fig. 80). The ventral wall is Viewio conneeted with the

Pleurnparicar LPervicardial
il evply., Alakrs, )

Fio. 80 ~Transverse gection of a slxteen-and-a-Half-tay shioojrembirgo (BRounet)

:i'l!lllml body-wall throughout the anterior or upper part of
itz extent by the continuity of the splanchnopleurie meso-
derm of cach side with the somatoplenric mesoderm of the
sume side, Ag t]l!"-'r.-lupmuni. advances, the |lu:ij‘~t‘:l‘-'i|_‘l' in-
ereases in ealiber more rapidly than does the intestinal tube,
8o that the interval between the two is augmented, in conse-
quence of which the musses of connective tissue uniting the
dorsal and the ventral surfaces of the gut with the corre-

'u“;.:m‘
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sponding walls of the body-cavity become driwn out =0 as to
eonstitute in ench ense o median vertieal fold consisting of
two closely approximated layers of serous membrane with a
little vonnective tissiwe between them,  These folds are the

"]

dorsal and the ventral mesenteries (Fig, 81).  While the
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el mesenters extersds throughont the entive lensth uf the
eanal, the veniral 003 pre-ent nnl:.' al it anterior or upper
part, covre=potdding in the extent of itz attachment 10 the
digestive tulie to that portion representing the fature stomach
anel upper part of the daodenam (Fie, 32) 0 The ventral
me=entery at fivst i= present theonghons the entire extent of
the canal, bt very varly undergoes oliliteration exeept in the
situation alwwe poted, f_'ulh'vl‘u-ln_u the vedson and the method
of its di=appearanee nothing i< delinitely known,

The intestinal mbe, at a2 comparatively early stage, pre-
gents o ins venteal suefies near the posterior or eandal end a
small evasination that calarses to form the allantois (see .
S0 While « part of the intra-embryonie |mr1im1 of the
allantois dilates and develops= int the bladder, the part be-
tween this latter wmd the intestine i= known as the urogenital
sinus. Ul part of the gut-tube posterior to, eandad of, the
origin of' the allantais, is a blind posch known as the cloaca.
The latter i<, theretire, the common termination of the urinary
andd the intestinal tract=,

To repent, we live now, in the thivd week of development,
the alimentary canal represented by a single strnight tube
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(compara Fig. 78), closed at caecl end, Imr,.wi_th mm:'th-mv;ty
and anus both indicated, the tube ]_\'iw___[ w:i]uul:_i .I:l.rger tu Hl';
the budy-cavity, with the walls of which atter it is ml.l."]m?{‘;[
by the dorsal and ventral mesenterics,  Alonge the doral wa
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of the body-cavity, dorsad to the parietal peritonenm, P
the two primitive aortwe, and later, the single aorta which
results from the fusion of thess
of the dorsal mesente
the wallz of the gt

two,  Between the two I”!{Ilﬁ
ry pass the blood-vessels that "'?“"';"'
Within the venteal mesentery ave the
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vitelline veins, whieh bring the blood from the yolk-sac and
convey it to the primitive heart.  On the ventral wall of the
gut is the wide aperture off the vitelline duct.  Farther
candad, alzo on the ventral surfuce of the bowel, is the vrilice
of the allanteis.  These conditions muy be better understood
by referenee to Figs, 78 and 82, Defore tracing the further
development of the abdominal part of the alimentary system,
it will be proper to note certain very hmportant processes
pertaining (o its apterior or head-extremity, and also to con-
gider the lormation of e s,

T MOUTH.

The developmer. o' i1 mouth, the tongue, the teeth, and

the salivary gland: .- s Tully deseribed on pages 122—
131, In this comvociioe cbovefire, it will be pecessary to
eall attention to o v o Dow of the salient features of their
evolution,

The oral cavity i praddiead by a folding in of the surfice-

ectoderm, the fus<a thus Samed becoming deeper until it
meets the head-end of the cut-traet,. From the walls of this
fozsa the salivary glands are devel ped as evaginations, in the
manner alrendy  deseribod, while the teeth are specialized
growths of its cetodermal lining and of the underlying meso-
derm (vide p. 1235, The fivst intimation of this infolding
iz apparent at the twellth day in the form of a localized
thickening of the surtirce-cells on the ventml surface of the
by of the embivo near the head-end, The thickened area
i# the oral plate, which speedily becomes lll.'[}l'(:'z‘,'ﬂf_'l'll produe=
ingz the oral pit or fossa. By the thind weel, the ornl fosen
or stomedeum is n well-marked pit of pentagonal outling, its
banndaries being the na=ofrontal process ahove, the maxillary
processes laternlly, and the mnndibular arches below,  The
t'lri].;ili:li orul |1I:1l4.-: lia ving receded fether and futher from
the surfuce and forming the posterior limit of the mouth-
eavity, now sepurtes that envity from the pharyngeal region
of the gat-tubi and comes into contact. with the anterior wall
of the latter. It is ealledd the pharyngeal membrane (Mg, 79).
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Its disappearance oceurs at some time during the fourth week,
by which event the gut-tube is brought into communication
with the mouth,

The exact position of the pharvngeal membrne is not
easily definable. It is certain, however, that it fulls farther
back than the posterior limit of the adult oml ecavity,
since the primitive mouth includes the anterior part of the
adule pharvnx. For example, the diverticulum that gives
rise to the anterior lobe of the pituitary body belongs to
the primitive month, ¥et its wesiige, the T']"“'."“?:”'! hurza
or Rathké®s pocket, is found i the pliarvnx of the acult.
The primitive oral eavity, by the gowth of the palate, be-
comes divided into the adult neecth and the oasal eavities.
The hard palate is completed in e ninth week and the soft
palate in the cleventh week,

THE PHARYNX.

The pharynx is represented in the embreyvo by the expanded
eephalic end of the primitive gut-tract. It is of greater rela-
tive length in the ecarlior st:l.;.:-.-:a of development than later,
including as it does, almost half the length of the gut-tube
in the fourth and fifih weeks. The primitive pharyngel
cavity is widest at its anterior or eceplalic extremity and
narrowest at the opposite end. tapering here into the esoph-
ague. Until the breaking down of the pharyozeal mem-
brne, which takes place in the fourth week, this strocture
marks the anterior limit of the phar¥nx and separates it
from the oral eavity.

'The pharyngeal pouches or throat-pockets have been ne-
ferred to in conneetion with the visceral arches on page 100.
They are ont-pocketings or evaginations of the entodermal
lining of the pharynx, there being four fareows on each
lateral wall, and they puss from the ventral towanl the
dorsal wall of (he t':l.'-.'il_\.', cach |aullr|l ]}‘?llj: between 1wo
adjacent viseoral arclies,  “The entoderm ol the promches
tomes into close relation with the eetoderm of the onter
viseeral furrows (Fig. 60). The meswdermie ~tratum being
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abizent from the pharyngeal pouches, the ectoderm and the
entoderm are in contact, and constitute the closing mombrane,
As previously mentioned, this closing membrane ruptuores in
aquatic vertebrates, in consequence of which the pharyngeal
cavity in soch aniuads acquires a number of openings,  In
man, as in other mannals, amd in bivds, <ueh roprare prol-
ably never ocenrs. Sinee the viseeral arches aml elefis are
fully considered in Chapter VL, it will be neeessary in this
conueetion to reter only to =uch dervivatives ol them as per-
tain direetly to the plarvnx.

The first inner clefs or pharyngeal pouch heeomes closed off
from the pharvogeal eavity, it dorsal end giving rise o the
tympanic cavity or middle ear, while the remaining part con-
stilutes the Eustachinn tnbe.  Henee, the ty mpantm andl the
Enstachinn tube are to e veganded as differentiated  portions
ot the primitive plarvngeal eavity,  The dorsal pavt of the
elusing membiraone of thi- elefl persiats us the tympanic mem-
brame.

Tl third pharyngeal pocket or third inner visceral cleft,
by an evagination of” its entodermal epithelinm, gives rize to
the epithelial parct= of the thymus body, the conunective-
tis=oe element= of this * clad ™ being furnished .b}' the meso-
decmie cells which surconnd the epithelial divertienlum and
ultimately enclose and isolate it brnehing processez. In a
similar manner, the fourth pocket praduces the lateral lobes
of the thyroid body.

The ventral wadl of the |ii1:ll‘:|.‘ll3¢'. between the anterior
extremitivs of the second thiroat-pockeis, evaginates inte an
eutodermie mibe which exteml= eandalward 1o develop sub-
sequently into the median lobe of the thyroid hody.

The tongue (p. 131) alse is developed from the walls
of the pharviy, the anterior nnpaired segment, the tuberenlum
impar, crowing frone the median line of the ventiul wall, just
blow the fevel of the first viseeel arel, while the two sym-
metrical segments that fivia the posterior third of the ormn
provesd from the ventealateral walls st the ventral extremi-
ties of the <ecomd amd third visceral arches,

T tonsil !h"l.'l"]llil- A= U sses al |:.'m||lu1i1] Li=stie alwut
|
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an evagination of the Interal wall of the pharynx.

TEXT-EOOK OF

SMBRYOLOGY.

In the

third month the lateral pharyngenl wall pouches out to form

Fig, Ri=Rerilon theonuprh nnlnge of
vonsil of & homan fetns (Tourmenss: 1,
tonstllar pit, esntlnuoue with tmoath-
envily s 2, meeomdary diverticula; 2, sl
opithellnl buds s 4, stelped wnseulor (her

a little fossa (Fig. 83, 1)
which is sitanted between the
third wiseeral
arches, the fossa heing lined

geeantd  amld
with steatitied syuamons epi-
thelinm continuous with that
of the pharyngeal  cavity,
Litile solid :-Inili::-li;ﬂ L=
(17, 853 provesd from this
divertieulum  ionto the sur-
rotindiner
the ibmeruently be-
coming hollowed oul. Wan-

conneetive  tissue

1'\-: :f.l"l

dering  leukoovtes from the

netzhbooring bl wl-wpessa]s -

filtrsite the connective tissne
around the young ervprs, and these eolls Locoming augres
gated into condensed and isolatid groups give rise o the
lymphoid follicles peculinr to the tonsil.  The separate and
well-differentiated condition of the follicles i< not atainel
until some months after birth. The plice of origin of the
tonsil between the gecond and third viseeral orelies *'xf‘h"i"-'-
ﬂlﬂ' position of the adult organ between the anterior aml pos-
terior palatine arches, sinee the latter structures represent the
deep extremities of the former.

THE ANUS.

The early stages of the development of the anus are simi-
lar to those of the mouth. The so-called anal membrane is
produced by the growing together of the cetoderm and the
:ﬁtﬂdnm, the mesoderm being erowded aside. The site of
d:ﬂ:ﬂ membrane, or anal plate, is in the median line of the

surface of the eml
candal extremity,
woek. Sinee
: ward

ryonic body, at its posterior or
It makes its appearance in the thind
the tissue immediately in front—that is, heml-
» of the anal plate projects and develops into the primi-
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tive tail, and sinee the axis of the budy beeomes ventally
curved, the anal plate b= carrial aronnd  somewhat toward
the ventral a=peet of” the body,  During the tollowing fort-
night the anal plate beeomes depressed <o as 1o furm o small
fos<a, which is often designated the anal pit or proctodeum.
The position of the anal pic does not eorvespond, in- any
vertebrte, to the eod of the intestine, but to o point =hort
of ity the gut, therctore, extemls hevand the position of the
anue,  This portion of the howel is the pestanal gut of ver-
tebmte morpholoce,  Ultimately it entirely disappears,
While the anal pit = forming, the allanteis is prowing
forth as a divertieulusn from the ventral wall of the g
(Fig. 84).  The intraeembirvonie part of the allantais s
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m macad et branee s 8 dnbeslagne o b jeert fdend gt o, allagatedi aaeeal; & chiutida
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transfurmed chielly into the orinary Bldder, bue it pives
rise also, by it proximal exteemity, oo short wide duet,
the uwragenital sinus, which i< oo avenne of coimmnnicition
with the bowel,  The part of the gar on the candal side of
the aperture of the urogenital =inas< is the cloaca, whicl is
the cotvmon termination, therefore, of the genite-urinary
gystem amd of the intestioal eanal,

The surfaee depression referred o above as the anal pit 1
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often called the cloacal depression during the time that the
clonca is present.  In the lowest mammals, the monolrenes,

as also in the Amphibia, in reptiles, and in birds, the cloaca
is & permanent strueture. Dy the breaking down o!‘ the mem-
brane between it and the cloacal depression, it equires an ont-
let, through which the feces, the urine, and the genital _pro&unfla
find egress. In all higher mammais, however, including man,
the cloaca suffers division inte su antesior or ventral pass-
age-way, the urogenital sinus, and @ posiesior canal, the ree
tum and canal of the'anus. This .livision is effected by the
growth of three ridges or folds, ot «hich one grows l'n::m the
point of union of the urogenital € g the gnt, while the
other two proceed, one from each borerni wall of the cln':tm,
The three folds coalesee to form perieet septun, The
division is complete at about the el off ilie seeond rm:nth
(ov, necording to Minot, at the fourteenth week). The
cloacal depression or anal pit shares in this division, so that
at about the tenth week, it is separated into the anal pit
proper, or the proctodeum, and thie orifice of- the urogenital
sinus.  The newly-formed septum continues to  thicken,
EE]IEQEIIH:.' near the surfuce of the busly, undiil it eonstitutes

the pyramidal mass of tissue known as the perineal body, oF
perinenm,

The anal pit deepens, the anal membrane being thereby
approximated to the end of the bowel, and in the fourth

month ‘the unal membrone breaks down and dizappears.

Persistence of the anal membrane alter birth constitutes the
anomaly kuown as imperforate anus.

THE DIFFERENTIATION OF THE ALIMENTARY CANAL
INTO SEPARATE REGIONS.

The fourth week marks the beginning of certain impor-
nt changes in the simple straight alimentary tube. The
reader i3 again reminded that this tube is connected with
the dorsal bm]}._‘m“ by the dorsal mesentery and with the
ventral wall, for o part of iis e ;
lery 5 that the cang) s

xtent, by the ventral mesen-
the exteriop s and also

» 88 yet, without communication with
that the vitelling duet and the allan-
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tois are connected with its ventral surface (Fig. 82). The
umbilical vesicle having reached the limit of its development
in the fourth week and having begun to shrink, the vitelline
duct likewise begins to retrograde and very soon becomes
an inconspicuous structure.

The dorsal wall of the tube at a point nearer the head-end
begins to bulge toward the dorsal body-wall, forming a sume-
what spindle-shaped enlargement (Figs. 85, 86). This di-

Middle fode
fhirrand gefomd,
o8 . Pharyageal
Thymus glord. Jowckes,
Lateral fode
&f thyroid glosd.
Tracice,
Lring.
Stomach,
Puncreai.

Right fobe of liver. Left lobe of liver.

Smeall infertine.

Fitellies o wil.

Large imfesfine,

Fro. B3.—8cheme of thoe alimentary canal and its accessury urgens (Bonnet).

latation is the beginning of the future stomach. The part
of the canal on the cephalic side of the stomach lags hehind
somewhat in growth, corresponding in this respect with the
relatively smaller size of the adult esophagus. The esoph-
agus beging to lengthen in the fourth week. At this time,
also, the beginning of the liver is indicated by a small diver-
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ticulum which pouches out from the ventral wall of the
intestine just posterior to (below) the stomach—the future
duodenal region therefore—and which grows into the ventral
mesentery. Very soon after the appearance of the hepatic
evagination, a similar out-pouching from the dorsal wall of

F10. B6.~0utline of allmentary canal of human embryo of twenty-clght days
:H.I.Ii: T-a- l-"“-l.l“l.i".l' foass ta, l.nhwq 1 L[l primitive lnrynz; o, q-mph Rgus ; It rchen;

2. 1ung; o, stnmach : p, jancrens : Ad, hepatie duct ; 1, vitelline duct ; af, allantols:
ho. hind-gut; I, Wolfan duet; k, kidney.

the.{‘uture duodenal region of the intestine indicates the
beginning of the development of the pancreas.

In the latter part of the third week or in the beginning of
the fourth, the esophagus presents a longitudinal groove on

the inner fa This groove increases in

) ce of its ventral wall,
depth and caliber and finally becomes constricted off from
retains connection only at its

the esophagus, with which it
pharyngeal end. The tube or tubular sac thus formed is the

first step in the dwelupmem of the lungs and the traches.
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It may be said then that the gut-tract has now, in the
fourth week, reached the stage of differentintion into the phar-
yox, the esophagus, the stomach, and the intestine, with the
liver, tl pancreas, the respiratory system, and the allantois
fairly besnn.

Az herctofore pointed ont (p. 81), the allantois—which
grows directly from the primitive gut-tract, and which con-

Fre s7—Outline of allmentnry connd of hinoan cobryo of thirty-fice days
LT by plbuitagy Bommiis by, Lomgaee, G2 pritltive laryna ;o csophagud; fr,
traches , fp ot e, stoiael . o puame peas s Sl loga e duct 1 6, ceeiimn : of, elenes ;
Lo Ridny | o, nnom s op, eniltal vl nee ; 8 cntde! prseesd,

sists therefore of the cotiderm and the viseeral mesoderm—
although destined to produee in part the permancut bladder,
functionates for o time, after its union with the false smnion
to form the chorion, 5= an organ of respiration ; whilo the
permanent  respiratory svstem, as we have scen, likewise
il'-“t".'Iulm from the entodermal  epithelinm of the got-
trucl.  The entolderm, therefore, sustains an important re-

. A
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Intion to the nutrition of both the embryonic and the adult
organism.

Increase in Length and Further Subdivision.—
The intestinal eanal grows in length wiel more rapidly than
does the embryonic body. It is in consejquence of this lis-
f'ml“'-'ﬂ‘lﬂlllﬂt-" gmwth that the tube Deeomes bent and thrown
into coils or convolutions,  During 6 i85 and sixth weeks
a conspicuous flexure appears at =one < -tance helow the
stomach. s of o U-shaped
sarnd  the ‘\'l.‘l'l!l'dl
In other words, the relundant portion

Here the bowel assumes the
tube, the closed end of the U projeciing ¢
body-wall (Mg, 88),

Mrampaed
Lester vurre™
aof dbareed
Frsaier . mrw
of s d e

Vel artrinrs.,

P16, s —Intesunal canal of Kuman ermheyo of six woeks | Toldb,

of the gut is palled away, as it were, {rom the dorsal wall of
fh“ body-eavity and, as o consequence, the dorsal mesentery
i1 lengthened in this region to a corresponding o xtent (1ig. As).
The vitelline duet is attached to the part of the Liendd pear=
est the ventral wall {Fig. 86G). At a point on the lower limb
of the U the bowel abruptly acquires inereased ealiber, This
dilated part is the beginning of the cmeeum or lead of the
colon, and its appearance initiates the distinction hetween the
hrg-._*. and the small inteatine, sinee the part of the howel oo

thela!.lita'l gide of the point in question becomes also of larger

aliber and forms the colon.,

ﬂ};}urmg the suceeeding week or fortnight, the character of
colon and of the eweum becomes better catablished. The

remaining part of the lower limb of the U-loop, with all of
i

oW

.”r F
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the wbe included between the loop aud the stomach, is the
small intestine, which presents a slight dorsal flexnre at jt2
proximal extremity.  The stomach meanwhile las inerensed
in gize and has almost attained its charaeteristic shape, By
the end of the sixth week, then, the plimentary ennal has not
only inereased in length but has so far differentiated as to
have acqnived stomach, duodenum, small intestine, ceum, nnd
rectum.

Alteration in the =elative Position of Parts, and
Further Developmeni, —The mo=t inportant modifieation
of the alimentars il o it exists at the end of the sixth
week i3 effectid by certain chunges of position of 2ome of its
parta,  The stonvich wed the large intestine are the portions
of the tract mo=t cop=piononsly aflected,  The lower limb of
the U-segrment off bowel, which eonsists ehiefly of the rudi-
mentary ewernnn sd o pert of the eolon, is lifted, as it were,
over the upper limb and comes to ocenpy a position above it
(Iig. 89, A3, the cecnm ss=wming a position in the right

g, 8 —Thiee sioeossive ataees showinge the develnpment of thoe dfesarjve
Bube anal the ssenitestes fn U bomean fetus sl e frow Tonrmeaxs . 1, soes
ach: H A T P T T R T IR A R L] Nasgan 3 Oy v ot bl o shinest | o Coscanm g T ETeil
OIEtunL &, Tacsde frioslonmnnn G, e seifory ) I meswalan,  The srrow pointa (o
thi wrifice of the vmienial b 1528 1R wepbral g sesiilery b4 Dol FY[TAT

I'}'IW'I““"lﬁﬂi‘ region, and the eolan passing thenee trans-
verselv across the abdomen ventmd to the duadenam,
L & ] mgmow B oW ' H
Phis ghifting of position on the part of the colon brings
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* about imporiant complication= in the arangement of the mes-
entery, gince the part of the dorsal mesentery that pertaius to

the upper part of the eolon correspondingly alters its position

and line of attachment, becoming adherent to the peritonenm

on the ventral surface of the duedennm.  The part of the

mesentery in question becomes the tmmsverse ”w":“mm_“
(Fig. 89, B). The Inrge intestine ofter this change of posi-
tion, I!ms&nrﬁ emcum, transverse oo oon, doacending colom, and
rectum, the usm-mtiug colon bein, -l

The vermiform appendix in the hind wonth has already
acquired the form of a slender eureod i projecting from
the ereeum. At the time of its firs: - ppe onee and for some
weeks afterward, the appendix B (e oome enliber s 11‘m
crecum, Suh.*-t.'l[lli:nﬂ}' the eeenm cutstrips the appendix in
growth, the latter appearing in the wdult cwie as a relatively
very gmall tube attached to the muel Ts Fler e,

brs ent,

The ceenm soon begins agnin o cliange iis position, grradn-
ally moving downward toward the right iline fossa (1%ig. 89).
The downward migeration of the aeenm is due (o the Hrmﬂh
of thie eolow in- tha aamme direction. Tn thi= manner the ascend-
ing colen is gmdunll}' pre e, 1t having =I;--;¢-!r-!u-t| to zneh an
extent in the seventh month that the ceenm lies below the
right kidney, while in the cighth month it passes the crest of
the ilum. Corresponding with the growth of the ascending
colon, the mesentery ghifts its parietal attachment and in-
ereases in extent until the sscending mesocolon is produced ;
and with the descent of the ciccum, the terminal part of the
small intestine necessarily alters its position to o like degree.

- The stomach, up to the thivd mouth, is a loealized dilata-
tion of the intestinal tube, budgrine most in the dorsal diree-
ton aml having its long axis parallel with that of the body

[_F'ng. 38). In the third month, however, it andergoes an
important alteration in

First, it turns ahant
side comes (o fiy

position, rotating about two axes.
a longitadingl axis, whereby the left
: ot toward the ventml sorfiee of the body
(anteriorly) und e right surfice looks townrd the spinal
column.  Tn addition to the lungitudinal rotation, the stom-
ach also rotates upon a dorsoventral (anteroposterior) nxis,
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by which the lower or pylorie extremity moves somewhat
npward and to the right, and the cardine end goes tailward
(downward) and to the left (Fig, 39). Dy this double rota--
tion the stomuch is meude to assume approximately its adult
position.  The longitndinal rotation of the stomach, in which
the lower portion of the csophagus akes part, expluins the
relation of the vagus nerves in the adult,  The nerves, before
the rotation, lic one on cach side of the esophagns and stom-
ach, but sinee the left suriices of both turm forwaed and the
right surluces 1o bachwand, the left vapus lies on the

anterior surthee o0 e cphogos and of the stomach, while
the right nerve i< 5 10w with their posterior surfaces,
The relations o tac @ s=ugastrinm are influenced in an jm-
portant manner B0 che  cation of the stowach,  As long as
the stomach retasc. it rinal position and relations, with
its greater enrvatiie Loy dorsad (or posteriorly), the meso-
grstrium s o verceal cosial fold of peritoneum (Fig, 88),

while the ventra! mescntery similarly connects the future
lesser enrvature or venteal suefice of the stomaeh with the
ventral body-wall. At the very beginning of the process of
rotation, the mesogaster becomes somewhat redundant and
sy foward  the lelt (Fie. 80, (). As thi= inereases in
extent, there is formed, hetween the stomach amd the domsal
body-wall, a pouch or pocket, the omental bursa, whose open-
ing is toward the right (IFig. 89).  Tn the third and fourth
months the original mesogster, lengthening more and more,
amd being aflfected by the inereasing torsion of the stomach,
projeet= in the form of o e considerably below the level of
the stomach, in front of (ventral to) the small intestine nmd
the transverse ealon, T IT!Hlmltel"r hevomes the groat omen-
tum.  The mesogastrinm, from having been a vertieal mesial
fold, is now become a transverse fuld, so redundant as o be
folded upon itself and to eonstitute n bag,

In like manner the ventral mesentery (Figs. 82 aml 90),
which conneets the anterior or ventral surfice of the stonach
with the ventral body-wall, and in which the liver develops,
is nlteretd from a mesial fold to u trnsverse fold by the rota-
tion of the stomach. As the liver migrates to a posilion
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above the stomach, the part of the ventral mesentery which
conneets the liver with the hody-wall becomes its fuleiform
ligament and coronary ligament, while that portion of this
mesentery that conneets the originally vential sarfuce of the

stomach, now its lesser curvature, with the liver 1= the lesser

or gastrohepatic omentum. ‘Il boooor canentum, therefore, is

the anterior or ventral honndury of the orifice of the omental
bursa referred 1o above.

The small intestine begins to cxhibit floxnres us carly ns
the fifth week, and by the e of e sivth week the duo-
denum is well indicated ns u segmer o of the pat-tnbe passing
from the prlorie end of the stomack:

wall.  From this time the develog

y ayy gas ]
AAL R

the oJoe=al I:-ul_\‘-

apent of the small intes-
ting, aside from it= histological clarseters. sonsist= ehielly in

inereaze in ]{“n_r_-::h with Conseent mndificarion of 11s mesen-
tery. A striking feuture of huwwan development s thiat,
with the growtl in length of the small bowel, it 12 gradually
extinded from the abdominul cavity into the fissaes of the
umbilieal conl.  The extent to which extrnsion takes place
inerenses until the tenth weel:, sfter which period the intes-
tine is gradeally withdmwn into the alulomen.  In the
fourth month it les entirely within the abwdominal eavity.
Failure of complete restortion of the gut o te cavity of
the abdotaen constitutes congenital umnbilical hernia.

The histological alterations incident to the develop-
ment of the alimentary tube, from the beginning of the
esophingus 1o the end of the rectum, consist in the differen-
tiation of the constituent clements of its walls from the two
strata, the entoderm and the viseeral mesoderin, which com-
pose the walls of the carly gut-tube.  As an initial step in
“.'(' provess, the cells of the mesodermic stratum undergo mul-
tiplieation and arvanpe themselves jn n narrow loose inner
zone and a4 thicker outer lamella. 1l inmer laver subse-
quently heeomes the submucosa of the fully formed state,

w il ¥ i § e ; : ;
llllt-l!il eell= of the e E:I}.L_r unili o diiferentiation into
u;:a!lr:[-u'l museular tissue, and canstitute the musenlar coat
4] W gl 3
the wnal, 1y the ez of e I"‘_-ulr]_lhﬂ;“-.., anl -."I“HI'.H_‘II, M

least, this e e ! =
y HNS museular tunie, in the fourth month, exhibits the
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distinetion between inmer cireular, and outer longitudinal,
layers.  The surface-cells of the mesadermic stratum of the
primitive stomach and bowel beeome the endothelium of the
srroils eonl.

The glands of the entire canal are produetz of the inner,
entodermie stratun, wnd theretore they are intimately related
genetically, ns well as histologieally, with the mucous wem-
brane.

The glands of the stamach, both the peptic nud the pylorie,
originate from small eyiadrical eell-masses that have been
produced by local multiplieation and aggregation of ento-
dermal cells, 1 the beilowing ont of the eylinders and the
branching of the tubes therely formel, the two varieties of
gastrie wlonds ure cvolve . Both <ets make their appearmnee
i the tenth weels  Dni! the fourth month the peptic glands
eontain cells of Bat one tepe; at this perid, however, cer-
in cells off thew ghids berome altered by the geadual
aecnmulation of erannles within their protoplazm, by which
III'*}' HIRH il‘.‘lllhﬁll'ln-'-t vt the clarcieristie acid or pariotal
colls of these clands,

The glands and villi of the intestine are Jikewise products
ot thie entoderimnal I of the cat. Uheir ovolution iu’-;:ih-i
i the seeond maonth, and they are fhivly well formed by the
tenth week, A in the case ol the wastrie glinds, the glands
of the howel .i.u.-q-tur. Uivan r'}‘|ir1-h'5-';a| wiisses of entodermal
cells whiels nee at div<t solid, but which later beeome hollowed
aut to form tibalar depre-sions or follicles.  In the region
corresponding te the apper parve of the small intestine many
of these fallicles branels o wive rise to the glands of Brunner,
while wabwanehed, simple, tbnlar depressions distributed
thromglhont the entive leneth of the bowel heeome the glands
of Lieberkiithn. While the suvlies entoderm is thus rrowing
into the unederlving mesodermie tizane to form the p:l.:mtl.d. it
becames clevatad into miante projections Letween the mouths
oF the whand-duets, formine the villi of the intestinal mueosa,
The conneetive-tissue core of the villus is derived from the
underlving mesodermivc tissue, the cells of which, proliferat-
ing, wrow forth into the entwderm.  The villi at frst are
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preseut throughout the lurge und the small intestine alike,
being well developed by the foueth month,  While the villi

of the small bowel continue their development, those of the

large intesting, after the fourth month, begin to retrograde.
At the time of birth they are still discernible, but ai the end
of the first month after birth they are ecmpletely obliterated.

Meckel’s Diverticulum.—75n vitelline duet, it will
be remembered, is the avenue o comsnunication between
the early gut-tube and the mmbiliool veolcle,  In the sixth
week the umbilical vesiele lias alee Sy hesnn to retrograde
aml the vitelling duet is nttache! @ the ventral extremity
of the U-loop of the bowel present o ilis stage.  The vitel-
line duct in most eases suffers cornplete obliteration in the
later stagres of fetal life. .

In =zoine insfrugees, however, 115
proximal extremity persists in the fom ol iatl] blind tube

varying in length from one to geveral inches, which is known
us Meckel's diverticulum. Since the site of stuelment of the
vitelline duct is not far from the termination of the small
im“"ﬂ“ﬂ: Meckel's dll"-"f'-l"tlill_'ll]-lllll,, when prosendt, is conneeted
with the lower part of the ileum, at o point from one to three
feet from its termination.  Should this tnbe remain attached

to the umbilieal aperture and retain n ]1.'i[11]!llH arifice, there
would result o congenital fecal fistula.!

THE DEVELOPMENT OF THE LIVER.

The ezseniial features of the i!l_-\'r_'lnlﬂuu_*!it ol the liver will
be more ensily apprehended if' the reader will not lose sight
':‘f the fact that the organ is a ecompound tubular grlaml, aned
II'["I ruﬂh[‘l’,. e will reeall the method by which 5_-:|:|||Li'- i
general are developed—that is, as evaginations of the wall
of the eavity or organ to which they pertain.

The first slep in the evolution of the liver is the gl'ﬂ'-‘-‘lll
“f‘“ diverticulum from the ventral wall of the wat-tube at &
point mﬂ‘l!ﬂ'['hﬂm]ing to the region of the |'t|111|1‘.|l duodenum.

This occurs in the third week, sinee His found the diver-
1 . &
Meckel's diverticulim 14 of interest clinieally, since by eomtreling

ood Lo Iﬂjmt D:ﬁlutd’in.[ ine or i rosduice
Lo L] hm‘ﬂll l:l' ﬂlE IIIH'EL Iy €n I-"-"bll.ln_ fmenld, ikmn ¥ ]
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ticulom in a human embryo of 3 mm. The single diver-
ticulum ' very speedily bifureates ot its distal extremity ( Fig.
85). The very short time that clapses between the ficst
appearance of the evagination amd its division into twa
branehes r:!i[ﬂ:tin,-' the statement made in some text-hooks
that two divertieula are present from the first.  The hepatic
diverticalum is =aid o Lrow into the =eplum transyersum
(ride Development of the Diaphimgm, p. 1358).  The dor=al
part of the septun trnsversum or primitive dinphragm, the
region just ventrz! to the bowel, containg a mass of voung
conmective tissue, vich o eells amd Blood-vessels, which lns
been designated oo prelopatiens, and the liver-ridge, by 1lis
and Kolliker vespoetivels (Fig 781 Tt is into this vascular
and ecllular mn=s tlu b liver
diverticnlum in=ccts it=c1i.  The
geptum brnsversune is anioad in
thie median plane o the boade with
the vential me=entery, aned sinee
theventeal mesentory i=eonneeted
withthe regionoithe inte-tine from
which the hepatic diverticnlom
is evaginated, the hatter pesses
between the two lavers of the
mescutery to reach the  liver-

?Hgt' ”'li!-L fl‘-'[l. This faet con- Fio., e =Diagrong lo show the
stitutes the kev (o the Loy artpinal  positions of the  liver,
3 e = - stugar b, sl lennin, pane rons, and
[.','l‘.ll.l'lll'.'ﬂl relutions of the liver ppiuene, el the b ribidas mpgee
L e x TG . I T galies peoriadnlte ta thems, T
and !'L- peritoneal *lipmments,™ 00 T I lenkitudingd
ns will Appear hereafier. e ion 1 0 Hver o spleen g g, e
. W, = = ercay s bl snaall intostine o, vitels
IT.I“-‘- Twa 'Il-"- ".'Illll'ﬂlq'l H'-llh”l".f Vive ot s 00, caowann 5 il eveclum |
from the division of the original & leser vurvatnre: oo peester
. . . Y puryalure of the stomach; o,
single evagination embiee Le- mencnlionys dn; loper omentui
tween them the two vitelling  Win hepatogustriciin and hegato:
- alinials I!lill':l:, Is, HpEmmeninm suss
veing, and by repeated bruneh-  orsariom hepatts (enmiyg,

ing produce the right and the
left lobes of the liver. Before branching, the diverticula
become greatly thickened at their distal extremitics by

! Single, acconding wo His, Killiker, Hertwig, Minot, and Pierol,
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abundant ecll-proliferation. The numerons branches into
which llm}' divide are not tubes, bhut solid :'::Flilu]ﬂ!‘ﬁ uf
cells, the hepatic cylinders. ‘Tl sccondary branches of
theze eylinders unite  with  corvesponding |Jﬁl1:ﬁill::4 of
adjacent systems, producing therely o network of  inoseu-
lating cell-cords, the meshes of which arve occupied by
young connective-tissie eclls and the  developing  blood-
vessels, The conncetive anmd voscular

tiesne of the liver-
Ti{'}._:l.‘. thus sucronmling and peri

s the rpiillnli:ﬂ cell-
cords, produces all the commective - aue sarts of the liver,
while the liver parenchyma—thiec proper hepatic cells—and
the epithelium of the bile-ducts OFLE Nl

v the |-rim'iiit'e
entodermic i."l.‘:lgimll.iun.

The eords of cix are in part hol-
lowed out fo form the bile-ducts il bilc-capillaries, and io
part bhecome the eells of the lobules.  Tie evlinders that are
to produce the bile-duets acquire their buzoen by the fourth
week,

Until the middle of the fourth montly, the right and lefi
lobes of the liver ure of equal size, ot after this period
the right lobe outstrips the left in prowth,  The liver grows
very rapidly and is relatively of much wreater size in the
fetus than in the adult, almost Gilling the body-eavity at the
third month.  Tn the later months of pregnaney it reaches
almost to the umbilicus, while at birth it makes up one-
eighteenth of the body -weight.

The gall-bladder t]c‘l.'rllup.-t as an evagination from das

original diverticulum. It is present in the second month,

The pedicle of this evagination lengthens somewhat and
h:[‘mmuﬁ the cystic duct. The stalk of the hepatie evaging-
i'lﬁ'n itsell” becomes the ductus communis choladochus.

The ligaments of the liver, save the ronnd lignment,

are simply (olds of e peritoneum whieh conneet the organ
with the abduming wall. ]“:Ilrlll;: into the =une eategory,
though not usnally designated a ligament, i= the gastrohepatic
omentum, which connects the liver with the

varions peritoneal folds may be looked upon as parts of the

venteal mesentery,  Sinee the liver evagination grows be-
tween the two layers of

atonnaeln These

the ventml me=pntery Lo 1‘-:*:1l:|l the
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septum transversom, the liver will be found, in the early
glages of itz development, embedded between the lamelle
of this mezentery, which is a median vertieal told of peri-
toncum (Fig, H0).  The liver is therefore enclosed in the
peritonenm and is eonneeted below, by u part of the ventral
mesentery, with the lesser curvature of the stomach, which
still liez in the median pline of the body, and above and in
f'rulll, with the I.Ii.‘i.g_:iu'.l_-_:i'l and the ventral hudj'v\m" |J}' the
upper amd antericy pavt - the same structure. The latter

fold is somewhat nosdilicn o the Intimate association of the
carly stage of the Tver B the primitive diaphragmn, the
liver having devels o w00 a portion of the septum trans-
versum, the liver viwive. 0 ddevelopment advances, n par-
tinl separation of i Hveo s ad the diaphrogm is eflected, the
peritoneum, as it e, coeoing between the two from both
the ventral and thic doveo cdyges of the liver. The region
which is not invades by 100 peritoneam represents the non-

peritoneal =urface of the canle liver between the lines of re-
flection of the two lavers of the eoronary lignment.  Since the
peritoneum on the wnder suriice of the uli:lphr:!,gm is reflected
from that muszele, both in front of and behind this area of
eontaet, to beeome continnons with the peritoneum on the
eonvex surfnee of the liver, there are formed two transverse,
parallel, but separated, (olds which constitute the coronary
ligament of adult anatomy. The lateral prolongutions of
these folds to the latern]l wall of the abdomen constitute the
lateral ligaments of the liver.

The rotation of the stomach to assume its permanent rela-
tions alters the position of the fold that connects its lesser
curvatiure with the liver, hringing this fold into a plane par-
allel, approxinmtely, with the ventral wall of the abdomen.
This fold is now the lesser or gastrohopatic omentum.

The round ligament of the adult represents the impervious
vestigge of the wmbilieal vein,  This vessol, entering the fetal
body at the umbilicus and pas=ing to the under surface of the
liver, divergzes from the abdominal wall to reach that organ
and, in doing so, carries with it the parietal peritoneum,

The fold thus formed is the faleiform or suspensory ligament.
13
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The special svstem of blowd-vessels helonging to the liver
is deseribed in the chapter on the Vascular System, p. 161,

THE DEVELOPMENT OF THE PANCREAS.

Just as the liver is produccd by an evagination from the
veotral wall of the futore sdoodenum, =0 1= the paneress
originated by an evagination frem the dur-al wall of the

same region of the gut-tube < 0ig =) The divertienlum
grows hetween the two layers o1 tho loreal mesentery { Fig=.
86, 88, and M), where it eneocites ::.hr_'n.'-uﬁ-.* connective
tissue, the cells and the Lo oo = of which, becoming
associated with the epithelinl <ot onie evaginalion, give

rise to all the vascular amd couneciico-tissue parts of the
gland. The details of developraont correspond closely with
those of the salivary glands, with which {lip pranerens s prae-
ﬂl‘ﬂlH.\‘ il]tllt]-'itl in strncture. e stalls of 1he 1|;.\'i'l'ti|‘1lll!m
becories the duet of the mwature elamd,  Although the orifice
of the duet, in early stiees, i on the opposite sithe of the
bowel from that of the eonmmon Hile-doer, the two :IiH‘t’HII‘l":"
are made 0 :Iillrl'-r:n'h cach other aml are Iill:’l”_‘i‘, in st
CaslE, Illtfﬁl'd into ane Iu_‘r the “'“."'E!H.:LI srowth of the lateral
walls of the intestine,  In the adalt, therefore, the duet of
the pancrens and that of the liver anid sall-biladder apen into
the dusdenum by a common orifice.

Sinee the panereas develops botween the folds of the dorsal
werentery, it has o complote investment of peritoneim in the
arly stuges of fotal life.  The alierations by w hieli this eon-
dition is u:ll.:m-,;ml. making the panercas a et rupw'itnlu'.'ll
organ, will he noted in the secount of the peritonenm.

THE DEVELOPMENT OF THE SPLEEN.

.:"all.]'ll.ﬂlgl‘l ihi S'[ﬂt'l'll does nol Ll e Lo thic 1]i;_:u::li\-t' syae
tem, it may conveniently be considered here hecause of its
position and relations,

This organ is differentinted from the mesodermic tissue
fuum] between the layers of the mesogasteinm in close
!ﬂ:ﬂlll‘l‘iil}' 1o the 1]&‘,“1"]&““ pranereas fFl’:q iy, rim-
itively, lhﬂmfnl‘t', it is situnted bLebind the stomach. e



THE EVALUTION OF THE PERITONEUIL 195

first step in its development, recognizable at about the
end of the second month, is the accumulation of numerous
lymphoid cells with lurge granular nuelei,  The mass ia ang-
mented by the addition of cells immediately beneath the
peritoneal surfuees of the mesogastrinm, which cells clongate
until they are spindle-shaped and then beeome aggregated
into fusiform masses. DBlood-vessela penctrate the fandament
in the thind month and becowe survounded by cells of the
same spindle-shaped type.  From both the cells surronnding
the blood-vessels and {rom those of the fusiform aggrega-
tions, processes grow out and unite with each other, and from
the network thu- lurmusd the trabecular framework of the
organ is altimately evolved.,  Acenmulations of small nuele-
ated eells, furming <dense mazses along the arteries, furnizh
the chief conztituent of the pulp.  The delicate intercellular
substance which makes up the remainder of the pulp is filled
with Dblood-corpuscles. I'he Malpighian corpuscles uppear
before the cod of the fhurth month. By the sixth month,
the spleen attain- it= cluraeteristie shape and the fibrous cap-
sule iz clearly fndicatal,

The spleen nndiergoes a change of location coineident with
the rotation of the stomach and the alteration of the meso-
gnstrinm, The organ beinge from the livst embedded within
the me=opastrinm, it {llows that peritoneal fold to the left
side of the abdominal cavity,  Iere it lies close to the
curdine end of the stomach, between the lwo layers of the
mesogmstriom, but projecting toward the left.  The part of
the mesogistrinm which intervenes between the spleen and
the stomuel is the gastrosplenic omentum : while the part that
passes from the spleen to the posterior wall of the abdomen,
representing the parictal attachment of the mesogastrium,
constitutes the phrenicosplenic omentum.

THE EVOLUTION OF THE PERITONEUM,

The arrangement of the peritonenm being subordinate to
the position and relations of' the vizeera contained within the
nhtiﬂmun, the -:]E\'{-|npnn.-nt of this c()m]l]cx membrane can be
properly deseribed only by traving the growth of the digestive
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gystem.  As the formation of the carly gut-tube by the in-
folding of the splanchnopleure has leen pointed out (pp.
169 and 171), we may begin at once with the period when the
tret has tlie form of a straight tube conneeted with the
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Fro. fl.~Recoustruetion of Lumun embryo of alout seventeen days (afler Tiie) =
ov, opitle mnd &, otle wesleles: ne, wotoehinl: Ay, head-gut; o, wfilgun s b Tuled=

BuL; o, vitelllng emc: 0 Mver; v, primitive vonteeles v, oo, vontral and dorsal
frvrie H«'Fl'll'ﬂlli'l'c Japular vein: e, eandinal veln; ¢, At of Cavler; we, B

umabllleal veinand artery; af, allantols ; we, wenbiical cord ; din, dorsal wesentery’s
o ool mesentery (woalifed feom Hiss,

dorsal and the ventral body-wall respectively by the dorsal
and t!l.t ventral mesentery {f-‘ig, 914, (,"tnr(:rh:'g the tube asa
constituent part of its wall, is the splanchoic or viseeral layer
of the mesoderm, while the somatoplenrie or parietal layer
of the latter lines the wall of the bady, Obviously these



TiE EVOLUTION OF THE PERITONEUNM, 197

two lamelle of the mesoderm are continuons with ench other
through the medivm of the mesenteries mentioned above
(Fig. 92, A and £). The space thus enclosed by the meso-
dermic strata is the body-cavity or cwlom or pleuroperitoneal
cavity. The suriace-cells of both strata flatten and azsume
the character of mezothelial, the later endothelial, cells.  If,

Fro. #2 - A, &, two tnnaverto necthons, A thiragi thormele, 7 trough abdom-
inal reglon; ¢ sopitial section (Touencnx) @ 1, dargal mcsenlery; 2 veut=al mesen-
tery ; 8, mesocardinm peosterinsg 4, mesovandium antories; & lesser amentum ; f,
mnmponsery lgmmoent of lives; 7, esaphagus: &, lenes: @ heart: W, pancreas; 11,
stamach: 12, Uver; 35, splecn; 11, beop of Intestine with viteliise duet; 15, cocum:
19, truclicn,

at this stage, one begins at any paint ta trace the mesothelial
lining of the body-cavity, that lining is found to form prac-
tieally one continnons sheet. ‘

This simple arrangement of the primitive peritoneum is
transformed inta the r‘mnpliun!rrlr] membrane of the adult,
primarily, by the inerease in length and consequent tortuosity
of the alimentary tube ; and, sceondarily, by the fet that
cerluin opposed portions of the serous membrane, which have
been brought into contact by the altered relations of the
bowel and the stomach, undergo econcrescence or fusion
with each other. Sitnmltanconsly with these alterations, the
original plenroperitoneal cavity suflers division into the ab-
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dominal or peritoneal cavity amd the thoracic part of the
Ilﬂ']}‘-ﬂh’il}' h}' the li.l'!\'t,'li,a]'l[l}("lit- ol the 1|i:1i-hn|gm. This iz
deseribed on p. 158,

The first modification of the original arraneement is effected
by the development of the stomach as o spindle-shaped dila-
tation of the gut-tube, differcniiating the tube into the
stomach aml the intestine, and thie comrnom dorsal mesentery
into the mesogastrium and the focosting! mesentery, The
drawing out of the U-shaped loog of 1l intestine from the
dorsal body-wall, which is the e step to the dis-
tinetion between the small intest - o0 the colon, inereases
the length of the intestinal e @ eorresponding
extent (Fig. 92, C).  As hereni divated, the lower
limh of the loop presents an enlaveor oo hich is the begin-
ning of the development of the Tures for aine

An il‘rt[mr!:.'thl slage in the evolution of the Ewritmwlml is
miarked .h'}' the rotation of the stomaeh nud Er_"-' the llli;.",'l'“-tit"l
of the proximal part of the vge intestine 1o n new location,
The (:!I:l.ll],‘__l" ol psition on the prairt ot thee colon may [u-l‘l!!;l]h'
be best expressed by saying that the U-loop of intestine
rotates upon an ehlique dorsovental axi=, whereby the lower
limb of the: laop, in other word<, the teemination of the small
bowel and the beginning of the colon, i< carried o o position
“1““-'!.", l‘.ﬁplb:llnll Ly, ihe upper Tk |:]|; a4, 1) This rota-
tion brings the beginning of the colon inta the richt hypo-
chondriae region of the abdomen, from which point the
trinsverse colun Pas=es aeross e alilominml i.":l.\.'El_"i'. ventrad
to the proximal end of ()i small intestine or duodenum.  As

# eonsequence of the altered situation of the trimsverse part
of the colon, its mesentery <hifts it aren of' attaclhment by
fusing with the peritoncum of the dorsal wall along a hori-

omtal line and glen with that of the ventral surface of the
ducdenum, ‘The descendine colon having meanwhile moved
to the left, its mesentery 1

attachment by canereseence with the parietal peritonenm of
the dorsal wall of (e abdomen on e left side.  During the
vrogress of these alterations, the .
length, and its mese

e e nequires o onew area of

small intestine inereses in
ntery  becones correspondingly  more



THE EVOLUTION OF TIE PERITONEUM. 199

voluminous both in the extent of its intestinal border and
in length. The convolutions of the small intestine now
cceupy the space below the transverse colon and its mesen-
tery.

The duodenum, which in the early stage shares with the
gastro-intestingl tube in the possession of the common dorsal
mesentery, loses its mesenterial conneetion with the abdomi-
nal wall and beecomes thereby a fixed part of the intestine.
Mention was made above of the fusion of the tmnayerse
mesocolon with the periteocum of the ventral surfuce of the

duodenumn, At aiont the coore time, the duodenal mesentery
(Fig. 89, A) fuses iy (0 parietal peritoneum of the poste-
rior abdominal wai®, the - being that the lower layer of

Fro. Sl—d, I 'Twosiccessive stages of the development of the mesentarfes
fachomatle represontation slhowing seeittal axial seetbon of trunk, afier Gegenbaur
el Hertwlg): 1, stomach 3 8 duslentme; 3, trasverse ealon: 4, #aall Tnteting;
& pocreas; 6, Mver; 7, lesser ctnentum : B, 10, dliferent stager oF great amentum g
¥, bransverse mesocalony 1), mesonbery 3 12, suspansary Hgnmoent of Hver; 13, cay-
iy of mental burse or Iesser pecitoneal sae; 1, Maphragm,

the transverse mesocolon, as it passes downward, is now con-
tinuous with the parietal peritonemm, there being no longer
any serous membrane between the transverse parl of the
duodenum and the abdominal wall (Fig, 93, B).  This part
of the duodenum therefore becomes retroperitonenl, there
being an investment of scrous membrane only on its nnterior
or ventral surface,
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The second modifying factor in the complication of the

peritoncum, the rotation of the stomach, initintes alterations
i its mesogastrium,  The latier membrane, it will be re-
membered, is a vertical median hld of |H?l’i|l'|w”“‘ coi-
tinuons with the mesentery of the duodenum (Fig. 92, C).
As the stomach moves about it rwo axes of rotation, the
nteﬁﬂgﬂ:‘trlllﬂl l}l'gi“ﬁ tiy 2"\:!!_: l.‘:l'ln'ﬁ':”'-g r.Il'- i‘-'t'l |:I-I1i_[:' HE'I..}' Ea tl““

uow it constitutes a pouch or i, il omental bursa, situ-

1'.)!'1_','.‘."! '!.l'. ol Aupa g At

aty o

s g ot !
Adrinas w _Adrewid
- Nleiapastrinm.
. Epfecn

Lellvriali,

;':'J'_-'-'-Q'r Fade .:_F' P Nope Forfr ol F frter.,

e tiragd cieeiues
Larter omente s .

Fia, Be==cnematie cpoassection sl e 13 o speinsmnlian embsye i mzien
of staanaels, o thow sleve boapuinen b ool omeastal daprsa nliaf Tuskitzi

ated between the stomach and the dorsal  bdy-wall, the
opening of which looks toward the right =ide of the by
(Figs. 93, A and 94). With the vapidly inereasing re-

dundaney of the mesogastrinm, the omental bursa hecomes

more and mare {‘i.lp;l.r:.il'm_-'.. In i.'tll‘l'i'.“|HI1'IIII‘]H'4' with the pro-

gressive rotation of the stomael, what was at fiest the left
surface of the mesoEasteinm comes into contaet with the
peritoneum of the dursal alidominal wall and fi=es with it,
thus changing its aven of parietal attachment from amedian
vertical line to a tram=virse one. This elunee I= i*lll‘r1£'i1"l'-"|
h_:r the time the stomaech hns attained its normal adult posi-
ton.  The omental bursa now has the po=ition and relations

shown in Fig. 03, 2, 8. A still further inerease in the size
of the bursa results in s protrusion downward in front of,
ventrad to, the transverse colon and the small intestine,  Ref
erence to Wig, 93, B will show that the dependent part of
the burs very wearly corresponds with the fully formed
great omentum. 14 will be seen, however, tiat the deeper

la
t:mr of ﬂlﬁ 'lmrsu, 'lhl.'." 1“}.1_,1, e e |!m- Irlestines, 1}111_‘-' Im
racel aliove the trunsye

rae colon amd it mesentery 1o the
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dorzal wall of the abdomen, where its two lamellie sepamte
to enclose the pancreas, one lamina passing over the ventral
surface of the punereas to become eontinuous with the parietal
peritoneum, while the other layer passes Letween the punereas
and the abdominal wall.  The latter layer is in continuity
heve with the Bt rictil ]wri tonenn, which almost iﬂllllt‘.{ﬁ:lh‘lf
leaves the abdominal wall to form the upper la:.-er of the
*“'I.I'L"-"i'l.‘l'il’! ]'I'I.'I"“Hi""lﬂli.

The further alterations neeessary for the attainment of
the completed condition consist in the concrescence of
certain opposed peritoneal surfaces. As a r.-am:pieumw eX=
ample of such conerescence, the deeper lamella of the layer
of the omental bursn just deseribod fuses with the ventral
peritoneal surface of the transverse colon and  with the
upper layer of the transverse mezocolon (Fig. 93, ), after
which event this decper lamella is practically  eontinuous
with the lower layer of the mesocolon, while the superficial
lamella s in continuity with the wpper layer of the meso-
colon (Fig. 93, £2).  Thos the transverse colon appears as if
enclosed between the two lnmellie of the deeper layer of the
great omentum, while itz mesocolon is constituted by a part
of the same strocture,  In other words, the adult tmnsverse
mesocolon includes not only the primitive membrane of that
name but also a part of the early mesogastrium.  Similarly,
the opposed surfaces of peritoneam between the panereas and
the dorsal abdominal wall undergo fusion (Fig, 93), the efteet
af which, after the concrescence of the mesocolon with the
deeper Tayer of the omental bursa, is to make the lower laver
of the mesnealon i--unilmm:,-:, over the transverse pnrt of the
duodennin, with the parietal peritonenm.

The great omentum of deseriptive anatomy, resulting from
the downwardly projecting process of the omental bursa,
eonsists originally of two layers of membrane, each one
having twa serous surfaces, At the time of birth these
two layvers are still separate—the permanent condition in
some mammials—but during the fiest year or two after hirth
they become adherent, the great omentum thus coming to
comprize but a single layer,
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It remains to note the metamorphosis of the ventral mesen-
tery, which, prior to the rotation of the stomach, is n vertical
median fold connecting the lesser curvature of that viseus
with the veontrul abdominal wall, Sinee the e\'ﬂgiunlinn of
the gut-tube that gives rise 1o the liver grows between the
layers of the ventral mezentery o reach the septum trans-
versum, the liver is not only enclosed by the mesentery, but
iz connected by it with the stomach and with the ventrul
wall of the abdomen and also with the |'rl']1||iti\'l‘.- diaphragm
l'.Fig- 92} H-_\' the rotation of the stemach, the vertical
median {old which conneets that organ with the liver becomes
g0 altered in position as to lie in o plane ;||;1m|xilu:L|12i}' par=
allel with the ventrml surface of the brody,

Thiz fuld iz now
the gastrohepatic or lesser omentum,

Az reference o Fig.
93 will show, it iz the anterior boundary, above the position
ok th“ Etnm“nhr of thl! sae deseribed above as 11“1 ;11"(-"1;1,]
bursa,

That part of the ventral mesentery that connects the liver
with the abdominal wall and with the diaphragm, while
originally oceupying the median plane, is modified by the
relation of the developing liver to the primitive diaphragm.
':ﬂmae organs ure intimately united with cach other (p. 1589)
In;the carly stnge of their growth, but with their complet ion
3 separation takes place. Upon the two separated surfiees,
except in a region near the dorsal wall, the cells nssume the
endothelial type, the opposed surfhces thus acquiring the
chamcters of serous membrane, The peritoneun on the
under surface of the dinphragm is continnous with that on
the upper surfiice of the liver, both in front of and behind
the non-peritoneal area of contact. Thercfore, in the com-
pleted condition of the liver and the diaphragm, these two

I*"J'I-'ﬂ!lil-lm71 ;ea are connecled by two layers of peritoneum sepa-
:; rom each other by a region containing only arcolar
Bt These layers const

. itute the coronary ligament of the
l::t'ﬁolr now Fig. 93 is inspeeted, it will bhe seen that the
of the r layer of the lesser omentum, and the upper layer

transverse mesocolon, together with that part of the

penitonenm. with which they are in direet continuity, enclose
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a sac which is the so-called lesser bag of the peritoncum or
the lesser peritoneal eavity. All other parts of the perito-
neum taken together constitute the greater peritoneal cavity.
The communnication between the two, the foramen of Winslow,
situated belind the free right bonder of the lesser omentum,
is the constricted orifiee off the carly omental buesa,

The [Hla{liull of the |-:Er1l1-*_t':¢ and the nreters as rc-tn)pr_-ri-
toncal structures and the relations of the bladder and of the
uterus to the peritonesn, eneroaching a< they do upon the
parictal layver of thi- raembrine, and being, therefore, in-
visled by it to & croater ar less extent, are vasily aceonnted
for whem it is vecallod i all these organs develop from the
somatic or onier bever oof the mesmlerm,

The |H:|‘itul:||.-:!'.:i il HITTL .'wquin* all the charncteristio
features of o seroec mes brane antil sbout the third month,
The histelogical slterations bewin in the foneth week, from
which time until ihe il week the superficial cells, the
mesothelium, pass throvgh various phases of transition to
reach the condition of comewhat Battened elements. By the
eighth week they Luve acquined the form of true endothe-
Hum. It is not, however, until the thind month that the
=subjacent tissue has attained o the condition of a fully-
formed basement membrane.



CHAPTER XII.

THE DEVELOPMENT OF THE RESPIRATORY
SYSTEM.

ALTHOUGH the nasal chambers and the pharyngeal cavity
contribute to the formation of the respiratory system, these

Middle Jobe
of fhyroid pland, o8 ;
aryAFed
Thymus pland, pd-wﬁ.
Lateral lode
Pf f.ijrmid r_!m‘d"_
Trachea.
Lung,
Sromack,
Furcreas,

Right fode of lver, Left Jode of Liver,

Sepalf dmlestine.,

Fitelline due £

Larpe intesting,

Tug, 5,
~Scheme of the allmoentary canal and s accessary ongnune | Bonnet).

Parts will not L
elsewhere,
104

considered here, since they are described



dilated proximal extrem-

p}ﬁmzugml cavity. In point
of fiet, these organs are devel-
: =dﬂod as an outgrowth from the
> ‘entodermal alimentary cannl in

,'-|_IJ,\: [T
x 'S

A m:mm- similar to the devel-
42 opment of the lives and the

pancreas,

The first step in the dovel-
opment of the lungs is the ani-
pouching of the ventral wall
of the esophagus ilroughout
ita entire length, The lon-
gitudinal median groove thus

: m@'ﬁthﬁl@ﬂkﬂdupnnlmﬁf :
n duct, the trachea, which latter, thmugfi‘iﬁ‘é-

, the larynx, opens into the

Fia. . —Transverse sectlon toshow
etitgrowlh of pulmonary anlage from
gut-tube (afier Tourneux): 1, dorsal
mezentery; 2, ventml mesentery In-
cluding 3, mespranlium posterius; 4,
mesooanlium anterus; 7, csophagus;
&, diverticolom which becumen the
Jungw, the trachen, nod the larynx;
¥, hear,

, formed is the pulmonary groove.
It makes its appearance when
the embryo las a length of 3.2 mm, (0.128 inch) or prob-
ably early in the thind week. The groove is more pro-
- nounced at its lower or gastric extremity., As the groove
- deepens, its edges appronch and finally meet and fuse
with cach other. In this manner the groove is converted
into a tube, which gradually separates from the esophagus,
the separation beginning at the end toward the stomach mﬂh ¥,
I'wing toward the pharynx. The Hepnmlaun, bo
complete, stopping short of the upper end of .
AeS groove, so that the tube retains communication with | ’,-I';
= m:gml end of the esophagus. Even before the con=
IR off of this tube or pulmonary diverticulum i
~ pleted, its free end bifurcates. The pulmonltj' J o
- sists, then, at this stage, of two short wide pouches.

- by a common pedicle with the pmmﬁva P
- snd “}; and this condition is present in t
; {?ﬂj‘ soon after the end of the first
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the left one inta two, while at the same time they i']‘-"":m
in size (Fig, 97). The further =teps oward the attainment

e

= -l
Fin, 5.—=View of & eeconstrietlon of

cambiryo (Pr. of His) 10amim, Ione, 1eck me . tor 11ikes In, traclicn; b, right

hl‘f*l‘l’l:hllh: e, 1I'I'|lh!|1.'.1:l|.' I'_f. el wes 0 g PR T L nanl A raLs m":mh“nr

(henrny Into whiach the epitbobin fur e of i lung grows; O, M, I hmd:-

ments of e upgar, mlldle, nol Tnswer ol T L BT T T L G (TTTTI [ 1 FEg Bt

Of e upgur anid Tower Tohies wf thye 1ol

fard mnent of the lungs of & hnmen

¥ e

of the completed condition con-is lnrgely in the continued
repetition of this process of dichotomous division (Fig. 98),

Fin, W=Vlew of peoanststgetion of Ehe fSuedapsent of the lungs of & human

Lmbryo (N, of Iy oditer thay thint of Flg 9 saftcr 1S, moagniified S0 adinmetorsp:
Ap, wrterin pubimonalis - e, teaelhie

; AT Y]
af divislon: o, LT T ey ||;.1-.‘,:|:;I.‘|v;_l.-r:.m.::I.I;|,: I.::.i::; !..IT;.II:; Ill.l‘h::-.lflill I;I-'T-rI:i‘.lH
WAL M, 1 mbddie ngg biwer betued oo Usee rl:.':P-E Ligfe 3 000, dpsper Totns of thie len Jung
With bypartestal binvelnzs, Tealing Lo it 179, Jower Jotas of the left lung.
which latter Eoes on until the sixth month.,  The “"ighf"ﬂ
“"'ﬂ-i:ilmﬁun, i:'{msi.ﬁtillg of ontodermal epithelinm, rives rse
only 1o the epithelial parts of the lungs sl Alr- passages.
Al the other constituents, the connective ssue, the mus-
cular, vaseular, al eartilagivous elements, are
the mesodermie tissue into which the divertienlum grows
Upon their firg appearanee the  tubes " are always solid

I'I-:\H'llll.ﬂ-"‘ ol
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epirhc!iﬂl evlinders, the lnmina being unquirud Iater. At
fiest, the lining entodermal cells of the primitive tubes are
tall and evlindrical, the tubes themselves having a relatively
small lumen.  In the fourth month the eells aequire cllia.
From the anatomiceald :-.l:uuli-nr:int, the ]:Illg.-l now present the
charucters of componnd ~acenlar glands.

From the sixth mouth o the end of gestation ocour the
changes which give (o the orgns their essentinl eharmeter-
iatice. Ulpon the dilated extremity of ench teeminal tube
numerons: Ltile oy .._=_".':|'..~: Poupis {]4_'1’u1|=l}, Jri]t":-'{: are e air-aaca,
or pulmonary alvocii, the terminal tubes from which they are
cvaginated heins the niseolar passages amdl the infundibuls,
Their walls e vers thin amd their lining epithelinom
flattens to such o dorree ne o elosely re=cmble endothelimm,
The trachea iz <fple i clongated stalk of the pulmonary
divertienlins, -

The larynx is the dilned proximal extremity of the pedicle,
specially developed 1o seeve a2 an organ of phonation. One
of the earlicst changis i the appenranee of two ridges at
the junction of the primitive trachea with the esophagus,
These e close together in front, venteally, bat sepamted
behind. They are the fivst indication of the woeal cords.
The arytenoid cartilages swve fndieated in the sixth week and
the other eartilages soon after,  These are not aetnally car-
tilaginons, however, until the cighth or ninth week,

The development of the pleurm has heen deseribed in con-
nection with that of the pericardivm and of the diaphogm
{p. 15%).

THE THYROID AND THE THYMUS BODIES.

These vrgans< may be considered in thi= conneetion, as a
mutter of convenicnce and beeanse of their embryological
relativnship to the respirtory svstem, heing developed, like
the latter, from the epithelinm of the gut-tmet.

The thyroid bedy, an organ common to all vertebrates,
{;m\ulimlly consists of two parts, a median Jobe and two lateral
obes,

The median portion originates from an evaginotion of the ven-



208 TEXT-ROOK 0OF EMERYOQLOGY,

tral wall of the pharynx, in the melian line, posterior, caudnd,
1o the tubereulnm impar, and between the ventral extremities
of the first and second viscornl arches.  This median divert-
iculum is present in the human embrye of & mm. It goon
pouches out on either side, assuming therehy the for of an
epithelial vesicle connected by (e constricted pedicle of the
diverticulum with the ventral wail of the pharynx (Fig. 04, 3).

o [
.

L
, L

Fia, &3,
I fromg 1%
Impar; 2,
4, laryn
Lot

—Dlagram matle mepresentation of pharynx of hnwon cmbrya scen (oS
ftar Tourneux): I, 11, firet sl sevond plineyngeal pooches 1, tulsretlom
course of “’l}'l"‘ﬂl"ﬂ'ﬁﬁl duet leading Frota 3, tnediats lobsg of 1.!#!1'"-:'1 j.'!.’!nr”
Fotracheal tutw: 5, esaphagus. o, thymaus; T, acecssory tipans; &, latctal
of thyrald ;) o, acvessory thyroid,

F:rom the situation of the r.ri!._ri“;d ['H'III”. of t-_\*u'r_rin:gﬁ:m lig-
hind the tubereulum mmpar and ventromes=ial to the two
. halves of the posterior segment of the tongue, the orifice of
the pedicle corresponds to the line of junetion of the three
'[H'Il:t:l of the tongue.  As a conscquence, when these parts
unite, the pedicle or duct j« prolenged upward amd comes to
open upon the surfiace of the lmu._g.'uu_ The canal i= known
- the thyroglossal duct or canal of His. In the lifth week
it beg'inn to atrop

come ghlj hy, “m]_“ﬂm“}' by the eighth week has ?ur—
T]lr: obliterated.  Oceasionally it persists throughont life.
\'e:’:'mm teeum on the dorsum of the tongue is the
ge of the orifice of the duet. Other \'q_-_-_li‘-_-(-_-' of the
Pl :::1,::-“[:1 u.n_; gometimes present. For example, the
thyrold duct, ) ':‘iunt may persist as a short tube, the
) -:-nﬂtng upward from the median lobe to the
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hyoid bone ; and again, according to Iis, isolated persistent
segments of the duct constitute the little vesicles in the
neighborhood of the hyoid bone which ure known respect-
ively as the accessory thyreid, and the suprahyeld and pre-
hyold glands.

The lateral lobes of the thyreid body begin their develop-
ment gomewhat later than does the median lobe,  In the
embryo of 10 mm., the fourth inner visceral furrow or throal-
pocket of cach side pouches out to form a vesicle (Fig. 99,
8). As the vesicle grows, = pedicle becomes attenuated and
finally disappears,  After theeir isolation from the threat-
Imkot-.:, the vesicles @ive cut small bud-like processes atter
the usual munner oi the development of glands and graduo-
ally approach the weedian 00 (Fig, 100, By The three parts
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unite probably in the seventh week.  In o the vertebrates
below manmls the biterl paris of the Ilq_ﬁ.'r'uili do not unite
with the median sedriment, ane i cortain animals l]'u.'}' remain
Widl‘.‘-]}' separated from it us the suprapericardial bodies.

After the union of the three portions of the gland, the latter
consists of a network of cords of cellz, the mes<hes of which
reticulum nve oecupicd by embryonal conneetive tissue.  Sub-

sequently the cords of cells hecome hollowed out and exhibit
1
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alternating enla rpements and eonstrictions. By the increass
of the eonstrictions the continuity of the eell-cords is inter-
rupted at short intervals, and =0 the network is converted
into numerons closed folliclag freeald with (:!'ritlll.'lilllli, the forma-
tion of follicles beginning in the elghth week,  The follicles
later umdergo considerabile ine
secretion by their epithelial ecl?
charaeteristic of the thyroid bale,
tissue, mude up necessarily of L
the connective-tissue framewors .1/ .o blood-vessels of the
organ, while the epithelium i ios o the manner indicated
from the entoderm of the wut-troi,

The Thymus.—What remsine of (he thymus after the
seeomd year of life is mude up chiclls of lympheid and con-
nective tssue, embedded fn wivich are eharacteristic little
epithelial hodies, the corpuscles of Hazoall,

The epithelial varts of the thymus, in all vertebmte ani-
wals, ure derived from the entodermal lining of the pharyn-
geal region of the gut-tract. In the lower TGS, sneh as
reptiles, amphibians, and bony fi<hes, the epithelinm of all
the inner viseeml clefis or llr;'u;n-lu mehes shares in the de-

velopment ; while in birds, only two or three elefts take
part.,

cose in size on account of the
{1 pegulinr collold material,
o amab ryonal connective
coafe elements, furnishes

I mammals, however, including wan, the thymus

'|'H]|_]:,,' I= II(‘T.I.\'N] II!‘LIII:I.EII_‘-' |1I'I1I|.1 '|.|'” SI11L II”-":L[_IH:;*]-:['I, 1]!0
third,

The entodermal epithelinm of the thivd inner }”-"‘"‘:h be-
comes evaginated (1%

connection with the
The isolnted

g 99) to form an epithelinl sae whose
phaey ngreal cavity is subzequently lost,
el fl"'"!."‘ﬂh:il. s <o wrives ont small lateral
buds or Processes at the distal exivemitv,  While the original
tam‘ has from the first a eavity, ihe rhmi-'[”::* hrnches are
solid masses of epithelium,  The branching econtinues and
affeets not only the lower or distal extremity of the thymns

e h1..lt also the proximal enel, the .-'.rm-l,|||'1.-r||n-.l.' resembling

“-T mous glund (Fig, 101).  While this crowth is taking

!_:l:;ﬁ:;:‘::l:t]"““ﬂ' r=1:|-=:-|. is ht"llrl;: invaded ‘lu‘w.' lvmphoid cells

Thﬂ'em;‘ .IIIIIH.'L'I_I'-'I} Lisspe "-'-‘Il]! l!a_ﬂ;n_l]-a!.lu_:: 1I|l‘|ul!=‘.'{'5x‘“v'lf"-
acliment Ly

these clements continues to such an
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extent thal lympheid tissue becomes the predominant con-
glituent of the thymus, the epithelial parts soffering redue-
tion, relatively, and becoming finally broken up into isolated

maszes which are the corpuscles of
Hassall of the mature sland.,  The
brenking down of the epithelinl cords
i5 probably responsible wlso for the
irl'ogulnr eavities off  the thymus,
Not until after bivth Jo ihe glands
of the two sides of thie bl wnite o
form u single unpairod steve>uva, and

tIlﬂ [I["\‘l"i{illnll_“"t : 'l-l!:- ""_"i'l'E!Izé i.‘i
not eompleted vute the o0 o the
second yearof Tife. Lo o stiained
its full developmen: e o o hegins

to retrogrude, and 0 the e of pu-
berty has almost Glappesed, Al
tlmllgh sometimes persisteet thirongh-
out life, it usually -allers eamplete
obliteration, or at most, s repre-
sented by an insignificant  vestige.
While the epithelial parts of the thy-
mus bedy, represented in the fully
developed organ by the corpnseles
of Husall, are derived from the ento-
dermal epithelivm of the thind inner
viscerul furrow, all other parts, the
lymphoid tissue, connective tissue, nud
duets of the surrounding mesoderm.

i, 161L.—<Thymus of an
embiryo rabbll of zixtecn
ilays afer Kolllker), magnl-
fiel 2 o, camal f the Lhyinus;
B, upper, e, lower end of thy
Orgni.

blood-vessels, are pro-



CHAPTER XIIl.

THE DEVELOPMENT I THE GENITO-URINARY

SYSTHEM

Owrxe to the intimate anstoricsd und funetional nssocia-
tion of the penertive organs with ¢ urinary apparatus, i

15 necessary Lo disenss the developmest of these two systems
together,

THE DEVELOPMENT OF THE KIDNEY AND URETER.

The origin of the kidney aud ureter of the higher verte-
brates is associated with the 4|:-1'1-|:=|rl||1-r‘:1 of vertain fetal
structures, the pronephros sind 1 lie mesonephros, which represent
respeetively the kidney of larval amphibians and the perma-
nent Kiduey of fishies,  In man and other allied types, the
former strueture is of little or no inportanee functionally,
while the Jatter functionates during a part of fetal life as the
ongn of urinary exeretion, price to the development of the
permanent kidney,

The pronephros or head-kidney constitutes the most primic
tive vertebrate type of & mechani=m for the exeretion of urine,
This structure has irs orizin in the mesothelium of the ody-
llﬂ‘k“ll_\", andd in the ﬁl“uwing manner: When the |-|:|1".4.:'Ei'.'ll
mesoderm, whicly subsequently divides into the somites, s
ahout o separate from the ]‘;“_-“.m. |||'.1I!1' oft mesoderm, the
two parts are conneeted for a time by an intervening thin
band of tissue, the middle plate {l-‘i;}. 162, wp).  On the
outer side of this middle plate, the mesothelial cells of the

rarietal layer of' the mezoderm become invaginated in @ line
lur?"“ll with the axis of the Ludy to form o cord of cells
which at s ;

cells, veral points retains its conneetion with the sorfiee

4 + Further changes hring shout the hollowing ont of the

~eords 8o that there results « long tube, the pronephric of
N2
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gegmental duet, which has several short transverse tubules
opening into it and commumicating by their opposite ex-
tremities with the hody-cavity (Fig, 103),  The mesothelium
in immediate proximity to the free end of each short tube
is mvaginated by a tuft of capillary Lloaid-vessels from a
braneh of the ::1'_}:'.1'1_*1.1! mwnrgal to l:.'l.lllﬁtilllll.' H glomc:mlua {Flg.
103, 66y, The proneplrie doet passes tailward and opens
inte the cloaca, o !'-'1.'1‘l'l|:ll']-t‘. whieh n-r-:-h'r:s, m O, the
terminad orifice o' the primitive bladder and that of the
primitive intestize. it i= apparent, therefore, that the pro-

Axial eone, "I-ﬂ--'.h’ ranal.

-‘L / Ly waddin femrife.

Lateral plases for
Eodfyana i e Furietial woeroderes,
f:i

Fateral plates fur

rwidraa —  Plewesperitonsal

LIS

Medidie plale.

ramdis s gordar

e
Hisitine vera.

Fio. L —"Tranv et soctinn Lf & seventeon-aida half-tay sheep cmbryo (Bonnet

nephros or hewd-=kidney is anatomieally adapted to the fune-
tion of removine cortain snbstances from the blood by virtue
of the action of the eclls surrounding the glomerali or tufts
of ““Pi”-’l!'}‘ blocul-vescel<, and that these subsiances vy be
comveved away thironeh the doet into the eloaen and thence
evacunted oo the Tealy. "This organ is fanetionally active,
however, culy in certain lower elasses of vertebrates, a= in
the Amphibia durving the larval stage and in bony fishes, In
mammal=s it i excecdingly rudimentary ol very oom givis
plave to w more important ergan, the mesonephros.

The Mesonephros or Wolfllan Body.— As in the ense of the
pronephros, the origin of the mesonephros i+ to Le found in
the parietal mesothelium of the ll-n!_\'-g_‘.'l.\‘“_\‘ ur eelom. Ref-
erence has been made, in treating of the primitive segments,
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page B9, to the middle plate (Fig. 102) as a tract of
mesodermic tissue connecting the paraxial tract with the
parietal plate. When the paraxial mesoderm segments tu
form the somites, the middle plate likewise undergoes seg-
mentation, cach segment being designated a nephrotome.
Each nephrotome, in the lower vertebrates, contains a cavity

Fio. 1@—=Dlagrum of P

Fro. 104, —Dlagram of Wolfisn
T ot pronaphrhe dugg body and duct: A, allantols: &
(Pl Al wllanwods: @, gut: €71, gut: ¢, cloaca: K. kidoey avagl-
FRSE R e nation.

which communicates with the general body-cavity and which
18 therefore, in cffect, an evagination of the mesothelium of
this space. Tn mammals, however, as well az in reptiles and
birds, the nephrotome is a solid cord of eells. DBy the hol-
lowing out of these cell-cords or nephrotomes, a seriea of
transversely directed tubules is formed, enchi nephrotome, in
fact, becoming converted into a short eanul. These tubes
Aequire conneetion by their deeper ends with the previously
formed pronephiric duet (Fig. 103), which is known here-
after, therefore, ux the mesonephric or Wolfan duct (Fig. 104).
The latter duet and the short transverse tubules which open

mtz 1t constitute the Wolflan body or mesonephros (Figs. 105
ek m_ﬁ: 1).  Hence, in its fi ully developed condition, which

enth week of fotal life in man, the



DEVELOPNENT GF THE KIDNEY AND URETER. 215

Fro, W=Trossvers cocition of aeventeon day sheep embeyn (Bonnett: am,
amnlon; a4, amndotle oo ne peoeotl canald ;s semite Aiferentianed fnts musele-
plate s W Wolthan oo, 06 Voodoan ey | poor, peurletnl tuesoderm ;) om, vise
coml pnwesederin: o, Pistog prha b ve marue; g, inte=tine

Waolflian body cousizi= «f 0 tube or duet lyiog behiod the
parietal layer off the mescderm, parallel with, sod luteral to,

" Fin 000, —Teiapmsitlon oof the coniGoeurlnats crpans o the cmbeya of the hoe—
BSem (2200 long (Tourneuxs: L Waollfan boldy 2 avary: 3 logninal Hgnowenst ;
4, diaphragomatte Deaeent ) 5, stoagaed 0, Intestline s 7, bladder: 5, gmbilical atery.

the primitive vertebiral column, and anning at the exndal eml
of the embryo into the cloaca 1 and of 4 series of trunsverse
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Wolffian tubules opening into the duet and abutting by their
opposite ends npon the body-cavity. At the head-end of the
Wolflian duet, the now atrophic prouephric tubes are still in
connection with it

It is usnal for writers npon embryology to compare the
peneral form of the Woliiizn body to a comh, the short
tubules representing the lecti- wnd the duet correaponding to
the back of the comb.

Asa further step in the doo lopeent of an orgn adapted

to the function of the sceretion: o wsine, cach Wollfian tubule
ih‘.‘cumr:.q somewhat zacenlar & et ween its two extremi-
ties, and this dilated part of « 10 e is invaginated by the

eapillary branches of an asioow teoen the sorta.  In this
mauner the cells that Bne the tobaloe are i1mt1g|nl into rela-
tion with the blood of the fegue o senpuire at thie =ame lime
the characters of scereting epithelinz. Such an invaginating
tuft of eapillaries, known as a glomeralus, with its enveloping
capsule of Bowman, which latter is the invaginated sacenlar
part ol the tabule, eonstitutes n primitive Malpighian cor-
puscle, a structure analogons to the Malpighian corpuscle of
the permanent kidney, The complexity of the organ is in-
ereased b}' the l]-:‘ﬂrln],um_-nl ol seo -u-l:u‘:.' tubules and Mal-
pighian corpuseles connected with these fivst formed,

The horizontal or transverse tubules of the Woltlian body
are divisible into an anterior or upper series, distingunizhed a3
the sexuval segment, and a lower set of atrophic tubules—
utrophie for rewsons that will appear hereafter,  In certain
vertehrtes that are of higher type than those in whicl the
pronephiros funetionates, such as mdult amphibians and fishes,
the Woliian body persists throughont life as an organ of
“Ti“u'l'}' seeretion,  In birds and mammals, however, it3
functional activity is but temporary, sinee it is _l-||p|:-|:‘|||h:(1,
betore the end of fotal life, by the permanent kidoey. In
man it disappears relatively early, vetrogression beginning in
ll'fﬂ eighth week and the Malpighian bodies having almost
disappeared by the fifth month.  The presence of the meso-
nephros as a temporarily functionating organ in birds and

mammals, while it js a perminent structure in certain luwer
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members of the vertebrate series, excmplifies the embryo-
logical principle clsewhere referred to, that the higher types
pass through stages during their development that are per-
manent in some of the forms below them in the zeale of
evolution,

The Metanephros or Permanent Kidney.— W hile the Wolflian
body is temporarily performing the office of a kidney, a
structure is evolving from s eandal extremity which is
to form the penmoasent organ, Tt hoas been stated that

the duct of the “¥altiis. l--.:-.l_'].* npens inte  the cloaca,
From this clonesd o o0 b duet, a liitle diverticnlum or
evagination (Fig. 51 cvova forth and soon lengthens
into n tube whieh o0 i

ward towaml the sositwn of

the Wolflian body,  The o oper g

or anterior  enil ihe audbe %

branchies to form & b of

smaller bes (Fig, 107, At
the smme time, the surronnding
indifferent  mesodermic  tis=ne
(Fig. 108) is altersd in chare-
ter, becoming condensed and vas-
2 I" 'III g L Fi, Im".—-'llll.p,‘rﬂl'll ‘!'lhﬂwﬂ'llfn"
cular, i Blind end of ench #lonn atid Leanellog of Liluey evagi-
Little t“["-! llt‘fﬂhlitlg dilated] el matlom and soparation of L stalk
Crs - ) : Frostn Uhee Wl Hlan duet : w. primitive
'R:Il“-lf'lllzl't'.| 15 l.I'l‘n':Lj__"lII:l‘t('il 'h_\.' f-;||11]- ureter: g, jelvls of ureter; Wi,
lury blood-veszalz.  Thi L WalMan iuet: S0 bladder: ue, ure-
3 ) z rodd ves “I"' [his trang penlinl sinus; oY, oloacs; @, gat,
formation  produces  the Mal-
pighian corpuscles. 'l suceulated end of each tubule is now
o capsule of Bowman, while the tuft of eapillaries enveloped
by it is the glomernlus. Tt should be borne in mind that the
[_.ﬂmut.-rnius is not contained] within the cavity of the tubule,
but that the dilated end of the latter, still a shut sae, folds
around the tuft of eapillavies, enclosing it within a two-
layored wall.

The tubules, assuming tortuous and convoluted form,
OWing to execessive growth in length, constitute the urin-
iferous tubules of the adult kidney,  Aceording to Minot,
the capsule of the kidney, which is produced by the sur-



218 TEXT-ROOK OF EXRRYOLOGGY.

rounding mezoderinie tissue, exercises an important influence
upon the form of the developing tubules, the resistance it
offers to their centrifugnl extension being the determining
factor in producing the foldings and convolutions of the
tubules.  The progress of these metamorphoses is such that
the kidney aequires its charmcteristio features by the end of

the sccond month of fets) it

The original canal—that is,

£ oreive

Fui. 108 =Diagmnmmatle represemtation of the development of the Lidney after
tiegenlanir.

the stalk of the diverticulum—is now the exeretory duet of
the kii]ﬂ'-"_‘i‘. the ureter, while the dilated and hranehed upper
part of the latter is the pelvis of the kidney with its calyces
and infundibula,  The conneetive-tissue stroma and capsule
of the organ, in common with its blood-vessels anil lymphatics,
are products of the surrounding mesodermic tissne. [t is
apparent, therefore, that all parts of the kidney and its duct,
the epithelinm as well as the conneetive Lis=ie, are derived
from the mesoderm, since the Walthian duet, from which the
tubules and the ureter with teir epithelinm dievelop, is itsell

aproduct of the mesodermic colls, or mesothelium, lining
the body-cavity.

THE SUPRARENAL BODIES.
The development of these structures is still involved in
Bome obscurity.  Most ohservers aceree that they are geneti-
l.‘.ﬂ“:. conneetod witl the mesone

q . i i H Illlil l" 3
h“ ! ||'l|l|'h'- O 1!I|"I|t|kf‘ I _'|
t- W IL"I.I“_'!I' tth Y i

s, = r(-pl‘-.-:ﬂ'utt-d in the adult comdition,
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are derived solelv fram this souree is not a3 yet definitely
made out.

The origin o’ the suprarenal by is variously aseribed by
dilferent investigators—1, (o a group of connective-tissue
cells fonnd at the upper end of the primitive kidney; 2, to
the germinal epithelium of the anterior or head-end of the
genital ridge 5 and 3, to epithelial outgrowths from the
mesonephros or primitive kiduev,  The last named i3 re-
Y pganded by Hertwie and by Minot as being the most probable
gource, The epithelinl onggerowths referred to bud forth from
the glomernli of the primitive kidney and divide, each into
two bhranches, one of which grows into the indifferent sexual
gluml Lod |rt'm1lu"l,- it uf 1ts strocture (as i.]us:'crihul in t|h_"
sections on the nvary and on the tl_-:-tiﬁ_!l. while the other turns
dorsad and spreads ont 10 form eventually the ecortical part
of the =uprivenal by,

The wrigin of the medullary part of the organ iz algo a
disputed point. On the dorsal side of the primitive kidney
chains of small eells grow forth from the embryonie ganglia
of the svmpathetie svstem. These latter become surrounded
by the eells derived fram the mesonephros, as well as by
embryonic connectivestissue eells, and are divided into small
groups. Aceording o Hertwie,! who follows Balfour, Braun,
and Kalliker, the eells budding from the sympathetic ganglia
produee the medullary part of the organ,  Minot, on the
contrary, helieves that these eells later entively disappear and
take no part in the formation of the medulla,

In the 1.‘-‘1!‘]}' stigie= of fotal Life, the mlllnu‘a:ll:ll hm]}' is rela-
tively much larger than in the adult condition, and is situated
chielly on the ventral surfiee of the kidnev, At abour the
Illil:'t' month it |H~_~_1i1:- Loy se==upnoeer  ppeore m:url}' it= normal
por=ition,

The neeount of the development of the bladder and of the
wrethen may be deferred until the evolution of the internal
sexual system shall have heen considered.

' Entwickelungsge=chichite, fitth edition, Jena, 1898,
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Before the testicle leaves the abdominal eavity, the parietal
peritoneum  pouches throngh the inguinal canal into the
scrotum, the protruded part being the processus vaginalie,
Since the testicle is from the first behind the parietal peri-
toneum, it passes into the serotum behind the vaginal proeess, |
the latter then folding arcund it as a shat sac of two lnyers.
Subsequently the connection of the sae, now the tunica vagi-
nalis testis, witli the abdominasl peritonenm is reduced o a
slender strund of tissue lying in front of the spermatic conl!

The testicle necessarily enrvies with it, in its descent, ils
blood-vessels, the spermatic sitery and vein; its duet, the
vas deferens; as well as its aerves and lymphatic vessels;
and these structures eollectively constitute the spermatic cord.

The Female Type of Sexual System.— While the indiflerent
sexual gland, in the development of the male generative sys-
tem, undergoes metamorphosis into the testicle, it becomes,
in the evolution of' the lemale tvpe, so altered as to consti-
tute the ovary ; al while the Waolllian  tubules and  the
Waolflian body become in the male the svatem of exerctory
duets of the testicle, llmzr |:rm|tu-|_- in the female ll'lt'ﬂ‘l}'
atrophie structures.  On the other hand, the duet of Miiller,
which gives rize in the male to atrophie appendages, forms in
the female type the Fallopian tabe and, by fnzing with its
fellow of the opposite gide, the uterus aml the vagina.

The ovary results from alterations in the straeture of the
genital pland analogous to those that oecur in the evalution
of the testiele. The special features of these echanges we
better understond, however, than are those of the testicle.
As in the case of the development of the testicle, the meso-
thelinl cells on the peritoncal surfice of the genital ridge
become thickened, these altered cells constituting the germinal

of the ecrotum, is designated cryptorehion (hidden testes). The prosence
of 'l':lt -.‘m"‘lml,iﬂt in the serotum iz ealled monoreh isin. .

0‘“““"“‘“!" it ll"-“i'l"‘""li that the funieular prroecas ol thie eanaea vage-
malis—ihat is, the stalk of the sae, remaing patulows thenaghont s entire
extent, & eondition which allows of the casy npd sudden protrusion of a
Pgment of the bowel into the cavity of the tunien vaginalis, constituting .
the so-called eongenital hernia, Or the funicular process may close only
"t one or the other end, giving rise 1o other varieties of hornia.
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Further differentiation of the genital rillg{: resulls in ils
transformation into the so-called indifferent sexual gland ( Plate
VIL, Fig. 1), o structure common to both sexes at this stage.
The essentinl fenture of this process is that the thickened
mesothelinl cells overlying the genital ridge beeome moditiml
in ehamcter and penetrate the ridge in the torm of conlds or
strands of cells.  These mesothelial elements were called by

Fin, 100 —Crosaoscotion the daeh the tuesons elimes, Ui faebenent of the Ml
lerfan duct, amil the sexual pland of & ehicok of e Sk iy (ufter Wallovery,
magnifbed 1o diansetorn m, s ngery | F, st opdere o o', Ly roghun ol Tl
Eerminmd cpithe B fevin wilibeo b thee Meallo Flma oDiaact 28 Jos Beocmn fnvak D oeled ; o,
thlekened part oof the sereinal eplthc i, to whieh the prisessy seaid eells, ¢
atird o, Mey B wiislietesd g soin h} v onnt ool whilch ilie steomns of thie pexial gland
Is furmisl ; W, meEinephires ;s w, mcdoncphrae duet

Waldever the germinal epithelium, Lecanse, after their extens
sion into the interior of the ri:lgu ar glamld, Ilu-:u‘ _-__;i\':- rizi o
the germ-cells, manely, the ova or the spermatozoa ns the ease
may be. The eell-cords inelude two Linds of elements, the
smaller mesothelial cells and the primitive sexunal cells, which -
latter are larger and less pumerons than the mesothelial eells
and have large noeleolited nuelei. The primitive sexual
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or seminal cells, or primitive ova, nre so called because it has
been assumed that they develop either into the ova or the
seminal filaments according to the sex of the embrys, The
cell-cords have been seen v the indifferent gland of the
human embryo as early a2 the Gfth week. At this time;
:lll'lr,lugh there are no ZO0ER 5 sual distinetions l‘t_‘t'l.'rgl'lii‘.:llﬂi.'!,
it is possible to determine o the histologieal characters of
the organ whether it is 1o |« o (estis or an ovary, the largo
sexual eells being Gir less cosnerons r:-l:ui\'“l}' in the former
case than in the latter { Nage i

Thﬂ indiflerent sexual o liathe g Lo relar AN -.‘5|1{1'i:lt|}‘ clllﬂ
relation with the upper or o snnl cories of the mesonephros
or Wolflian bhody ( Plate V1T e 1 the significanee of which

fact will appear later.

The elements of the indiiorent stage of the sexual ap-
paratus are, therefore, the indidferent cexnual gland, the Wolffian
duct, and the duct of Mitller ( ot VI, Figs 1, 2).  From
thi= n=exual stagre, cither the male or the female type 18 pro-
dneed by the metamarphosi= of the indifferent glands into
the testicles or the ovarivs and the furmation of duets to
provide for the escape of the sexial clements, the spermatozoa,
or the ova, produced by them.

The Male Type of Sexual System.—The ditlerentiation of
the indificrent sexual svstem into the male type is effected
Ly the further llE'\'l"Ir:lIIIH"t” ol =ome parts aml the atrophy
or the arrested growth of others.

The testicle hu= a double origin, =ince the proper seeretory
part of the orgun is produced by the metamorphosis of the
indifferent sexual gland, while it <v<tem of efferent ducts is
furnished by the Wolllian bods., Mention has been made
of the cell-cords of the indiflerent sexual gelands and of their
origin from the mesothelinm of the hodv-eavity, and also of

the fact that they cansist of' the cmaller mesothelial cells
:mu'l the larger and less numerous primitive sexual cells,

[he mesothelial cells incrense in number and become so
grouped as to form evlindrieal mnsses known a= sexual cords,
each of which includes come of the primitive seminal or
sexval cells, By the ingrowth of connective tis=ue from the
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encrounding mesoderm, the sexual eords are divided into
roundish masses, ench of which is made up of muny of the
smaller elements and a less pumber of the large seminal
cells. These follicle-like masses beeome hollowed out to
form the seminal ampulle, which atterward, by undergoing
great increa=e in length, are tran=formed into the seminiferons
tubules. I'llrhl;__f fetal lige, however, aml even 1o the |:{-rim!
of puberty, the *tabades ™ connin =olid cords of cells,  The
exact relation of the ven Biads of cells to the produetion of

the spermuatozon, wi o hier oo net the =mall eells give rise tn
Sertolli’s colmom=, ol (0 primitive seminal cellz to the
spermatozon, i3 stil’ s U in ohsenrity,

Bpermatogenesis, {11 Solopment of the spermatozon
from the cells that @0 o0 anniferous tubnles of the fune-
ﬁhn:l!irlg I:_"-ﬂ-.‘h', bz Ay sosadered in {'lx:ti'ltul‘ [.

While the sexmal soiel s being  transformed into the
evlinders that heeoies the ccnniforous tmbules, the surronmd-
v ates the genital gland and forms
the conneetive-tissne copta thnt eonstitute the stroma of the
orgn and divide it into lobules. At the same time, also,
marked changes ocenr in dhe Waolilian hody, From that part
of this strnetiore whiel has Deen referred to as the sexual

inge mesodermie tise

series of transverse Wolflian  tubules, cords of evlls Erow
forth and penetete the genital sland, their ends fosing with
the primitive scminiterons tubule<, The conversion of these
cell-cords into tubes furnisle= the initial part of the sy<tem
uf exeretory ducts ol thie te=ticle, I!:lll|.1_'!:-‘| the vasa recta, amd
the rete testis. Somcwhat Luter, in the twellth week, the
rete testis is extended 1o 1orm the vasa efferentia, and still
Iilt'.‘l', in the foorth and fitth months, the eflerent vessels
]l.*llgl]u-n and beeame tortuons, produecing I!|1{-r-~h:.‘ the coni vas-
eulosi or head of' the epididymis (Plate VIL, Fig 35 Fig, 110).
The upper part of the Waoltlian duet develops into a con-
voluted tube which constitutes the body and tail of the epididy-
mis, while the lower portion heeomes the vas deferens, thus
t"ul!nph'lir‘lr_: e system of ennals ]wr'.r\'ftlmi for the L Y of
the gpermatozon,  Near the candal end of the Wolthan duct,
alittle poneh-like eyvrination rrows from its wall and becomes
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the seminal vesicle, the lower end of the duet, below the orifice
of the seminal vesicle, being the ejaculatory duct. Since the
Wolflian duet terminates in the
clonen, and sinee the anterior
part of the cloaca corresponds
to a portion of the later ure
thra, the termination of the
ciaculatory duet in the pros-
atic part of the wrethm is
seevnnted for.  Thus it will
Lo oseen that while the seeret-
ing purt of the testicle results

Fiz. M—~Iuternni generative o ot the transformation of the
f»'l";.'ﬂ?\'r'ﬁ"]'f,'f:”?’l“l“,",'t'“;”:; ]" fdifivient genital gland, the
Aldyuils: o, Walflin duet w. lwer  zecretory  ecells Laving their
:::1: ;:.:T:,hmn“ iy s o, tvrmasn: origin 1o the germinal epithe-

linm, the complicated system
of ducts with which it is |rrn'.,';|]|,-1l 1= frnisliod |11,, ilie meso-
nephros ar Wolfian body.

The serics of tubules connected with the upper extremity
of the Wolttian duct, the remnant of the pronephros or lwad-
ki‘]"‘-':"'- I‘“‘rl“'—'“”i_‘f persistz as a litle |1n|l|nr'l|]:m‘1| =i -
tached to the upper part of the epididymis; it iz known as

¥

the stalked hydatid and somctimes also a= the hydatid of
Morgagni. The posterior or lower set of Wolftian tubules
likewise give rise to an atroplie =tructure, the paradidymis or
organ of Giraldes, which consists of a series of short tubes
elosed nt b ends, Iving amone the convolutions of the tail
of the adult l‘ililﬁr!}‘lnig ( Plate '1.'1 1. [‘.‘,1F 3).

The duct of Miiller remains st phie, in the male, through-
out its entire extent, and in faet, with e execption of its
twao extremities, it ustally altogether dizsippears, It= upper
extremity persists s a small vesiele, the unstalked or gapsile
hydatid, attached to the upper aspeet of the testicle. The
lower extremity of the duet, uniting with its fellow, Lot
converted into the einus pocularis or uterus masculinus of the
prostate glund (Plate V11, Fig, 3). I the intervening part
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of the tube persists to post-natal lite and remains patalous,
it is known as the doct of Rathke.

I'he ehange of lecation which the testicle undergoes is a
conspienons feature of its development.  To understand this
elearly, it i= neeessary to recall the relation of the meso-
nepheos amd the geniml gland w the peritoneam. Since
bath of these bdics orisinate from the cells of the outer
wall of the hody-cavity, or, in other wonds, from what be-
copnes e [r.u'irt:-.l peritonenm, h-:t'n.-lclril}' th{;}' lie herween
the |nni_\'-w:l|| amld the p:tri:;l:tl Iu-ritnrwllm--t]mt i:.':l, beliind
the peritonen] enviey,  With the inerease in size of these
strnctures, they  project toward the perironeal  eavity, the
peritonenm passing over themm and forming a * mesentery,”
which anchors them o the posterior wall of the abdomen.
In the case of the testicle, this |u_-rilu||:_-1|1 Fold o # mesentery o
i called the mesorchium ; in the ense of the ovary, the meso-
varium. It is prolonged npward to the diasphragm as the
diaphragmatic ligament of the primitive kidney, and down-
wanl to the fngninal region s= the ingninal ligament of the
primitive kidoney (Fie. 1063, sinee this latter organ is the
|=ll':..'l-‘5|- constitaent ol the |II'1.I_il'1'[iJ'I-_l.__F minss,  When the pl'inﬁ-
tive kidney has dizsappearad as sueh, the inguinal ligament
mentioned seemi= to connect the ovary or testicle with the
inguinal vegion of the abdominal wall,

The inguinal ligament contains hetween = folds connee-
tive ti=sue and unstriped wmuseulare fibers,  These become the
gubernaculum testis in the male or the round lgament of the
uterns i the femade. As the hady of the fetus eontinues to
grow while the ticsues of the lignment renstin stationary or
grow less cupidly, the testiele is prdially displaced from s
position s the side of the lumbar spine, and by the thind
wonth renches the {3lso polvi<. Inoche fifth and sixth months
it is in contact with the antervior :l-|n.:|umil1:1'| wn]if, near the
inner aluloningl ring,  In the eiglal month it enters the
ingeuinal cal, and near the end of the nintl month, shortly
before birth, it leaves the inzninal canal and enters the
serotnm,’

1y - , : p
Nomedesownt of the testicles, with comsequent crnpiness uod Habliness
1
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epithelium (Fig. 109). Coincidentally, the primitive connee-
tive tissne—mesodermie tissue—underlying  the  germinnl
epithelium proliferates, contributing to the thickuess of the
genital ridge, By the sixth
‘or seventh week, the ger-
minul epithelinm consists of
several strata of cells, proups
of which begin to penctrate
the underlying mesodeemic
tissne in the form ot cord- ‘.
like processes (g, 112,
¢, #eh). The inditirent
mesodermic  tissue wr the
e tilnl: i“ul'!':'lﬂ'.‘l ill AR HE

tity, in turn  penctrating
between the pronps of ad-
vancing cells, <o that what
k . P, 1M1 =lnternal organs of w female
takes ]']“'“'r' lll.lght be de- fotiis e nlimt foureen woeks iWaldeyen
:"{‘rlhl.‘d ns 1 lu“t”lll i“tl”._‘_ vy e Al e, efesipliorei GF R varlwm ;
i i ot Wl Mo slued o e, Mullerlan duet; s,
growth.  The presence of s jar of the Waltlan tely
the growing eonncetive tis-

sue accentuntes the wronping of the eells into eylindrieal
muszes,  These Iatter are the sexual cords or egg-columns
(Piger's viggr-tubies),  They contain two e-:]u-ri:ul kinds of
cells, the Jarge sexual cells o primitive ova (1w 112, w0,
and  the smaller it more  pmecrons  mesothelial  cells.
The conncetion of the sexual cords with the germinal epi-
thelimm s mueh wre chivions in this ease than in the
case of the l]l.".'\.'l‘IuIIiﬂ]" foe=tiedes, ool thie Ill‘illlflh‘l' soxual eolls
are much more ahwdant, The cpg-colunming, survonnded by
young conncetive tizsie, constitute the nineleus of the eortical
part of the future avary,  This mass is later sharply marked
olf from the free or peritonenl aspeet of the gland, the region
of the germinal epithelinm, by a zone of proliferating meso-
i.ll.*'l‘!llii'- l'ﬂ'“.-‘t whiel ||1't_'-.i||]|* the tuniea :Iﬂb“ﬂil‘lhﬂ. -rrfl I‘hl" TVITY,

An important change now takes place in the egg-ealumns ;
the primitive ova, or large 2exual eells, incrense in =ize, their
mielei beeoming especially well developed, while the =mall
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mesothelial eells become smaller and less conspicuons,  Sev-
eral of the large cells fuse into a single mass of protoplasm,
while one of the nuclei ontstrips the others in growth and,
with the surrounding zone of protoplasm, becomes the ovum,
Each egg-column is now broken up into several groups of
cells by the penetration of conncetive tissue, each group (Fig.
112, €, sch') containing a =i <le ovann hut many of the smaller

Fio. U2.—Part uf sngiital seetion of nn evnry of o chilld just Lorn (after Wal-
dl'r-!h- Highly mawenisted : Ee, worminmnd o plthe lun o, el Plliger’s rﬁ‘lu-'ﬂt
e, primitive uva Iying on the corminal epdthelivm ; ¢, #d, long Tiliiger's lutns, In
Process of elng convested Into follietes: e, b, cpetnlls (nests, Hkewise in pross
of belng resolved into fllicles : f, youngest folliete already Dsolated: g, Mol
Voemels, Tuthe tubes and cgrnests the primoritial cges ure distingulshable from
the sumnller eplthetial cells, the future follivalar eplthelinm.

cells,  These groups are the young Graafian follicles of the
ovary (). The enveloping zone of conneetive tissue hecomes
the theea of the fullicle, while the single large cell constitutes
the ovam, and the smaller cells are {1y membrana granulosa.
At first the granulosa cells surround the ovum as a single
!ﬂ}‘l'."l‘ of flattened cells which erndually assume the columnar
1¥pe and beeome so numerous s to form many layers, They

le'ﬂl.e a fluid, the liquor folliculi, which crowids the ovam fo
one side of the follicle where ¢ is eoveloped by a special

group of granulosa-cells, the discus proligerus (Fig. 113).



THE INTERNAL GENERATIVE ORGANS. 229

The qguestion of the ovigin of the follicular eells is still an
unseltled one, though it scems probable that they are derived
from the cells of the egg-columns, and Minot believes that
they are probably descendad from the primitive ova,

The formation of new Graafian follicles, and consequently
of ova, begins in the decper part of the ovary and advances
toward the surfice.  The production of ova and follicles is

Fra, 3 —Bgetion af human ovary, neluding cortex @ a, germinal epithelinm
of free surfivee; B, tundca albugineas; ¢ perlpheral stroma comtalilng linmatnre
Granflan Bdtleles ti; v, well-ndvngeed Gdllele from whiose wall metnbrann gro-
Yozr hims pmigtiolly sepamited 3 J, vanv ity of Wguor fllicall; g, ovie surrounided by
cell-mmss conatituting discns problzerioe {Plersoelh.

limited to the fetal stagre sl to the early part of post-natal
life, their formation not ocenrring, according to Waldever,
after the second year.

What has Leen said above refers to the development of the
cortex ol the ovary,  The medulla is produced by the growth
toward the eee-columns of eord-like processes, the medullary
cords, from the epithelial walls of the Malpighian corpuseles
of the primitive kidney or Wolflian body, the eords becoming
surrounded by connective tissue and forming a network. The
fetal medullary cords are represented in both the cortex and
the medulla of the mature ovary by the groups of interstitial
cells disposed hetween the hundles of the stroma-tissue,
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The Oviducts, the Uterus, the Vagina.—The system of pass-
age-ways that constitute the outlets for the ova awld the
means of nourishing them and evacuating the product of
gestation from the body in the event of impregnation—
namely, the Fallopian tubes, the uterns, and the vagina—result
from the metamorphosis of the ducts of Miiller.  These ducts,
as stated above, lie along the dorsal aspect of the body-cavity,
separited from it by the purietal peritonenm, and parallel
with the primitive spinal <olumn (Plate VIL). The probable
method of their formation has been pointed ont (p. 220),
Near the lower (_mud:t]: eed of the body they :111$|rr1:|{'1| each
other, and finally unite sivet the seeond month to form a
single duct for the rest of thei s extent ( Plate V11, Fig. 4). The
npper, nnunited parts of the Jduets bhecome the Fallopian tubes
or ovidaets, while the lower portions, now fu<ed into one,
beeome the uterus and the vagina.  The upper end of each
single duet expands trumpet-like to form the fimbriated ex-
tremity of the Fallopian tube.

Until the fifth month there is no distinetion between the
vagina and the wterus, the iwao being represented by a
single sac-like structure.  The development of a eirenlar
ri"!:'r"" in the wall of the sae marks the division between the
two organs, the part above the ridee acquiring thick
musenlar walls, while the part below it, the fuiure vagina,
remaing thin-walled and more q_-:]jult*iuu-.-. In the third
month the uterus is Lifid at its upper extrenity, i condition
which is permanent in some animals and oceasionally in the
lhuman =ubjeet,!

The Wolfian duct, which, in the male, becomes metamor-
II-|I1J.-1:!¢| into 2 part of the ‘-']‘[']i‘]."""i" arnl the vas I.Tl't;.’ﬂ*“:;!
remains undeveloped in the fomale, producing merely ateophic
or vestipial struetures (Plate V11, Fie. ). The upper series of

Woltlian tubules, the remnant of the pronephros, frequently

' The formation of the uterus amd of the vagina by the ,..,..n[.-...‘-._-m-rnf Wi
arallel tnlses affinds an explanation of the werue Biennis or bifid wtecis ond
“II.II“' condivion of double wterys sometimes met with, ad alseof the proenee
oF & wmedian scptum in the vagian, since Uy the filure f union of the e
Wlns i greater or Yess logre v ur tll'l:n-;' of Hese ancealies wonlil result.
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persists, as in the male, in the form of a small pedunculated sae,
the stalked hydatid or hydatid of Morgagni. When present, it
is to be found in the broad ligament, in the neighborhood of
the outer extremity of the ovary.  The middle or sexual
sories of the Walllian tnhules with the adjacent part of the
Waoltian duet, which, in the male type, develop into the
epididymiz, become in the female, an atrophic structure
known as the epebphoron «r parovariumn, or organ of Rosen-
miller (g, 111}, This strneture, which is almoest con-
stantly fonmd hetween the lavers of the hromd ligament in
close proximity to the ovars, con-izts of a lager hovizontal
tile Tl'!ll‘t"-l,'lillilr_:' g sereent of the Wollian duet, and of
ghorter vertival tubics Joinior this at a right angle amd rep-
resenting the trusver=e Waolilian tubmles. The lower set
of small Waolthan tabales, thesse which, in the male beecome
the ]I:l.l':illiii.\'lllllh, _:,-;i\'-' ri=e it this ense to o stimlar utruphic
bosly, the parcophoron,  This is also <ituated jn the broad
lwment, u=nally 1o the inner side of the ovary. The
Wolflan duct, with the exception of that portion of it that
assists in the Gomaation of the parovarinm, n=nally entively
lli*-ill"!'k'ill"‘. H'-'l':lr-inu.'i”}_ however, it }u-l'.ni.-'t- as a amall
el traversing te broad Beament elose to the gterns and
pissing on Ehe dorsal side ol the Hpper part of the vagina to
e lost mpon the wall of the Latter or, more rarely, to open
near the ueinary meatns, . When thas persiztent, it is known
2% the duct of Gartner.

The ehange of position of the avaries i= similar to, thongh
lessarvkedd than, thew of the testes. The inguinal ligament in
the Female (Plate N TLY extends from the primitive position
of the avarcic< in the Lunbar vegion of the alulominal cavity
o the wroin, where i paas=e= thronels the alwlominal wall,
traversing the iugminal canal, o termipate o the labinm
ayus,  The upper pact of this lignment, containing invol-
unlary muscnlar substapee, femly unites with the ovary,  In
the thind wenth the ovary descends to the lower part of the
abddominal cavity and s pow conneeted, by the sueceeding
portion of the ingoinal lignment, with the uterns,  This con-
neetion may b o faetor in the final ehange of position of the
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ovary—that is, its descent into the teue pelvis.  The part of
the inguinal lignment that passez from the ovary to the ute
rus is the permanent ligament of the ovary, while the remain-
ing portion, which passes from the uterus through the ingui-
pal ennal to the labinm majus of the valva, is the round liga-

ment of the uterns. Az the inguinal lignment perforates the

abdominal wall, a small divertdenlum of peritoncum  goes
with it. Normally this peritoneal poueh subsequently be
comes obliterated.  Oeceasionully, however, it persists and
then constitutes the canal of Nuck. Should the canal of
Nuck be present, the ovary may pass into or through it
thus reaching the labium muins, A patulous canal of Nuck,
a8 in the ense of a patulons dueicsiar process of the tunic
vaginalis of the male, may pernsit the sadden vecurrence of
an inguinal hernia in the Femnic,

The acconnt of the development of the external genital
organs will be deferred until after the consideration of the
formation of the urinary bladder and of that part of the
urethra that originates from the sime embryonic structure.

THE BLADDER AND THE PROSTATE GLAND.

As stated in Chapter V., the urinary bladder and a part of
the urethra are derived from the intm-embryonic portion of
the allantois. In the same chapter the allantois was deseribed
as a zac which developed s 2 pouching-out of the ventrml
wall of the put-traet near its eaudal end (Ple 1L,
5 and 6). The sae protrivles from the still widely open
abdominal cavity, enters the extra-embryonie part of the
hm:l}"m‘r'it}'. and reaches the inper surfice of  the fal e
amnion, with which structure it intimately unites to form
the tene chorion (Plate TI1).  As the walls of the abdomen
gradually close, leaving only the umbilieal aperture, it i,
necessarily, through this aperture that the allantois pro-
trudes,

i We have seen (p. 82) what hecomes of the extri-abdom-
nal part of the allantois—in what degree it contributes to

ﬂ"? formation of the placenta and of the umbilical cord.
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Obviously, with the severing of the umbilical eord afier
birth, all thiz exte-cmbryonic part of the allantois disap-
penrs, giving rise to no adult organ,

Its 'itllhl-i!lllhl‘_'lﬁl!ﬁﬂ ;mrl[uu econsists of a tulse cxhﬂmling
from the caudal end of the intestine to the wmbilieus (Plate
I1,, 5 and G). As carly as the sceond maonth, the mididle
segment of this tube dilates and assnmes the form of o spidle-
shuped sae, which heeomes the urinary bladder (late VIL).
The part of the tulwe connecting: the snmmit of this sue with
the umbilicus remains smalis grendnally loses its Tnmen, and
eonstitutes in the wlelt the (evually ) impeevious eord known
as the wrachus., Shoskd the cavity of the nrachns persist in
its cutirety, and sheeid thers e at the same time an external
apening at the wliiens, (e condition would canstitute an
umbilical wrinary fist-a. "t proximal part of the allantois
—that is, the portion intervening bhetween the bladder amd
the intestine—is designated the sinus urogenitalia, while the
cadal end of the intestine, which is o effiet, a pouch in
which both the allintois and the intestine terminate, is known
as the cloaca (Mg 845, The urogenital sinus reccives the
terminations of hoth the Millerian and the Wolitian duets
(Plate VII.).

Im the sixth week or slightly earlier, there appears upon the
surface of the hady, in the region corresponding to the position
of the elonca, a depiression, the cloacal depression ( Fig. %),
which hllr*r, exeept in e el the higln-l' s, meets
the eloaca, and thos e=tablizhes a communiention helween it
and the exterior,  In the .-\m.p]iibi:l, i repliles, and in birds,
o8 also in the lowest mammals, the monotremes, the claen
B permanent straetore, and throwgeh it in these gronps of
animals, not vnly the feenl matters and the urine, but also
the rrenital ||I'n-|-.lwl~i, the spermatoean and the ova, are evaen-
ated from the bodv.  Tn ol mammals, however, with the
“-“'l't'lﬂi'.lll‘l.-r the monatromes, the eloaen underzoes division
into n posterior ‘part ar anal eanal mud an arfervior urogenital
aperture.  “I'his divizion 1= Brenngehit athont D the growth of
three ridees or (hlds, of which one spring= from each <idle
of the cloaen amd wne frore the point of wrion of the vro-
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genital sinus and the intestine, These folds coalesce about
the cighth ' week to form a complete septum, which contiues

to thicken antero-posteriorly up to the time of birth and
constitutes the perineum,

It will be remembered that the ureters originally spring
from the terminal parts of the Walllian or |||u.~uncphriu ducts
(Fig. 104). D\l'i'rlg: to ahorations bhrought nbout, h_}' processes
of unequal gmwlh-. the o tices o the ureters suhsmiueml}‘
chunge their position g0 o e inte the urogenital sinus
(Fig. 107), and still luteo. by (& further pperation of the
same ageney, they come o spen s the bladder on its dor-
sal wall, thus graduallv asiosing their permanent relations
(PL VIL). After the division of the cloaca the “'“get'itﬂt
sinus, as stated above, opens independently upon the surlace
of the body. In the femule it is transformed into o short
tube, the urethra, amid an expanded terminal recess or foasa,
the vestibule of the wulva (I’l. VIL.). In the male.it be=
comes the first or prostatic part of the urethra.

In the twelfth or thirteenth weelk, the future prostatic ure-
thra nequires very thick muscular walls, and the original
epithelial tube pouches out into the museular tissue in the
form of little saes, the liuin;: cells of which assume the char-
acters of secreting upilhulimi:. [n this way is produced the
aggregation of musenlur and glandular tis<ue known as the
prostate gland. 'This is a well-developed structure by the
fourth or fifth month (Tourneux). The recess in the floor
of this part of the urethen, the sinus pocularis or uterns mas-
culinus, has been |1m1.'iuu:,'|_1,' reforred to as the hﬂn'm!uglll" of

the uterus, being the persistent eaudal extremities of the
ducts of Miiller (Plate VIL.).

THE EXTERNAL ORGANS OF GENERATION.
In the early stages of the development of the external
genital organs no sexual distinetions are apparent,
Reference has been made to the elogeal depression a8 8
superficial fossn whieh makes its appearanee at the caudal end
of the bady of the embryo in the sixth week (Fig. 84). At

! Fourtcenth weck, nocording to Minot.
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abiout the same period an encircling elevation, the genital ridge
(Fig. 114, ., 4), is seen to surround this depression,  Within
the genital ridge, at the anterior part of the cloaeal fossn, a
small tubercle, the genital eminence, appears at the same time.

Fia 1h—=Four suceesalve etageos of development of the e xteenn genlinl organa
(bodiMerent ey pee) of tho Bemn fetis of 20 To 58 . (W% to 105 bneb i dTowraenx) 3
L genltal eminenes o tularele ; 2, glans: & genbinl grooves; & genital ridge: &
cloaral depsremalaon ; 6, ivceyecal o mlne e,

On the under :h-|'p{::_-.t of the ;_:t-l:lit:ﬂ cipinence there i3 soon
distingnishable the genital groove (i, 114, 3), which appears
as i a continuation of the fissure-like eloneal depression (9),
and the proove viery shortly becomes flanked by two rvidges,
the genital folds, one on cach =ide.

The genital eminence becomes the penis or the clitoris,
according to the sex of the fotus. Tt very carly acquires a
knol-like extremity (21 which is the ljt.-gin:l]ug of the glans
penis or of the glans elitoridis, a= the ease may be,  Further
development of the glans is hronght about by the appearanee
of a partinlly encireling proove which serves to differentiate
it from the body of the nreEnn,

At this stage of development, the rudimentary organs, as
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described above, are precisely alike in the two sexes,  Early
in the thind month—about the ninth week—sexual distine
tions begin to become manifest.  Sinee the female orgins
exhibit the less degree of deviation from the early indifferent
form, they will e first cons=iderved.

The External Genital Orgons of the Female.—The f-‘oxll.‘l“_'i'
indifferent genital eminencs hicli, us we have scen, presents

Fro, 1A =Fun= Sveess Ve stapes of G
of thie husesn femnle fepus (Teurmeny; -
Eenital s ure: 4, lulin L R A T T T

velbapanenl of the exinenal aenttal oreans
L oelirs s o, planm o literidie s J i
16, ey gend Gndoenes; 7, lalda tainGre

even I.):I.' th.l,!, UIII:I ”f thu .‘-'I.K‘EI'I]II “1'-”![}. 3 I'“l]ill"'"l:“-}I plﬂ!lh “I]*.i
an indication of o prepuce, elonsutes somewhat and becomes
the clitoris, The genital folds Liosinadinges the ;_-.-nitnl prve
on the under surface of the genital eminence (Figs. 114 and
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115, ) never unite with each other as they do in the male,
but bhecome prolonged in the direction ol the future anus and
eonstitute, by the fourth month, the lateral boundaries of the
orifice of the urogenitul sinus, or, in other words, of the ves-
tibule of the vagina (Mg, 115, 3).  These folds, continuous
over the dorsum of the clitoris with its rudimentary prepuce,
are the nymph® or labia minora (1Mig. 115, /), 7) of the fully-
formed state.  The masses of ereetile tissue in close
relation with each labium inus, the pars intermedialis
and the bulbus vestibuli, ure the homologues respectively
of a lateral hall” of the male corpus sponglosum and its
bulb. The genital ridge, which, (rom the first, eneireles
the genital cminence and (he eloacal depression, and; eon-
sequently, the later elitoris and the aperture of the sinns
uragenitalis, inereases greatly in thickness,  The part of it
gituated on the vential side of the elitoris beeomes the mons
veneris, while the lateral parts of the ridge become the labia
majora of the vulva.  The several partz of the female geni-
talia develop to such a dogree during the fourth month that
their sexual elarmeters at this tme are well murked,

The reader i< aguin reminded that in the stage when the
eloaea iz present, the Millerian duets terminate in the sinus
nrogenitalis (Plate VIL).  As previously stated, the sinus uro-
genitalis hecomes the female urethra, its terminal portion
expanding into the vestibulum vagina, The openings of the
Miillerian duets fall within this Iatter vestibmlar region of
the sinns,  The lower portion of the two duets by this time,
however, have fused 1o foem the uteros and the vagina, and
henee is estallizlisd the permanent relationship of these parts
—that is, the opening of the vagina and the urethra by sepa-
rute oritices into the vestibule,

The formuation of the hymen begins in the fifth month as a
litthe erescentie fold ar the 'Ell_lﬁtl_'i'iljl.' m;u'gin ol the aperiure
of the vaging,

The glands of Bartholin develop as evaginations of the
will of the vestibolar recion of the urogenital sinus,

The Male External Genitals—The male external organs
represent o further stage of development than the corre-
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sponding female parts. The genital eminence clongates rather
rapidly, its length in the tenth week being 1.5 mm. The
knob-like extremity becomes better marked and constitutes
the glans penis, while the integumentary fold that partially
encircles the Iatter assnmes more distinetive chameter as the
prepuce.  This fold gradoally audvances over the glans and
adheres to it, the adhesion persisting until, or shortly after,
birth.  All of the rudimentary penis, exclusive of the glans
and of the genital folds, Lrevines the corpora cavernosa of
the adult organ.  The ehawcteristic structure of the corpora

F16. 116~Four sucovssive stnges of development of the lumnn male fetns

cuxd: |, penla; 2,glans; 9, genital groove: 4, kerotuin ; b, anus; 6, cotrypeal

eminence ; 7, perinieoscrotal mphe.

cavernosy is foreshadowed as carly as the third month by the
‘EP“‘"'““W in the penis of capillary blood-vessels, which, in
the sixth month, undergo marked dilatation.




THE GLANDS OF COWPER, 230

The groove on the under surface of the penis becomes
deeper, and the genital folds, which bound the groove laterally,
increaze in gize.  This groove extemds from the orifice of the
wrogenital sinuz to the glans penis, The genital folds, whieh
in the female, remuin distinet und beeome the nymplue, unite
with each other in the male and convert the groove into a
canal, which Iatter i= practically an extension of the uro-
genital sinus along the entive length of the penis to the
glanz,  The eanal thins foemed is the anterior part of the
mala urethra, or, in otiwr words it includes all of the nrethe
except its prostatie portion, which represents the arogenital
sinus,  The orifice o this vewlv-tormed canal, situated i
the glang, is the mentus weinsiins,  Failure of onion of the
genital folds, either whollv co e part, result= in total or in
]'l‘-lrlilll 'flf'ﬁl."il'tlt'_\' of the flooar of the wrethem, this :|nm:|.1:||"r
being known as hypoepadizn. [ the deteetive elosure in-
volves only the gl:m-‘_, thee combriton = denominated glandular
hypospadias.

The genital folds {rm ot anly the sides amd the Aaor of
the |H‘.'Hi]r(i urethra, but 'Er_r an extension of their I-_:I'f-'ﬁ'lh‘ al=o
its ool thus completely sureonnding it. Upou the seqguisi-
tiUII, ’cl}' the mow united ;_:--n'il:l]. fold=, ot Lilliwal-vessels aned
avernons spaces, they become the corpus spongiosum ol the
]H'lli:h andd thus is extablizhed the prermanent or mlult relation
of these parts.

The genital ridge hecores Jdiflerventinted into twao ]htului-
nent folids or ponehes placed one on either side of the root of
the penis.  In the fourth month these unite to form the
gerotum, the line of union |:4_FEI|;_- indieated I'n_'g' thie Hl.ph.e.
Failure of union of the two halves of the serotum i= one of
the features of cortain Tortns of so-ealled hermaphroditism,

The glands of Cowper, which corvespord te the glands of
Bartholin of the fimale, are developed, Jike the latrer, as
evaginations of the terminal pirt of” the urogenital =inns,

The accomprnying tbnlation exhibits a comparizon of the
Orgns of the (wo =exes on the basis of their cominon nrigilt.
Male and female parts that develop from the sime fel
structure are =uid to be fomaologors with each other,
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HoOMOLOGIES OF THE SEXUAL SYSTEM.

Ferarn Sravcoruns Femarne Onoisd Marr Onoaxa
Indifferent sexual gland. Ovary. Testis
Wollhian twuly—

Its miudddle series of tn- Short wlules of par- Vasaellerentia, retetestis

bules and ovarinm nnd amd coni vascalos,
Correspondding  part of Harizental or long tube Tule of epididymia
Wolthian duct. o’ parovariam,

Hemainder of Wollfinn Usually sltogether dis- Vas  deferens,  seminal
ey, appoars; il pemistent,  vesiele, and  ejaculs-

Gartmer's dugt, tory duct,
Upprr series of short Statkes Lvdutid of Mor- Salked hydatid of Mor-
tubales (proncphros).  wocn! garni.
danver gevies of tubules Parcy®oren, Puradidymis {organ of
Girnldia).
Triet of Aiiller—
Tia upper ecxiremity. Fimglorin o vvidaet. Eyssile h_'l.'t]ﬂﬂl].
Eilm‘e-]ing portion. Oy i, Usually  disappears; if
]I-l;_-n-i:lf("]‘"l duet  of
Hnithke,
Remnining portion, by Uteruw amd vaginn. Uterus ma<enlinus

fusion with its fellow,

ExTErxan Onoaxs.

FrTAL StRUCTURE Frvate Omasass Marne Onaasa
Gienital eminence, Clitoris. Tenia
Gumital folds. Nrmplee and bulhi vess Corpus spongie-um, ens
tibali, closing spungy part of
nrethra
Genital ridge. Labia majorn Serotum.
Urogenitsl sinus, Urethra aml vestibule, Prosiatie urethra, mem-
Glands of Baribiolin, hranons urethny, prom-

tate, Cowper's glands

SLUMMARY.

1. The male and the female internal generative organs, us
well as the kidney and the ureter, originnte from the meso-
thelial lining of the body-cavity, bheing direetly i‘”“]"ml
from the Wolifan lku]}" and the duet of Miiller.

2. The bladder and the female urethra, but in the male
only the prostatic urethra, result from the metamorphosis
of the intra-embryonic part of the allnutois, and are therefore
to be regarded as of entodermic origin.

3. Before the establishment of the permanent kidney, 8

ML L
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tmlmmrilr functionating organ, the mesonephros, performs
the office of a kiduey during a part of fetal life, and this
latter is preceded by the pronephros, an organ which, thongh
represented in the higher vertebrates by n vestigial remnnnt,
is functionally active only in larval Amphibia and in bony
fishes,

4. The Pronephros.—Tle mesothelial eclls of the outer or
parietal wall of the body-eavity become invaginated in o live
parallel with the axis oi’ the Ledy, and the cord of eclls thus
formed becomes hollowad cut o constitute the pronephrie or
segmental doet, At scveml podots this duet retains its con-
neetion with the surfioc-cells Ly means of eell-cords, which
latter become tubes upcd o gloimeruli,  The long tube
and the shorter tubul, wiih ¢ i glomeruli constitute the
pronephros.

0, The Mesonephroa. -I'lie trinsverse segmentation ol the
middle plate, which conncets tha parmxial mesoderm with
the parietal plate, resuiis in i formation of a series of
cell-masses, the nephrotomes.  Iach nephrotome becomes
n tube and acquires one or more glomeruli. The deeper
ends of the tubes Lecome econpeeted with the pronephrie
or segmental duet, which latter i known henceforth as
the mesonephiric or Wolllian duct.  These tabes, with the
adjacent part of the Wolflian duet, constitute the mesoneph-
ros, Which functionates, for a time, even in the human fetus,
88 an organ of urinary exeretion.  The entire Wolflian duet,
with the pronephrie tubules and the mesonephric tubules,
constitutes the Wolllian body.  The Wolflian duet opens at
its lower or caudal extremity into the eloaca,

6. The metanephros or permanent kidney develops from
a small diverticulum that pouchies ont from the lower or
caudal end of the Woltlian duct. The uriniterous tubules and
the pelvis of the kidney correspond to the dilated and sub-
divided fundus of this divertioulum, while the ureter repre-
gents its stulk.  The surrounding mesodermie tissue furnishes
HI.I the eomponent elements of the ureter-walls and of the
kidney exeept the epithelial parts, which latter, as noted
above, proceed from the Wolflian budy.

14
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7. The suprarenal bodies probably are derived, in par,
from epithelinl ontgrowths which proeeed from the mes-
nephiros to form the cortical part of the organ, and, in part,
from chains of =mall cellz that bud forth from the embryonie
sympathetic gunglin to form its medulla.  The surronnding
mesodermic tissue contribntes the connective-tizsue parts of
the suprarenal body.

8. The sexunal apparatuz in if< curlier slages presents no
distinetions of sex. The ¢lenments of this early indifferent
type are the indiflerent gesio] ghoal the Wolilinn duet, and
the duet of Miller.

9. The indifferent genitai sland originates in the meso-
thelivm of the L&Nl}'-l':lx';l:.'. The mesothelial cells m'erl;ring
the ventromesial aspeet of the Waolifian body undernge mul-
tiplication in the fifth weel and thereby produce an elongated
clevation, the genital ridge.  Further multiplication of its
eells and the addition of other clements bring abont the
transformation of this ridee into the well-defined genital
gland, which now lies in elose relation with the Wolflian
tubules,  The mesothelial cells are the “germinal epithe-
linm ™ of Waldever, the cells that produee the ova or the
Sprerniitogaa, -LH."I*HI'{HIII; Ly t]n; ﬁ:turll =%,

I, The duct of Miller mukes it= appearznes =oon after
the Waollion duet. It lies parullel with and to the valer
side of the Wolllian duet and also terminates in the eloaca.
It is of mesadermie ur‘igin, being ||rmil|u't'|| either |;|_1.' '-"""”'!:i*
nation of the mesothelial cells of the Lody-envity, or by a
splitting oft’ from the Wolllian duet.

I1. The generative systemns of both sexes result Irom the
metamorphosis of the three structures making up the early
indiffercut sexual apparatus—namely, the indifferent sexnal
gland, the Wolflian budy, and the duet of Miller,

12. The male sexual system i- produced by the tranafor-
“““i_'"l of the indifferent. gland into the testicle, and the con-
version of the Wolffian tubules and the Waolflian duet oo
the system of exerctory duets fir that gland, the short tubules
ht:'-‘tlmiug the vasa efferentin and coni vasenlosi, while the
Welftian duct itself furnishes the body and the globns minor
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of the epididymis, the vas deferens, the vesiculn seminalis,
and the ejaculatory duet.  The duet of Miiller remains un-
developed and iz rvepresented in the adult by the atrophic
geseile hydatid and the uterus maseulinus,

13. The female sexual apparatus is brought about by the
development of the indifferent gland into the ovary, and by
the metamorphosis of the upper segments of the doets of
Miller into the Fallopian tubes, and the fusion of the re-
maining portionz of’ the two doets o form the uterus and
the vagina, ‘The Wolflian duet amd tubules give rise to
atrophie structures in the female, the most eonspicuons of
which is the parovarinm or epoaphoren,

14. Both the male and the female external genitalia are
developed from fetal structures eommon to the two sexes,
the penital eminence, the genital ridge, and the genital folds,
The genital cminence i< <itnated at the anterior or ventral
part of the eloacal depression, The genital ridge is an eleva-
tion surronmding this pit aned the genitd eminence, while the
gemital folds are on the under surface of the genital eminence,
one oneeh side off o longitdinal groove.

13, The Walflian duets and the duets of Miiller open into
the eloaen, but when that aperture heeomes differentiated into
the anus and the orogenital sinus, as it does at the fourteenth
week, these duets full to the Iater apartment.  The orifiee
of the urogenital sinus heine at the hase of the genital emi-
nenee, the <inus comes into continuity with the groove on the
wider surkiee of the crninence.

16, The female external genitalia are produced by the
further development of the theee stenetures mentioned above.
The genital eminence beeames the elitoris. The genital folds
on the under surface of the elitoris become somewhat prvi-
longed to constitute the labia minors.  The genital ridee
hecomes, anteriorly, the mons veneris and laterally the labia
majort. The orifice of the urogenital sinus is represented by
the vestibule, and sinee the Millerian duets near their ter-
iuation in the urogenital sinus fuze to form the -ugring, the
latter passage opens in the aduolt into the vestibule.  Sinee,
also, the wrogenital sinus reccives the termination of the
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allantois, which becomes the femule urethm, the latter canal
likewise opens into the adult vestibule.

17. The male extermal genitals represent a further de-
velopment of the embryonie genital eminence, genital folds,
and genital ridge than do the female organs. The geni-
tal eminence hecomes the penis, the genital folds, uniting
with each other so as to surround the groove, producing
the corpus spongicsum.  The groove itself, being thus
converted into a canal which oxtends the now closed uro-
genital sinus to the ead of the penis, constitutes all of
the male urethra exeept the first or prostatie portion. The
prostatic urethra represents the proximal extremity of the
allantois.  Since the Waithiun duets open into the urogenital
sinus after the division of the clcuca, the terminations of these
duets, represented now bty the c¢jaeulutory duets, open into
the prostatic urethran; and since the Millerian duets alwo
open into the urogenital sinus, the uterus masculinus, which
is the representative in the male of the terminal parts of the
Miillerian ducts, is found likewise in the prostatic urethrs.
The lateral parts of the genital ridge, which, in the female,
become the labin major, fuse with each other in the male to
form the serotum.

18. The condition of so-called hermaphroditism may be
produced either by an unusual degree of development of the
femnle external genitals, resulting in a clitoris resembling a
penis and in labia majora which simnlate a eleft serotum ; or
by the arrested development of male organs, whereby the
genital folds and the genital ridges fail to unite, the urethra
in consequence opening at the base of the penis.

o b



CHAPTER

XI5

THE DEVELOPMENT OF THE SKIN AND ITS
APPENDAGES.

Tie appenduges of the =kin include the sebaceous and
sweat glands, the manvmary glands, the nails, und the hairs,

THE SKIN,

The skin, consiating o the epidermis or eaticle and of the
true skin, or deimy, or coritm, is derived from two sources,

the epithelinl epidermis being o
product of the ectodorm, and the
corium originating {rom tie meso-
derm. The nails and lars e
outgrowths  of
laver, while the various glands
are derived from infoldings or
invaginations  of
stratum.

The corium, the connective-
tissue component of the =kin, is
an eutgrowth of the cutis plates
of the primitive sepments or
somites (i, 117). It first =
pears in ernde form in the
second  month as a laver of
spindle-cells beneath the ecto-
derm.  In the third month, the
more  superficial  part of  this
layer acquires more definite and
distinetive character, the rather
lnose ngeregation of cells having
differentiated into a tissue which
is a mesh-work of bundles of

the ep'ithnzli:il

the  =ame

Fia. 117 —Crese2oction threugh
the roglon of e pronephros of 8
seloching cmbirye in whileh the myo-
Lomid nre In process of beiig con:
stricted off (Mertwigi: nr, nulal
tube: o, chonln; ac woria; =y,
musele-plate; ep, catls plate: iy
piladille plate: ok, skeletrgo s Lla-
=4l 17, proncphros ;s miict, pari-
elil  atie]l viseeral mesoderm: (4,
Banlyenvity: ik, intestinal  ectos
slerm . A, eavity of somte.

45
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white fibrous connective tissne with some intermingled elastic
and muscular fibers ; this constitutes the corimm proper.  The
decper layer of cells becomes a loose, subeutuneous arcolur
tissue containing a few seattered lut-cells,  About a month
later the external surface of the primitive corium lozes its
smooth character and presents numierons little elevations, the

villi, which project into the overl:ing cvidermis,  The vill,
being highly vaseular, play an iwpooclant part in the nutrition
of the epidermig and being alsn ccoly npplied with nerves

they sustain an equally important < iutico to the sensitiveness
of the skin.
From the middle of fotal fe onoand

e fat-cells in the
subcutuncous lissue inerease in noeobor

+ stieh extent that

there is formed 2 continnons and o ll-n hed subemtaneous

layer of fat, the panniculus adiposus.

Certain of the eells of the prim’!ﬁh'ﬂ coritnm differentiate
into unstriated muscular tissue, forming thus the nuscles
of the hair-follicles, the arrectores pilorum, as well as the
subcutaneons muscular tissue of the dartes of the serotum
and penis, and that of the nipple and of the perineam.

The epidermis, consisting of the superticial borny layer
and the deeper mucons layver or stritum ?'.I'ulpi,-_;hih is entirely
an l:'[ﬁllltﬂiil.l gtructure,  Its elements are _-{1”111_1' the descend-
ants of the carly cetodermic eclls specilly modified to atford
l|m. necessary proteetion to the more =ensitive and delicate
corinm.

The division into the two strata of the epidermis is indi-
“_“‘“1 ag early as the latier part of the first month, at which
ime the eells of the ectoderm have become ::t'l':llIL.,'l'd into
two single lavers, o superficial laver of wather large flattencd
cells and aw underlying stratum of smaller elements.  The
cells of the onter layer, or epitrichinm, which probably rep-
resents the future stratum cornenm, successively nndergo
1'|c-;:f‘mu-mtim1 and desquamation, the places of those lost
"-""-‘"1[.'. 3“[]'1"[‘1] h_‘l.' the formation of new ones {rom the l]t':l.‘]ll'.*l'

IYEr.  As time goes on, hoth lavers incrense in thickness

l[l‘IHi the hairs and the glands of the skin are gradually

ormed.  With increased proliferation there is inerensingly
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active desqumnation of superficial cells, and as the degenerate
and cast-ofl" cells become mixed with the products of the
sebaceous ghlnllrs, there is formed a sort ol cheesy coating
of the skin, the vernix caseesa or smegma embryonum. ‘This
is first easily recognizable in the sixth month, aud first covers
the entire surface of the body in the cighth month, It serves
to protect the epidernii= of the fetns from maceration in the
amniotic Huid,

The completion of ihic epidering, aside from the develop-
ment of its necessory pecis, consios Snpiy in further inerease

in thickness and in the caashife oo of the superficial eells

to produce the chametes Cite eqie it

neous layer of the =k, o
of the deeper cells into 1000 0 of
Malpighil. ‘T'he exton: o o Dicr

mied varies in different o 0

clements of the cor-

'-'}' the dilferentintion
iete mmeosum or stratum
conpeadiiesntions are ear-
1

AL & S

THE DEVELOPMENT GI° T4iF] AlraMDAGES OF THE SKIN,
The Nails.—The nuil-
like projections, the primitive aails, that appear upon the

huave thety sevinninge in little elaw-

tips of the =till tnperleet fingers and toes in the seventh
week,  These vesull from loealized In'nlil'rr:ui:m ol the cells
of the {']lii!‘.'l'll'li-. beinge vnr]ru-|_\' 1-I1i||1r.-|F::| structures.  The
radimentary nails project Fram the gips of the digitz, instead
ol l"-"-?llp}'ilu,: the dorsal |I11:-1I|iilll of the -:'i~l|'||1[r.:tl.-1| strueiures.

The elaw-like primitive nail, hetween the ninth and twelfth
weeks, beeomes surronndod by o groove, whieh serves to sepa-
rte it from the general cetodermie

surfuee, G 2

==

LT LS -
Phese eliwe-lileo vinlisnents

of the human nails are guoite <imilar
to the primitive claws of manye nsi-

Fra, TR - Longltiudinsl soe-
Rlsers Ahiponneele Uhie Qox o0 & e
caseiUhesens ¥ g ller Gegenbaurg:
fope, nth bt ¢ K, pintator hiorn
e=alilerbiernd s wee, adi-wall,

mals, the primitive nuil in each ease
inclnding o dorsal part, the nail
plate, and g |r-|l"linn whitels |:|-|m|_u_:.-
ta the ventral saeface of thie lli_'_rit_.
called the plantar horn {(Fig. 118),  The striking differeace
hetween the nails of the haman adnlt and the elaws and

] H 2
O nineh week, Minof, A penns of leng-tnled African wonkeys,
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hoofs of many animals is due in great mensure to the

degree of development to which this ventrally sitnated

- plantar horn attains, In the hoofed mammals (Ungolota)

and the clawed mammals (Unguiculata), the plantar horn
undergoes very great developnient, whereas in man it retro-
graddes and lenves no tmee except the nail-welt, or the narrow
line of thickened epidermiz wiwre the distal end of the pail-
bed merges into the ordinary
plantar horn, the dorsally

present, the rudimentary el bears o greater resemblance
to the adult condition,

As the nail-plate gradoally wooiee
acter, the deeper layvers of the =0 specialize into o structore
adupted to its nutrition.  This iv the nail-bed, a highly vas-
culur and sensitive cushion consi=ting of the corinm and of
the steatum Malpighii of the cpidermis. 1t is especially
from the proximal part of the nail-hed, !‘f'|'l|'"‘-"-'1“+l“§-5 the
matrix of the fullv-formed condition, that the nail grows.
The rate of growth is sueh that the ends of the uails pro-
trude beyond the tips of the digit= in the eightl month,

The tissue of the fully-formed mail corresponds to the
stratum lucidum of the typieal epidermis, developed to an
unnsual degrec,

i, After the atrophy of the
situatedd qail-plate being alone

more distinetive char-

The epitrichium or future stratum corneum,
the most superficial layer of the epidermis, does not form a
part of the nail, bmt constitntes o thin covering, the epony-
chium ; this is lost in the seventh month, with the exeeption
of 2 small band over the root of the nuil, which persists for
a short time as e perionyx.

The nails of the toes nre alwivs somewhat hehind those of
the fingers in development, .

To repeat, the claw-like rudimentary nails appear in the
seventh week, the nails are perfectly formed abont the twelfih
week, und break through their epidermal covering in the

E{:;Tﬂtlh month, reaching to or beyoud the finger-tips in the
aghth montl, '

The Hair—Fach hair consists of the projecting shaft anl
ﬂm ﬂ“l?{‘i’llh".l root, witl it !*.‘Cr:il:ulrll. l{""E] :*Hl!'l'lll“’}‘. the
Bair-vulb, the root being cmlirieed by the hair-follicle. The



TIE ROOT AND TIHE SILAFT, 249

hair is entirelv of ectodermic origin, heing derived from the
epidermal luyer of the skin, while the hair-follicle is partly
derived from the epidermis and in part is a product of the
corinm.  The hairs are homologons with the feathers and
geales of the lower animals,

The development of the hair is initiated in the third fetal
month by the appeasance of small colid masses of epitheliom
in the stratuen Malpichii of the epidermiz. The epithelial
plugs or hair-germs grow into the underlying corium and
are it |r_'-’ atturowihi= ov panille of the latter, which =||:\‘1:|n!|
almost simultaneon-iy,  The papille are very vaseular and
serve for the nutvition of e developing hair.

The root and the shafi ¢ the ridimentary hair resnlt from
the specialization o the aoinl or centml cells of the hair-
germ. These coli onginn in the divection of the long axis
of the hair-corm aond bevome Lhard and corneous, thus eon-
stituting the voot aned the shadt, the cells of the deepest part
of the hair-gern e the bulb,  The werowth of the hair

Fro, 10 — Twes ibierame of ths aheweloammient of the Badr (Mlertwipt: A nnd B,
B lltferenl tases ool Bl e wo logmrene gt d ool e Dl f Lo Jviian --ml-r;l;-;: REET
LFLREET] 1-1}- vl i L O L T R Y T T T ey nyers pit, halepapilin: e, worm of

lilz ; Az, Db of Tinde; 8 Lyewnne bnies s, oo oiler and uner sleatha ol the root

CFthe bilt 5% hinlefod el s BF soboeontes slaad.

i lengeth is due 1o the proliferation and specialization of the
'_"'”"" ol the bull,  The papilla of the niderlyving corium
indents the deep surfiee of the hair-bolh, this eloze relation
'_'“' the two <troetures enabiling the papilla the better to fulfil
its fnetion of providing noari-hment to the balb,
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The hair-follicle, consisting of an outer connective-tissue
portion or fibrous layer and an inner epithelial part, the
inner and outer root-sheaths, iz partly of mesodermie anil
partly of ectodermie origin.  The inner and outer root-
sheaths are produced by the peripheral eells of the hair-
germ augmented by eells contributed dircetly by the strutum
Malpighii of the epidermis. The outer fibrons constituent
of the follicle results from the oaesnlermie cells of the corinm
that immediately survound the bair-o,

Gradually increasing in lenzihs Lo the addition of new
cells from the hair-bulb, the poouitive hair at length pro-
trudes from the follicle as free bnir.  This liest j:l'l.ﬂ'l.'ill of
hair is unpigmented and is cxiromels
known s the lanugo or embryone: dows.  This Appesrs npon
the gealp and some other parts of the body in the fourth
month, pradually E.‘itundiug over the entire surfiive in the
sneccelling months.

1.
11

fine and soft, being

In the cighth month the lanugo begins
to disappear, but is not lost as a whole until after bivth, when
the permanent growth of hair takes its pluee.  Upon the fuce,
n fact, the lunugo persisis throughout lifi,

The development of the secondary hair i= still a Jisputed
point. It is elaimel |.'|_1.' some anthorities (Stieda, I"._-i{'t't:[’-[.!]
that they develop from entirely new lair-germs, while others
(e 9y Hertwig) hold that the bull for the new hair buds off
from the atrophic bulb of the hair Just lost,

The Sebaceous and Sweat-glands.—The sweat-glands, in-
‘-'IUdiﬂg not only the sweat-plands proper it the cernminous
glands of the external auditory meatus and the glands of Moll
of the cyelids, are derived from the cetodermie epithelium,
The glands are of the simple tubmlar type. Each gland
develops from a small accumulation of epidermal eclls that
grows, in the fifth month, rom the ﬁ[:ﬂ]ﬁ-._{lli;l!l ar mneotls
ln}':.&r of the epidermiz into the underlying corinm. The

solid epithelia] Plugs become tubes in the seventl month by
the degeneration and fing) disappenrance of the eentral cells.

_E ﬂ‘{*’-P‘-“' part of the tube becomes coiled nud its lining
epithelium takes on the characteristies of seercting cells

me of the cells of the original epithelial plug underge
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specialization into muscular tissue, thus producing the involun-
tary muscles of the sweat-glands,

The sebaceous glaunds are developed from solid epithelial
processes that originate from the deep layer or rete mucosum
of the l'.'!lilil}t"]'lli*_- i o manner =inilae o that of the 1]1-1.-;;_-|n|p-
ment of the swent-glands, There is the difference, however,
that the epithelial plugs acquive laweal branches and thus
lls!.l'.llli\' ]II‘H:EIIH' gl:lth of' the 'l'l:ItIiH-IIHlI sacenlar or acinous
variety,  There is the durther diffrence that the epithelial
ontgrowths generaliv devclop from the cetodermic cells of
the outer zheathe of L roc of the Laie near the orifice of
the follicle (FFig. 11 f0 10 consequenee of which the duets
of the fini<hed eland aonal voopen into the haie-follicles,  In
some regions, however ——peg o devand of hair, as the prepuce
aml the gln= peni-. it b minora, and the hip=—the
growth is diveetly trov the coratiom Malpighii, as in the cuse
of the sweat-gland-.

The Mammary Gland.—Tl mammary gliml represent= o
nimber of |l;3_'(|:|:. .-En*-'i'.l.l.i.-'.r-E solipcong .'-'.]:""1“" sor gpmserrilol
as W constitade the =inele wlolt <troetare, s ortein, there-
fore, ia 1o be songeht in the collz of the epidermi= in conimaon
with that of the ordinary =chaceons slads,

The development of the milk-glands is begun as early as
|.'|It‘I sl tenih, A this timee the ltm-tu ]..;I:hl.'l.' ul’ IIH.:
epiddermis, in the <ites of the future oland-, beeomes thick-
ened by the multiplieation of its eells, the thickened pateh
encroaching upon the ande elving corivm (g, 120, A, &
This thickened arca enlarges =omewhat peripherally and its
margins become elevated, awing to which later eireumstanee
the pateh appenrs relatively depressed (8. The depression is
known as the glandwlar area, and it corresponds with the
future areola um! nipple.

From the bottom of the ;l.m-]ul:u‘ ares, mpmerons small
misses or bud-like processes of cells grow down into the
corinm,.  Some of the buds acquive lateral branches,  Hy
the hollowing ont af these coll-linds the latter are transtormed
into tubes (), which open npon the glandular avea. The branch-
il'lg of the cords ]'-t'i:ill.- in the seventh month and is carvied
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on to such a degree that each original cell-cord gives rise

to a tubo-racemose gland. I'he Lollowing ont of the =olid

processes beging shortly before birth, but is not completed
until after that event. Faeli cell-comd heeomes, in the strict
gense, a complete gland, cach =uel individual strocture form-
ing n lobe of the mature oreas.

This stage of the human s mmmary gland—that is, a de-
pressed gland-urea upon whic? opes individual glands, the

1‘%’;“!; .ﬁ%ﬁhﬁaﬁ: ¢

P 10— Zectlotis reprvionting thece s evssive s tnges of r!l'\'l.‘trli“ﬁ'l-'“l of W
hinnan mamme (Tournews): A, fotas of 2040 mae, (02 d 1 88, of 106 con. (L In
Ul 205 em, 06 I a, ephilermla: b, aprresatlon of epldermal cells femlug
notage of gland ; e, galnetophornus ducts: of, praove Mniling glondelor arsns 6

Rrent gaeetiral midsele; Joupstriatesl pusenlor tissoe of arcolog g, sulbnlaneous
adipan thasue

nipple b@‘“'g absent—is the permanent condition in some of
the lowest mammals, as i the echidng, one of the mono-
iremes, In all higher mammals, however, further meta-
morphoses oecur in the tissues of the elandular avea, and in
the buman fetns these tissues heeome the nipple aud the sur-
rounding areola.

The nipple i< partly formed before bhirth, but dees not
become  protuberant wntil post-fotal life.  The depressed
glandular aren rizea to the level of the surronmnding parts,
und its central region, whieh ineludes the orifices of the
ulm:l}- formed or just forming duets, swells out into a little
Pmﬂlm:mt_-q! the "i']]I']u- This ]Il‘l'rllliunuz:ﬁ 1= p|~.|_1tr1|.~;im| of
the epidermis und includes the terminal extremities of the
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milk-dnets as well as the hlood-veszels and conneetive-tissue
elements which surround the doets.  In the dermal con-
stituent of the rudimentary nipple unstriated muscular tissue
develops. The region of the glandular area not coneerned
in the formation of' the nipple becomes the areola.

At birth, as above intimared, the mammary gland is still
rudimentary, sinee many of the duets have not yet aeguired
their lumina nor their full degree of complexity.,  Shortly
after birth a small quaatity of milky sceretion, the so-culled
witehes' milk, may he expressoid from the glands—in the male

and female infant nithe. Thia iz teue milk ~1rmrtl1n:; to
Rein and Barfruth, Pt aceoslae to Kolliker, it is merely a
milky fluid containis~ the <0 heis ot the degenerated eentral
cells of those rudimc o i b5 that were still solid at bicth,
S0 far, the milk-smls o0 slike in the two sexes, but
while in the male ¢f oo pern e rudiloentary stroctures, they
continue to increase both incdze and in complexity in the |

female.  The inerens¢ aflive. not only the glandular tissue
proper but the connective-tiz=ie stroma as well, At the time
of paberty the growth of the wlands receives a new impetus,
which i!-‘.' very rrt.'htl.-ri'i.lh' HUITESVRTE m.wl Lnjratl l|ll: ovecurrence of
pregnancy. ‘'here may he said, therefore, to be severml dis-
tinet phases in the deve fopment of the rmlik—glnmls, firat, the
embryonie stage; second, the Infantile stage; thind, the stage
of maturity heginning at the time of puberty ; and finally,
the stage of full functional maturity consequent upon preg-
naney and parturition.



CHAPTER XV.
THE DEVELOPMENT OF 1 NERVOUS SYSTEM.

Tiue nervous system of the

slule, iucluding the cerebro-
spinal axis and nerves, and the

cowpathetic system of gangla

und nerves, is made up of the +oonticd nenral elements, the
; it :
newrens, together with the supp e ing Sumework or stroma.

The neurons and a part of the stvama result from the
specialization of the ectedermic layer «i ihe embryo. The
ectodermic origin of the nervonus syetem aequires cerfain
mterest in view of the condition-

it obtain in some of the
lowest and simplest orginismes,

For example, in the ameba,
the single protoplasmic eell which constitntes the entire indi-
Vidual usBes s the zeveral Tundimental vital |lﬁl'!|l'l'lil"i- of
protoplasm, sneh as respirtion, metabolism, contractility,
motility, ete., in cqual degree, no single property being more
highly developed than the others, and no particular part of
the cell I|”C'llili'iiilli: grealer .-'lrw'i::]i?.:ltiun than the other parts.
In other words, the protoplasmic substanee of the animal is
al onee 0 |'q,-.-'-|nirulur_t' miechani=m, 1 fervons .-||=|n.-u':111::-. il
u:" organ for the exeention of the varions other vital fune-
Lo,
; In somewhat maore highly  develuped  creatures, as the
nfusoria, although there is no ditferentintion into separte
bissues and probably not even into s colls, there is seen
sme progress towand the specilization of cortain parts of
‘J‘" organism for the performance respectively of the diflerent
fmetions of life, For example, the central part of the ani-
“The ueuraus are the units of which the nervous svstem is made np.
Bach meuron consists of » .
15, with
which

i nervecell with evervthing lelonging to o that
h"'" vanum proceses, incluling the ariscyfindee jroceas or nenath
comed the axis-cylinder of n nerve-fiber.
sy
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mul has digestive funetions, while it is by the superlicial
portion alone that the ereature iz brought into relation with
the outside world, the sensitiveness or irritability of the
surfuce, by which the animal iz made responsive to external
impressions, heing the nearest approach w the function of a
nervons Syvatem thet it PSS CRsES,

Thi= primitive tfunction ot’ the surfaec of the organism
is sugpe-tive as to the origin of the nervons svatem of
higher type creatures, Tt will be seen, indeed, that not only
15 the nervons =v=tem proper derived from the ectodermie
eells of the embreyo b that the peripheral parts of the
organs of spicial <ene, a= the olfactory epithelium, the organ
of Corti, il the reting, hiave the <ume arigin,

The altecmtion of ilw=e colls of the ectodermic stratum
that are 1o specialize inte pervous elements begins prior w
the fourteenth Li:l:-' i the Bnoan 1-trﬂl!'t‘||, in the slagre ol
the Blactodermie vesicle,  The el ange eonsists in a gradual
modilication ol the form of the eells. the cells common
t the general sarfiee oF the germ as<uming the eol-
umnar tvpe. The process atfects the eells of the median
line of th: embievanio avca in advanee of the primitive strenk,
restlting in the productivg of a thickened longitndinal median
zone,  This thickened aren is the medullary plate (I"i. 32,
I G20 Oneneh =ide of the plate—which i< apparent at the
fourteenth day—tlie sdjoining cetodermic eells heeome heaped
ip o for the medullary folds, which latter thervefore Lonnd
the medullars plite Taterally. The medullary plate becomes
coneave on the surface, for ming the medullary groove (Mg,
P21 By the deepening of the eroove, the biteral edges of
the plute appronel ench othier | Fig, 122}, and finally th{-v meet
amd unite, thos prodiucineg a mibe, t|m neural tuba or canal.

Sinee the mcdullary folids simil: wlv meet and unite with
eich other—their nnion =lizhitly |u--r-u]|n-;: that of the edges
of thie plate—the nenral e comes to lie entire ‘v heneath
the surlie-eetoderm and soon loses all connection with it,
The closing of the: tube and the union of the nmthl]l"l.r', fulils
ocenr fivst near the anterior emd of the vibryonie area, in &
position that corresponds with the region ol the future neck,
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and from thiz point it proecceds both cephalad and candad.

Since the medullary folds at their caudal extremity embrace
Aetwl, fnic e
,-l":-n.r;? Ertoderm, e

FfLouda rea, A micn.

Parsrtal

Carlav,

Nedochord,

Sewrrtr, Wl enfodeem,

2. ~Transverse scction of o sixteen-and-o-halfdey sheep emnbryo possessing
slx somites (Bonnet)
the primitive streak (Fig. 32, p- 62), the latter structure is

included within the caucdal end of the neural tube by the

CTaai
Rrtadiroi. | teeural conal.

Avrnioa,

Fa wiefal
wre pede e,

Coll ey for
Crifian bady.

i,
Megaphsliam,
Frriwmitiee

£ fofhelram:
Firerrad
Firsaderet.

Fm. M —Transye g section of @ ffteen-and-e-brlfday shicep cmbryo possessing
weven soanites (Bonnet),

E‘ﬂﬂ 'lﬁ.gEthnr of the folds, and thus the blastopore, which
‘Previously the external aperture of the warchenteron,

mragadorm,
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comes o cons=titute the neurenteric canal, or an avenie of
communication between the newrnl canal and the primitive
inlestine,

The neural canal then is a tube composed of columnar
cells, whiel i= formed by the folding in of the eetoderm and
which vecupies the median longitudinal axts of the embryonie
area and conzequently of the tature rnl!rr:.'h:ﬁv baly,  From
fhis H.i.'r.l]j]l'f' p'f.f.r'l","u'fi'-'.lf eevaetd Flre snfive snefuell werpeons aipatfem fa
veolivd,

The evolution o e L iy complex r'a,'l‘r'hrriw-'pin:li axis
from sueh a simple onemnee e the nenral eanal is referable
both to the prinesl b oo e growthi—the walls of the
tube beeoming thivioaod Loyone mnltiplieation of the cells—
and o the J'.f-.-'nhl'l"."«-. y

The portion of (e ol o nal—approximately one-lalf—
that is devoted 1o (5Be fovestion of the beain is delimited
from the part that oeduees che spinal cord by the dilatation
of the anterior or headeond o the the, aud the subsequent
division of this diluted se-like portion inta three communi-
cating sacs called respectively the fore-brain, mid-brain, and
hind-brain wvesicles (I7ne. 120),  Thee three vesicles give
rise to the brain, while the remaining part of the neural eanal
formy the spinal conl.

THE DEVELOPMENT OF THE SPINAL CORD.

In the grawth of the =pinal eord from the spinul portion
of the neural canal woe have to consider the evolution of a
exlindrical ma=< off nerve-cells and perve-fibers with the
pporting stroman from a simple epithelial tmbe,

The wall of the weural tube, :|].T|au|1j.,rh t'ﬂll!‘ihtil}};‘ at first
of a FIH];IL' Baver of epithelial cells, i= not ol uniform thick-
ness thronghout i< cireomferenee, While the external out-
line is oval, the lomen of the tnbe is g4 naerow dorsoventral
fissure (Fig. 36, po 65) The eavity i therefore houndod on
the sides by thickened latera] eolumms, while the doral and
ventral walls, whick connect the teral columns with each
ather, are thinner and are ealled respectively the roof-plate
and the foor-plate.

13
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After o short time, the walls of the tube having thickened
by the multiplication of the cells, the shape of the lnmen
alters, two laterally projecting
angles being atlded { Fig, 123}
The effiet of this change is to
partully divide each lateral half
intn a dorsul and a ventral
ression, The nearal canal at
thi= ~tawe wmy be =aid o con-
giar o sig columnz of ecells, the

tovo Ciorsn ZCenes t-nlluc-i.'h.:d ‘H‘][]I
ety oo dier b thie mnf—p!ate.:mri
the twe w20 tval sones united by

Fit, 18 =Trameverse sectfon of gl
the ecevicnl part of the gpinal eord ; * 1 51 I
of o han by o of six woeks, . e A 0E ~!-":..’||E-“'h:{]‘]"r with
ol e Raoldlibor); e, et |~r||1|.: - ! Pati r i

; e s vlhinvaeteristiec  modibica-
ey M cpithcllal Bndve . at e (eaperi- =8 ”'I'”I_ i IR I 5 .
wrlyh, the arlpinal Place of clisne: ti"“"- 1r L :H*:“l‘nrujllu o II“:"
of the canal, a, the whiite sobsgonee m L i i 4 i
S Ik wobertie R S tubve,  Thev are impertant o
hh:n-:ul'nnl.q rolnteral biorn Ity JHis= their l""-'”ti"u- upon Tllﬂ ['l,l['lllt}l'
Lerlor columin ; ar, antedor roogs . '
BN Forols K ] !];_.-l,.'l_n]”]l”"'tl[ ] *Ihd: F*r"{‘t"rﬂ‘

anT

gl These regions

sinee  the dorsal and  ventral
“mes are related respeetively to the dorsal or sensory and
the ventral or miotor roots of the spinad nerves.

The dilferentiation of the eells off the nenm] mbe into two
Ii-illdﬁ of l.?]{."tlh,‘l'ltﬂ, one of wlieh J._rin:u-,- rise to :-n.-t!t,']ll."'lti‘k'l.',"
tissue or neuroglia while ihe otlier proliees the nerve-cells, is
observed at about (he ened of the third week, The single
]_u:,-f_'[' of l.zﬁlllll'lll:lr eolls which first COnLses the wall of
the tube, the long axes of the eells Licing radinily arranged,

s00n exhibits near the Inmen 2 row of vound cells, probably
the first ﬂi’:‘spriug ol the

columnar eells,  The round cells
are the

germ-cells op germinating cells, from which are devel-
oped the neuroblasts op voung nerve-cells, Al the other
cells, known as the spongioblasts, are concerned in producing
sustentative tissue,
Tll:': stroma of the central nervous system inelndes two
:.;:i:;“i“:;f; :E:fmlentlu:n-ﬁsfue rsEemunt, and a ].:nrt, the
» Which is of epithelial origin, and which i= not to
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be regurded, therefore, as conneetive tizsue.  The connective-
tissue portion of the stroma is pradneed by the ingrowth of
the pial processes from the pia mater, and is henee of meso-
dermic prigin.

The neuroglia is derived from the spongioblasts, which
rezult from the specislization of the large columnar cells ot
which the wall of the neural eanal is composed.  These cells,
whose length comprizes the entive thickness of the wall of
the tube in the eavliest stages, audergo partial ahsorption and
disintesration, each colt hoinge teinsformed into an elonguted
systemn of slender proves s or frabeeuln, amd each sneh system
being o completed sporgicilast (1 124), The inner ends of

Fio, 124 =Crossseothon el the spdinal cord of o vertobeale ciabeya (afller
Tsh: @, outer Himiting tembrane | &, outor neurcglio lnyer, reglon of Mture whitte
matier; ¢, germnecells : o, centrul cannl: e, lnder Hmiting wicmbrane or cpoidy il
layer; /, sponglolingts; g, nenrohiasts (nannle layer) ; &, anterlor root-fibers,

the spongivblasts conlesce with each other, forming thus the
Ent.uma! limiting membrane, while the peripheral extremities
interlnce with cach other to form a close network.  As the
walls of the neural tube inerease in thickness, the spongio-
blasts become more and more broken up to form the delieate
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neurogliar network with interspersed nucleated glin cells.
Such of the spongioblusts us border the cavity of the neurmnl
tmbe become the cells of the later ependyma of the central
canal of the spinal cord and of the ventricles of the brain.
The cells of the ependyma hecome ciliated in the human
fetus in the [ifth week. '

The nerve-cells of the gpinagl eord—us nlso of the hrin—
ure the H]s{-vin'ﬁizmi descendani: of the germ-cells relerred to
above, The p1'q.l|iﬁ*ruh'nn il e g rinecel s lu'mIIIcl‘-ﬂ- the
neurobhlasts, or FOUNE Heryve- e 1

Fie 1245 The latter cle-

ments move away from the petaitive pos=ition of the germ-

cells near the lnmen of the tehe s develop into the nerve-
eells.  The transition is efleeted by ihe acenmulation of the
cell’s protoplasm on the distal cide o the nuelens and its
'E'll::-ug:ltiun inle n process, This procoss i= 1 neurit or axis-

cylinder process and is the beginning of a nerve-fiber. The
dﬂldi‘it!ﬂ- or prntﬂpll‘l&miﬂ ProCEsses iijipuenr 4,-|:|Il.-'i||{'|.".li1|.1,,- later.
Some of the fibers thus prodoecsd grow ont from the venral
tube to constitute the efferent fibers of the peripheral nerves,
while others contrilinte to the formation of the fiber-tructs
of the cord,

After the appenrance of the nenrvoblasts and developing
nerve-cells, the wall of the neural tube is divisible into three
layers (Fig. 124); an inner or ependymal layer, next the
Inmen of the tube; adjoining this, the mantle layer, made
up of nearablasts : and o peripherally situated neuroglia layer,
which occupies the position of the future tracts of white
fibers of the cord,

The alterations in the form and size of the spinal cord o
hand in hand with the histological elinnges noted above.
While those aress that bave been mentioned as the dorsal and
ventral zones inerease greatly in thickness, the floor-plate and
the roof-plate—the ventral and dorsal walls of the neural
tube—remuin thiy (Fig. 125).  They are never invaded by
the nerve-cells byt consist of thin layers of nenroglia which

later become penetrated by m-n'r-iil.---rﬁ that grow from ene

:'-:i o the other, They thus vepresent the anterior and pos-
o White commissures of the cord. These plates remain
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relatively fixed in position hecansze of their failure to expand,
while the lateral walls of the tube undergo great expansion,
in both the ventral and dorsal directions, as well as laterally.
In this way a median Jongitndinal eleft is produced on the
ventral wall of the spinal cord wmd n similar one on the
dorsal wall.  The=e are the auterior and posterior median
fissures. Since the so-called posterior median fissure s not a
teue fissure but merely a septum, it differs from the anterior
fissure, and it is held by some anthorities that this septam is

R e i Jlorra Fhewgad
[

dostwdewes

Usier medullary 2one. Contrad canal, Nofwhord.  Vesieal comminisre,

P 25 =Truns verse seetion ol devebopdme spdnnt eond of G twenty-Lwoedny shegfe
writbirye Mot

formed by the growing together of the walls of the dorsal
part of the centrnl eanal,

+ The fiber-tracts or white matter of the spinal cord develop
 the outer or neuroglia layver, caeh fiber being the elongated
nenrit of & nerve-cell, Some of the libers originate from the
nerve-cells of the eard while others row into the cord from
the gunglia of the posterior roots of the spinal nerves.  The
latter method of arigin applies especially to the fibers of the
traets of Burdach and of Goll. .
‘ .'-:as the walls of the nenral eanal thicken through the mul-
tiplication of the ecells, the cavity of the tube is greadually
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When development
is complete, all that remains of the eavity is the small central
canal of the spinal cord.

The length of the spinal eord in the fourth fetal month
corresponds with that of the spinal column, its lower termi-
nation being opposite the last coceygeal vertebra,  From this
time forward, however, the cord grows less rapidly than does
the spinal column, =0 that at bivth, the eord terminates at the
last lumbar vertebra, and in adult life at the second lumbar
vertebra. This gmduoally acquired disproportion in the
length of the two structures explains the more obligue
direction of the lower gpinal nerves as compared with those
higher up. In the early condition of the cord, cach pair of
nerves passes almost horizantally ontwand to the eorrespond-
ing intervertebral foramina, but as ihe spinal column gradu-
ally outstrips the cord in growth, the lower nerves necessarily
pursue a successively mare oblique enurse to reach their
foramina, the lower nerves being almost vertical in direction
and constituting, colleetively, the cauda equina,

THE DEVELOPMENT OF THE BRAIN.

The encephalic portion of the newral tube—that part
devoted to the preduction of the brmin—after underguing
dilatation, becomes marked off into the three primary brain-
vesioles; the fore-brain, the mid-brain and the hind-brain, by
constrictions in the lateral walls of the tube (Fig. 126).
This division oceurs at un carly stage, before the closure of
'ﬁl'l?! tube is everywhere complete, The vesicles communieate
with each other by rather wide openings.  As in the spinal
part of the neural canal, the walls of the primary brain-vesi-
cles consist of epithelial cells, and it is by the multiplication
of lhn.rd& T unegual degree in different l‘qrﬂ"-mls, and by the
Jormation of folds in certain localities that the varions parts

ﬂw adult brain are developed from these simple epithelial

z The stage of threo vesicles is soon succeeded by the five-
esicle stage, the primary fore-brain vesicle undergoing divi-

g e
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gion into two, the secondary fore-brain and the inter-brain,
und the primary hind-brain vesicle likewisze dividing, o little
later, into the secondary hind-

brain and the after-brain. Antericr brsinseiicle.
The division of the primary  answe sraimvesicte.— g
fore-brain is preceded by the  Paterise trainveseis i

appeavance  upon cach  of  its
lnteral walls of” 2 <mall balged-
ont arca which soon a=sumes the

Foredrain
Primary oplic vericie,

Stalk o afidac ewsicte
form of a distinet divertionbon, R

This is the optic vesicle, the car- SMidArain .
¥ B T # 5 img Erars
liest indieation of the develop- it
. & e " Afrerd
ment of the eve {Pi;_-_'. 1), In anbie e

¥ Foarg-brara
the further process i rowil

the base of attachment of thie
optie vesicle becomes fengthened Inteedrain.

Frima ry etfes veadsle

ont into a relutively slender pesl- Al bratin,
if"ll'.', \"lii[';l I'L’I]I:{iliﬁ- i1'| Cedli Nt

Fimd-braia,

tion with the lower part of the
i ,Uhr-n‘nn#.

Interal wall of” the bnin-vesicle,

5 i Fok EX-=Mograme (Vastralloge
Following the appearanee of’ the e primary and secondars sig
optie vosicle, the antevior will off Mentation of the biain-tube (Do
the primary  fore-brain  vesicle o
projects as a small evagination, which latter is then distinetly
marked ofl’ {rom the parent vesiele by n groove on cither side,
This anterior diverticnlum is the secondary fore-brain vesicle
or the vesicle of the eerehram, amd the orignal or primney
fore=birmin. vesiele is wow the vesicle of the inter-brain.

T}H' division ol the |-H|n aury Lind-braiu is efTected |ﬂ the
t|t"-‘1.]f1|nm'ui ol w constriction of it Interal wall, this v rllllil‘g
in the production of the secondary hind-brain or the vesicle
of the cerebellum, and the after-brain or the vesicle of the
medulla ohlongata,

While the three primary vesieles at frst lie in the sune
straight line, they begin to alter their relative positions
h]mrth' before division.  “I'he changi of position is coineident
with tht- flexures of the by ot tlw cmbryo that ocenr at this
time. Three well-marked fexures appear, the result being
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that the fore-brain is bent over ventrad to a marked degree.
The most anterior of these flexures, and the first 10 develop,
is the so-called cephalic flexure (17ig. 127), the primary fore-
brain, in the advanced state of the curvature, being bent

Juter-2raee frtd

adic Bevare

Fore-drapn,

f:'-:.f-h'r:'{'r lobe

o ™
. '_..' :_H_..- b
/ \\ TN L cdfterdeain,
Chptic sralt i bz

Cerebral partion of v tione
pitwitary oy, R

Pig. 137 —Dilagram shiowing relations of briln e

seles md Gexures (Benneth.

around the termination of the ehorda dor<aliz =0 as to form a

rightangle, and later, after its divi=ion, an acnte angle with the

floor of the mid-bmin.  This enreature makes the mid-lmin

very prominent as regands the surfhee of the embryonic body,
producing the parietal elevation or the prominence of mid-brain.
In the region of the future pons Varolii, on the floor or
ventral wall of the secondary hind-beain, is a second well-
mnr]:ﬂl angulavity. This is the pontal flexure.
vexily projects forwand,
A third hend, the nuchal flexure, i< n less pronounced

curvature at the juncture of the after-brain with the spinal
part of the neural tulye,

[z econ=-

The Metamorphosis of the Fifth Brain-vesicle.—
}[‘]‘“ ﬁmE ’ﬁl"-ﬁll-»\'c,-aiﬂ]l:, the caudal division of the primary
l":l‘:'l‘l'rf““: differentiates into the strnetures which surround

e lower half of the fourth ventricle, these stroctures eon-

‘:::“*-'“!: the metencephalon (Fig. 128). TThe histological
DEES ecarrespond osse

. atially with these that occur in the
spinal scgment of the |

ieural tube, the nerve-cells and fibers



THE DEVELOPUMENT OF THE DRAIN 265

and the neureglia resulting from the difterentiation of the
original ectodermic epithclium of which the wall of the tube
is composed, and the connective-tissne stroma growing into
thege from the surrounding mesoderm,

There is a marked dizproportion between the rate of growth
of the tube in different part= of its cireumference.  The
gﬁ.-,.'lt- tlﬁckeuillg uf the ventval and Literal walls IIHH'II,!.CI;_'.H thie
several parts of the medslla oblongata. Iu the dorsal wall

Fria. 1B ~—Magmm of o sacittal seetion of the healn of a mammal, showing
the type of strocture and (e peirta that develop fromn the several braln-veslols
tmadified feam Fallpger).

growth oeenrs to sueh slight extent that the wall in this
region remaing a thin laver of epithelium.  As a consequence,
the cavity of the neural (ube is not encraached npon on its
dorsal side and the central canal of tha :-|-im|.l. cord therefore
expands in the metencephalon into a much larger space, the
losver half of the future fourth ventricle. 'I'his relative vx-
pansion of the contral canal begins to he apparent in the third
week in the human embryva, from which peried it continues
to inerease. A eross-section through the lower part of the
developing medulla shows a cavit y whiel is narrow laterally
h.“t whieh lins o eonstilerable :||,:||1,t~ru||n,-;-tﬂri|:-1:* extent. A see-
tion at a higher level diseloses atriangalar =pace, the base of
the triangle being the darsal wall of the cavity.
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At the time when the cavity of the after-hrain acquires a
distinetly trinngular shape—about the third week—each thick-
encd lateral half of the tabe is divisible into a ventral and a
dorsal segment, these being known respectively as the basal
lamina amdd the alar lamina (1M1, 120),

The lirst indication of the longitudinal fiber-tracts of the
medulla is prezented by two band« ot fibers which appear upon
the surtes of the alar Lunioa and which
constitute  ‘he  cscending oot of the
filth nerve -u! ¢ ascending root (funi-
ethys anlitss i) ol the wagus amd glosso
pharyngeal rorven.  These are later eov-
eredd in Ly e © LdTnge over of the tlor-

o zul port of v adae lomina (P, 1330} and
M 1, — Seetlon

Lt ls aggieer part oere- thuz vome b oins v their [-1-|'||I.'l||1‘!|l
bellor  regiong  of the Ere . 1 i i 5
fneth vemirbcle of un IH._]‘“”“ TRKRE nforior of ‘.I“ "I”[""
erbieyn (Bhis): v, ool of [he jrarts o the alar buninge that are
henmml canal: af, ol P e
lsmilna: 04, Laasnl ;,,,,l:":'_ foldal over in the  manner reterred
T behital bonler. to  differentinte  for  the wmost parl
inte the restiform  bodies or inferior
peduncles. These are 1iir-ti||_+_rt|i-;h;ph|.~ in the third month.
Fhe anterior prramidal tracts -rh"-.'rl-u":: o the 1‘1-!1Ir;|| ]I:ﬂ'l‘:-

of the basal laming and e recognizable in the fifth month,

.'5"
¥z, Im"'"""‘-"-"'!"n morvds Lhee Tower half of the Soaaet ventniele of an ern by o,

showing cradnal ofnd bz
over of the nliar laminn o
Foteans Iaby rinthi,

oif of the wenrs! capsl, aml e eomieseing faing
EF 0s) 2w venbral Fearader: £otenbn: of, clic vosbele; o

L £
21“:“."]*"“““}' with the formation of the fibers, the gray
a 4 : ;
ter of the medully Assnmes 1= pernsnent form and arrange-
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ment. This gray matter, although in part peculiar to the
mednlla, i= in great measure but the continuation of the gray
matter of the spinal cord rearranged and ditferently related
hecause of the motor and sensory decuzsation= and of the dor-
zal ux]mnsiml of the central canal. A notalile feature of this
rearrangement i= the presence of masses of gray matter im-
mediately beneath the flaor or venteal wall of the now ex-
panded cavity or fourth ventricle,

As atated above, the doezal wall of the after-brain vesiele
remains an wxtremely this epithelial laming, and the cavity
in consequence expands towned the dorsal sarface,  Owing
to the excessive delicncy of this darsal wall of the eavity, it
is easily destroyed in dicseetion, with the effeet of disclosing
a trimngnlar fossa (10 195) on the dorsal surfiee of the
medully, which in conncerion with a similar cir'inl':'.-x:-"tuu 0n
the dorvsal snefaee of the pons, constitutes the rhomboidal fossa,
or the fourth ventricle of the brain,

It iz often stated in II{‘-—-'I'iliEil.lli-i ol the medulla and fonrch
ventriele that the latter i produesd by the opening out of
the centeal eanal of the cord to the doesal suetiee, Tt shonld
b borne in I:Ililll]:f however, that the contral eanal does i,
in I'l":ﬂii}'. oen et fo thie surtace, :lirh-nlglt it Iay appenr to
do s bevanse of the attenated condition of its dorsal bonnd-
HEV. The thin l*|ri[I|r-=E:1.l ool or dorsal wall of the after-
brain becanes adherent o the investing laver of pin mater,
thus forminge the tela choroidea inferior, which roofs over
the lower half’ of the fourth ventriele (g, 128),  The pia
mater invaginates the epithelial laver to form the choroid
plexuses o' the finrth  ventricle. Althongh  apparvently
within the cavity of the ventricle, the elioroid plexuses
are exeluded from it by the laver of epithelium, the mor-
phologieal roof of the after-brain, which they have pushed
befure them,

_ While, for the most part, the roof of the after-brain con-
sists of the thin epithelial layer veferred 1 above, there are
slight linear thickenings, the lgule, alone i« lateral margins,
and at its lower angle, the obex. At the upper margin of the
roof, at the place of junction with the hind-beain, there is
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aleo a thickened aren, the inferior medullary velum. These
regions of thicker tissue serve to eflect the transition from
the thin epithelial layer that helps to form the inferior
choraidal tela to the more massive boundaries of the rhom-
boidal fossa.

The Hind-brain Vesicle or Epencephalon.—The
epencephalon consizts of the pons, thie cerebellum with its
superior and middle peduncles, and the valve (valve of
Vieussens). These structnres ave prodiced by the thicken-
ing of the walls of the fourths or hind-bmin vesicle.

The pons iz formed by the thiioning of the ventrml wall
of the wvesicle. Its tmnsverse b
during the fourth month,

The cerebellum grows {rom the po-torior part of the roof
or dorsal wall of the vesicle (Mg, 125 The first indieation
of its development is seen as g thich transverse ridge or
fold on the posterior extremity of tie dorsal wall (Figs.
131, 132), In the third month the central part of this
ridge, now grown larger, presents four deep transverse
grooves with the result of dividing the original cminenee
into five transverse ridges.  The grooved part of the ridge

Become  recognizable

- I8 thﬁ '[H.'Irlil}ll that ﬁubﬂmlucnll_v beeomes  the wermiform

process or median lobe of the cerebellum, while the smooth
lateral portions hiceome the lateral hemispheres. s the
vermiform process inereases in bulk, two of the ridges come
to lie upon its upper surface and three on the inferior aspect,
These ridges und Turrows pevsist thronghont Tlife as the
principal convolutions und fissures of the vermiform proe-
ess (Figs. 133, 134).

The lateral parts of the primary ridge inerease in size and
{:\'Ellllm"}', in the ]ulm;m 't:-1".|i||. {_llll:-stt'ill the median lobe in
growtl,  They sequire their chief transverse fissures in the
fourth or fifth month, and the =maller sulei later.

The thickened cerebellar ridge on the rool” of the hind-
brain vesicle being continuous with the lateral walls, the
continuity of the cercbellar hemispheres with  the pons
through the widdle and superior cerchellar peduncles and
with the medulla by means of the inferior peduncles, is easily
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understood, These bands of fibers become evident, the in-
ferior in the third month, the middle in the fourth month,
and the superior in the fifth month,

While the posterior part of the roof of the hind-brain
thickens and develops into the cevebellum, all the remaining
part of this root’ remains relatively thin and becomes the

A
i# wmé o AR S

af p A Cre
F1o. 13.—Bmins of haman cebeves, from reconstractinns by Mis: A, brain
fream ﬁnﬂ:h-ﬂn:—' cbiryo: W, froom thiecesnmilashalfweek cmbrvo: O, from sevens
and.a-ballfw ek fotas - Shy b, b, b, wibi, Fores, Teiters, il 1|I.'.|-rl-. andd nfler-braln
wesicled s o, oplle westele: op, able vesiels: im, fnfundioeiam ;o m, wammillary peoe-
e nf pontine flexure; P, Baeth ventricle . ok, vervies! fexure; of, ol factory
t"l-"-": hq I'I‘-“I“‘ﬂ.l‘li'r}' 2w pitidtary pocess

'lntnrior medullary velum or the valve of Vieussens (17ig. 128).
The relations of this structure in the mature Lhieain, stretehing
ACTross, a8 it does, from one superior cerebellar peduncele to
the other aml being continnons posteriorly with the white
matier of the eevehellum, ave casily explained in the light of
the fict that all these parts are but the specialized dorsal and
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lateral walls of the hind-brain vesiele,  Since the roof of the
hind-brain vesicle is continuous with that of the after-bmin
or fifth vesicle, it will be zeen that the eerebellum must be in
continuity with the roof of the medullary part of the fonrth
ventricle.  The trmnsition from the cerebellum to the epi-
thelium of the tela choreiden inferior is effected by a pair of
thin ereseent-shaped bands of white nerve-matter which pass
downward from the ccntral white-mantter of the cerebellum,
and which are colleetively Lnows < the inferior or posterior
medullary velum. Tl os the cezult of unequal growth,

there ure produced frow the coninuous dorsal walls of the
fourth and fifth vesicioo the thin laminar medullary velum
or valve, the massive corabellar ©obhes) the thin bands known
as the inferior medalia e veluis, wod the <ingle layer of epi-
thelimm which, with o faver of oin mater, constitutes the

inferior choroidal el

Although the fourth and 660 Lrain-vezicles are at first
delimited trom each othier by i constriction, this constriction,
as development goes on, disappesrs, the cavity of the fourth
vesicle and that of the fifth together constitnting the fourth
ventricle of the brain.

The walls of the fourth or hind-brain vesicle then give
rize ventrally to the pons, laterally to the superior and mid-
dle cerebellar peduncles, and dorsally to the valve and the
cerchellum, while its eavity becomes the anterior half® of the
AAourth ventricle.

The Mid-brain Vesicle.—The third brain-vesicle or
the vesiele of the mid-brmin or mesencephalon gives rise to
the structures surrounding the aquedaoct oft Sylvius, the per-
sistent part of the cavity constitnting the aqueduct itself.

The thickening of the ventral wall of the vesicle results in
the formation of the ernra cerebri and the posterior perforated
lamina or space included between them.  The crura first
become apparent in the third month as a pair of ronnded
longitndinal ridges on the ventral surfice of the vesicle.
These remain relatively small until the fifth month, when
the longitudinal fibers of the pons begin to grow into them.
After this oceurrence their inerease in size is comparatively

L

L
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rapid, their ventral parts or erustz beeoming geparated from
each other and ineluding between them the posterior per-
forated lamina.

The roof or dorsal wall of the mid-brain vesicle under-
goes considerable thickening (Fig. 131), especially in the
Sauropsida (birds, reptiles, fishes), In the fifth week a longi-
tdinal ridge appears upon the dormal wall, which in the third
month is replaced by 2 furrow,  Whe expansion of the wall
on each side of the fiurrow prodaces a paiv of rounded emi-
nences (Figs, 182-1578 which o birds, attain to o much
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greater development than in mammals and constitute the
corpora bigemina or optic lobes. In the human embryo, each
of these elevations is divided into two by an oblique groove,
and thus are Gemed the corpora quadrigemina, which are
peculiar to man and other mammals,

The part of the dorsal wull of the vesicle that underlies
the corpora quadrigeming is (he lamina quadrigemina,

The thickening which the walls of the vesiele undergo to
produee the seveinl parts of the mid-brain enevaaches so
mueh upon s cavity that an exceedingly small canal, the
ﬂqi‘le&uct of Sylvins, remains, It is searcely uceessary to
pomt out that this canal is a part of the ventrieular system
of the brain, establishing a communieation between the fourth
ventricle and the third ventricle or cavity of the inter-brain.
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The Metamorphosis of the Inter-brain Vesicle,—
The inter-brain vesicle results from the division of the pri-
mary fore-brain vesicle, compri-ing what iz left of the latter
after the outgrowth from it of the diverticulum that becomes
the =secondary fore-brain.  The thickening of the walls of
the inter-brain vesiele prodnees the struetares which surround
the third venteicle in the mature condition, and which consti-
tute collectivais tho thalamencephalon or inter-brain, the cavity
of the vesicle persisting s the adult third ventricle. These
structures: nie e opble thaisai, which are formed from the
Iateral walle: 10 woium interpositum and the pineal body,
which develay om thie roof; and the lamina cinerea, the

e :}" Fvd i ik "'E".
6. 12— AL mesial gection hronell bratn of 4 human fetns ol ‘“”‘m‘;‘:-h:{
- '} 1]
wonths (Flis) ) ch, cercbral hemisphore [ o, optic thalamus; Jin, formines < T

elf, olfactory Totne: p, pltuitary taxdy ; o, modalln chlongatn o corjera qu f"m*
Kemina: o8, cerchelluin. M, 'hru.iu ol imrl'm fetuw of three manths ‘mhi. s
cifactory lobwe: o, porpas eteantmin; oy, Fern qranedrigeniing o, e pelaellnm g
eoe, gl bin ol cnipatn

tuber cinereum, {li+ infundibulum, the posterior lobe of the
pituitary body il the corpora albicantia, which are ditler-
entinted {rom the floor of the vesiele.

The lateral walls of the vesiele undergo th
thickening,  The cell-multiplieation here 1=

¢ Ip=l H'I:lrkul
o r-,l]nial that

- 1‘ l"*-""sl
cach I; HETE l'.ﬂ wall 1= conve ltt-il mnto a [l:"l' uulll] meiss O

with mh-rtmnrrlmi bands of fibers, the optic thalamus. {rast
- = . o il I.":’l"'
The roof of the inter-brain vesiele, In notabl ll'I it
. ofe sronzhion
with the lateral walls, remains cxtremely i thirou;
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the greater part of its extent (Fig. 128). From the back
part of the roof, at a point immediately in front of the
lamina quadrigemina of the mid-brain, a diverticulum grows
out and becomes metamorphosed into the pineal body. With
thiz exception, the roof of the vesicle remains a single layer
of epithelium, just as in the case of the roof of the after-
brtin, This epithelinl layer adheres elosely to the pia mater,
which covers it in common with the other parts of the brain,
As the fore-brain expands, it covers the inter-brain, the
under surfuce of the cerebral hemispheres of the former
being closely applicd to the roof of the lautter.  As a con-
sequence, the pin mater on the ander surince of the fore-
brain is brought into eontact with and adheres to the pia
covering the roof of the inter-brain.  Thus the thin epithelial
roof of the inter-beain beeomes closely united with the two
Inyers of the pia mater o form the velnm interpositum or
tola choroidea anterior ur superior of adult anatomy. Ob-
viously, the edges of the velum interpositum rest upon the
optic thalami, and its pinmatral Jayers are continued into the
cavities of the lateral ventricles (Fig. 134).  The space occu-

Frc 130 —Nrain of fetus uf three months
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spherea.  As will be seen from the above description, how-
ever, its development really begina in front.

The pineal gland or conarium develops from the back part
of the roof of the inter-brain at its point of junction with
the mid-brain (I%g. 128). This body is found in all ver-

tebrate animals except the amphioxus, but its form varies

greatly in different groups. In all cases it begins as a small
pouch-like evagination from the roof of the inter-bruin, the
diverticulum being dirceted forward.  In the human bruin
alone the structure iz subzeguently directed backward, so
that it comes te ocoupy a position just over the corpom
quadrigemina.  This pecalinrity ol location is due probably
to the greater develvponent of the human corpus callosum,
by which the eonariim: 5 crowded backward,

In selachians (sharks and dog-fish), the enlarged vesicular
end of the diverticulum, whicliis lined with ciliated columnar
cells, lies outside the eranial capsule and is connected with
the inter-brain by the long hollow stalk which perforates
the roof of the eranium. In many reptiles, the conurium is
more highly specialized. In the chameleon, for example, the
peripheral extremity has the form of a small closed vesicle
which lies outside the roof of the eraninm and which is
covered by a transparent patch of skin, The stalk in this
case is partly a solid cord and partly a hollow canal, which
latter opens into the cavity of the inter-brin,  The solid
portion lies within a foramen in the parietal bone, the parietal
foramen. A further modification of the conarium is presented
in lizards, blind-worms, and some other reptiles.  In these
the vesicle undergoes a marked specialization, its peripheral
wall being so modified as to become transparent and to re-
semble the ervstalline lens of the eye, while the opposite
deeper wall comes to consist of several layers of ecells—some
of which become pigmented—and acquires a striking resem-
blance to the vetina. The stalk of the body, which perforates
the roof of the skull and is attached to the roof of the inter-
brain, bears a certain likeness to the optie nerve, being solid
and composed of fibers and elongated cells.  The present
of the transparent epidermal plate which covers the vesicle
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perves to complete the similarity of this particular type of
pineal body to the eye of vertebrate animals. It is for this
reason that it is often designated the pineal or parietal eye
and that it has been looked upon as a third or unpaired
organ of wvision.

In man and other mammals and in birds the pineal diver-
tienlom does not reach the degree of development that is
attained in certain of the Neptilin.  The evagination from
the roof of the inter<brain begins in the sixth week in the
human embryo.  The peripheral end of the process enlarges
somewhat and small meecos of coils projeet from it into the
surrounding mesodermic tissue. These ecllular outgrowths,
giving off sccondary profestions, become converted into small
closed follicles lined with colunziar eilinted cells. The folli-
cles in the case of mawinels very swon become solid or nearly
g0 by the aceumulation of cells in their interior.  Solid con-
eretions of calearcons mnttor, the so-ealled brain-sand (acer-
vilus cerebri) are found in the tollicles in the adult. By
these altevations the pineal body off birds and  mammals
acquires a glroeture rescmbling that of o glandular orgun,
Since it is only the end of the divertienhum that becomes
thus altered, the remaining part constitutes the relatively
glender stalk of the pincal Lody, the stalk being solid at
maturity exeept al it poant of attachment to the inter-birain,
where a portion of the eavity persizt= as the pineal recess of
the third ventricle,

The pineal body of man and the higher vertebrates is there-
fore a rudimentary structure and is the representative of an
organ that is much more highly developed in some of the
lower members of the same sevies.  Its true significance is
fli“ a matter of conjecture.  Althoueh resembling the eye in
I8 structure, and although regarded by zome on that aceount
as primitively an organ of vision, it is considered probable by
others that in its most highly developed condition it is an
orgun of heat pereeption,

The floor of the inter-brin vesicle presentsseveral interesting
“‘f-'fﬂmﬂl'plmﬁeu. The anterior part of the floor remains guite
thin and becomes the lamina cinerea of the mature brain (Fig.
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128).  Immediately posterior to this region, the floor of the
vesicle pouches out, this evagination developing into a slender
tube, the infundibulum. Behind the point of origin of the
infundibulum a seccond protuberance indieates the beginning
of the tuber cinereum. DBy subzequent alterations, the tuber
cinercnm enlarging in cirenmierence so as to include the
point of origin of the infundibulum, the base of attachment
of the infundibulum eomes to be the center of the tuber
cinerenm, so that the cuviiy of the former is a continuation of
the cavity of the Intter. The cnd of the infundibulum
becomes the posterlor st ol i+ pituitary body or hype-
physis (IMigs. 128 amd 5595, Vecerior to the tuber cine-
reum a small evagineiion of the floor of the vesicle
appears and becomes dividod in (Lo carly part of the fourth
month into two lateral Liises be o median furrow.  The
two little bodies thus o] heese, after further develop-
ment, the corpora albicantiz,

The hypophysis or pituitary body briefly referred to above
requires more extended consideration becanse of its mor-
phologieal importance.  The posterior lobe of this body is the
enlarged end of the infumdibulum, which is an evagination of
the floor of the inter-brain.  The eells in the lower end of
the infundibulum specialize  into nerve-cells, and nerve-
fibers also develop,  In some lower vertebrates these ele-
ments are retained throughout life, but in man and the
higher-type animals the distinetively nervous character of
the tissues is soon lost, and the eavity of this part of the
infundibulum suffers obliterntion.  The branched pigment-
cells sometimes recognizable in the posterior lobe of the
human pituitary body are the only remnant of the early
nerve-cells,

The anterior lobe of the hypophysis is essentially different
in urigiﬂ as well as in structure from the [msh-riur lobe. It
is produced by an evagination from the posterior wall of the
primitive pharynx, but from that region of the pharynx which
i< anterior to the pharyvngeal membrane and which therefore
helongs to the primitive mouth-cavity (Fig. 55, p. 119), The
out-pocketing of the pharyngeal wall begins in the fourth
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week, shortly after the rupture of the pharyngeal membrune,
The little pouch is the pocket of Rathke. The pouch grows
upward and backward toward the floor of the inter-brain and
meetz the end of the infundibulum.  As the pharyogeal
diverticulum lengthens, itz stalk becomes a sglender duet,
which for some time retains itz connection with the pharynx,
As the membranous buse of the skull hecomes eartilaginous,
the duet begins to atrophy, and finally entirely disappears,
[ selachians, however, it is retained permanently, establish-
ing thusa connection betwean (e by iepbves and the pharyn-

geal cavity.  With the di—appesmnes oF he daet the enloarged
extremity of the diverticubiis hecoraos o elosed vesicle lying
now within the cavity of i Lrneco, n contaet with the
end of the infundibulun., = the <021 of the vesiele nu-

merous little tubuliur projecicons geaw ot duto the enveloping
mesodermic tissue, and thew by deisoasent from the parent
vesiele, become closed tubes o follich-«. The entire structure
becomes converted in this muaaner indo o mass of elosed fol-
lieles held together by conneetive tissue, after which event
this mass acquires intimate union with the infundibular lobe,

Thus the pituitary body consists of two genetically distinet
parts, the anterior lobe being derived from the eetoderm of
the primitive pharvageal or bnceal cavity, and the posterior
lobe fram the ectoderm of the central nervous avstem, The
posterior lobe, developing ns it does as an evagination from
the floor of the inter-liain, is to be regarded as a small out-
i}'illj‘_r lobe of the bmin,

What remains of the cavity of the inter-brain, afier its
walls have thus developed into the several stenctures de-
seribed, is the third ventricle of the adalt hrain, and the
aperture of communieation with the secondary fore-brain
vesicles becomes the foramen of Monro. Since the lateral
walls become the massive optic thalami, while the dorsal and
ventral Wﬂﬁ“ﬂ give rise to mueh thinner structures, the cavity
1‘:r'i' the vesicle iz encroached upon to n greater extent on the
:‘;::: :{:lr:: ::;:1 .nhm'u and helow, ur_u] ]Il.*.llt?{_* the rl:'lﬂll of the

: > in the mature condition is that of a narrow
vertieal fissure between the thalami.
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The Metamorphosis of the Fore-brain Vesicle.—
The secondary fore-brain vesicle gives rise to the prosen-
cephalon, which ineludes the cerebral hemizpheres and the
gtructures belonging diveetly o them.  As above indicated,
this vesicle grows from the anterior wall of the primary fore-
brain vesicle as a diverticulum which is ut first single, bt
which soon becomes divided into two Jateral halves by the
formution of a cleft in the median plane (Fig, 131, 76). This
eleft or interpallial fissure is the early representative ol the
longitodinal fissure of the adult serehivnm,  The two vesicles
remiain attached at their bases or <ialls with the parent vesicle
and communicate by o commo ovifieo with its cavity,  The
vesicles of the sccondary fore-braie grow in an upward and
backward direetion as well as fremily, and theie develop-
ment is =0 much more rapid thou that of the other vesicles
that they soon spread over thern ad partially hide them
from view. Tt is fur thiz reason that the mass resulting
from the fore-brain vesicles, except their basal ganglin, is
known in comparative anatomy a= the pallinm or mantla
(Fig. 128).

The relative rate of ;;mu'l_h of 1l voercheal |:1‘I|'|i~|-'ilt!rt-ﬁ is
such that in the thind month they |'+1|u|r11-1|*1}' overlie the
inter-brain and by the sixth month they have extended so
far back a- to hide the COTIOTIL quatdrigemin.

The mesodermic tissue surrounding the :h-\‘t'h']ﬁ";{ Lirain
beeomes differentinted into the three brain-membranes, which
peacteate into the fissure and (herelore inves=t the vesicles
on their mesinl surfaees ag well as clsewhere,  The invag-
:'l'lmlillg l:l}'t:l‘s of the dura mater constitute the |H‘i[!li!i"l"ﬁ‘
falx cerebri,

The metamorphosis of this pair of saes into the cerehral
hemispheres is brought albout by three important proeesses:
first, the multiplieation of the cells which compose Its watlls
to furm the masses of nerve-cells and fibers of the hemi-
sphures ; second, the formation of folds in the wall wherehy
are produeed the fissures which divide the hemispheres into
lobes and convolutions ; and third, the development of adhe-
sions within certain areas between the mesial walls of the
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two vesicles, by which the system of commissures of the
hemispheres is produced,

The walls of the cerebral vesicles are at first very thin,
vonsisting merely of several lavers of spindle-shaped eells,
By the ni]}itl multiplication of these cells, the walls are thick-
enel and the cavity of the vesiele 1= gradually eneroached
npon until the mature condition of the brain is attained,
when the cavity is relatively very mmoch smnller than in the
fetus and constitutes the ventriele of the hemisphere vr the
lateral ventricle. T'he nerve-cells develop processes or polar
prolongations, of which the wost conspicuons, the axis-cylin.
der processes, lenpthen out to form the axis eylinders of
nerve-fibers,  The fibers thus formed are direeted away fromn
the surtaee and make up the white medallary matter of the
hemispheres, while the more superficiaily placed lavers of
cells comstitute the gray matter of the cortex of the brain.

In addition to the cortical or snperficial sray matter there
are masses ol geay matter within the hemisphere, the basal
ganglia, which are likewise colleetions of nerve-eells.  Within
a limited aven on the Tateral wall of each eerebral vesicle,
near the lower margin, the cells undergo excessive prolifers-
tion resulting in the production of o larce ganglionie mass,
the corpus striatum, and of two smaller nregtions= of cells,
the claustrum and the nucleus amygdale,  These Lusul ganglin
are in reality an infolded part of the cortex.

Inasomeh ns the cortieal mutter develops more rapidly, as
regards superficial extent, than does the mednllary =ubstance,
the eortex heeomes thrown into Tolds, forming thus the con-
volutions and fissures of tle hemispheres.

Same of the fissures of the brain are produced by an in-
!"']'ﬁ"ﬂ of the entire thickness of the vesicle-wall 20 that
their presence is indieated by ecorresponding projections in
e walls of the ventrieles,  Suel fissnves are distinguished
a5 total flasures.  [acluded in this category are the fissure
of Bylvius, which is represented in the wall of the lateral
ventricle by the corpus striatum ; the ealearine fissure, the
dentate fissure, sl the collateral fissure. which are rezponsible

respectively for the calear avis, the hippocampus major, and
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the evllateral eminence of the lateral ventricle ; and the great
transverse fissure of the brain, the infolded wall in this case
being very thin and consisting merely of the layer of epi-
thelium which covers the choroid plexus,

The fissnre of Sylvius is the earlicst fizsure formed and one

of the most important. At an early period in the history

of the secondary fore-birain, there is a region in the lower
part of the lateral wall of the vesicle where expansion is
less rapitd than clzewhere, this area, as it were, remaining
fixed. As the vesicle-wall immediately surrounding this

FIo. 1%.—~Tosterlor view of braln shown in Fig 1360 A, aetual slge; I, en-
Targed ; Mb, mid-brain ; G eerctmllum ; KF, rhombobial foesa (6= dorsal wall having

boen renoved); M, medulla oblowgat,

&pol continues to expand, a dimpling of the wall is pl'millﬂ‘il:
the depression being designated the fossa of Sylvius (17ig. 136,
S). The part of the vesicle-wall behind the fossa ndvances
forward and dewnward to form the future temporal lobe, and
ﬂliﬂ: the fossa comes to be gurronnded by a convolution
]‘t:.l‘-'ll'.ig the form of an incomplete ring, open in front—the
ming lobe. The floor of the fossa undergoes very consider-
“h]'.': thickening to form the basal ganglia—that is, the corpus
striatum, the amygdaloid nuelens, and the claustrum. These
Btructares, most conspicuously the corpus striatnm, encroach
upon the cavity of the vesicle, the nuclens eaudatus of the

j

-Ifl-

o
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corpus striatum bulging into the floor and onter wall of the
adult lateral ventricle.

Fi6. 126, —Braln of huinan Gtte of apgeresbomlely three monthes . A, enlarged
B, netual slee: M, Bemdsphese, 300, wibilbiatn: © cercbellnm: M. mebalbin ob-
longate ; &, fmsm of Syplvins

The cortical matter of the floor of the fossa of Sylvius,
being ciccumseribed by o groove or suleus, constitutes the

Atde,

M-

&

Fre. 155 == Tiruin of hovirats fiotiis of $lipee wingiths, witd reght bl of fore Lraln,
Inter-broin, nnd mbd-brain romored: Jh, covity of inter-beaing M, slte of hyp
wh".“.: J”""u ﬂll*l‘lltllll ronl: ,1'.”-‘_ tanfad-barsns o Aty o 0 e Vi llogana o M, nooaduallae

|ﬁl|1.|'|p‘4|.||_
central lobe or island of Reil, which is subscquently broken

up, by secondary fissures, into from five to soven small con-
volutions,
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By the extension of the fossa of Sylvius backward, and by
the increased growth of the vesiele-wall above and below it,
the fossa is converted into the fissure of Sylvias (Fig. 140, B),
anidd the sland of Reil is hidden from view. Subsequently
the ascending and anterior limbs are added to the chief op
horizontal part ol the fissure,

The anterior part of the ring lobe corresponds with the
future frontal lobe, the posterior purt represents the parietal
lebe while the lower part of ¢he ring becomes the temporal
lobe. A backward extension of the ring lobe pruiluces the
occipital lobe.

The eavity of the vesicls i+ oodified 10 {orm and extent co-

incidentally with 7 Sranton of the corpus steistom and
the alterntions in it ins b Just as the ring lobe par-
!iu"}' encirelos the v coclvins, so does the t-;t\'itj' of
the ventriele puvosils enciceor the corpns striatum,  An
anterior prolongioo: o0 b avity extends into the com-

)

pleted frantal lohe a0 (he antovior cornu of the ventricle, and
an extension downwaerd and forward into the apex of the
temporal lobe constitutes the descending cornu, while the
posterior horn is graduxdly protruded into the occipital lobe as
the latter develops.  From the varlicst stage, therefore, until
the completed condition is attained, the cavity of the ventri-
cle conforms= in a gvlu-r:tl winy Lo the :-th:ll:r_- of the hfmi-
sphere.  The apertures of commuuication between the vesi-
cles of the ecerchrum and the eavity of the inter-hrain are the
later Y-shaped foramen commune anterius or thie foramen of
Monro.

The mesial surfaces of the hemispheres are much modificd
in character by the ilv‘rﬁiu;llnunl hovre of two total ﬁ:-‘-e-'lll‘l:fﬁ.
the arcuate fissure and the choroid fissure, These appear n
the fifth week while the vesielos ave #till separate from cach
other down to their stalke of attachment to the inter-brain,
prior to the development, therefore, of the corpus eallosum
and the fornix., The two fissures lie elose together, ]mmlhizl
with each other and with the margin of the ring lobe, their
course conforming io that of the eavity of the ventricle. Be-
ginning near the anterior extremity of the brain, above the
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level of the corpus striatum, they pass backward and then
downward and afterward forward to terminate near the an-
terior extremity of the temporal lobe, thus incompletely en-
circling the striate body.

The arcuate fissure is the more peripherally placed of the
two. Its anterior portion lies just above the region through-
out which adhesions subsequeuntly develop between the two
hemispheres, or in other words, above the position of the
future corpus callosin (IFie, 138, o)), This part of the arcu-

B

\}.‘;éﬁ\m:f

= g

Fro. 138 —=Mesinl sucfice o7 left foo "wvala vealels of bealn shown In Fig.132 (Fb):
SN, foramen of Monro, or crening inie fstee-brming af, srenate fasure: chf, eho-
rold fissure ; £ randbogen,’” correspstebling 1o future corpus eallosuin and Rrolx
wlf, olfactory Jobw,

ate fissure is the sulens of the corpus callosum of the mature
brain, The posterior segment, that which belongs to the
temporal lobe (not present at this stage), is the future hippe-
campal or dentate fissure. The hippocampal fissure is repre-
sented upon the mesial wall of the deseending horn of the
lateral ventriele by the prominence kuown as the hippocampus
major,

The choreid fissure or fissure of the choroid plexus, forming
an incomplete ring within, and parallel with, that described
by the arenate fissure, encireles the corpns  strintnm more
closely (Figs. 138, 139). Tt begins at the foramen of Monro,
and its amterior part lies under the position of the body of
the future fornix. It then gweeps around into the temporal
lobe and terminates nenr the anterior part of the latter. The
fir\nnro of the choroid plexus, like other total fissures, is an
nfolding of the wall of the cerebral vesicle. Tt presents the
pecaliarity, however, that the infolded part of the wall is
extremely thin, consisting of but a single layer of cpithelial
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Sas G r N - -

cells. . The pia mater, which everywhere closely invests tle
surface of the brain, is infolded with the vesicle-wall, the iy
- L - , 7
folded part beeoming very wvaseul

ar and constituting the
choreid plexus of the lateral ventricle, The choroid plexus,

althongh within the limits of the ventriele, 1= excluded
strietly speaking, from its cavity by the lu_\‘cr.n[' i-pithl,-liuu:
which =till covers it and which has been simply pushed before
it into that cavity.,  Since the epithelial layer is very thin
and eastly ruptured, the choroid fissure is =1|11-;u|'|.-t1£!}- an
peaisg into the cavity of the ventricle through which the

cin the adudi it is ealled the great transverse fissure

M s
of the Licain,

' eatecarine fissvre, another of the total fissures, develaps

i il ladter part of the third month as a branch of the
areunte deeure, ITE bulpes into the mesial wall of the poste-

]

vior hava of the ventricle, producing the elevation known as
the calear avis or hinpocampus minor. Since the IH}Stt-rinr
horn of the ventriele 1= ii-,\‘t'!up{ril as an extension of the eav-
ity into the backward prolongation of the ring lobe wiliioh
forms the m,‘.{tilril;li lobe, the ewlearine fissure III.H'I'.-;-'.'lrilJ' g
Iater in appearing than the fissures above deseribed,

The parieto-occipital fissure ix added in the fourth mantl
as a braneh of the calearine, cifeeting the definite demaress
tion hetween the l:;l.pir,-t;d anil m'r'illitul labes.

The fissure of Rolando develops in the latter part of the
fifth month in two paris. The two lrrows H.m at first
t;-l'!tih."_\- ﬁt*]'ﬁ:l]-;ﬂt‘d f,'lll‘ll f':h“li Uthi‘r ]“ an illll‘."ﬂ'f.‘llll‘l[.l!: area uf'
cortex.  Subsequently  this part of the cortex ,,,mk,-,'l,»._
sinee it expands loss rapidly
thiz= way the upper and
The sunken

neath the surface, as it were,
than the adjacent regions, and 1n
lower limbs of the fissure hecolne continnois,
cortical area is to be found even in the adult srain a5 a dee]
mbedded in the Rolandie fissure at “30 po-
The development of the fissure
n the frontal and parl-

annecliant gvrus e

sition of its superior genu.

of Rolando effects the division betwee

etal lobes, _

. i nonth as

The collateral fissure appuears in the ‘l?iil’ I].miqpherﬂ

. . . . : o .y = NCnnE

longitudinal infolding of the mesial wall of the

a
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below and parallel with the hippocampal fissure.  Being a
total fissure, its presence aflects the wall of the cavity of the
vesicle, producing the eminentia collateralis. At about the
same time the calloso-marginal fissure muakes its appearance,
and this is morphologically continuous, through the medium
of the post-limbic sulens, with the collateral fissure (Fig, 141).
These three tissures constitute the peripheral boundary of o
regrion of the mesial wall which is known in morphology
ns the faleiform or Limbic lobe.

The longitudinal fissure in the carly stage of the growth of
the cerchrum sepseates the two vesicles from each other ex-
cept at the place where they are attached to the inter-brain ;
here the two saes are uaited by that part of their common
anterior wall which is immediately in front of the apertures
of comnmunication with the inter-hrain and which is called
the lamina terminalis,

The development of adhesions between the mesial surfaces
of the hemisphere vesieles throughout eertuin delinite nreas
marks the beginning of the corpus callosum and the fornix.
The fusion of these areas begins in the third month in the
region (_‘nl'['[*_ﬂ."ﬁt:[]l'!"iilf’_’: to the anterior ;:i[l:u‘& of the fornix, the
septum Jucidum and the genu of the corpus eallosum ; in
the fifth and sixth month= adhesion oecurs in the position of
the body of' the tfornix and of the body and splenium of the
corpus callosum,

Althongh the central white medullary matter of the cere-
bral hemisphere is covered almost universally by the cortieal
gray matter, there is a limited area of the mesial surfuce from
which the gray matter is absent, leaving the white matter
exposed. The aren of uneovered white matter has the form
o a narrow baud, whicli begins at the base of the hemisphere,
i front of the opening into the inter-bruin, extends upward
along the antevior wall of the inter-brain, then passes back-
ward alone its roof and enrves downward and entward behind,
and then torward nnder it, to terminate at the front part of
the temporal lobe,  Thus this white band. which is known as
the flmbria, and whicl vepresents the lewer wesial edge of
the hemisphere, slmost encireles the inter-brain, The fimbria
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runs between the arcuate fissure and the fissure of the chorojd
plexus (Fig. 139, /). 1t holds such a cloze relation to the lat-

fﬂ;}' L L :‘r_.',’ _‘-__ o 4 __ F

ity

Fin, 133, —Menial surfors of left hemlepherse, bralo of fetus of three months
{enlargud): £, fornix; e, v glnning 7 corpus enllosumn ; esh., part of corpas sl
atun arching around foss of 2ylviug: of, anterlor, nod gfp., posterior parts of
arcuate fissare ; eh g, choreid Sesure, the soncavity between which and the enrjus
strintium accomnpdates the (oter-brain, @ hleh hos been removed. The fesure iy
vccupled by the pie wmater,

k]

ter fissure, being placed an iio peripheral side, that it consti-
tutes the edge of the apparent opening into the cavity of the
vesicle through which the pia wuter, bearing blood-vessels, is
reflected into the interior, and which, as pointed out above,
is the transverse Basure of the bruin.  The opening is only
apparent, however, sinee the wall is gtill unbroken, although
reduced to a single layer of epithelium.  The pia mater, form-
ing, with its blood-vessels, the choraid plexus of the laterl
ventricle, pushes the layer of epithelivm before it, and al-
thongh the plexus is said to be within the eavity of the ven-
tricle, it iz still covered by the laver of epithelinm, tle epen-
dyma, which lines that eavity.

The part of the fimbria that immediately overlies the roof
of the inter-brain becomes infimately united, as noted :|hu\'f.',
with the eorresponding part of the fimbria of the other hemi-
sphere, these fused portions of the two fimbrie i'm'mir':g a flat
triangular sheet, the body of the fornix. The anterior awil
posterior portions of the fimbria, which diverge from the
median plane, represent respectively the anterior and poste-
rior imbs of the fornix. ;

Noting the relation of the anterior part of the ﬁmll'.-rm to
the aperture of communication between the inter=brain nfld
the cerebral vesicles, it becomes apparent that the auterior
pillar of the fornix forms the anterior and upper boundary of
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the foramen of Monro, When, further, one considers the
relation of the imbria to the apparent opening into the ven-
tricle, throngh which the pia mater is invaginated (the trans-
verse fissure), it is explained why the edge of the fornix
appears as a narrow white band, not only as viewed from
within the ventriculur cavity, but also in a mesial section of

the bmain (Fig. 140, C).

I filda

Fui. HWo—Fetal brabn ot the beginntng of the eighth mouth (Mihelkovies) :
A superdor, B, lateral, 8 meslad surfice s &, flasure of Nolando; pre, procentral
fisure ; &y, Sylvian fiesire - infp, interparivtal faduze ; pos, puiricto-secipital fissure:

I:'u" parallel Mssure ; eaftm, callisoanarginn] fesure: woe, uncus: cale, ecalearino
LT

Another mnportant region of fusion of the opposed mesial
surfaces of the hemispheres is that corresponding 1o the
future corpus callosum. Thronghout this area the hemispheres
closely nmite with each other. The line of fusion biegins
at the bases of the vesicles, some little distance in front
of the anterior parts of the imbrie (1%5g, 134, ), and after
Passing upward and forward, curves horvizontally backward
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in close relation with the fused portions of the fimbrire, now
the body of the fornix,  The adhesion begins at the anterior
part in the third month, and aifeets the region of the body
and splenium of the futuve corpus eallosum in the fifth and
sixth monihs,  Fibers penetrate from one hemisphere to the
other throughout thi= zone of contaet, intimately uniting the
cerebral hemisphicres, The corpus callosum is therefore a
great commissure between the two halves of the ('t‘:l'{*fmlm,
and s necesarily composed of ibers having a transverse
direetion.

While the b port o (Lo corpus callosum lies over the
body of the S el b2 elaze contact with 3t the front
part of the hodv 7 e eorpas collusum, as also its genu or
curve and its voor oo e nding part are at seme distance
from the front oo <0 the g cheise, Taother words, while the
great Jongitudingt Geuee oviends at first 1o the bases of the
cerebral vesicles, this fissure = made 1'1.-I:l'ti1'v]_v less dﬁlp h}'

the adhiesions which ceenr hetween the mesial walls and which
result in the development of the corpns eallosum 5 and the
space below the anterior part of the corpus eallosnm, between
it and the anterior partz of the fimbrice (Fig, 140, C), isan
isalited parl of the great longitudinal fisswre,  This space is
bounded on either zide by that paet of the wall of the corres-
[M)IllHll}: cerehrl vestele or h:-::|I-}nf1:=r:~ whiech is limited above
amd in front by the corpus eollu<um, and hehind by the ante-
rior part of the fibria or anterior limb of the fornix.  The
space is the so-called fifth ventricle of the adult brain,  The
circumeseribed paris of the mesial walls of the hemispheres,
which form the lateral wills of the space, together constitute
the septum lueidum.  The part< of the hemisphere walls that
become the septum lueidum do not participate in the process
of fusion mentioned above,  Their surfiees arve in contact,
however, and da not ']*""0]”“ the ty l-.i.-;:} LY cortteal matter,
=il ns appears elzewhere Hpon the <urtace of the t'r*l'r_‘:hrlm.'l.
Cortical gray matter iz produced here, hut only in rucli-
mentary  form.

From what has been said, it will be scen that the two
layers of the septum lucidum ure cireuniseribed and ul;.]mzmd

o jﬂ:—‘
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parts of the mesial walls of the hemispheres; that the fifth
ventricle is not a true ventricle but an isolated part of the
longitudinal fissure having no connection whatever with the
evstem of ventrienlar eavities ; and that this so-called ventri-
cle is not, like the true ventricles of the brain, lined with
ependyma, but with atrophic gray cortieal matter.

The limbic lobe has leen rveferred to as that part of the
mesial surlace of the hemisphere which is circumseribed by
the ealloso-marginal fiszuve, the post-limbie suleus, and the
collateral fissure. It is fimited centrally by the fissure of the

corpus callosum and i higeoeewmpal fissure, which are
represented in the fui: buwwin oo the single uninterrupted
arcuate fissure, IHenoo oo bovie lobe would include the
gyrus fornicatus, the 1s0 s, o000 < he gyrus uneinatus, which
constitnte morpholog' v o - e ring-like convolution.
Schwalbe, however, T sfiw wion tnds so-called limbie lobe

all the surface of the i ol worel 0F the hemisphere ineluded
between the areuate f--ore ans the fissure of the choroid

plexus (Fig. 138), desigiiting it ihe falciform lobe (Fig, 141),

.-"cr.n}u

.._~.--,!-‘.‘i:'l.|,a.: .",“u“
I e e
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Fri. ML —1Hagram of the Hmbie lobe (after Cluain.

Th:: faleiform lobe therefore consists of two ring-like convo-
lutions, one within the other, the two being separated from
each other by the areuate fissure (the adult callusdd and den-
tate fissures) and being limited eentrally by the fissure of the

choroid plexns (the great trnsverse fissure of the adult
10
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brain). While the outer of these concentrie convolutions—
the limbie lobe of Broca—develops into the fornicate or eal-
losal, the isthmian, and the uncinate gvri, the jnner ring
differentiates but slightly, its cortical matter remaining
atrophic.  The atrophie condition of the cortex here is asso-
cinted with those adhesions between the mesial walls of the
hemispheres that result in the formation of the corpus eal-
losum and the septom locidam. I3y these adhesions the
continuity of the inger concenteie convolution is broken, and
it is therefore represeacnd, afier the development of the corpus
callosum, by the ateoniie pray matrer of the septom lueidum,
by the gyrus dentistue, od b e luternl longitndinal striee
on the free surface of “te corpes Callosum, the latter being an
atrophic or rodimentess convention,  Sinee the transverse
fissure of the brain is il conivie bonndary of the ring, the
fornix is al<o o part of the faicitorm lobe, To sum up, the
falelform lobe includes the pvrus fornieatns, the isthmng, the
gyrus uncinatuz, the kieral longitudinal strie or temn tecie
of the carpus eallosum, the gyvrus dentatus, the lunine of the
septnm Ineidum and the fornix.

The olfactory lobe or rhinencephalon i< an oulgrowth from
the vesiele of the eorebiral hemisphere,  Tts development bee-
gins in the fifth week by the pouching-ont of’ the wall of the
vesiele near the anterior part of its oor (Figs, 131 and 134).
This diverticulum, which contains a eavity continuous with
that of the vesiele, grows forward and scon hecomes some-
what club-shaped. o the selachinns (sharks and doge-tish)
the projection attaing a great relative size, the olfuctory Jole
in these animals In-ingr one of the most conspicuons urts of
the brain.  Tn all neonmals except man it is well developd,
and in the horse its cavity persizt= throughout Jife. In man
the cavity soon beeomes obliterated and the Jobe iteelf i
part aborts.  The protruded  portion, bheeaming more tlis-
tinetly elub-<haped, diflerentintes into the olfactory bulb andd
the olfactory tract, the position of the original eavity heing
indicated by a more or less central mass of neuroglia cun-
SPIeOUs in cross-scetions of those struetures,  The I*I'"ﬂ"“'l
portion of the olfactory lobe is represented in the adult
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human brain by the gray matter of the iil‘:l.lcrin:l' perforated
lamina (or space), and by the trigonum olfuctorium and the
area of Broca, as well as by the inner and outer mqf:d; of the
olfactory tract (note olfactory lobe of dog’s brain, Fig. 142).

Fic, li2—Nase of dog's Lradn ol olfictory Tobee | agea,, reglon carreaponding to
anterlor perforated space, whilch 8 bnchadod In the olfuctory lobe ; L5, lsrure of
Brlvius: gk, Lippocampal pyras, developed tooa greater Jdogrce thon bn hunian
Lrain; #, scetionnl susfiee of olfetory labe; or, alfactary sulcns,

Because of the relation of the place of evagination of the
ulfuutur_w.' lobe to the foussa of H}‘h‘iu.-'. it huppuu:-; that a part
of this lobe, the anterior perforated lamina, is situated at the
commencement of the fisure of Svlvins and thar it i= in con-
tinnity with both extromities of the ring lobe: henece, the
“lﬁmlﬂl‘}' lobe is connected with hoth extremities of the falei-
form lobe, T expres= it in the language of human anatomy,
the outer or lateral root of the olfactory fract i3 connected
with the gyrus uncinatus, while the inner or mesial root may
be traced to the fore part of the gyrus fornicatus.

.Al'tur what has Deen said, the reader need searcely be re-
minded that the olfactory bulb and tract, often erroncously
referred to s the olfactory nerve, are parts of a lobe of the
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brain, a lobe which in man is rudimentary but which in all
other mammals is well developed,

Tabulated Réswmé of the Derivatives of the Brain-vesicles,
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THE DEVELOPMENT OF THE PERIPHERAL NERYOUS
SYSTEM.

The development of the peripheml nervons system is still
involved in soma degree of obseurity. In general terms it
may be stated that the peripheral nervons apparatus is de-
rived as an extension of the centml cerebro-spinal axis.

In the case of the gpinal nerves, cach nerve-trunk is mql-
posed of both motor and sensory fihers, the former heing in
continuity with the spinal cord through the medium of 'I.hﬂ
anterior or motor roots, and the latter through the posterior
or gensory roots, each sensory rool possessing u ,f.';:l".‘.,']lffﬂ-
The eranial nerves exhibit a less regular composition.  While
the trigeminal nerve, for example, arises by two roots, after
the manner of a spinal nerve, some others eorrespond in rela-
tive position and in mode of development to the vcllﬂ'“! or
motor roots of the spinal nerves, and still others are equiva-
lent to the sensory spinal roots.
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The development of the sensory nerve-fibers is dependent
upon and is preecided by that of the ganglia of the posterior
mots of the spinal nerves, and of several panglia of the head
region which are related to the development of certain of the
cranial merves. Ienee the consideration of the genesis of

Fig, Lif—d, crosasectilon throngh oo vinbeyo of Pristioras (nfter Pably, The
primitive segaments are S0 comper s with the remnbolng prtlon of the gl
germ-layer, AU the reglon of trnsition there fo Qo e scen an ontfolding o) from
which the skelotogonetas Uasite 08 dove Bogecdd ol chianla s s, spial gangbon; my,
muiscle-plate of the peinaitive segment . oo, sobebiordal el oo, wertag 8 inner
germe-layer: pomis, quaric Lal, peah, viccernl milille fnyer,  J5 erosscection (hreeeh o
Hzard embryo afor SBngemebil @ e cpdnsl eard, apg, lower thivkened part of the
feural eldge ; apg's Hs et attenaated pact, whilel ts eontinues with the oo of
the neural pules potea, prlnc i) v st

the ganglia must precede the account of the growth of the
sensory nerve-fibers.

The origin of the ganglia is conueccted with the early
]ﬁ.-tlnry of the evalution of the neural tube.  Just after the
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sides of the medullary plate (vide p. 235) have united with
each other to form the neural tube, there appear two ridges
of cells between the tube and the epidermis, one on each sida
of the raphe or line of union of the sides of the tube. Tlese
ridges are the neural erests (IMig. 143). They first appear in
the region of the hind-brain and advance from this point
botlh headward and tailward. The ganglia develop from
these nenral erests. The cells of the nenral erest are usually
_t“.!'.*surih—-;w?. as growing out from the neural tube, though ac-
cording t» His it is probable that they vriginate singly from
the ectodernn.

The muss ol cells comnosing the nearal erest grows out-
ward and then ventrad <long the wall of the neural tube, and
very soon wulergoes soomentation into a number of cell-
masses which are the sochimentary ganglia,  In the spinal
region the sumber of wuments corresponds to the nom-
ber of future spinal werves,  In the bead region there are
four segments,  These faiter, the cephalic ganglia, will be
referred to subsequentiy,

The segmentation of the neural crest corresponds in the
main with the segmentation of the pamxial plate of the
mesoderm, whereby the myotomes are produced, and each
segment lies upon the inner side of a myotome. The con-
nection of the segments with the neural tube becomes re-
duced in each case to a slender strand, the point of continuity
of which with the tube is shifted farther away from t.hu
median line, as development progresses, to correspond with
the dorsolateral position ol the sepsory nerve-roots in the
mature condition,

The cells of the ganglia acquire axis-cylinder processes,
each such process, upon further clongation, l_mcuml'ﬂg thf'
axis cylinder of a future nerve-fiber. The cells being .hl*
polar, each one gives origin to two nerve-fibers, oue passing
e to the periphery of the
glia.are made
f the sen-
as having
or, if the

to the spinal cord and one goi
body as a sensory nerve-fiber. Thus the gan
up of cells which are interpolated in the courseo
sory nerve-fibers, aud these cells may be rﬂf.;ﬂl‘dt:d
migrated from the developing cerebrospinal axis,

B o N |'|.."I.‘_....:l.. Lr..ll;‘..-.l::lll ‘\.
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view of His be accepted, from the region of the ectoderm
from which the tube originates, their conuection with the
axis being maintained hy the gradually lengthening out axis-
eylinder process,

The development of the motor nerve-fibers differs from
that of the sensory.  These fibers, or at least, the axis eylin-
ders of the fibers, are the elongated neurits of nerve-cells of
the spinal cord and brain.  The neuroblasts of the thickened
neural tube, as they become fully differentinted nerve-cells,
migrate from their ceviral position into the mantel layer, or
superficial steatum (M 2245 On the distal gide of the nu-
clens of the ecll, the peotonicamn first becomes massed and
then lengthens out to S wa seis—cylinder process or neurit,
which in all vertebrase cuine. srows out rom the cerebro-
spinal axis to form s v otor norve-diber,

Although, in the e o i spinal nerves, the motor and
gensory fibers are scvated Ooon each other at their origin
from the cord, they o intesningle to counstitute a spinal
nerve-trunk, In certain lewes ivpes, as eyclostomes and
amphioxus, the motor and the sensory fibers permanently
pursue separate rontes (o theie peripheral distribution,

The envelopes of the nerve-fiber are nequired at a rela-
tively late period,  The appearance of the neurilemma pre-
cedes that of the white substance of Schwann. Both these
investments are derived from the mesodern,  The cells of
the Intter apply themsclves to the nerve and, penetrating
between the fibers, hecome nreanged as an enveloping laver
hpon each axis eylinder, ultimately forming a complete
sheath, the neurilemma.  'hye persistent nuelei of these cells,
seantily surrounded with protoplasm, constitute the nerve-
corpuscles of the neurilewnma.  The medulla, or white sub-
stance of Schwann, is formed at a considerably later period
Wlli.lin the neurilemma.  The deposit of the medullary sheath
Yunes as to time for different groups of” fibers—althongh the
time 15 constant for cach group—and proceeds always in a
direction away from the eell from which the fiber originates,
or, t]im!'r-cntl}* expresscd, in the direction in which the fiber
conveys impulses.  Thus, in the spinal cord, gronps of afferent
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fibers may be distinguished from those that are efferent by
observing the direction in which the medullary sheath devel-
ops—that is, whether the sheath appears first at the upper end
of the fiber or at the lower end,

The cranial nerve-fibers in their development follow in the
main the same general principles that govern the growth of
the spinal nerves. That is to say, the motor fibers grow out
as extensions of the axis-evlinder processes of nerve-cells of
the cephalic pasi off the newral tube and the sensory fibers
proceed from the colls of anlying ganglia, or in the case of
at least one werso, die olfactory, from intolded and highly
specialized celly ! the eetoderm,

The ecephalic wxneiia, tons in number, have been referrial
to as resulting foan the sezmentation of the head-region of
the neural cvest. A~ proviously stated, the veural erest
beging to grow frst in the vegion of the hind-brain awl
extends from this peant both forward and baekwand, oceupy-
ing a position upon the roof” or dorsal wadl of the ili:lll-hﬂfill-
The part of the nenral evest belonging to the head-region
then divides into the four nuis<ez or head-ganglia which are
designated respeetively the first or trigeminal, the sccond or
acusticofacial, the third or glossopharyngeal, il the fourth
or vagal, gmnglia. .

The t.riigeniinal ganglion, whiclh i= very large, becomes di-
vided into a smaller anterior portion, the ophthalmie or r:ili‘ar!"
ganglion, and a larger posterior segment, the t,rjgemi?'tl'l
ganglion proper. These two become widely :_-I.'I‘I:IP‘:I.H"FI during
the progress of development, =ince they constituie ""_"!“‘“
tively the later ciliary and Gasserian ganglia, the "'I’."r-'"
ganglion belonging to the aphthalmie division of ﬂm.hﬁh
nerve, while the trigeminal belongs ta the :ill|u'riu1'. m;lxl"flr:'-“
division and the .-t’.-.ll.-'-nl':.' part ui’ the inferior maxillary divi-
ston of the fifth.  Their nerve-cells rive ri=e to the :-:a-u:!qlr}:
fibers of these trunks in the same manoer that the l""":ut
the spinal ganglin prodioce the sensory fibers of the *']'"'_ﬂ‘i
uerves. By some observers, the sphenopalatine q',‘h[ekaulf-}
ganglion amd the otie, aml pos=ibly the sulpnaxillary g:i!lfi.']mr
are to be regarded as ofishoots from the Gasserian ganglion.
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The acusticofacial ganglion, after its migration from its
original position on the dorsum of the hind-bruin, lies just
in front of the otic vesicle,  This gavglion subsequently
divides into the facial and the aconstie ganglin, The facial
ganglion, the geniculate ganglion or intomescentia ganglio-
formis of the [acial nerve, situated in the fucial canal of
the temporal bone, although deseribed as a ganglion upon
a motor nerve, the facial, is, in reality, conneeted mainly
with the pars intermedia, o bundle of sensory tibers issuing
from the nueclens of arigin of the glossopharyngeal nerve,
It is equivalent therefore to a spinal ganglion,

The acoustic portion of® the acu=ticofacial gnoglion divides
still further to beeame the ganglhion on the vestibular part of
the anditory neeve, and the ganglion apirale of the cochlear
division of the anditory, which latter is sitnated in the spiral
canal of the madiolus, Tt is considered probable that the
lateral accessory auditory nucleus, which i2 counceted with
the cochlear fibers of the anditory nerve and lies on the outer
side of the restiform body, is also a part of the acoustic
ganglion.  From the cclls of the vestibular ganglion, which
is situated i the internal meatus, centrifugal fibers develop
to furm the vestibular nerve, while other centripetally growing
fibers become the ventrul or mesial (vestibular) root of the
auditory nerve. Il cochlear ganglion in the same way gives
rise to the cochlenr braneh of the nerve and to its dorsal or
lateral root.  Thus the anditory nerve and its ganglin corre-
spomd respeetively to the sensory root of nspinal nerve and
to a <pinal gnglion,

The third cephalic ganglion hecomes the panglion of the
!-.’I'“-"?'-ﬂ;ﬁl:tr:q]g..;.} nerve, undergoing sermentation to fopm
the upper or jugnlur amd the lower or petrons wmnglin of this
nerve, while the axis-eylinder processes of its cells lengthen
om to beeome the sensory fibers,

The fourth cephalic ganglion similarly  becomes the two
ganglin of the proemmogastric nerve and grives rise to its
gensory filyors,

While the motor fibers of the crunial nerves develop by
the outgrowth of the axiz-eylinder processes of the motor
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nerve-cells of the brain, and thus correspond in manner of
development with the spinal motor fibers, there is a modificas
tion as to their point of cmergence from the central axis,
Tostead of issuing in line with the spinal motor roots, there
are two sets of ecranial motor roots, the ventral and the
lateral. Both arise from the cells of the ventral zone of the
nearal tube and thus correspond in point of origin with the
spinal mater fibers; but the cells from which proceed the
fibers of the venteal roots ave situated in the ventral part of
this zone, whemus the parent eells of the lateral roots lie
near its dorsal elge, elose o the deep connections of the
sensory libers. L happens therefore that the laterul roots
emerge in c¢luse proximity to the dorsal or zensory bundles,
the two apparentiy constituting one nerve-trnnk. The motor
fibers of the fifth, seventh, ninth, and tenth nerves have this
Iateral position, and are so closely identified with the sensory
fibers that the two sets form one trunk in ench ease,

The ventral motor mnerve-reots cmerge in line with the
ventral or motor rootsof the spinal nerves. The only eranial
nerves which represent persistent ventral motor roots are the
abducens and the hypoglossal.

A still further modificalion in the cranind nerves i presented
by their relotion to the seqmentation of the head. As pointed
out above, the segmentation of the spinal part of the neural
crest is in correspondence with the segmentation of the trunk,
and each spinal nerve therefore may be regarded as helonging
to a parficular segment of the trunk. In the case of the em-
nial nerves, however, thiere is no such regular correspondence,
since in some instances, several nerves are referred to one
head-segment, while in others, one nerve belongs to seveml
segments.  An example of the lJatter iz furnished by the
hypoglossal, which arises from the side of the medulla by »
series of bundles of fibers which are referable to several
gegments.

As will be seen later, in the account of the development
of the nose and of the eve, the olfuctory and optic nerves

exhibit certain pecnliarities which set them apart from the
other craninl nerves.
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From what has been said, it will be apparent that the
craninl nerves develop in a fur less regolar manner than the
spinal nerves, and that consequently their trunks consist in
some cases of only sensory libers, in other enses of only
motor fibers, and in still others, of both varieties, Ty pically,
each emnial nerve wounld have a dorsul =enzory root with a
glllig“mh and two motor roats, one lateral and the other ven-
tral.  But by the suppression of one or two of these typical
rootz there will be produced a nerve, for example, vepresent-
ing only the ventral root, as the sinth and twellth nerves, or
n trunk containing sensory and Lateral motor fibers, as the
VIS, OF 4 nerve consiating =olelv of zensory fibers, us the
auditory.

By way of recapitulation the eesnial nerves may be briefly
considered seriatim ;

First Pairc—"The olfictory perve-filaments  grow ecentri-
petally from the olfuctory epitheliom of the nasal mucous
membranc.

Second Pair.—"The optic nerve is not a true nerve (see
Chapter XV L),

Thivd Pair.—The oenlomotor nevve represents a persistent
lateml motor root of the first head-segment (the ophthalmie
divizion of the ifth nerve being the <ensory root of the sume
segmient),

Fourth Pair.—The trochlear werve represents a lateral
motor root and belongs to the seeond head-sepment.

Fifth Paiv.—The trifacial or trigeminal nerve, containing
sensory and motor libers, vepresents o persistent lateral motor
root and ador=al soncory root,  The ophthalmie portion of
the sensory roat belongs to the first head-segment, while all
the renatining fibers, with the finrth nerve, are assiened to
the second seoment, i

Sixth Pair.—The abducens develops as a ventmal motor
root and belongs 1o the third s possibly to the tourth
segEments,

f'i-.ve.mh tnd Fighth Pajrs.—T'he aensticotacialis nerve, or
the facial and unditory nerves, develup as a single nerve with

L s " - &
H‘{.n'l l"";'ﬁl!’lu 'I II'I,‘ il'l.l‘ll]lul‘j’ NEPy G iu“] th“ Ft_‘nmry ﬁl,urﬁ Br
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the facial—that is, the pars intermedia—correspond to a dor-
sal sensory root, the division of the acusticofucial ganglion into
the several ganglia of the auditory nerve and the geniculate
ganglion of the facial aceounting for the division of the root
into the auditory trunk and the pars intermedia.  (The sen-
sory fibers of the facial pass oft’ through the chorda tympani
to go to the tongue ax special-sense fibers.) The motor fibers
of the fuciul develop as s lateral motor root, origivating
from eells in the venirai zone.  These two nerves, with the
sixth, belong to the Giipd and possibly to the fourth head-
SegIMents.

Ninth Pair.—The ¢ sophasyneeal nerve, made up largely
of sensory fibers, repre- s a dorsal senzory root and a lateral
motor root, the fibers o which latter grow out from cells in
the dorsal part of ihe ventmad zone of His, the later nuclens
ambiguns. It belongs to the fifth head-segment.

Tenth Pair.—The vaens develops in the same mauner as
the glossopharyngeal.

Eleventh Pair.—The spinal acceessory represents in part
motor spinal roots and in part probably the lateral motor and
dorsal sensory roots of the eranial nerves.

Twelfth Pair—The hypoglossal develops as the ventrl
motor roots of several segments, being identical in mode of
ovigin with the anterior roots of the spinal nerves. This
norve and the vagns hc]nug to the hr_»:lfiu.kd,‘g:ll‘lﬂlllu from the
sixth to the tenth inclusive,

THE DEVELOPMENT OF THE SYMPATHETIC SYSTEM.

There are two views as to the orvigin of the sympathetio
gystem. One theory, based upon the investigations of Pater-
son, is that the gangliated cord of the sympathetic is differ-
entinted from mesodermic cells, the cell-cord thus formed
““‘lﬂirilll-';, secondurily, connections with the spinal nerves,
and presenting still later the enlurgements which constitute
the ganglia,

The more gmmr-.ﬂl}' :lﬂtuptcd view, haszed upon the re-
searches of Balfour and the later work of Onodi and His, is
that the sympathetic ganglia develop as offshoots from the
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ventral extremities of the spinal ganglia. Kach little mass,
which has budded off from a spinal ganglion, moves some-
what toward the ventral surface of the body, its bond of
union with the parent spinal ganglion being drawn out to a
slender cord, the representative of the future ramus com-
municans. Each primitive sympathetic ganglion sends out
two small processes, one growing tailward from its lower ex-
tremity, and one in the opposite direction from its upper end,
the approaching processes from each two adjacent ganglia
mecting and uniting and thus secondarily establishing the
connection between the different ganglia of one side of the
body and forming the ganglinted cord of the sympathetic.
From these ganglia migrating cells probably pass out to
develop into the secondary gauglia of cerlain viscera, as His
has shown to be the mode of origin ¢! ihe ganglia of the
heart.



CHAPTER XYVI.

THE DEVELOEHMENT OF THE SENSE ORGANS.

Ix the organs of e senses we have to do with peripheml
nervous mechanizms o0 preaier o less degrees of complexity,
the essential clemenic of which are cluborately modifid or
specialized  neuro-cpriieiial eclls. These neuro-epithelial
struetures are specinlizod eclls of the cetoderm, derived from
it cither dircetly, by the infiliding of patches of cctodermie
cpithelinm, as in the ca-e of the olfactory cells, or indirectly,
by growth outward rom the central nervons system, as in
the ease of the retina. The oreans of the sense of tonch, the
tactile corpuscles of the skin and mneons membranes, are
diztribmted somewhat irregulurely, while such highly spocial-
ized stenetures as the organs of the special senses of vision,
Leaving, smell, and taste are provided with .-'»[a:--:i:ll |rrn|f.‘-:ii\'l.'
and accessory apparatusvs,

THE DEVELOPMENT OF THE EYE.

It will perhaps [aeilitate the comprehension of the geneml
prineiples involved in the development of the eve i its
function as the organ of vision is kept in mind, and if,
therefore, the rotina and the oplic nerve are recognized as
the essential purts of the organ, and the other struetures us
aceessories,  The retina and the optic nerve are an ont-
g““‘i'“l fromm the- 1‘:[‘1!}1|, the rad- and -::-Il'n"-k'i.--ll':ll l‘{‘”“ of the
former being epithelial eells <o specinlized as o serve as
pereipient clements, while the optie nerve-fibers are the con-
ducting medinm, "T'o allow of the penetration and refrmaetion
of the vays of light, the overlving epidermis diflerentiates
into n transparent and refinetive medinm, thi crystalline

lens, and the necessary protection and means of nourishment
a2
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are provided by the other constitnents of the eych:l.lL J-‘u_r-
ther protection is furnished by two folds of modified =kin
and subeutancous tissue, the eyelids, and lastly for the
lubrication and still further protection of the exposed part
of the eveball, there is formed still another set of aeccessory
Organs, the lacrimal apparatus,

The fiest step in the development of the eye is the growth
of a divertienlum from the side of the primary fore-brain
vesicle (Fig. 144).  These aptic evaginations are quite large

Fri. HL.=A, braiu of twao day ehick-cmbrya; B, brmin of human emhryo of
theve woeks il Shows the development of the optic resieles aml braln-ves
elva; g, fore-brndn : o, Inter-braln g ov, optie vesicles

as compared with the hrin-vesiole, They begin to be evi-
dent even before the nenral tube s completely elosed,  As
the atwehed part of the divertienlim expands less vapidly
than the distal portion, the evacination =oon assumes the
form of a sae or vesicle, the optie vesiele, connectad by a hol-
low stalk with the primary lore-brmin,  When the secondary
fore-brain vesicles grow out anteriorly from the primary ves-
ieley the region of the Iutter that hecomes in e msequence the
inter-hrnin is the part to which the stallk of the optie vesicle
E-a {'.lh‘li‘lu'l]. "u'l't.,-,; the ulbthf vesiele 13 an H[!]‘L'I‘ltl:l;:* of tha
ter-bmtin or thalameneephalon and its point of attaschment
to the latter is at {he lateral part of the base, in front of the
reion of the infundibulnm (Fig. 131, A and Q).

 The optie vesicle expands laterally and dorsally until it
fies immediately beneath the epidermis;, forming a promi-
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nence on the side of the head (Fig. 51). The ectoderm
at the point of contaet with the optie vesicle becomes thick-
ened and depressed, the differentintion of this lens-area being
the starting point of the crystalline lens. The depressed
pateh of ectederm, sinking more deeply, iz converted into a
sae, the lens-vesicle, the connection of which with the surfape-
cells is soon Inat.  The distal wall of the optie vesicle, upon
coming into coutaer with the lens-vesiele, undergoes invagi-
nation, this wall sinking in uatil the cavity of the vesicle is
almost obliterated.  Thus the vesicle is converted into the
double-walled optic cup, the spening of which looks laterally
toward the surfics of the boad, and is occupied by the lens-
vesicle,

The invaginated wall of the vesicle—that is, the layer
nearer the center of the cup—becomes the retina, except its
pigment-layer, the iatier resnlting from the outer layer of
the cup. The stalkk of the cup becomes the optic nerve.
The surrounding mesodermic tissne grows into the openings
referred to above, and gh'c_-: risp to the wvitreous humor,
while the mesodermic colis that eloselv envelop the optie cup
produce the uveal tract and the sclera and cornea.

Having traced briefly the development of the organ, its
several parts may now be considered in detail,

The Retina and the Optic Nerve.—These two struel-
ures, as stated above, are direetly derived from the optic
vesicle and its stalk,

To repeat, for the sake of continuity, some points already
mentioned, the {}]I'Fit‘. viesiele TOWS forth a= a diverticulnm
from the side of the primary fore-brain vesicle, its appear-
anee being foreshadowed by a lateral bulging of this vesiele
even before the nenral canal is completely elosed. When
the primary fore-bmin vesicle divides into the secondary
fore-brain vesicles and the vesicle of the inter-brain, the
region of oricin of the optie vesicle falls to the latter, the
point of attachment being at the outer edge of the base of
the vesicle in front of the infundibnlar evagination. The
';"Pﬁ'-: nerve is to be regarded therefore as springing from the
mter-brain or thulamencephalon.
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The onter extremity of the diverticulum expanding more
rapidly than its base of attachment assumes the form of a
vesicle with a narrow stalk (Fig. 145), the stalked condition

Fio, Ha—Tart afa sectin theanet the hoad oF s carly haman embrya, show-
Ing the eonncetion of the primary Cotle vesfotes with the fore-bradn (MY : off,
alfactory area of epililast; o &, paurt of Gore-laraio = Bbeh sivin rlse to cerolirnl hemes
Lspheres: 84, thalamencephalon; poe, nrinary ool vesbeles

being present in the fourth week.  he vesicles grow in the
outward direction and form o promisence on each side of the
head. There being no brain-caze at this time, they lie imme-

Fli. WA —Three sucecssive stages of development of the
Uen of secondary optic cup aod erystalline
Gmm. (1, anidl 5 g (67, Fourneux
layer of meondary ol g
irtina Preper); o, lens

ey, showlpng Mrma-
fers 10 o embeyos of 4 mn, $4),
w, a, primitive optie vesicles: &, extoron!
thacsre plement-laver of tetins) | o Inner layer of cugp
ithiekencd nod dleprossed eet: derng; o lensvesicie,

diately under the epidermis, separated from it by auly a thin

layer of embryonal conneetive tissue.  This lateral 'E”Ei[i““

of the optic v

development,
mn

esieles i3 ehameteristic of the carly stages of
After the end of the first month the cyes
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- complete, the vesicle Lins become the secondary optie ¢
which latter consists therefore of two layers, an inner ¢
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The invagination likewize atfeets the under surface of il r 3
tubular stalk of the vesicle so that it is converted into an in-
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i

with the lens-vesicle (Fig. 146). When the mfnldmg‘

an outer. The moutis of the cup, which faces away m'

cup an aperinre, “lmh is known as the choroidal f

verted double-layered trongh,  These invaginations bear an

further metarnorphosis of the optic
vesiele and its stalk into the refins
and the optie nerve, but also toth
deve ]upmt nt of the vitreous bﬂd
and of the central artery of there- =
tina. Thus, the vitreous body il s
¥
produced by the me=odermic tis= =
. sue that finds aceess to the eap
Fuo, 147.—Plastle represonts-  through the choroidal fissure, and 2%

tion of the optle ¢up with lens e tinme is dg- Sk
amil vitreous body (Hertwigh: ab, the arteria centralig re P i
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:'hl v Wer ¥
el e mher deanpeese oy, i@ tissue that invaginates {RSES

tirely; 8n, fundamentof theoptie  under surface of the stalk of the -
nerve (stalk of the optic vesicle ‘
with a furrow ou Its lower sur VO sicle,

e ;ﬂ;},ﬁﬂ“ﬁ:ﬁ"?'ﬁﬁ“‘ The chioroidal fissure gmdunlij’ 5

¥ PR eontmets after the entrance of
mesoderm, and in the last month of fetal life it enﬁmly close
The mouth of the optic eup embraces the lens, its rim bein |
always on the distal side of, or superficial to, that struciure
This opening represents the pupil of later stages. T
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The further métamorphosis of the optic eup includes alter-
ations peculiar to ench of the two layers and also to the
different regions of the cup. The mouth of the cup contracts
somewhat by increased growth of the wall, and thus there is
a zone bordering this orifice which is anterior to the lens,
holding the same relation to the latter body that the future
iris holds. A sceond zone covresponds with the periphery
of the lens, while a third region, the fundus of the eup,
includes all the remaining part of its wall,

"The fundus of the cup vudergoes much greater specialization
than the other regions.  The vsicar layer of the cup remains
thin, consisting of a =iz ic lnver of eells which assume the
cuboidal form and beces.o infiliomied with pigment-granules,
This forms the pigmeut-layer i the reting, The inner
lamina of the cup thickons, by b gnultiplication of its cells,
and soon consists of vumeron: spindle-shaped cells. The
thickened fundus is marked ot from the zone that surrounds
the periphery of the leis by w slight groove which corres-
ponds in position with ilie future ora serrata. These carly
gpindle-cells give rise to two kinds of elements, the stroma
of the reting, or Miiller's fibers, und the various nerve-cells,
including the highly specialized rod- and cone-visual cells.

The principal sustentacular elements, or Miiller's fibers,
like the spongioblasts of the neural tube, are radially
arrnged and extend thronghout the entive thickness of the
retine. Their inner expanded extremitics, in close contact
with each other, formu the inner limiting membrane, while
their outer ends, in the same way, constitute the outer limit-
ing membrane, which latter is in contact with the pigment-
layer. The stroma of the retina receives a small contribu-
tion from the mesodermie tissue, which grows into it through
the choroidal fissure to furnish the vascular supply.

Of the nerve-cells, those near the pigment-layer undergo
great alteration in form and become the sensory epithelium
—that is, the rod- and cone-visual cells. At first these lie
entirely internal to the external limiting membrane, which
Scparates them from the pigment-layer.  After a time, how-
EVer, processes grow out—that is, away from the center of
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the eveball—and perforate the external limiting membrane
to penetrate between the eells of the pigment-laver,  These
processes are the rods and cones, and collectively constitute
the layer of rods and cones of the adult., The bodies of the

N
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-.-"-""' iy | 'IH'-;'}

Fro W& =Scetlen thromgh the optie fusdament of an embryo monse JRiER
Kessler: po, plemented epitheline of the eve iouter lameda of the optic cup, cf
seconidnry optie vesteler s 2 retina dnner lamella of the optie g vz, tonrgival sone
of the optic eap, which forms the pars ciliurls of fritis setine, g, viteooud t“!’_
With Bload-vessels ; fe, tunlen vosealoon lentis 1 82, Blood corporeles ) o charaldens
i, letis-fileers . e, lens-opdthieciinn ; O zone of the T o P TTTE (1 P fundaricol
of the cornen, Are, external corneal epithelinm,

rod- and cone-visunl cells, situateid on the inper side of the
membrana limitans externa, arve cloncated into narrow .L+'|l'--
ments, the position of the nnelei heing indieated by .-'-llgfl'l
enlargements,  They constitute the outer nuclear layer of
the mature reting, “The outer nuclear layer and the layer of
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rods and cones are to be regarded, therefare, as one layer of
highly specinlized  nenro-epithelium, made up of the rod-
visual cells and the econc-vizual cclls, the inner segments or
bodies of the eells being only apparently izolated from the
outer segments, the rods and cones respectively, by the fact
that the latter projeer through minnte apertures in the
external limiting membrane,  The axizs-evlinder processes of
these cells pass towand the center of the eyeball.

The neuro-epithelium of the retina ix the last of itz elements
to develop,  In man mud in many mamanads, it s present at
birth. In the eat and the eabbit, the rod- and cone-visual
cells develop after hivih, and Lenee the new-born of these
species are blind.  The macula iutea i= developed after birth,

The eellz of the inner part < the retina differentiate into
the remaining nervous elemenis, some beeoming the bipolar
auwl aother cells of the inmer onelear Iiyer—the ganglion
retimee—while others form il laree @anglion cells off the
ganglion-cell layer. The axis-evlinder processes of  the
ganglion cells wyee direeted inward to form the nerve-fiber
layer, the fibers of this layer converging from all parts of
the inner surfice of the reting toward the pptic dizk or
papilla.  Here they pertorate the retina, as well as the cho-
roid aned F:'I:*I‘:I. Bon uiss=, s n}r[ir Iltf\'l‘-iilll'l'!—‘, 1] the hirin,

This part of the optic cup, the fundus, produces then, in
the manner deseribed above, the funetionating portion of the
reting, or the pars optica retine, the anterior termination of
which is indicated by the orra serrata.

The lenticular zene of the optic enp, which is in relation
with the periphery of the lens, nndergoes comparatively
shight specinlization.  It= onter luella is pirmented, o= ino
the fundus of' th cup. [t inner laver vemains very thin
and consists of eelis which at first ave cubotdal, but whicli
baterr become evlindrieal, At the end of the second month,
or the beginning of the thind, the two layers of the lenticular
z:m-.* became phieated, owing to excessive growth in super-
ficial extent.  The folds are nearly parallel and are arranged
rdially with reference to the lens, the marein of which they
surround.  These folds are the fir<t indication of the eiliary
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processes. The mesodermic tissne immediately external to
the optic cup differentiates into the nveal truet, the part cor-
responding with the lenticular zone of the cup furnishing the
ciliary body. The young growing conncetive tissue pene-
trates between the folds of the lenticular zone of the enp,
acquiring intimate union with the pigment-layer, and thus
provides the connective-tissue basis of the cilinry processes,
This lenticular zone of the two layers of the optie eup,
therefore, constituics the lining, or internal covering, of the
ciliary body, and must peeessasily be regarded as the contin-
uation of the reting, Tt 32 kuoawn ns the pars ciliaris retine
of the fully devels~d eve.

The marginal 2005 of the opiic cup, or the region border-
ing its orifice, ix afe pluted B its further growth with the
uveal trnet.  Although in the cavlier stages of development
the lens lies in the month of the cup, a8 time goes on the
relation is so altered that the aperture and the zone which
borders it vecupy a position in front of the lens. In this
marginal zone both Imwelle of the eup beeome pigmented
and acquire union with the layer of mesodermic tissue which
is differentioting into the iris, and they therefore contribute
to the formation of that structure, constituting its pigment-
layer. The pigment-layver of the posterier surlace of the
iris iz, therefore, an extended but rudimentary part of the
reting. It is ealled the pars iridica retine.

From what has been said, it will be apparent that the
retina forms a complete tunie with an anterior perforation,
the pupil, and that it consists of the functionally active part,
or retina proper, the pars optica retine; of the pars ciliaris
retine, marked off from the latter by the ora sermta; “ﬂ.d
of the pars iridica retine, which terminates at the margin
of the pupil. .

The evolution of the optic cup or secondury optic vesicle
may be thus summarized :

I. Marginal or mest anterior  The thin atrophic pars ir!ti:m re-
region of cup. tinm, or pigment-layer of lhc‘ tris.  »
IL. Lenticular zone of cup, Pars ciliaris reting, covering lnner
surface of ciliary bady.
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I1L. Funidus of cup. Functionating part of retioa, vr pars
opticn retinge, including :
A. Outer layer. A. Pigment-layer of retina.
B. Inner layer. B. 1. Neoro-epithelial layer, niade

upe of laver of rods and cones (the pro-
cesses of the rods nml conesvisunl cells) ;
mvsnbirana limitons  externa;  outer
nuclear laver (the lodies of the rwl-
and cone-cellz),

2 Cerebrnl layer {ropresenting an
interpelated ganclion with conneeting
fibvers), consisting of ;

Ciner relionlsr laver;
Inner nuelear laver;
Prger retionlay lnyver,
LY -;t:!l;!i-’-l'.-i'l-” l:l:l-‘t'r:

Seeve-hber lnver,

The optic nerve is the motamorphioscd stalk of the aptie ves-
icle. When the distal and vader =uethees of the vesiele suiler
invagination, the stalk participates in the process, its under
surfuce being marked by a groove which i= a prolongation of
the choroidal fissure of the optie cup (Fig, 1175 By this in-
folding, the eavity of the stalle 1= ablitevated and the stalk is
converted into a double-walled tabe cnelosing mezodermie
tissue which follows the iln':l:_-'in:llinf__: ventral wall,  In this
mesodermie tissne is developed the arteria centralis retine.
In mammals the invagination affvets ouly the distal part of
the stalk, the seement included hetween the eveball and the
point corresponding in the adult to the place of cntranee into
the nerve of the central arterv. It must he appurent that
the onter layer of 1he tube thus formed is direetly continuons
with the outer ].‘l}‘i*'l" of the optic eup, W hile the invaginated
lamina is the prolonsation of the inner wall of the cup ur
of the part that Lecomes the reting proper, #inee not only
the distal wall of (he optie vestele is invaginated, bhuat its
nnder or ventral wall ws well,

Ti“' ['l‘illlili‘.‘l' u]nl.'i-.‘ terve gt this EEHTILL Consists of' l:l}'t‘!'ﬁ
of !-]'ﬁrullu-a-lmpml cells, with a centeal core of vasealar con-
neclive tissie,

The manner i whick the nerve-flbers are develuped is
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still & matter of controversy.  According to His and Kalli-
ker, the fibers grow out from the gnuglion-cells of the optiv
thalami and the anterior corpora quadrigeming, while Miiller
believes that they are the prolonged nxis-cylinder processes
of the ganglion-cells of the retina.  In either case the cells
of the optie staltk would furnish only the sustentative tissue
of the nerve. Theve is alse a contribution of sustentative
tissue or strows from the micsoderm, s in the case of the
central nervous syvstem,

The Crystaliine feus. - The lens, exclusive of its eap-
sule, is, like the coting, of sctodermic origin,  The first step
m its development 1= fhe fovmation of a thickened and de-
pressed pateh of (e cotodorm on the lateral surfiace of the
head, this arca Leing situated at the place where the optic
vesicle is nearest the surfuce (Fig. 146, B, d). The de-
pression is the fens-pit. [t soon becomes converted into a
closed sae, the lens-vesicle, by the peadeal approximation and
union of its edges. The pit reeeding from the surface as its
lips come together, the completed vesicle lies under the sur-
face ectoderm, with whieh it is for a time connected by the
slender stalk of the invagination. Upon the dizappear-
ance of the strand of eells constitnting the stalk, the lens-
vesicle is completely isolated from the outer germ-layer
(Fig. 146, (o).

The lens-vesicle in birds iz a hollow epithelial sae several
layers thick, but in mammals the eentral eavity confains a
mass of cclls, which latter disappear in the later stages of
development.

Upon the invagination of the optic vesiele to form the
secondary optie cup, the lens-vesicle is embraced by the [i'pﬂ
of the cup and still Iater comes to lie within the cup, near its
orifice (Fig. 148). .

The further altevations in the vesicle are dependent pri-
marily upon changes in its deep and superficial walls re-
speetively, each of which consists of several layers of c_rlilf-
drical cells, The cells of the superficial wall alter their
form, becoming cubwidal, while the posterior or deeper cells

lengthen so as to beeome fibers. Thus the deeper wall of
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the vesicle thickens at the expense of the centrul cavity—the
centrl mass of cells at the same time disappearing—while
the superficial layer remins thin,  The two strate are con-
tinuons with each other at the equator of the lens, one form
gradually merging into the other at this region, which is a
zone of transition (Fig. 148).

The lens at this stage is composed, therefore, of a thin
superficial or anterior stratum of enboidal epithelial eells and
a much thicker posterior or deep faver of so-called fibers, the
latter being simply the grestiy elonpatod eells of the posterior
wall of the wesicle. DBetwesn the Do lamine is a small

remnant of the cavity of the vesicle  The epithelial Jayver
persists thronghout life as v spitieiism of the lems, while
the fibrous laver is the basic f the lonodbers of the mature

condition. The cavity someiines porvnis as nosmall space
containing a few drops of" th:id, the Ligeor of Morgagni.

The next important stage i the oo clopment of the lens
is the formation of additionad ens-iilor:,  These resnlt {rom
the proliferation of the celle of the {-pitlwli;l.] or anterior
lﬂ}‘l"f. The lens-fibers are formed in suceessive ]:I:.'L'l'z-, HE
may be made evident by the maceration of a lens,  Each
fiber extends from the anterior to the posterior snrface of the
lens.  The ends of the libers mect canch other along regular
lines, producing thus the charaeteristic threc-rayed ligures or
stars of the lens, one of which belongs (o eaeli surthiee.
Henee, while the lens-fibers first formed arve the clongated
cells of the posterior laver of the lens-vesicle, the fibers of
later growth originate from the eells of the anterior wall.
The epithelial character of (he lens-fibers is evineed by the
presence of a nucleus in ench fiber of a voung lens,

The lens-capsule resulis from the differentiation of the
mesodermie tissue which surrounds the lens., Lt is from this
enveloping vaseular laming, the toniea vasculosa lentis, tlut
the growing lens derives its nutrition,  The capaule is well
marked in the second month,  [ts blogd-vessels are derived
from those of the vitreous body. At the end of the seventh
month this well-developed, highly vazeular membrane begins
0 underyo retrograde alterations, the finul result of which is
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its transformation into the thin, non-vasenlar, transparent
cap=ule of the mature lens.! The maost active growth of the lens
itself oceurs prior to the degencration of the tunica vaseulosa
lentis, so that even before the end of fetal life the lens has
nearly attained its full size.  Thus the weight of the lens of
the new-born child is 123 milligrammes, while that of the
adult lens is but 190 milligrammes (Hnschke).

IMenee the eryrtalling iene hias u double origin, the lens-sub-
stance or lene seaper beinge derived from the ectoderm, while
the eapsnle wiizinates {vom 1he mesoderm. :

The Vitreows Dody.—The vitreous body, representing a
eomparntiveiy s ah vl centiated form of connective tissue,
i derived from <hee midale germ-layer.  The mesodermie
tissue, alvendy in ithe stuee off cmbreyonal conneetive tissue,
wiins aceess (o the optie eun through the ehoroidal fissure
(IFig. 147), it ingrowth in et accompanyving the invoging-
ton of the nonder <nrfiee off the optie vesiele.  Sinee the
interior surfiwee of the stulk of the vesicle—the future optie
nerve-—participates in the invagination, the mass ol meso-
dermie tissue which gives rise to the vitreons is continuous

with that which invaginates the primitive optic nerve to
produce the centrl artery of the reting, A= a consequence,
the blood-vessels which =oon develop =0 ]"I'L'“'il-"'"."r in the
vitreous body gre extensions from the centrl artery of the
retina, the latter itsel{ being cantinned forward as the hyaloid
artery, The terminal branches of the hvaloid artery pass on
through the vitreous hody to terminate in the viscular cap-
sule of the crowing lens, constituting the Lowd-supply of
that structure,

The intercellular substance of the voung ti==tie nndergoes
but little ditferentiation. while the cells heeome gradually
reduced ton few stellate elements whicl nltinately "'"ifﬂ"'
disappear.  The peripheral part of the tissne develops e

FItsometites happens that parts of the fotal lens-capsnle persish 3 I-I:
most commion example of such persistence is the - m--.lnrhr.lll."- i'“l"_‘
baris somctimes present wn birth, producing cengen il atoe of the g
This reanlta from the persistenee of that part of the feral capsule i

situatedd on the anterior surtice of e lienss, Bdainsed the |1|}|-I|~
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the hyaloid membrane, which anteriorly acquires union with
the capsule of the lens.

The blood-vessels of the vitreous disappear during the last
two or three months of fetal lite,  The hyaleid artery per-
sists, although in reduced form, for a longer time than the
smaller vessels,  Upon its final degeneration it is replaced
by a eanal, the hyaloid canal, or canal of Stilling, which is
present in adult life,

The Middle or Vascular and the Outer or Fibrous
Tunics of the Eye.— T'he outer fibrous coat of the eye, in-
cluding the sclera and the cornea, and the middle tunic or
uveal tract, comprising the choroid, the ciliary body, aud the
iris, are structures of mesodermic origin, being dircetly pro-
dueed by the wesodermic ti=<ue =urromuling the optie cup,
The rit*h]:r cellular mesoderm applies itzclt to the exterior of
the enp and ditferentintes into the two lavers in question, the
changes involving on the one hand the metamorphiosis of the
mesodermic eclls chicfly into nmsealar and vasenlur elements,
aml on the other haned the evolntion of a tis=ue essentinlly
fibrons in strocture,  These two tunies are di=tinguishable
in the sixth weel:,

The cornea ix formed from the thin liver of mesoderm that
pencteates hetween the lens-vesicle amd the suviiee eetoderin.
The lensevesicle lie- very near the surthee, and the thin
strtom of mesodero that i interposed between the two is
the anterior laver of the lens-eapsule  Pigz. 148). 'Thisz ante-
l'illl' I:I}‘l‘l' ”Iit‘l\'"ll* ll_\' I1I| it:lrlli;{!'n[;nu o ﬂt!lu!'rt.‘“i ':Il'll.l millJ'
sequently splits o two Lbanime, o superficial one which pro-
duces the cornen | i, 148, Joy, amd o decper, which is now the
|":“.’:“"f' anterivr wall of the lens-cap=ule.  Thus o spaee filled
with fuidd appears between the primitive cornex and the lens,
which carresporsd< with the futnee anterior and prosterior
chiambiers of the eve, the division of the space into these two
rlm"fl"’!": beinge eifeeted subizequentiy by the development of
'EH* wis. e further development of the cornea consists
?”“l'l."" in the ditferentintion of the mesodermice eells and the
m.r”“""“h“' substance into the several chineneteristic elements
of the wdalt straeture,
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- The uveal tract closely covresponds in extent sith the two
layers of the optic cup.  The choroid is differentiated from
that portion of this primitive uveal tract which envelops the
pars optica of the retinn.  In this region the enveloping
lnyer of mesodermic cells develops into the several elements
of the choroid, the most conspicuous of which are an inner
layer of capillary wvessels, the choriocapillaris, and an outer
laver of larger vessels, the stroma-layer of the choroid, The
development of the choroid bears a certain relation to Ui
choroidal fissure of' the opiic cup.  This fissure has been re-
ferred to #s a gup in the nnder surface of the cup corre-
spondiug with ihe line of invagination through which the
mesodermic tissue, of which the developing choroid is a
part, grows into the cup to praduce the vitreous.  Although
normally this fissure in the retina entively dizappears, its site
becomes pigmented later than other regions of the pigment-
layer of the reting, and henee there is, for a time, a clear
streak in this part of the retina which has the appearanee of
a fissure in that membrane.  As the pigment-layer of the
retinng was formerly assigned 1o the choroid, this streak ap-
peared to be a breach of continnity of the choroid ; henee the
term choraidal fissure,  In some cases, however, the f.-lmn_\i~|.ll|
fissure fuils to elose, and as the development of the chorvid
i3 lavgely dependent upon or is governed by that of t_hl!
retina there remains a corresponding gap in the rl:tlnllfl-
This defect enables the selera to be seen from the interior in
a line extending forward from the optie nerve entmnee, It
is known as coloboma of the choroid.

The ciliary body is developed immediately in ml\':lnfw of
the choroid and from the same laver of me=odermic PISIC,
The deeper parts of the tissue in this region correspond with
the plications of the ciliary part of the retina, sending proe-
esses into and between the radial folds of this part nf' the
two layers of the optie cup, with which latier the highly
vascular mesodermic tissue acquires firm union. This resnlts
in the formation of the ciliary processes. Some of the IH""“
of the more peripherl part of this zone are converted into
unstristed museular tissue, thus producing the ciliary wuscle.
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All the characteristic or important elements of the ciliary
body are, therefore, derived from the mesoderm, while the
thin layer of tissue on its inner surfiee, representing an
andeveloped part of the optic cup, the pars ciliaris, is of ceto-
dermic origin.

The iris, the most anterior zone of the uveal tunie, 1= pro-
duced from the sume mesodermic teact that gives rise w the

Fio, 18.==agittal seetlon throteh 1l eve of an enibryo mobbit of elghteen
darys « 0 Killikers thy ptle merve, g bexaponal pigreent-layer; o, retinn e,
Clliary art of the reting ; § . Tere et of the ootie oup aradiment of the frfs-pig-
enti; g vitreons, shirunk swny from the rotine, cxes b whire the yesacls from
the arteris vonlralis retfng enter [y n, deds ) s omenbrenie papiflari; e cormea

WIh eplthelivan e; pp g, palpelicne: 4 bens 2, lensepitholimm; f, sclerotic, m,
ek i eles

charoid and to the ciliary body.  As stated above, soon after
the lens-vesiele becomes con=tricted off from the surface ceto-
d“m: it is enveloped by a mass of mesodermie colls which
“"ll-"'ll'lll'lt' its primitive cap=ule, wnd the laver of these cells
!F"'}-I between the lens-vesiele and the =arface cetodern ~plits
mto an anterior lnyer, which becomes the eornes , and n pos-
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terior stratum which is the anterior wall of the lens-capsule,
This produces a space between the lens and the cornes, The
lens now recedes further trom the surface, and the margins
of the optic eup advauce, so that the lens now lies within
the cup, the marginal zene of the cup being in front of the
lens, between it and the corgen, while its equator is in close
relation with the eilizsry regions of the cup und of the uveal
tract. Thus the spuce between the lens and the cornea is
divided into an anterias compuriment, the anterior chamber,
and a posterior spocs, ihe posterior chamber, the orifice of
the cup being a veos: of eensmunication between the two
and representing the winil of « later stage. The marginal
zone ol the cup funsshes the paiding line for the develop-
ment of the iris,

Tt

Phe mezodermic tissne in relation with
the outer surfice of the puurgien] zone of the enp differen-
tiates into the vasculur, musculus, and conneclive-tissue cle-
ments of the ivis proper, while = pasterior pigment-layer is
constituted by the slightly specialized Jayers of the most
anterior part of the optie cup, the part that is known as the
pars iridiea retine.

Sinee the anterior and posterior chambers of the eye are
spaces hollowed out of the mesodern, they represent a
Iymph-space and arce, = such, lined with endothelial eells.

The cleft in the inferior wall of the optie enp referred fo
above as the choroidal fissure necessarily affeets the RiE:
ginal zone of the enp as well as the region posterior to it
If this part of the fissure persists, as it sometimes does, it
may be accompanicd by a corresponding deficiency i the
tissues of the ivis proper.  Such a congenital defect, appear-
ing as a radial eleft in the lower half of the iris, is known a3
coloboma of the iris.

The Eyelids and the Lacrimal Appam‘tus.-—‘l‘ls_n
eyelids are developed from folds of the primitive epi-
dermis that form over the superficinl part of the developing
eveball (Fig. 149, pp and pa).  After the separation of the
lens-vesicle from the surface ectoderm, the latter pouches
out into two litile transverse folds (or the upper and lower
lids respectively. Each fold includes a certain quantity of
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mesodermie tissue, from which are produced the connective-
tissue elements of the lids, as the tarsal plates, ete.  After
the folds attain to a certain degree of development their
edwes approach each other and become adherent, thus enclos-
ing a space between the primitive lids and the front of the
eyeball. The infolded ectodermic layers lining this space
acquire the chareteristie features of mucous membrane and
constitute the epithelinm of the conjunctiva, the part of this
membrane that covers the cornea adhering closely to that
structure as its anterior epithelin? layver,  The union of the
edges of the lids Leginsg in the tiied mone. and lasts until
near the close of fetal life. A hort tiv fwcfore birth the
permanent palpebral fissure hegius (o {vore by the breaking
down of the adhesions.

A part of the mesodermie tis: o of the ivis nndergoes con-
version into fibrous conneetive tizzoe, il producing the
tarsal plates of the upper and iower lids, it the palpebral
fascim and tarsal ligaments by which the plawes are attached
to the margins of the orbit.

During the period when ihe edges of the Lids are adherent,
the Mefbomian glands and the eye-lashes ure formed. The
glands develop from solid cords of epithelial cells that grow
from the deepest or Malpighian layer of the primitive epi-
dermis into the tarsal plates.  The cords beeome  hollow
tubes by degeneration of their central cells.

In addition to the two principal folds that produce the
lids, a third, vertical fold appears at the inner, nasal side of
the conjunctival space, heneath the lids,  This fold remains
quite small in man and forms the plica semilunaris, hut in
most other vertebrates it uttains much greater size as the
th%rd eyelid or nictitating membrane, A =mall part of this
third fold develops sebaceous elands and a few hair-follicles
:m:l becomes the lacrimal caruncle.

The lacrimal gland is developed in the same manner as
the Meibomian glands, by the growth of solid epithelial
m‘rds from the conjunctiva. The cords erow into the nnder-
lying m-emlurm at the outer part of the line of reflection of
the conjunctiva from the inner surface of the upper lid to the
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front of the eveball, The cords acquire lateral branches and
then become hollowed ont to form the secreting tubules and
efferent ducts of the gland, the connective-tissue stroma of
which is contributed by the surrounding mesodermic tissue.
The orifices of the adult efferent duets in the upper onter
part of the conjunctival <ac correspond with the points from
which the primitive cell-cords fiest grow torth,

The efferent lacrimal apparatus, consisting of the nasal
or laerimal dnet aned the eanalienli, is related genetically
to the growth of the nose and the upper jaw.  Soon afier
the appearnnee of Lo pmasofiontad process, a lateral projec-
tion, the lateral nast! arocess, crows from it =ide near the
base and advanees downwart == o form the outer houmd-
arv of the nasal vt and consoguently of the future nostril
(Fig. 66, A, By Tl bnteral vasal proeess i= separated from
the maxillury process of the fivst viscernl areh by an ablique
furrow, the nase-optic groove, which extends from the inner
angle of the orbit to the onter =ide of the nostril, or, before
the separation of' the nazal pit {rom the primitive month, to
the upper boimdary of the latter orifice.  The naso-optic
groove indicates the situation of the lacrimal duct. DBy
some authoritics—Coste and  Kalliker—it is believed that
the duet results from the union of the edges of the groove,
Later investigations =cem  to indicate, however, that the
duct is formed by the hollowing out of a solid cord of epi-
thelial cells that appears at the bottom of the furrow. I‘I.’l
cither ease the epithelinl lining of the duet is an cetodermie
involution,  When the nostrils are separated from the vral
aperture by the union of the nasofrontal, the Jateral nasul,
and the maxillaey processes (p. 1213, the lower end of the
furrow is obliterated, and the partially formed duet is made
to terminate in the nasal vavity,

The canalieuli, n*prc-:-‘{-;:[ing the bifurcated upper extrem=
ity of the dact, result, according to one view, from the
division of the upper end of the epithelinl eord into two
limbs, one for each hid, and ther subseqguent hollowing-ont
according to another, from the continuation of the evll-cord
into the upper lid and the Iater wddition of o Jimb for the
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canaliculus of the lower lid,  The lacrimal sac is merely an
expanded part of the duct.

THE DEVELOPMENT OF THE ORUGAN OF HEARING.

As in the ease of the other sensc-orpuns, the auditory
apparatus consists of highly specialized neuro-epithelinm,
connected by nerve-fivers and interpolated ganglia with the
central nervous system, and of protective und auxiliary
struetures.  The nearo-epithelial steactorves, including the
onzin of Corti and the eells of the eriste and macule
acusticre, result from the specialization of certain of' the
epithelial cells which line the membranons labyrinth.  The
I’*‘ﬁ[}'lllilhutit‘ space, which i= o lvmph-spaee, together with
its bony walls, the osscons labyrinth, serve for the protee-
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internal ear is the oldest part of the organ of hearing, Its
arigin is from a thickened cirenlar pateh of cetoderm on the
dorsolateral surfiuce of the head-region of the embryo near
the dorsal termination of the first onter visceral furrow. The
thickened area sinks below the surface, forming thus the
auditory pit, which is present in the third week (Fig. 150, o).
The pit beeomes deeper, its edges appronch cach other and
finully meet and unite to furm the otic vesicle or otocyst.
This little cpithelinl sac gmdually recedes from the surface
ectoderm. At ihis stage of development there is no cranial
capsule other than the inditfforent mesodermice tissue which
surrgunds the Lmin-vesieles ; henee, the otic vesicle, em-

Fie. ‘I.Er‘.l.—De'.'ulﬂpml.‘ril uf the membimnnns ln.b,!"]h‘ltl ol tha ll.“ml“ﬂ car P‘;;
s, Jrd: Al left Inbyrinth of embryo of nbeot four weeks, outer slde; ¥, “’“
bular and cochlear portlons: of, recesaus labyrinths 22, left lahgrinth tr“,h pl.:._
of faclal nud anditory nerves of embryo of about four and a helf weckso r “:]r
sus 1abYrInthi : sse, pac, esc, superlor, posterlor, and external semicirealar ut];l-r'
¢, saccule: e cochlen: wn, fo, vestibular and facial nerves. v, o0 00 i Jml:i:
mlm‘_—l and gen Joonn Lo e !\rn“gl jn. O leeft 1l.tlj'lllll.h of embiryn of ol«utl five w
from without and below | abelllng as ln preceding lgure.

bedded in this tissue, lies in close proximity to thﬁu after-
brain, and eomes into relation with the acusticofacial g‘ﬂl':;
glion (p. 297). The vesicle, at first spifuncal, £00N ll:]mﬂ.:rln}l:m
pear-shaped owing to the protrusion of its dorznl 1_':1 ; %

dorsal projection, the recessus vestibuli or labyrinthi (11g:
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160, €'), lengthens out into a slender tube, the ductus endo-
lymphaticus (Fig. 152), the slightly dilated end of which,
the saccus endolymphaticus, is found in the adult oceupying
the aqueductus vestibuli of the temporal bone.

The apposite, anterior or ventral extrenity of the otie
vesicle also bulges out into a small evagination, which grad-
ually elongates until it is a fapering tube, slightly enrved
inward toward the median plane.  This lengthens still more
and becomes spirally eoiled, forining the cechlear duet or
scala media ol the ture cochlen (Fig. 152),  The vesicle
itzelf becomes constricted in suel: manner by sn inward pro-
jeetion of itz wall as o indiente it division into an upper
larger and a lower =maller sac, the tevs upper and lower
referring respeetively to the headeond and the tail-cnd of the
umhr_'.'mﬁc |un]}'. Betore the constriction acenrs, the wall
of that part of the vesicle which is to become the future
upper or utricnlar divisfon presciits two ponched-out areus
(Fig. 151, ). One of thepe gives rise to the external semi-
circular Eﬂ-n&], ‘wllilu i‘l‘ulu the other e I:{-T‘lm-ti H]t' supurim’
and posterior canals. 'l pouch that produces the external

i .F"I' "2 ~Diagram ta ilustrate the il ate o evditiom of the reimbranons falsy-
tth (afer Waldeyeri: u, utrienlus: o sacealug: er, cunolls reanfons: r, duetns

l:h;hlrmp’lm:lcns; e, cachlon: k, bl sac of oo cupsiing o vesbitsrbar Gl s
of the Mactus conc i ris,

anal is semicirenlar in form and Hat, Iving in the horizon-
tal plane, its upper amnd lower walls ’m-'iug“ in coutact with
each other, The opposed walls fuse, r.‘xi-c-pi at the periphery
of the pocket, and hence all that remains of its eavity is o
small marginal tube or channel, corrfesponding with iLu: bor-
ger and opening at each end into the cavity of the vesicle,

hroughout the region of fusion of the walls, the lantter be-
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come thin and finally disappear, being replaced by connee-
tive tissue. Thug a semicircular epithelial tube is formed,
which is the horizontal or external semicircular canal, One
end of the tube being dilated, the ampulla of the cannl is
pro<uced.

The superior and posterior semicircular canals are formed
i o somewhat similar manner by the other u\':’:gilllltt‘-ﬂ
poiteh or pocket, which is irvegulardy globalar. To pro-
duce this resalt, the walls of the pocles contract adhe-
gions throughout two regions, whi= eoprospond with the
respective spaces enclosed by each o7 the twa futare canals

in question. The fusion of the woii ibes place in such
manner a8 to leave two narrow choocids o tubes, one of
which almost encireles the inner o0 nseood aspeet of the

pocket, while the other bears the cur o solnion to its poste-
rior wall, the inner limb of the laticr ~omi=irele coineiding
with the pesterior limb of the forpwer,  The result of this
armngement s that two vertieal scmieivenlar eanals are
[ormed with their pl:uwﬂ at rizht angles to each other, the
two communicating with the otie vesicle by three openings,
one of which is common to both eanalz, The other two
apertures, being dilated, are the ampullated individual ori-
fices of the posterior aml superior canals.

The constriction in the otie vesicle referred to above in-
erenses notil this sae is divided into two parts, a larger,
which includes the region from which the semicireular
canals have developed nnd which is now the utricle, amd o
smaller vesicle, the saceule, comprising the part from which
the cachlear duct was evaginated (i 152).  The line of
division coineides with the middle of the orifice of the ductus
endolymphaticus, the proximal emd of which participates in
the division. Thus the duetus endolymphaticu: becomes a
Y-shaped tube, and afford: the only bond of eonncetion be-
tween the saceule and the utricle (Fiz. 152).

‘The beginning of the cochlear duet, fhiling to keep page
in growth with the other parrts, appears us a smaller tube
relatively, and i3 known as the canalis reuniens (IFig. 1562,
&)
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The structures zo fur considered—the utricle, the saceule,
the semicireular eanals, and the cochlear duct—Dbeing the prod-
uet of the ectwdermie otie vesicle, represent simply the adult
epithelial linings of those eavities. The fibrous layer of the
membranons kabyrinth, in commen with the walls of the hony
Iabyrinth, is a product of the enveloping mesodermic tissue,
While the ecll= of the otie vesicle thus for the most part con-
stitute the wails of the several sues aml eanals of the primi-
tive interual oo, some of the eells specialize into neuro-epi-
thelium, Th: ==t marked specialization of this sort oceurs
in the eoehless di s, where most of the cells on that wall of
the duet which e b ealled its floor—the part corresponil-
ing to the futi:o coombrann basilaris—undergo sueh profonnd
mudification in femons o prodduee the most highly special-
ized nenro-epichedi cells anywhere to be found, the elements
that constituie the argan of Corti,

In the wirile cnd the saceule, as well as in the ampulle
of the semicireulse vanals, there s a similar but Jozs marked
specialization of cpithelial ecllz to produee in the former case
the macule acusticw, and in the latter, the cristz acostice of
the ampullie,  While, therefore, the eells of the ofic vesicle
which are to serve as the lining mneons membrane of the
membranous  labyreinth beeome Hattened  polyhedml cells
arranged as a <ingle layer, those eclls which are to fianction-
ate as the peripheral part of the aconstic mechanism hecome
the gpecially moditied eolumnar cells, many of them witl
cilivm-like appendages, of the macule, the eristi, anid of the
orgmn of Cort),

Fram the first the otie vesicle lies in elose relation with
the aensticofacial ganglion (Fig. 161, B).  As pointed ont
i a preceding eliapter (p. 297), this ganglion -‘5"1’-"3{"_']“_'-”.“]."'
divides into two parts, ‘-"r_re:.:I]”ul]ing wilh_ tha twudwmmnls
of the nuditory nerve.  This division of the ganglion aud of
the nerve is corvcelated with the separation of the otie vesicle
into u coelilear part, the cochlear duct, and the two vestibular
vesicles, the saceule and the utricle.  While the "WI'IGW.I o
is atill a short, slightly eurved tube, the cochlear part of t.'m
gunglion lies in elose proximity to the tube, in the concavity
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on itz inner side.  As the duet lengthens and hecomes more
coiledd, the ganglion likewize lengthens inta a hand which
fullows the =piral course of the duet, Iving parallel with the
latter and on the side towanrd the axis about which it is
voiled,  Afier the formation ol the bony pares of the eochlea,
thi= ganglion oceupics the spil canal of the modiclus aml
is known as the ganglion spirale, It Dilonwes to the cochlear
division of the auditory nerve, which i= Jdistribmted o the
voehilen,

The remaining part of the nconstic conelion beeomes mther
widely separated from the spiral oo,
a position in the internal anditory e s, 0 the part of the
anditory nerve with which it i= el oquives relation
with the macular regions of the nieiele cw! ceenle as well as
with the eriste of the ampullee of i =cavirenlar canals,
These nerve-fibiers constitute the oo Ghala e division of the

crantitiz to oecupy

muditory nerve, while the ganglion i b vestibular ganglion
vr intumescentia ganglioformis of” =earia

The development of the bony labyrinth of the internal ear,
az well as of the eonnective-tissue part- of the membranons
labsrinth, is elfectaed sl lv by the didbeentintion vl 1l pnie=ae-
dermic tis<ue whiels =surround= the epithelial =troctures above
comsidlerad. s previensly =tated, at the time when the atie
visiele is first formed there is oo indication of 2 crnnial eap-

sule, the brain-vesicles 1 ngr ~urrennded and separted from
the cetolerm by dwditforent wesoildermie vells, Ihiring the
progress of the alteration: in the otic ve-icle, this tissae
'l.III']L'I'_L_:"-"-'- comlep=mtion sl alteraiton G0 v the mem-
beanons primerdinl  craninm, and shortly thereatior the
[ trons ]'N.rl'lliut! ol” the t""'l""“'l Prosgane 1< onatlizpenl in l.'.'I'I‘[“Ii].'\-'
by the further specialization of o portion of this primitive

conneetive G=s=ae,  The fmation of eartilige does not aflect

all of the tissue which i~ afierwand repre=cited by ihe
petraga, the resion that Lordors the semicireular canals,
the eochlesr duet, the sneeule, and the ntriele remaining soft
embryonn] conneetive tissne.  There is thus o cartilaginous
ear-capsule prosluced which i< more than laree cnongh to
contain the primitive epithelind labvrinth, and the walls of
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'I'fllit.'h are separited from the latter by embryonal conneetive
Li=sue,

‘ The bony semicircular canals are almost exaet reprodue-
tiens, on larger seale, of the epithelial canals, and they are
formed by the ossification ol the cartilaginous petrosa.  Even
betore  this aafieation ocenrs  the soft conneeiive fissae
between the cartiluge and the epithelinl semicirenlar eanals
differentinies into three layers. The inner layer, hecoming
e comlensed, 1= converted into librous tissue, and, adhber-
g o the epithelinl walls of the canals, furnizhes the con-
Bective-tise component  of' the completed  membranous
camals,  Its Dlond-vessels serve for the nutrition of the
eanals,  The outer layer also andergoes condensation and
ful'Hl!- i Iiil!'ﬂ"-:l."l.'ﬂl:l!' I|l.i'*|||]|.|~;1|||_-' ||H' perichonﬂ.rium. “.hi'__h
Ity Ill':~|l|:jnl-. tlic internmal periosteum of il h“":,_ ekl
']‘h" middle l-."l.}’t-:‘, (R} ”11' t-ulﬂh':r_'-'. h:‘l‘nﬂn-_-t L-'{'lﬁ{lr—hj' ghu
”u|ll¢~|hﬂi:lll of the intereellnlar sabstance and the ,-j'_wm{.m_
tion of the cells—so that cradually inereasing, Auid-filled
cavities make their appearmnee, and these Iatier beeoring
Lergor sl ey of  them i?-lmlt-.-q:ing. a space e furmed
aronnd the wembranons canals which is illed with finid, the
perilymph.  ‘Thi- perilymphatic space is hridged neross at
intervals by conncetive-tizsue processes thal serve fur the
convevinee of blood-vessels to the membrinons canals.

The vestibule of the fnternal car is formed in practieally
the <ime manner as the bony semicireular canals, the ¢pi-
thelial saceule and ntriele avipniring ther vonnective-{issue
constituent= in the snne wav,  There is the difference, how-
ever, that the hony vestibule daes not conform to the shape
of the vestilnlar part= of the membranons lalwrinth, sinee
it s o "'""_!-E!*' nnediviclidd r:l.'q.‘il}' epedosing the two little ves-
i.-!---ﬁ1 the sncenle sl the wbriele

The bony cochlea, while developed upon the same general
plan s the other parts of the Lony Lahyrinth, preseats eer-

i conspienons moditieations.  The epithelial eochlvar duet,
as stated alove, in its early stage is a short, tapering, sud
While it i= still in thiz comdition,

r'»ln-_fhll_r carved tnle,
l.‘||.--||f||.'iii--.-1||ur| of Illl.' pL‘h"l'"‘F hum. TS, wlh-ﬂ‘h_l.r lllf."
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~duet nequires its cartilaginons capsule (IVig. 153, k). This
capsule is open at the proximal end of the duet and
th'i."mlgh this opening the cochlear branches of the awdi-
tory merve gain sccess to the eapsule, being conneeted with
the eochlenr division of the auditory ganglion, which, owing
tﬂitﬂ pm'iﬂ“ﬁly h.".l.\"i“l';‘ t,IEii“I“lHI = ih?.‘\ili'.\"ﬂ hi."."‘i'-ll.' I.I“."' dlll:‘.l.
comes to be enclosed by the capsule us the later is formed
(Fig. 163, ne, gep). 1t iz only after the chondrifieation
that the cochlear duet lengthens out and Lecomes spimlly

ot
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Fio. 133.—Tart of a section through the cochlea of an embren cat, O cm. (36 I
long (afier Boctiehery: &k, cartilaginous eapsule, In which the cochlear duel
deseribis ascendlng splrml turns; oe, duetus coclilearis ; e, orean of Caftd: fis
lawlng veatibularis: z, oater wall of thie membranons duetus eoelilearis with lga-
meotum splmle; 51, pcalu vestibuli; 7. 57, seale tympani: g, selatinous e,
which still fills the scala vostili foe’) In It lost turns: o, remnant of the gelae
Uaous “H“E. which ls nng yel '|.l||u1-!|m‘ : M, firam connerive Hsaoe nnrhrLl-ll-“l-"H
the eochlear merve (me); gep, ganelion splrale: N nerve which runs o Corl’s
organ In the futore lmina sploallsvssea s ¥, eompact eannective-tissae layer,which

:Tnﬂ oealfled and ebares In Bouodieg the bony edchileor St § perlchon-
Lil.- ™

eoiled, The m“il'ij-_l; i= in L-i.l!l;!'l.!, manmnper t'llui. the eochlear

o merve is surrounded by the duct—that is, it lies in the axis
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nht!ut which the Jduct je spivally wound.  Within the curtis
Iu;_;mmh eapengle, Il]“h;.: all the sparee not “f."i-'lljliL'tl e tho
spieally coiled duet gnd ihe vochlear nerve with its h.-.n;:!h-
encd-out ganglion, i the eithevoniic coneetive i of
v othe cative eartilaginons petrosa consisted,

which forme i
TI'H.'. evelilen conists sene of spirally coiled p-I:iihq-lirlf Ll
|}':|r1|_-;-“i;]|in W chizated cavity in the enrtilaginous petrosa,
?.l,_.“."}.‘ the wail © which nre, ””-n-Hpn-, :-ur‘l’”.‘iﬂ'i"m"‘-
‘| he peripherai sl o the enilid tube is in contact with the
moer sorface b wall off the cartilaginous eapsule { Fig.
18, ), a fr wloeh has uy important bearing npon the
further slagre= ol perawed.

The cmbrecnl conpective tis<sue within the “ﬂf""h' L
l.ll1-ierl;'41'ﬁ iniporizns modifications, which vary creatly in dif-
ferent resions, It portion of this tissue which immediately
l.‘""-'r."l'\'fl"‘ thiee cochlenr merve boeeomes lirst dense "F”"r“l!‘ri“l
Ih-'LL:H!L, “]IE*'il i4 sfterwarml r“rr'rllj' l"!N'l-'i"'I"'I it houe, can-
:=I5It1Iiru: the modiolus, or axis, of' the cochle The R
comlensation and  subscguent assifieation  extend

[EEET TR
teonn the weadiolus ina spival line, which eorresponds

O Wl
with iy
lear e, until they meet the wall of the "Ti_!-':i””r “']""hl'
thi- producine the bony cochlea. That =, h‘."" thire fhlvt-f-rp-

ment of 1his 5E|i|';1| 'uluhr aned 11= eonnection :I.'IIH’TII:I”}‘ with
wiile, o

intervals Detween the saecessive turns of the eontfi-

the modiolus and externally with the wall of the eaj

8 ! . - i H I-ll'. =
tube s firag partly membranons and prartly '-”'“f"a-"'"';’
il g Lger abrpires (rssiaills, §# llt'r11h!:'rl!+ which eneloses the

mueh <mallee cochlear duet, and like it iz wonnd *‘I"""‘!_IJ'
(he original aimple carily

by the growth of
Ji mmnner ws o o

arauned the npeeliolos,  Teo repeat,
of the carti e frpons (‘:1|J.~||I|- i< snlulivids
the modiolo= smd of the spiral chell dn =ne
beeame u .*-Jr:;rrﬂ'fr; pretdedd Fiehi ) .

The ecochlear ;mnra. enediised within the voil of ﬂl*.". -
lear duet, =cids Leanelies (Fi L'u:l.. N} in .:| l‘:t}Fil'IHl-llrlr-'
soft ti==ime snpronnding and
pard fo forme a connective-
rld from the moelinlius Lo
a spirnl eourse

spiral line to the duet, aml the
supportine lese branehes eander

tissue plate which extends outwand ’
th: cochloar duet sl which, tliereiore, fas
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ahout the modiolus, itz entive inner edge being attached
to that central axis, while its outer boriler is, throughout
its entire extent, in continnity with the inner wall of the
duet. At a later stage this spiral plate undergoes direct os-
sifieation to form the two lamellie of the bony lamina spiralis,
Thus it is that the ganglion spivale amd the sneeessive ter-
minal branches of the eochlear neeve eome to e enclosed
within the spival lamina.  Reealiing the edndition of the
cochlea before the growth of the spisal Luaing, it will be seen
that the latter, in conneetion withi e cpithoiind cochlear duet,

divides the tube into two paris (Bie 1314 N1 ST), It
will be evident, ton, that the epitional cachicar duet now
holds a relation to the larger tnlie - e tetare bony eochlea
which is gimilar in principle to ' el of the mem-

branous semicirenlar canuls 1o the to canals, Lat with
the difference that the outer wall o 5 cpithedial duet s in
close eontact with the outer wall ©f the {uture hany eanal
at ., and that the inner walls of tiw 150 ave conneeted by a
spiral plate, the lemina spirali=,

The cochlenr duet, then, is survounded by undiflirentinted
mesodermic tizsue, exeept on the =ule farthest from the
modiolus, where its wall i3 in contnet with and finally
adlieres to the wall of the cartilaginans capsule, The lamina
spiralis divides this tissue into two parts which respeetively
oceupy the positions of the future seala vestibuli nnd scala
tympani. This soft combrvonal tiz=ue, ss in the ease of the
eorresponding tiszue of the scmicivenlar eanals, develops dif-
ferent |}' in dillerent n-giun-'. Tl innermaost stratiim, which is
in relation with the epithelial coclilear duet, becomes filbrous
eouncetive tissne and constitules the fivrous layer of the adult
cochlear duet ; that is, on the side of the doet towand the
seala tympani, it heeomes the conneetive-tissue layer of the
membrana basilaris, while on the side toward the seala ves-
tibuli it forms the fibrous steatum of the membrane of Reiss-
ner (Fig. 153).  The peripheral zone of indiflerent tissue,
that in contact with the now cartilaginous wall of the future
bony cochlea, ns well as that which lies against the lamina
spiralis, also undergoes eondensation and forms a fibrous,
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or iihmrnwui:tr, membrane, the internal perichondrium or
future periosteum. The tizsue interyvening between these
two layers retrogrades, the eclls degenerating and the iuter-
eellular substanee Hyuefying, until finally ”H.'-:-'|HH.’U-" known as
r_I}o seala vostibn!. and the seala tympani are hollowed out.
:'lh:-se chariobs soo Jymph-spaces und the Huid they contain
iz t‘lm periiveip’. This perilymphatic space is in communi-
ation with e Cihe vestibule. Therefore, while the eoch-
lear duct 1 soaln medin encloses an epithelium-lined space,
"'* do the sacenle, the utricle, and the membranous semi-
cafwzinr carale and in common with these strueiures con-
s the -e-calied endelymph, the scala vestibuli and the
seala tympant are in the same category with the perilym-
phatic spaces of the other parts ol the internal ear.

The Middle and the External Ear.—The middle ear,
consisting of the tvmpunie cavity and the Eustachian tule,
it developed from the back part or dorsal end of the first
Inner visceral furrow. The external ear, comprising the ex-
ternal auditory meatus and the auriele, comes from the dor-
sl extremity of the first outer furrow and the tissue about
its margins, the tympanic membrane representing in part the
elosing membrane which separates the imner fuprow from the
Oy,

The first iuner viscernl furmow, in common with the
other inner furrows, is an evagimtion of the laternl wall

of the ]:I‘}lllili\'i." pll-'li"i'"gﬁ"l i '.'ilf_lr', i head-end of the g‘tr[-
ud of this groave suifers ohliteration,

tmet. The ventral end
tnbotympanic sul-

bt the dorsal segment, designated the
cus, hecomes eonverted into a tube by the growing together

of its edges,  The tube is composed therefore of entodermic
; It clongates in the dorsal and ontward

epithelial eells,
t]il't--—'h‘nn, “ml i1y 4!1"‘."1!' uxtn:mll‘_-.- hevomoes trrr]':lrgml Liw Jrr-

e the cavity of the tympanum, the remaining part of the
Sl }Mlumh;g the epithelial lining of the Bustachian tube,
The canal |J4.-I'.l1.'.:‘ formed  before the :.ln.-!-'vlupm{-ut ol the
eranium, and approximately its posterior half’ being sir-
ronnded by the mesodermic embryonal conneetive tissne
that afterward becomes the petrosa of the temporal bone, the
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tympanic cavity and a part of the Eustachinn tube come to
e enclozed within that bone, while the conneetive tissue
eneasing the anterior part of the tube differentintes into the
eurved plate of eartilage that forms the eartilaginous part of
the Bustachian tube.

Sinee the posterior end of the primitive epithelial tube
insinuntes it=ell between the otie vesicle and the surfuee,
the tvimpsinum eomes 10 ovenpy itz pormal ;n::-itiu" un the
onter side of the internal ear. The tvimpanum, being de-
rived from the back part of the fist viceomal eleft, is in
close relation with the fiest and = ool viceeral arches, and
the ossicles of the middle ear are Jevives! (vom the dorsal
extremilics of the l::u'tﬂ:lgiuml.-' by ol the oo arches in the
mamer  deseribed in Chapter XY PEL Necessarily the
primitive ossicles are exterior 1o o0 prizitive epithelial
tympanie =ue, az is also the eclerda fvinent nerve, which
passes along its outer side.  Afier the cssiieation of the
temporal bone, these struetares are cmbedded within the
abundant soft conneetive tissue whicl i= between the epi-
thelial sae, now the mucous membrane, aid the bony walls
of the tympannm,  This mazs of 2odt ti=ne undergocs very
considerable diminution, owing to which the wueous mem-
brine comes into contact with the Bony wall=, amd as a result
the ossicles amd the chonda tympani are enclosod in folds of
the mucons membrme aned e too e within the i_'u'lll'[i:lhil-‘
vavity.  They are exelnded, however, from the trne cavity
of the tympanum, sinee they are exterior to the epithelial or
muconis-membeane laver,

The external anditory meatus i~ simply the peesistent pos-
terior part of the first onter vizeeral furrow or hyoman-
dibwlar eleft {see pr- 101, 105, this eleft elosing c-um‘in'll-lu-i_\'
everywhere bt in this region,  The closing plate of the lirst
cleft beeomes the tympanic membrane. Ieonee (he outer
layer of this membrane is of cetodermic origin, while the
fnner layer is entodermie, heing  continnaons with the T'!‘i'
thelial tympanie Jining, and the middle fibrous layer is
derived from the mesodern,  The relation of the malleus to
the membraue and of the latter to the bony tympanic plate
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which forms part of the wall of the meatus is dealt with in
the chapter on the development of the skeleton.

The anricle i= derived from the tizsue aronnd the margin
of the nielosed ack part of the lirst onter eleft (Fig. 155, C).
Six little elevations make their appearmmee here, the projections
being mesodermie tissne eovered with ectoderm,  The meso-
dermic component of the clevations differentiates into the
cartilaginons and other connective-tissue parts of the auriele,

The woduales marked 2 amd 3 in Fig. 154 becoming a continu-

P, 150 = St g tiee praddual developiocnt of the parts of the exiernal car
frum Protndiences wgway e mandibalae Rl h_’ullh‘ﬂrl visceral arclos (90 vard
s b® a0 1, 2 proand penees on mandibelar arch: 3, prowlnece twecn
e Ui Afchos, prolorm d pesterlarly o secoml Bt to i A5, and G, proand-
Wenwes nn biyodden o second viscogal archis X, bower Jaw,  Promioence | furom
Ui trisins 5, 8, % the bl ¢ 4, the nntlhelin ; 5, the antitemgus o & the lobaly.

ot riddge, produce the helix, while nodule 4 beeomes the anti-

The tragus nnd antitragus develop nﬂlmlh’“l\:" from

helix.
At the end ol the seeond month,

the l-l'u_‘rm*iiu:|- 1 sl .
these purts are =o e advanced as o be easily distinguish-

able, and the eonneetive-tissue basis of the ridges and pro-
Jeetions and the continnons plate-like mass to which they
all are attaeled bierin o Illltll'l'j_,[f_! chondrification.  From
the thivd month onseard, thi< primitive auriele, by continued
wrowth and greater separtion from the side of the head,
assumes more and more the chameters of the furlly formed
member,  The lobule, however, which results from the
rrowth of the little clevation marked 6, Ligs behind the
ot hep Jrrts in 111-1.';_-julmnmt and 1= rather indistinet until the
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fifth month, after which time it inereases in size and gradu-
ally acquires its normal proportions. .

THE DEVELOPMENT OF THE NOSE.

The nose is primarily a special sense-orgun, although a
part of its eavity serves, in sir-breathing vertebrates, as an
adjunct to the respimatory system. The evolution of the
mature organ of amell may be epitomizid by the statement
that the olfactory epithelium, the cssentin! part of' this sense-
organ, is a pateh of depressed or infulded cetoderm, the cells
of which nre highly specialized and are Lropglis into relation
with the central nervons systemn by menns of ehe ontgrowth
from the latter of a parct of its mass, ine olieory lobe.

Very early in intra-uterine life—before the snd of the
third weck—the olfactory plates nppear s foeatizod thicken-
ings of the veloderm situated just in frunt of or above the
oral fossn. These nasal areas are the forerouners of the
future olfactory epithelium. It i worthy of note that the
olfactory plutes are in very close relation with the primary
fore-brain vesiele, being, in reality, on the onter surface of
the cetodermie eovering of its ventml wall,

Owing to the rapid outgrowth of the =urrounding tissue,
the olfactory plates become relatively depressed, constituting
now the nasal pits, which arc distingui=hable at abwour the
twenty-vighth day. The pits are separated from each other by
a brond mass of tissne, the nasal or nasofrontal process (Fig.
155), which is, us it were, 2 loealized thickening of the meso-
dermic tissuc on the ventral wall of the primary fore-min ves-
icle ; and this process makes its appearanee in the thied week.
During the ifth week the nasofrontal process thickens greatly
along its latern) marging, the thick edges being known as the
globular processes (Fig, 155, A, B). At the same time the
lateral nasal processes bl out from the nasofrontal process,
one on each side, above the nasal pits, and, growing down-
ward, form the external boundaries of the pits, caeh of which
depressions is bounded on its inner side by the corresponding
globular process. The nasal pits, therefore, have well-marked
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walls on every side exeept below, where they are direetly
continuons with the oral fossa,

In the latter end of the sixth week the nasofrontal proc-
ess, which, it will be remembered, eonstitutes the upper

Fic. 10 — Doy alopiment of Ui fade of e bunmrcmbrye (HEd: A, crabizyo of
Alweiit (wenly nling dnvs,  The meesofrontal plote o ferentlanige Inko processus

Ehobaiilares, towand wihieh the maxilnry postesdes o

LT T eilirg of slaant thietyfons days: Ui elnlastar, Interal fromtal, miid ﬂ‘"‘_‘
Mnry proccsses ane (i apgosision ; Yae primighve opening fa mo Batticr deind,
emlryo of abut the cleb e wee's: intedinte by oF meth B o el
nlte andd thie nassl afificos nre partly formed, externnl car apgmaring. B, embiryn
alasned ol g mront b

firzt ¥isceral arcl are cEteiid-

limit of the vl fossa, is joined on each side by the unitedd
maxillary, and literal nasal, processes. This elleets 3 diviz-
ion between the ol fossa and the nasal pits, and forms,
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though as yet erudely, the external nose, and the upper lip
as well.  The definite formation of the external nose may be
said to bo indicated about the eighth weel.  The orifices of
the nasal pits ave now the anterior nares, while the pits them-
gelves have become short canals, opening by their deep
orifices, the posterier mares, intv the primitive mouth-eavity
above the palatal shelves, The nares are separated from
ench other by the still bromd nazofvontal process. That
rn':l“ﬁr}n of the nasofrontal process thies sepuiraies the nares

pradually becomes thinuer and proedie - the ceptum of the
nose, while its external or superficiz! et oves rise to the
bridge and tip of the vrean.

The growth of the palate-shelves (: . 14 toward the
median line, resulting in their unive with ok other and

Fio. 196, =Roof of the aral envity of a s cmbera with the fomdaments of fhe
palatal provesses (oiler 1sg, = 10

with the recently-formed septom, definitely divides the nasal
chambers from the cavity of the mouth, the posterior nares
now F.l[h‘llillg into the ;:I:.ur:.'n_\', iz :-|-|m|';tliu|| is -:T-umpll.‘lt'll
toward the end of the third month.

The complexity of the adult nasal eavities i= produced hy
the formation of ridges and pouches on the Interal walls of
the original nasal pits, Three inwardly projecting horizontal
folds of the eetodermic lining of the cavity, the superior, mid-
dle, and inferior turbinal folds, nppear upon the outer wall of
each nosal fossa (Fig. 157). Each fold contains a stratum
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of nh‘r‘*“‘d"’_‘"“‘w fizsnie which develops into eartilage and sub-
;=:-1|m=hti:'~'_=“=” o, I‘-:]'miu_»_:- respectively the three turbinated
bones, 1 hw _'-'-'i1'.'i'|:*$;511-~t1«- character ul:l.h-c:-:f folds becomes
;'lllli"'!'l.rl-ut at e vl of the .*--.'r.‘ﬂl:li.t,, or the early Jeart of the
third, month. Ay evagination on the lateral wall of each

Sone theen el e Bend oF an cinbeyo e s em. {12 In.v long,
tevtoemt, The pasal eaviiles are sewdi T bee dn pattpanicatlon
Dot ot the plaees deadcnatod by o *1 &, varsllage of the nasal wepe

ettt o anmn of Jacelwon: 27 the place whese ILopens inls
palatal proass; of, maxillary proecissd s, dental fidge

pas=il foeen, between the middle and the inferior turbinal proc-
veses, Levotnes il antrum of Highmore; this is formed in
the sixth month,  Other evaginations produee the othmoidal,
the frontal, and tle sphenoidal sinuses, the last two of which
are not completad, however, uatil after hirth. Very early in
the development of the nose n small invagination appears on
the wie=ial wall of the vazal pit. In the tourth muontl ol
vestation thi= invaeination ha< become n eamal in the 2eptum
[Fi;_'. 157, J ), ranninge From b fovree Lk ward il l:l“"":-.{ in
i blingd I T [t i< the so-called organ of Jacaobson,
which, tn e, 5 merely a rodimentacy stroeture, but whicl,
in most otler mammals, s more highly developed, being
surronnded by a cartilaginons eapsule and receiving a special
nerve-supply from the olfaeory nerve

‘The olfactory plates hecome separsited from the fore-binin
vesiele sl consenently from the later brain amld its ont-

Eih
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growth, the olfactory bulb, by the development of an inter-
vening bony plate, the cribriform lamina of the ethmoid
bone. The cctodermic cells of the olfactory plates differenti-
ate into the highly specialized neuro-epithelial elements of the
olfactory mucous membrane and their associated supporting
cells. The neurits of the neuro-epithelial cells, assuming re-
lationship with the glomeruli of the olfactory bulb, constitute
the olfactory nerve-fibers.

The external nose, as previously stated, first acquires defi-
nite form about the eighth week by the union of the distal
ends of the lateral nasa! processes with the nasofrontal proc-
ess, the former producisg the alm and the latter the bridge
and the tip of the nose. In the third month the organ is
unduly flat and brosd. but from this time on it gradually
assumes the familiar characteristic form. From the third
month to the fifth eack cxternal paris is closed by a gelat-
inous plug of epithelial cells.



CHAPTER XVII.
THE DEVELOPMENT OF THE MUSCULAR SYSTEM.

THE STRIATED OR VOLUNTARY MUSCLES.

Tue voluntary muscular system, genetically eonsidered, is
divisible into {1 the museles of the trunk and (2) those of the
extremitics,  The muscles of the trunk include two distinet
sete fﬁ.} the museles of the trunk proper, or the skelotal
muscles, and (b) the museles of the visceral arches or the
branchial muscles.

To arrive at a proper comprehension of the evolution of
the musenlar system it is necessary to revert to an important
fundamental embryologieal ‘process, the segmentation of the
body of the embryo, ar, as it is sometimes expressed, the seg-
mentation of the ewlom, or body-cavity. As pointed out in
Chapter 1V, this process of segmentation vceurs in all ver-
tehrate animals and in some invertebrates,

The Muscles of the Trunk Proper.—At a very early
stage of development the traets of mesodermic tissue situated
one on each side of the median longitndinal axis of the future
cmbryonic body, the paraxial mesodermie traels, undergo
division or sepmentation, in lines transverse to the long
axis, into a series of pairs of irregularly cubical masses

of mesodermic eells.  These masses are the mesoblastic

somites or primitive segments, often ilmppmpl‘iﬂlﬂ}' called
the protovertehre.  The somite fArst formed unrl:ﬁ:-s]mm.!ﬂ
with the future oecipital region, the second one lies unmv{!h
ately in front of the first, while two others, situated still
more anteriorly, that is, near the cephalie end of ¢he embry-
onie area, and seven more, behind the first, are added almost

simultaneously. The formation of the primitive segments
- 339
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then proceeds failward until a considerable number have
been added. Those in front of the one fir<t formed are
denominated the head-segments, while the others are known
as the trunk-segments.  Euch somite is af first triangular io
cross-gcetion, the base of’ the trinogle looking toward the
chorda dorsalis.  Subsequently they assume a more enhoidal
shape.  In the lower vertebrates—amphibians and fishes—
the somite i3 hollow, its cavity being in these cases u con-
gtricted-ofl’ portion of the body-cavity (hence the term “ seg-

Fio, 108 —~rracaeetion through the pegion of e proncphirgs of a selachian
embrys in whieh the s el nts (myelanes ) (mp) are e process of bl
constricted off, TMagrmm (nMer Wity nr, pesaral Gaba: eh, chorlay an, sortad
ll'l.. Fﬂl‘mhﬁl'llﬂ'l rial: mp, ey ...1|-|_'|_._-| of The |rr|":u“|.\'|' pogmmenl ;owe, Zome ull
growil whors the snnsele-plate bemds aronided fato g eutis-plate (ep) o oh, tract
eonneciing the prieitive sogment with the Peslly cnvity, st of which are devel-
uMl RN uther things, the .hfF"’J'.I'hrlf‘ Lplennlis

owk, akeletogvenons tlesue
which arlees Ly » prodiferntion from the ged!

an Wil of the conneeiine teact o
m, pranephees; md, mbE parkoal and viseesa! mbbile layer, foom whosge walls
mesanchyme (s develipual; 4, lasly-cavity oL, cntalilast

mentation of the eavlom ™ to express thiz proecss). In the
higher vertehrates, however, the cavity is
encroachment of the cells of the wall- of

The cells of the somites 00n unde

obliterated by the
thies =omnite.

reeo differentintion aml
rearmngement, It i usually stated that, preparvatory to the
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segmentation of the paraxial mesodermic tract, this tract has
hecome separated from the remaining lateral plate of the
mesaderm.  The separation is not complete, however, and
thercfore, afier the appeatance of the primitive segments,
cach segment is conneeted with the more laternlly placed
lateral plite—by the sepamtion of which latter inta two
lamelle the crelom iz formed—Dby a smaller mass of tissue,
the nephrstorce, alsa ealled the middle plate, or intermediate
cell-mass (17 138, rh).  As development progresses the dis-
tinction between the primitive segment proper and the neph-
rotome fncoines more sharply expressed, and the former is
designated the myotome. The primitive segment on its me-
sial surfiee, near the point of union with the nephrotome,
semds torth cells which form a mass called the sclerotome
(g, 155, sb).  The selerotomes spread ont and blend with
cach other, forming a continuons mass of tissue which envel-
ops the chorda and the neural eanal, and which, being con-
cerned in the production of the permanent vertebre, has no
further interest in this conneetion,

What remains of the primitive regment after the forma-
tion of the neplirotome and of the selerotome is the myotome
proper or the muscle-plate.  Although, as previously stated,
the primitive segments of the higher vertebrates contain no
cavity, the mvotome and the nephrotome cach enclose a
space, that belonging to the former being known as the
myocel. The mvotomes or mu=ele-plates are =0 ealled be-
ennse they ’ii"'h.ri,q- to the voluntary musculature of the

Bt not all of the cells of the muscle-plate undergo

trunls,
While the cells on the

tran=formation into muscular tissue,
nl'-‘.“.‘"iil] ur l..'l'r'.lrlli'lt :_i{h_., "j' |_]“_; [u}'mﬂl-] ure !.."'l'.llllg‘ llll‘l.lllﬂil

certuin alterations prepartory to their metamorphosis, the
cells nearer the bodv-wall beecome rearmnged to form o
charaeteristic laver which is known as the cutis-plate l‘r-m:
the fact that it contributes to the furmation of the .[-nriufnrul
e alisi [I,"i"‘. 158, ep). The ,r"tiﬁ_E]I:_l‘{_’ and the remaiming
part of the musele-plate are contimious around the myovecel,
the transition from one to the ather heing more or less :mll-
ual. T'o summarize, the primitive seguient i< differentiated
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into the nephrotoms, the sclerotome, the mystome or muscle-
plate, and the cutis-plate.

The Metamorphosis of the Muscle-plate.—By the
term muscle-plale is meant here the thickened Iayer of cells
on the chordal or mesinl side of the myatome proper, which
layer constitutes what remains of the myotome after the
differentintion of the entis-plate. These cells having pro-
liferated and inereased in size, awd having eneroached
thereby npon the cavity of the mrotome, nest undergo
alteration in Sllﬂ.[‘ll.", becoming evlindrien!, with their long axes
parallel with that of the hody of the cinbrvo. The length

of each eylindrical eell equals the i ckness of the prim-
itive segment, at least in the Amphiie and probably also
in the ehick. The next step in the tiunsiormation is the

acquisition of the transverse striation «horacreristie of ver-
tebrate voluntary muscle.  Soon aftee this e protoplasm
of the cell undergoes longitudinal Jdivision into minute
fibrillm—which latler do not necesenrily corvespond, how-
ever, with the primitive fibrillic of matnre muscle—and the
cell-nuelens likewise divides. The metamorphosizs of the
now fibrillated protoplasm into musenlar tizsue iz ficst com-
pleted at the peviphery of the fiber, so that a young musele-
tiber containsg a central core of undiflerentinted material,
mcluding the daughter-nuclei resulting from the division
of tha nt"iginﬂ nueclens.  Soon aflver the appearance of stria-
tion and the fibrillation of the fiber, the fibers begin to sepa-
rate from cach other, and developing conneetive tissue with
young blood-vessels penctrates between them, the Abers now
showing aggregation into bundles. Tor some time longer
the fibers are naked, since the sarcolemma is not acquired
until eonsiderably later. The diffcrentiation into museular
tissue gradually extends from the periphery of the fiber to
its core, the process being complete in the human embryo at
about the end of the fifth month for the muscles of the upper
extremities and in the seventh month for those of the lower.
The embryonic musele-fibers are smaller than the mature
elements and inerease in size until the third month.

It is considered highly probable by most embryologists
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I.;mt muscle-fibers undergo multiplication during embryonio
life. There are several theories as to the method of this
multiplication, The most generally aceepted view is that
put forth by Weismann, the essential feature of which is
that the fibers multiply by longitudinal division or fission,
Reference was smade above o the ref ated division of the
unelens of the coll as one of the initistory steps in the forma-
tion of ilo wosele-tiber.  According to the fission theory,
there is o2 o2 s of Hbers in which the nuelei are arranged
i a sing: e, and the fibers of this class do not undergo
fission ; « hile ere is another class, the fibers of which have
theiv nueled wosanged in severl rows,  Fibers of the latter
type diviie fcagitdinally inte as many daughter-fibers as
there are tow of nuelei. .

Although sasny of the details of the development of the
musenular svstem are still inveolved in obseurity, it i a gen-
erally aweeepted faet that each fiber is derived from a single
cell, the protoplasm of which develops the funetion of con-

traetility (o the subordination of the remaining vital proper-
ties of protoplasm.  With this specialization of function
there is necessarily 0 concomitunt alteration of strueture.
The mnseular mass resnlting from the trnsformation of
cach myatome rrows in the venteal direetion Lietween the ecto=
derm and the parietal leaf of the mesoderm, or in ather worils
into the somatopleure, to produce the museular struetures of
the ventrolateral bedy-wall. It grows also and to a greater
extent in the (dorsal i“]’[‘l’:liﬂli, L‘l}\'l}l‘i";:,, el lll'.‘t]lﬁring [I!}illl.!'

of attachment to, the verteliml colunm, which lias mean-
while been forming,  [n addition to the ventral and dorsal
extonsion of the llllhii"]i'-'lllﬂh.,"ﬂj eaeh one ETOwWsE both forward

and lackward—cephalad and cndad—in such manner that
overlapping and intermingling result.
What has heen snid above concerning the evolution of

the trunk-musculature from the primitive segments refors to
those muscles that are developed from the segments of the

trunk. As io the evolution of the head-segments compara-
tively little is definitely known. It is generally accepted
that in clasmabranchs—a gronp including =harks anl rays—



3414 TEXT-BOOK OF EMIDRYOLOGY.

there are nine primitive segments in the region of the furure
head., The number present in maini: alian embryo: has not
been clearly worked out.  In the lower vertebrates each
serment contains a cavity lined with flattened cells, the
mesothelinm, the metamorphosiz of which into muscular
tissue may be inferred to he essentinlly as already outlined
above, The first head-segment, which lics in contact with
and partially envelops the optic vesicle, gives rise to the su-
perior rectus, the inferior rectus, avdd the mterior ablique
muscles of the eyelnll; the second segment produces the
superior oblique, and the third, ils cxeoreal reetns. The
fourth, fifth, and sixth segments alw vl boonee prodduee no

adult structures : while the seventh, © o eighti, and the ninth
segments become metamorphosed ot neeles that con-
neet the =kull with the shoulder-ci ot

From recent studics ! iv would appore tha fndividoal mus-

cles undergo peculiar and signiticant miceations during their
development, aml that the origin of the nevve-supply of a
musele indieates the location of the {J:It'fltt'lll.’ll.' myatome or
myotomes {from which it originated, sinee the sepmental
nerves are connected with their respeetive myotomes and
supply the museles derived from sunel myotomes,  IFor cx-
ample, the serratus magnus, heing innervated by brauches
of the cervieal nerves, develops from myotomes in the neck
region, and subsequently moves down to bheeome attached to
the seapula and the ribs,

The Branchial Muscles.—This tcrm cmbraces the
muscles of mastieation and the various museles conneeted
with the |1I"-'-li1.| |ll'rtlt-, with the Jiws, amd with the ossicles of
the middle ear. They result from the metamorphosis of the
mesothelium of the wiseeral arches ail aequire connections
with struetures that have arisen from the so-called mesen-
chymal cells of these apelies or, in other words, from the

enbrevonal conncetive tissne 1'.ll.lm T makes up the thu'f' part
of thei ir bk, For an account of the growth of the visceral
arches the reader is referred to Chapter VI1.  From this

‘:‘N o Ihl“!“]'““ wtof the Ventral Abdeminal Wails in Man,”! Frank-
lies L ‘l[ﬂ" ok .”'r_pf,m, ""j' val. i lll-., 1505
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gecount and from that found in Chapter IV, it will be seen
that the formation of the viseeral arches und clefis is in
reality the segmentation of the ventrl mesoderm of the head-
region of the embryo, or to express it in another way, it is
the segmentation of the ventral caclom of that region. It is
interesting to note that whereas in the trunk the segmentu-
tion of" the mesmierm is restrieted to the dorsal part of the
body, in the head-region the ventral mezoderm ulso partici-
prates in the process,  Henee the viseeral arches, as might be
L‘N|H.*{'h”|, constel of go many misses of uw-.n‘.u]l:i‘[l:li(‘ Ii:::illt',
aeh arel contzining a small eavity lined with mesothelium,
which eavity i o constricted-off® part of the body-cavity or
coclom, It is these mesothelial eells that produce, by their
dilferentiation, the museles under covsideration.  While so
much coneerning the origin of thiz group of musecles is prac-
tically assneed by observations upon the cmbryos of the
lower vertehimtes, the details ave still obseore.  His assumes
the origin of the palatoglossus, the styloglossus, and the levator
palati from the second or hyoid areh ; of the stylopharyngeus,
perhiaps the palatopharyngeus, the hyoglossus and the superior
constrictor of the pharynx {rom the third arch; and of the
middle and inferior pharyngeal constrictors from the fourth
arch.  Further, it is held by Rabl that the muselos of the
face, inclading thuse of the scalp and the platysma—the
muscles of expression—originate from the mezothelium of
the hvoid arel in the form of a thin superficial sheet, which,
gradually spreading out from the place of arigin, breaks up
into the individual mnseles.

The Muscles of the Extremities.—Or the .clt-w!.;p-
ment of these there is little to be said.  Enough is known

of the ']"‘n'r[n|mwnl. ol the lmb-museles (o e<talilizly two fm=

portant faet<: that these museles develop as buddings from

the muscle-plates of the trunk, and that the muscles of cach

i . ; o _ *.-;
extremity arise not from one but from several ll.l:ﬁlllulllt. y
The observations have

amed in these ¢m-
each of which

the exaet number being uncertain.
been ehicfly upon selachians (sharks, efe.),
bryos each myotome gives ofl” two huls,
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divides into two others, while the main part of the myotome
continues its growth into the somatopleure.

THE INYOLUNTARY OR UNSTRIATED MUSCULAR TISSUE.

This wvariety of muscular tissue, like that considered
abuve, ia of mesodermic origin. But while the voluntary
muscles arise from the flattened or mesothelial cells of the
primitive segments, involuntary muscle results from the
traneformation of the embryonal connective-tissue elements,
the mesenchymal cells, of the mesoderm. It is for this
reason that some authors speak of the voluntary muscles as
the mesothelial muscles and designate the involuntary mus-
cular tissue os mesenchymal muscle.

While it is a generally accepted fact that each of the fiber-
cells which make up unstriated musecle is a metamorphosed
mescnchymal or connective-tissue cell, ihe details of the
process have not been accumntely worked out. Onpe may
assume that necessarily the young connective-tissue eell
elongates and that its protoplasm must undergo such differ

entiation a3 will fit it for the exercise of its future function,
contruetility.

THE CARDIAC MUSCLE.

The account of the development of the heart-muscle will
be found in Chupter X.



CHAPTER XVIII.

THE DEVELOPMENT OF THE SKELETON AND
OF THE LIMBS.

AvrtHovan iho skeleton is the framework of the body in
the anatomical or mechaniceal sense, it is not so embryologic-
ully, since its development is not begun, at least not to any
important extent, until nearly all the principal organs are
well differentiated, and its growth is largely subsidiary to
that of the structures which, in the mature state, it supports
and protects, ﬁlur|ﬂm|u‘[_;ie-lt:1- speik of the oxoskeloton and
the endoskeleton, the former having reference to the hard
structures fommnl superficial to the soft parts, for whose pro-
tection they serve, such as the campace of the lobster, and
the hard scales of certain fishes; while the latter term
signifies the cartilaginous or bony structures found within
the bodies of most vertebrate animals.  Even in the highest
vertebrates, certain bones, such as those of the vault of the
eranfum, are usually considered by morphologists as being
the representatives of part of the exoskeleton of lower types.

The skeleton, using the word in its ondinary sense, con-
gists of the axial skeleton and the appendicular skeleton, or
skeleton of the limbs, The former, including the head and
u“! f.nmk, |~, commuon to :|I| '.'El‘lr_']rrnh":-; ﬂlﬁ lntter lﬂ Wf-
found in the lowest members of this olass and henee is to be

regarded as a Jater ncquisition in the evolution of the al_r.elntﬂn.

In stndying the development of the skeleton, as in con=
sidering that of other systems and orgas, clearer eonceptions
of the growth of the individoal may be obtained by com-~
paring it with the evolution of the type. For example, thie
gimplest formn of skeletal apparatus is that of the amphioxus.

In this animal the only representative of
ur

the skeleton is the
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notochord, a evlindricnl rod composzed of cellular or gelatinous
tissue in which neither chondrification nor ossification ever
takes place. Such an animal furnishes ao example of the
notochordal stage of the skeleton, The surronnding of the
chorda with a sheath of embryonal connective tizsue, by
which it is strengthened and thereby better fitted to serve as
the body-axis, furnizhes the membranous type ol skeleton, a
stage a little Farther advanead thaw the preceding. The next
higher type of skeleton is the cartilaginoss form.  In this case
the embryonal connective tissne haz urdecsone irmnsformation

into eartilage, at which point developoont i arvested, the
stage of ossification never being attwine . e cartiliginous

type of skeleton is illustrated hy that of he selaehiun (sharks
and dog-fish).

The third aml highest type of skelotor i 1l osscous. This
results from the replaccient of the cariiic inon- ti==ne by boue,
The provess of oesilieation doees not, bowever, alfect every
part of the eartilaginons skeleton, thers Leinge some portions
of the latter which remain permanentlv pnossificd. A there
are, thruughuut the vertelmte series of animals, various Eri-
dations in the degree of differentistion of the skeleton, =o in
the conrse of development does the osscons system of every
higher vertehrate pass through these siages from the simplest
condition, that of the notochordal skeletan, to the highest
form of the almost completely ossiticd skeletal apparatus,

THE AXIAL SKELETON.

The axial skeleton, ns stated above, ineludes the hones of
the trunk and those of the hewd, Logically the development
of the former will first cluim attention.

The Development of the Trunk.

The Stage of the Chorda.—The formation of the
chorda dorsalis or notochord is the earliest indication of the
axis of the embryonic body and it will be reealld that it is
also one of the eavlicst embryological processes.  The mode
of development of the ehorda from the entodermal epithelium
has been deseribed at p. 85, The chorda serves the pur-
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pose, as it were, of an axis about which the permanent ver-
tebral calumn awnd a pare of the skull are, at a much lnter
date, built up.  The anterior or headward termination of the
chorda corresponds to the pusition of the later hypephysis, or
pituitary bedy, and thus the chorda is eoextensive, not only
with the verielini column, but also with a portion of the
ermium.  The eolis of the chorda enlarge and beecome dis-
tended with #aid, the |||'-1tn]|]ns-||| of each eell lming redueed
ton thin lavor. Phie peripheral eells, however, constituting
acdistinet loe o, <40 chordal epithelium, remain snall, snd it
lireration that the ehordn inerenses in size. In

chorda is the only “skeleton  that is ever
In

is by their ;
the amphios. o
acquirved, s in o bis animal it s a permeaent struclure,
all other vosioiootes it becomes surrounded by embryonal
conneetive sone, mesenchyme, which latter nndergoes ehon-
drifiention, sind o the higher types assification al=a.  While
in some of the lower vertehrates, as in certain clsses of
fishes, the ehorda persists ns a strueture of more or less im-
portance, in the hicher members ol the series, binls aml
mammals, it retrogrades as the processes o chondrifieation
and vssification o on, notil linally it is represented omly by
the pulpy centors of the intervertebral disks.

The Membranous Stage.—The notochordal stage of

the development of' the vertehrl eolumn is snccceded by the

membranons stuge. The transformation is effected by the

appearmnee of an ensheathing muss composed of embryonal
connective-tissue cells whivh lennll'lll not Uﬂl_\" the ehorda
but also the nenral eanal o fundament of the nervous system
(Fig, 158, 1. The source of this l'lrllll'}'ﬂ““I*"'““'“"‘iw tissne
ar |I11"H‘II~1'!|I_‘.'MN estes an important relation to the }rl‘ilﬂ“i\'ﬂ
segments. s the development of the primitive -'-'-L'g!l'lbn't:i
was deseribed in the last chapter, and alsorin Chapter 1V,
it will suflice to remind the reader that each primitive seg-
ment wmlergoes dilferentintion into the myotome or m!“!"'
plate, the cutis-plate, the nephrotome, aml the sclerotome (Fig.
L'__aHL ['Er" ﬁ{vlpr”h“"” "tuul'.:.-;rgu I.II'.'! Illvl'_'.‘liill Eilrﬁl(‘l‘ ﬂf f}ll:' Ly L
ment and lying in close proximity o the elordn.

While the myotome originates from the flatencd or meso-
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thelial eells of the primitive segment, the sclerotome is made
up of eells of the type ehormeteristic of young-growing con-
nective tissue—that is, of the mezenchymal pact of the primi-
tive segments as distinguished from their mesothelium, Owing
to the rapid multiplication of its cells, cach sclerotome spreads
out headward and eandalward, und dorsad and ventrad, sur-
rounding both the chorda and the nenral canal, uneil both these
structures become enclosed in a common, continuous sheath of
embryonal connective tissue,  That part of this tissue which
surrounds the chorda is often desiguated (e zkeletogenous
sheath of the chorda and nlso the membranous primordial ver-
tebral column. The cells of the ~civvvzome: not only sur-
round the chorda and the nenral eane! but they also spread
out laterally into the intervals betwesn the posele-segments
to constitute the ligamenta intermus-viariz nr the bands
or strips of conneetive tizsue which scosrute niljoeent musele-

Minselesepmonts rif spimal merie
o+

Lagrmentum
Intericpmenial rnermmsrenlarie:

arlertes 2
2 spimal meeve

Ligamentum
rufermipfarinem

g ipinal wevve

Sdefefapemour vheath of ¢ hord Aorad

Fro. 199.<Frontal projoctlon fomn a serbes of scetlons thrmugh neow cmbryo of
BAomm (05 In). {(From Donoet, after Frorlep,)

segments from each other (Mg, 1569). Tt is worthy of note
that while this skeletogenous sheath of the chorda originates
from segmented struetnres, the somites or primitive segments,
and is to that extent related to the segmentation of the body,
it now presents no trace of segmentation.

e ———
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The Cartilaginous Stage.—This stage of the develop-
ment of the spine is hrought about by the metamorphosis of
parts of the membranons vertebral eolumn into the car-
tilaginous vertebrz. Other and alternating parts of’ the same
structure furnish the intervertebral disks and the ligaments
that bind together the individual elements of the spine. The
|Ii5ltl]0§_;i¢:al t:illm;_;-,-z-c neces=ary o effect the transformation of
the cubryoanl conneetive tis=ue inte eartilage are, brietly,
the moving apart of the eells and the moditication of both
the cells and the intercellulae substanee, the latter acquiring
the chameterisiie qualities of the matrix of eartilage.

Asa 1il'l‘lil!1_;.'b:l|."'|' slep o the formation of the i.'ﬂ"ilﬂghlﬂuﬂ
vertelie, e cnsheathing  membranons  tissue exhibits, ot
regular intervals, areas of condensation of its conncetive-
tissue clement. It is in these condensed arcas that the
provess of captibge-formation IJugi!IH, and each sueh area,
which has the form of @ somewhat ebliquely placed bow or
..HII! r-ur«']!l, E:nrl'r::llnt'ufﬁ npp In_'l{il]'i!ltl‘l:l' but not lll:l'.lll‘-l.i'!t,'l}' fo
future vertehr,  ‘This halt=arch of eondensed mesenchymal
tissue is called the primitive vertebral bow by Froriep, whose

Spasral
yrmyliom

Spiwal cord

Murcdes
|.f,‘r;|.-rlw.r

Caerda

Frvagfees
swrbcdrad
dartat

Ambage of
rid

Mierte

Linfer of
FLTy u.fr.r:,ri -
vy

Hpock ardfnd Spsie,
FUa. 190 —rass soctien thnsiigh the antage of the thied corvieal veroles of & cow
cnitirg o ol 12 . (1 fd (Bennavt),

investigations established many of the facts known coneern-
il’lg the 'I‘.'\'L‘I""i“l'll'llli ol the skeleton {]'Ig. 160), The median
part of the bow is on the ventral gide of the chondn and is
known as the hypochordal brace. The extremities of the bow
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abut agaivst the corresponding musele-segments, each extrem-
ity becoming bifureated.  The dersal limb of the bifurcation
spreads over the dorsal or superficial surface of the primitive
spinal eord, forming the membranous forerunner of the
neural arch of the vertchr; while the ventral limb advances
ventirad, foreshadowing the hemal arch or costal process of
the vertebra, or, as regards the thomeic region of the body,
the future rib.' The lateral parts of the bow become the
processes of the vertebra, but the median part of each bow,
the hypocheordal brace, remainz unclusdriiied in mammals
and becomes a part of the interverteb:al lignment, exeept in
the casze uf the first cervieal vertebiro. o wtiss, the anterior

or ventral arch of which it furnishes,  The wewmbranous
:m]uge ol the L':lrliiugiuuus body of the vertolus is found in
a special eondensation of the enshent® o tis=- 00 of the chonda

just eandad ot the hypochordal brae:

For each vertebral body there are ivo conters of chondri-
ficaiion, one on each side of the chovde within the mass of
tissue referred to abave (Fig. 160).  The fbrmation of car-
tilage begins in the second month,  The twa conters are soon
conneeted with each other by o thivd, which lies on the ventral
side of the chorda, the three forming now a cartilaginous half-
cylinder whieh is later completed by the development of car-
tilage on the dorsal side of the chorda (Fig, 1615 At the time
when the chorda is completely encased in cartilage the spinal
cord is gtill ensheathed by mevely membranons tissue.  Before
the end of the second month the neural arches of the vertehrme
are indieated h_'.' small j=olated maszes of cartilage whiel de-
velop in the conneetive tissue surrounding the spinal cord,
the Interal parts of the membranous vertehrl bows,  In the
cighth week these fuse with (he Lodies awd appear then as
projections from themn, By the end of the thinl month the
processes, or nenral arches, have grown sufliciently to meel

! Morphologically, eaclh vertohra i3 posscssed of 0 newcal arch, for tha
j"m!t'rl-im of the I'!.lil:l.lﬂ cord ; aud a Sewmal arch for the |ll‘ll|.1|"l.:1..ll3l|5II of the
organs of circulativn, respiration, and digestion, the ril= of man and the
M.E]'I“ vertehrates lﬁﬁug the prersistent beminl arches in the ropion of the

thorax.



FHY AXNILL SXNLETON RA%

b e ]

i E ,

et Eaadt Py i aRal iy B - e 4 i
m the fearth wmenth the eors spanding: archos of the twoe
tiesd, thus completing the cartilaginons gheath

of tha eord
g il . . .
vonivelive Di=sue aocupy g the rutervals

i b8 Mo of
- 5 P ] P | LI - :
between the vercebrul Daosties are kuown as the intervertebral

= fues bordal sarniope

Bro of oo

Repreming of o retelizomem
S wf eciapidal poeiobed

Bepinming of sasfilrumomi
Aoty if fral iorvial ter
Loresr Frofecriea: tedra
difurearnd rramitiie t
Prdrad dci

Pertateal dew of 1xend
cert ol 1ertaird

fw. 16 =Fromtu! peojection from a sepies of sectivng threigh o cow vmhryd
of 15 mm, sy fm, alorsal view (from Bonnet, after Frotbepr: Conmelive (s
#ipgeled ; cartilage wiite,

ligaments, Subsequently they become the intervertebral disks.
The tissue between the eartilaginous arches beeomes dillvr-
entiated into the ligamenta subfava.

While thie |;|||-'fg|||v||1-_ll ;il{r*'n.*tlrj:l'?lﬂtl.q sheath  of the
chordie i radually dilferentiating into the separate clements
of the cartilizinons vertebl vorlonnn, the chorda itscil beging

to reteogrmde. Within the badies of the verichie its devel-

opment is completely arvested, while tho-e portions= of it ron-
tained within the intervertebral disks continue to grow, The
chorda at this stagne consequently <lhows alternating enlarge-
[ certain fishes it persists as a

ments amd constrictions,
I vertelmtes above

gtructure of more or less imporinee.
artilaginons fishes, all traces of the parts of the chorda

n
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within the vertebml bodies are lost as soon ns ossification
oceurs, while in the intervertebral disks parts of it persist
as the soft pulpy cores of the latter.

The eartilaginous trunk is completed by the chondrification
of the ligamenta intermuzenlaria to form the eartilaginous
thorax.

The Osseous Stage.—The process of ossification hegins
in certain parts of the trunk at the cnd of the =ccond month,
hefore the work of' chondrification is eniivele completed.  As
the histological details of bone-Tornsitoo are fo be foumd in

the text-books of histology, it will wot Do nece ssary to enter
into the subject here.  The places in ane fadisduad eartilage
where ossification begins are ealled the e o7 nasifiention.
The process is one of substitution, © - il e hecoming
broken down and absorbed as the foriscon oF Cone goes on,

The ossification of each wertebra i~ owun ai three cen-
ters, one in the body and one in cach areh. The centers
for the arches appear in the zeventh woek  The centers
for the bodies appear a little luter and sve found first in the
dorsal vertebre, appearing successively later in the verte-
bree fiviher up and farther down,  The ossitied arehes unite
with eneh other during the fivst vear of life, but their union
with the bady of the vertebrs takes place between the third
and eighth vears, At a mueh later period five accessory cen-
ters of ossification arve added to each vertebra, Two of these
lh:]ung to the ]aul}' and rive rize to two annular p':lh‘a’r of
hone, the epiphyses, one fur the upper or cephalic surface and
one for the opposite or eandal surface.  The remaining three
centers belong respectively to the spinous process and the two
transverse processes. Lhe epiphyses do not aecquire osseons
union with the vertebra proper until abont the twenty-fifih
year.

The so-called transverse process of n cervienl vertebm, en-
closing a foramen, and consisting of an anterior and a posterior
pari, includes more than the transverse process proper, sinee
its nnterior or ventral portion is the rudiment of a eervical rib.
During the time of the fusion of this rudimentary rib with
the transverse process, the vertebral artery, which passes
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between them, is surrounded by the two processes, and thus
the adult cervieal transverse processes differ from those of
the other vertehre in the possession of a foramen.'

The atlas and the axis, being stri kingly modified eervieal
vertebrae, require special mention,  The atlas containg less
and the axis wore than an ordinary vertebr, sinee that which
corresponds L the body of the atlas never unites with it but

fuses with 150 5oy of the axis to constitute its odontoid

Process,

Fra

The atlas vivooriis two centers of ossifieation for its neural
arehes—the aoecitiod pusterior areli—just as other vertebrie

do.  Unlike i veriehre, these centers do nel unite with
the body brn fiees e Joined to each other on the ventral side
of the position .+ the chorda by a picee of eartilage which
results from il chondrifiention of the hypochordal  Lruce,
referred 1o o pawe 302, This forms the artilaginous ven-
tml or anterior arch of the atlas, which, in the first year of
life, dt*\'I'TupA a center of ossification,  The arch acquires
1’_"“1,"-' union with the lnteral parts between the Gifth and
sixth years,

The axis or epistrophieus develops from the usual centers of
ossilieation and from an additional one for its edontoid [rroe-
css. n{‘ll_‘l' nnton of the adontoild [rrocess with the [roper
body of the axis oceurs in the seventh vear.  The odomtoid
Proeess, in commen  with every other vertebral body, is
triverssld i the l‘:lrﬁiuginml; shige IIJ. IIH_' l]I}hK*II"TIL

The transverse processes of the lumbar vertebra, like those
in the corvies] :I‘:'gfuu. include nol nnl_v the frunsverse proc-
s proper but also the rudiment of a rily,

The sacral vertebra caeh prosent the usual ossifie cenfers,
Inasmueh as they bocome artienlated firmly with the pelvie
bones and ll:1-|1.-|:;_ru fusion to form a single adult bone, the
sacrum, their form i= much modiicd during the course of
development. The transverse processes of each sitde coalesee fo
fivrm the lateral mass ol the serum. Fach transverse process

"The point is made by some authorities, as Minot, that the bune dos
ot grew arcond the |Lr:qrir, Lt that the artery grows throngh the weeifving

tissy e,
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consists, as in the cervieal and the lumbar vertebre, of the
transverse process proper and a rndimentary rily, the center of
ossification for the latter being guite distinet during early
stages of development,  The intervertebral disks of the saeral
vertehre begin to o=sify in the cighteenth year, the proeess
being completed in the twentve=filth vear.

The coceygeal vertebra are guite rudimentury.  Each one
i3 ossified {rom a single piece of cariilizre, and nsually from
but a single eenter of ossification.  Cccasionally  the lirst
picce of the cocevs develops from twe o -<ilic eonters, the proe-
c=s beginning at birth.  Ossification 1. in- v the second
vertehem between the fifth and the tonf veare s in the thind,
shortly before puberty ; in the fontl, soo afier puberty,
The lower three picees Tuse duto o LG aiddle Tite, and
thiz unites with the first, and the Lo with the sacrum, nt
variable periods thereafter.

The Development of the Ribsz and Sternum.—
Reference has been made in the precoding pages to the liga-
menta intermuseularia as =trips or band= ot conbeyvonal con-
neetive Li=sue I}'ing between adiaeent msele segments, which
have originated, in common with the sheath of the chorda,
from the cells of the sclerotomes,  The lignmenta intermus-
cularia beeome invaded by the eostal processes of the ]II’itlli-
tive vortelinl hosws, the costal process, which i< the ventrul
division of the tip of the bow, growinge ventesel il prene-
trating the substance of the ligament to constitnte a curved
rod of conmective tissue, the forerunner of the future rib.
Thus there are formed connective-tissne vepresentatives of
the ribs, cach of which is embedded in the loo=er connective
tizane of the corre=panding  intermuseular ligmment. It i=
I.I'n the: lll*\'l.']llllllll.‘ll'l of’ l.'*."ll‘lil'.lgl' within these enrved rotds of
vondensed Hll.'?-t'tll']l:l.'ll'l.l'. the membranous ribs, that the cartil-
aginous ribs ure ||I‘zlr1um.-1_|. The prie=2 of chondrifieation
ommenees 0 the =eeond montl, but does not invelve the
proximal ends of the ribs, the tissne here beeoming lig-
mentons and serving to Lind tegether the ribz and the verte-
brew,  Ribs are formed thronshont the entive extent of the
vertehi L'[r!l!'lllll, eXCE n [i|1__’l’ul'i'1.'l.'_;__f|":1_| I'i‘;.","ll'll_. Liut while in
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the lower vertebintes the entire serica goes on to mature dle-
velopment, in mammals, including man, their growth is
arrested in the cervical, lambar, and saerul regions,  In the
case of man and mammals only the thoracie ribs persist ol
become adult structires,

As the distal (ventral) extremities of the ribs advance
toward the venteal median line, the tips of the first five, six,
or seven cach exhibitan enlargement,  These broadened emds
soun coalesee, thas forming on cither side of the median line
i eontinions steip of eartiluge, the anlages of the sternum.
The vther vils remain tree at their ends, The stersum is
thevetore produeed  fromn two lateral halves, a circumstance
that explains ~ame of its anomalies, as for example, cleft
sternum, which i= o condition due to arrested development
or deficieney of union,

The ossification of the ribs begin= in the secomd month ol
fetal ife and from a single center tor cach,  The process does
not invelve the eotive riby, o portion near the distal extremity
reniinings ".';I.!.'{;i.'l‘:;[II-rIIIH andd beeoming the adult costal ecarti-
lage. Accessory centers ol wssiflication for the head and
tulverele appear between the eighth and fourteenth vears
ol it

The ossification of the sternum proceeds from pumerons
centers, There s one for the manubrinm and from six to
twelve for the pladiolus,  The ensilorm aequires a conter off
vsificntion in the carly years of lify, but for the most part
remains cartibaginons,

Although, as stated above, the ribs of wlult human anat-
omy are limited 1o the thoraeie region, theie rudimentary

representatives are fownd throughont the other regions of

the verteheal eolumn,  In the cervieal, lnmbar, aml saeral

h-;_r:rnn-: each r“.ii"“_-“{;“*_l,,- rily heeomesz blended with  the
transverse process of the correspanding vertebrm to form the

transverse process of lman anatomy. It is from the per-

sistence of the seventh rudimentary cervieal rib and its fail-
ure to fuse with the corresponding transverse process that

t]'“l T “”.:l.l'h' 'ri' i fl'Ee :‘-eﬂiml ﬂb- rl_‘,\llltli . “‘Ilil" tl:ﬂ PI'("H.‘H'E'-"'

of & thirteonth or lunbar rib, as eceasionally met with, is due
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to the unusual development of the first lumbar rudimentary
rib.
The Development of the Head Skelcton.

Just as the zkeleton of the trunk consistz of a dorsally
situated bony case for the protection of the spinal cond and a
series of ventiml or hemal arches for the proteetion of the
organs of eirculation and rcespiration; so does the head
skeleton eomprise a bony caze for the accommodation of the
brain with smaller accessory osscous compartments for the
organs of special sense, as the orbits and the nazal chambers;
and also a ventenlly situated appamtes which constitutes
both a reeeptacle for the oral and the pharvngesl parts of
the digestive svstem and a mechanist for the mastication of

Fa. 162 —Medinn saglttal section thoongh the hend of o chick ineubased foor
nod a balf days mfler MilnlLovics): SA parfetal gndad-rabng elovation, ar nteral
venktlele of the brain: o, third ventoiele s of, fourth voaniricle; S, squeductus
Fylvil; gb, cerchml veafele: sh, Lotwoon-limln halamencephalon) s mh,] @bd-
hl‘ll’h: LA, cemh-:llum; ﬂ. |-h|!.lqt process ﬁp. h}'pc.liah;m'n] fisr Hathike'a) Il'-l-'hi'h
¢h, chorda ; Ba, basllar artery.

food. The former part, the cranial eapsule, or brain-case, is
developed to a great extent from the connective tissue sur-
rounding the head-end of the chowda, its origin thus heing

‘similar to that of the spinal eolumn,  On the other hamd,

the ventral parts, as the jaws and the hivoid bone and related
structures, constituting ihe so-called visceral skeleton, develop
from the mesodermice tissue of the visceral arches. As in the



THE DEVELOPMENT OF THE HEAD SKELETON. 359

case of the trunk skeleton, the eraninm is first outlined in
membranous tissue resultiog from the differentiation of the
eabiryonul conncetive tissue which ensheaths the head-end
of the chorda, and also of the connective tissue of the viseeral
arches, this diflorentiation producing the membranous primor-
dial eranium. The metamorphosisof the membranous eraninm
into eartibiyee brings about the cartilaginous stage of the
emninm, while the replacement of the eartilage by hone is
the final steps i the process,

Bones that develop from centers of ossification in pre-
viously formicd masses of viartilage are styled  primerdial
bones, while: those that are prodoeed independently of car-
tilage, either in the skin covering the membranons emninm,
or in the mucons membrane B indentations in i< walls,
dre known us covering or dermal homes. The development
of bone i= therefine said to be either endochondral nr mem-
branous. 1" the most part, the hones of the base of the
skall are of codochondml formation, while the=e of the vaule
H1Ed ll'.‘\'l.'t'llll‘ﬂi in membeme.  The membranons or dermal
bones arce =notlar i [mint wl’ nrfgl'u i the exnshelvton—
placoid and canoiil senles—of certmn fi-hos,

The Membranous Cranium.—The membranons hin-
citser is differentinted from the young conpective tizsnie which
ensheaths the anterior or head-cil of the chorda. A= pre-
vionsly stated, the anterior end of the chonda i< at a point
ventrad to ihe mid-brmin vesiele, in the angle Gemed by the

Iatter with the fore-brmin, at @ position eorn sponiling with
that o the pituitiey body E"ig. 12),  The skeletogenons
sheath ol the ehorda, in this simation as elsewhere, P‘"I"“"-‘
fram the waultiplication of the cells of e "'t']“'”E.”"“I'-' —
thiz region of the hedy nudergoes sommentation in comoen
with the trank.  Tlhe number of head-segments i= nncertim,
Acearding to reeent investistions upon ek embrvos, there
are at least nine primitive segrents formned iu the head-
region,

The Hkl‘.ll'l*r;_'i.'r;lnlh? cheatl: of the eliorida .-|I]‘l':1l]!'= ont dorsad

1(} GO 1!“. I.Hﬁn_‘-:\:‘i{-lp_.:l_ I"l.‘"" :FIJ' l-']"l“-“:ll I“III"- “I tI".

chorda, heneath the inter-brain, the sheath advanees ante-
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riorly to invest the fore-bmin, which latier at this stage is
bent over ventrad,  IFFrom the part investing the fore-brain,
a protnberant mass, the nasofrontal process, extends toward
the primitive mouth-cavity, constituting the anterior or upper
boundary of the latter. Meanwhile the mesenchymatic tis-
sue of the wiseoral arches—that is, that part of the meso-
dermie tissue of these structures which does not form
museular tizsue—is undergoing similar Ganz{ormation into
membranous tizsue,  The fivst vizeem! crch divides inwo an
anterior or upper part, the maxillary peeose, wod @ posterior

or lower mass, the mandibular arch, & -+ Leine the mem-
branvus jaw arches. The four jaw aechos, with the naso-
frontal process, form the boundaries of <o primitive mouth-
eavity, the mandibular arches of the 1w Sides Loving united

in the medinn line to form its lower hoedo und S maxillarey
arches having fused with the lateral nazal <l the nasofrontal
processes to constitute its upper boundzes

The membranous primordial crapium, iien, consists of a
complete connective-tissue investment fie the brain-vesicles,
of the membranons jaw arehes, and of the hyoid and the
branehial arehes, and presents in its walls the dndieations of
the eavities for special-sense organs in the shape of the sur-
fice invaginations which constitute respectively the otie ves-
icle, the Jens-vesiele, and the nasal pits.

The Cartilaginous Cranium.—By the further differ-
entiation of the membranons exninm the eartilaginous stage
is attained.  The development of eartilage begins in the
secomd month, While the membranous ermninm furnishes n
complete eapsule for the brain, the artilaginons brain-cize i3
deficient, sinee the process of chomdrification oes not aflect
the regions of the future parietal and frontal hones,  This is
true at least of man and the higher verteheates,  Inm those
cases where the skeleton remains permanently cartiluginons,
as in selachinns (<harks, dog-fish, ete.), the entive bhrain-case
participates in the chondrifying process.  As the skull ex-
tends very much farther forward than the end of the ehorda
—which latter terminates at the position of the future sella
tureiea—the regions of the primitive skull are designated
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respectively  chordal and prechordul (Killiker), or vertebral
and evertbral (Gegenbuner), according as they fall behind or
in front of the end of the chorda.

The formation of eartilage begins in the region eorrespond-
ing to the Luase of the future skull,  On ench gide of the end
of the chonda o mass or Lar of eartilage is formed, extending
lorward wd Lackward, this paic of parallel bars heing desig-
nated the parachordal eartilages(ig. 163, 1), Farther forward,

, i
Fri. 60— Firet fundamest of the cortileginons primordisl emuium yfrom
Wicdersticling: 1, First Suges © chonla; PE pamehonial eartilage; Tr, hathke's
frabiculo cranils Pl passage for the hypopliysis § X4, 0, nasal pit, opthe vedl:
ele, vleeyel. 2 Mecomd Stage: € chionda; I Vasilar plate; Tr, {rabgiie cranll,
which buvo bewstae united In front to constitute the nasal septim (5 amd the eth-
mold plates o, L prvcesses of Ui otlimeh] plnte enclosing the nasal sz § o,
foratalive alfactoria for the poassape of the ol febory Reaves] IF, prostertibal procs
C2A3 A rimeal pltg L1, O, optie and labyriniline vesicles,

in the prechordal region, another pair of eartilaginous masses

is produced, known as the trabecule cranil.  The latter are
not straight bars, but have somewhat the form of a pair of
ealipers, Tn o short time the eranial trabeculie unite with
ench other, hut not throughout their entire extent, an aperture
being left at the position of the pituitary bedy. It is through
this aperture that the oropharyngeal diverticulum, which
forms the anterior lohe of the pituitary body, projects fo
come into relation with the diverticulum from the inter-hrin,
which produces the posterior lobe, At 2 later period ossifi-
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cation occurs here, as el=ewhere in the base of the skull, thus
completely isolating the pitnitary hody from the wall of the
pharyonx,  The parachordal eartilages al=o fuse with cach
other and with the emnial trabeenla, the fonre picees now
forming one mass.  The process of chondrifieation extends to
other peirts of the membrmnons crmuinm =0 n: o |Jnru-|:'|'m'>t-. H
artilaginous beain-ease, just as, in the case ol the vertebral
eolumn, the dorsal extension of earvtilaee-formmtion gives rise
to 4 ense or eanal for the spinal cord, e Letbee stated, how-
ever, the chondrifying  provess docs unt it the entive
membrmnous cranium in the higher oo ebuates, ehiondrifiea-
tion oecureine avound the position of fhe Bavmen magnom

amd in the el walls of the eranial < enle, while praarts af

the vinlt remain membenons,  The - sterior extremities of
the mnited erunial trabieenle bheeone so condinied in form as to
voitstitule 1he plate of the ethwmoid ape! 1he nosal capsule for
the lilgement of the althetory epitheling, Tnoeach Jareml
regrion the cartilaginous ear eapsule is dittvirontinted.

Mennwhile the cartilaginons visceral skeleton i= developing
from the membrnons strnctures of the viceoal arehes, As
in the case of the brin-cap=ule, the chondifvine process does
not invalve all it = of the sembannons vizeerl _-'I;.-h-lun,
parts of the Iatter being replaced Liter by dermal or covering
bones—that is, bones that develop in membrane without
having ben previously mapped out in eartilage.

In the first visceral arch, the formation of cartilage ovenrs
only in the mandibular portion, the maxillary process con-
tinning membranons,  The cartilage of the mandiladar areh
appears i the form of o enrved b runninge w.'rrl!‘l'm]uﬁ:i"}".
This bar divides into a smaller proxinal or dor<al piece, the
palatogquadrntum of compruative anatomy, amd @ longer distal
or ventral segment, Meckel's eartilage. The Iml:mr-u{u:!tl'rzll.'tl'ltl
sithsequently divides fnto two parts, the eartilaginons anlages
I'I‘L-|H"t'li".'t'l_1_: of il |r,"|'|u|u-|m_-1'_-. L:"'i‘l I.l:][p anil the incus.
Meckel's carfilage likewize nndergoes division, there being
separitesd from the ehief nenss o =mall proxhnal segment
called the artienlare, which 1= the forernnner of the future
maleus.  Thus the cartiliginons b of the mandibular arch
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hns to do with the formation of certain of the cssicles of the
middle ear as well as, to a limited extent, with the develop-
ment of the mandible.

In the second wisceral or anterior hyoid arch, chondrifica-
tion also ocenrs, but not throughout its entire extent, A bar
of cartilagre, the hyoid bar or Reichert's cartilage, is produced
in this areh and nndergoes division into three segments, of
which the proximal or dorsal is the forerunner of the future
stapes of the middie ear, while the other two pieces represcut
respeetively the styloid process and the lesser horn of the
byoid Lone. ‘[he tissue intervening between the position off
the Atyloid process and the lesser hyvoid cornn tloes not chon-
drify in wan bt remains membranous and beeomes the stylo-
hyoid lgament (=ce F (TE REE 1N

In tly third visceral arch, or the posterior hyoid arch, a rod
of eartilage develops which represents the greater cornu of
the future hyoid bone.  Venteal to this, there is formed a
median unpaired picee of cartilage, the copula, belonging to
the arelies of the two sides, which later develops inte the
body oi" tlie oz hyoildes,

To summarvize, the head skeleton in the cartilaginous stage
of development prosents an imperfeer cartilaginous brain-ease,
l‘“!’""]““ tor the vrenns of snell, ."-'Ii-'hlr anl 1“'-'"1“.“'1 amd 2
cartiburinous visverl skeleton, the several part: of which map
ot vl lower j.'w.'. { e h}'il?li Lunee, the ."»I_'_'I'!'llrtl [rruss, and
the nasicles of the middle ear.

The Osscons 5t1gq,_-’!~h-_- Ly comdition of the head
skeleton is brought abont in part by :F..-.i. velopment of hone
Froms centers of oesitication in the cartilages desceribed above,and
in part by the growih ol covering ordermal bones in the integn-
ment eoverime those areas which are deficient in cartilage ; in
other words, v both cndochondil and membrnons ossifiea-
tion. It e v i“ staated in gene aeil terms that the bones ol the
basennd of the side=of the skull, inchiding the auditory vssicles,
the ethmoid, and the inferior turbinated bone, are produced by
asification in eareils 1.:1-1r::| are henee ealled ;lrmmrrﬂ'm-r'bmlrﬂ,
and that the Lones of the vault of the eranium, and for the
most part ot the face, vesult from the membrinous method of
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oasification, and are therefore styled dermal or covering bones,
Some of the individual bones, however, arve partly of ear-
tilaginous and partly of mem-
branous origin, the several por-
tions remaining permanently dis-
tinet in certain Jower vertebrates,
but in man wniting so intimately
with each othier as io present no
trace of their previously sepurate
enndition.

~ 1 Fealial - pd ‘;
Fio. 164—Toalular part «f oe- I'he oesiratu® Lone consists of

cipial bong of sbaut 80K fetal  two geneticziy dizitoct  parts,
manth, Inoer surface: ip, Intep- I wait S S
parletal, which fs calfiod In mem-  LHE SUperior - intarparietal por-

brase; #0, supra-oceipllal, oaslfival  tion  whick i+ o dermal bone,
in cartilnge. . 5w
amd thie occeinital “one proper,
which is of cartilaginous origin. The essit cation of the Intter
oceurs from four centers, one on cach sicde of ithe foramen
magnum for the condylar portions, one in front of the foramen
for the basilar process, and one posterior to thur aperture for
all the tabular portion of the bone not belanging to the inter-
pﬂﬂEtﬂl segment, Ossification hugitl:% in these conters early
in the third fetal month and proceeds at sueh rate that at the
time of birth the bone consists of four bony partz which are
gepamted from each other merely by thin lavers of cartilage.
Bince in some animals these parts remain separate throngliout
life, they are designated by morphologists, respeetively, the ex-
occlpitals, tlie basi-occipital, and the supra-oceipital (Ifig. 165).
The supra-occipital is nugmented by the union with itof the in-
terparietal portion, a covering or dermal hone that ossifies from
two centers, and that begins to fuse with the supru-oceipital
near the end of the third month of fetal life.  Consisting at
birth of four distinct parts, separated by cartilage, the oceip-
ital hecomes a single hane by the end of the third or fourth
year by the bony nnion of the sepamte segments.!
The temporal bone is made up of three gencticully distinet

! In some cases the union of the interparietal with the supra-occipital is
inuﬂmplﬂn, the adult Ywne then presenting two fransverse fisures which
Ppass, one from each lateral angle, toward the medion line.
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parts, the squamosal or squamozygomatic, the petrosal or petro-
mastoid or periotic, and the tympanie. At the time of birth
these three elements of the bone are still separate from cach

other, the tympanie heing an incomplete ring, and the petro-

Fia, 165~0cclpital bone nt bleth, external surfoce; (p, intergarletal ] s, suprs
weelpital § oo, exuccipilals: ba, basi-ccipital,

mastoid Deing still withont a miastoid process. The petro-

mastoid is the only part of the temporal bone that "“_"'"]"_m]
in cartilage, the squamozy gomatic and the tympanic being
represented in the cartilaginons stage of the eranium !]J"

membranous tissue, R oo
The squamozygomatic (Fig. 166) is vssifiead in previously
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formed membrane from a single eenter of ossification, which
appears in the lower part of this segment at about the seventh
week. The process of bone-formation extends in all diree-
tions from this center, but especially
upward into the squamoss and out-
wiard and forward into the zygomn

The periotic or petromastoid results
from the ossification of the cartilagi-
nous car-capsule, wiich latter conzli-
tutes a part of the cartilaginous por-
tion of the carly croninm, It shonld
be vemembered than thie e22ential part
of the ongun of Lering, the internal

Fio. 10— earsaiinss BOT; is dilferentiated frema o small
matie (i) nnl tympanie ), potich of epithelivs:, the otie vesicle,
of temporal bone at Wleih, . = B oy s
which is produced by an infolding or
invagination of the surface cetaderm, and (hat it is the car-
tilaginous tissue enclosing the otie vesicle and its ontgrowths,
the semicirenlur eanals and the cochilea, that constitutes the
cartilaginons ear-capsule,

The ossification of the periotic is usually deseribed as pro-
ceetling from three centers. The first of' these, the opisthotic,
makes its appearance in the latter pact of the fifih month on
the outer wall of the capsule, at a point correspomding o the
position of the promontory, whenee the formation of bone
spreads in such manner as to produce that part of the petrost
which is below the internal mnlilnr}' eanal., A sceoml eenter,
the pro-otic, appears a little later over the EHpHerior semi-
cireular canal and gives rise to tha part of' the petrosa above
the internal suditory meatus, and also to the inner and upper
part of the mastoidea. The third nuclens, the epiotie, ariscs
in the neighborhood of the posterior semicirenlar canal.
Qssification proceeds rapidly, the three purts speedily uniting
to form one bone, the periotic or petromastoid.  The petrous
portion of the periotic is the more important and the more
constant, The mastoid is of variable size in different ani-
mals, and in the human species, at birth, it is flat and devoid
of the mastoid process which is &0 conspicuous in the muture
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condition of the skull. The mastoid process develops during
the first two years of life, but its air-cells do not appear until
near the age of puberty.

The pars tympanicus, or the tympanie (Fig. 166), which con-
stitutes the Louy part of the wall of the external auditory me-
atug, is oz<itivd 10 membrane from a single center of ossification,
This center spvears in the third fotal montls in the lower part
of the wuewdbi vaons wall of the external ennal, from which
point the ceve es of bone-formation extends upward on either
side 50 i+ 0 em an incomplete bony ring, open above.
This vyl cing i3 situted external to both the ear eap-
stle and the o cdeles of the middle ear and gives attachment
to the o ciptoov of the tympanie membrane,  The further
growth ¢ the tympanic ring heing in the outward direction,
it beconsos o eneved plate or imperfect evlimler of bone
which constitores the bony wall of the external auditory
eanal. At Dicth, the pars tympanicns still has the form of
the ill:.‘n:up!a!r;- rin:_;,, its further development taking place
during the first fiow vears of life, The extremitivs of the
ring unite with the :=||Hn||1.-l.'r'.}'_[:mn:|lii: before birth,  The
trmpanie unites also with the petrosa exeept in a regrion
adjacent ta the proximal end of Meckel’s cartilage, where
an aperture is left which is the petrotympavic or Glaserian
fissure. Sinc: upou the part of Meckel's eartilage which is
thus enclosed by the union of the two bones is formed the
long process of the mallens, the presenee of this process in
the Glaserinn fissure is acconnted for,

The styloid process of the temporal bone belongs to the
visceral-nreh skeleton, [t ossifies in two parts in small
m=aes of 1-.-,||'H|“K;- Ll |H,'|nf:lj.‘.‘ o ihe aulerior II_\'“I'I arch.
One, the tympanohyal, grives rize 10 the base of the process
(Fig. 170); it begins to ossify before birth and soon inites
with the temporal,  The other segment, the stylohyal, under-
goes ossilication later and joins with the tympanohyal only
after adult age is reached,  Sometimes it remains eparute
throughont life.

The sphenoid bone is for the most part ossified in cartilage,
The hody of the bone is represented in the fetus by two
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separate parts, the posterior body or basisphenocid (Fig. 167,
hig), which includes all that part of the body of the mature
bone which iz posterior to the olivary cminence and to
which belong the greater wings; and an anterior body or
prespheneid ( ps), situated in front of the olivary eminenee,
to which belong the lesser wings. ‘['lie ossification of
the baslsphencid proceeds from two centers placed side by

§

Z LA
& v
Fui, 165 == plienohd bone, fifth or sixth fetal monrt: coom foont abovo s e, e

sphicnuld or anterior boddy, with lesace wings: oo precior wie
wf poslefiot Lady,

s, b, basisphenchd
side, which appear in the eighth week. Two wonths later
two secomdary centers appear for the Iateral parts of the
binly,  The prespheneid likewize develops from two eenters,
which are apparent in the ninth week,  The union of the
presphenoid with the basisphenaid oeenrs in the seventh or
cighth month.  Each greater wing develops from a single
center of ossification, which i< present in the eighth weck.
The process ol p=sification .-aprv:ulr-' Irom this conter to lrrmhu"l.‘
not only the preater wing but also the externul prerygoid
plate.  The greater wings remain separate from the by
until some time during the first vear after birtl, 1ach lesser
wing ossifies from a center that appears about the ninth
week,  The lesser wings unite with the presphencid in the
sisth fetal month,

The internal pterygoid plate diflers from the other parts of
the sphienaid in that it does not ossify in eartilage but in
memlimne, It = therelore o n:'l.ur'r'r'fn_n‘; frivpie, li= ecnler or
centers of ossifieation appear in the fourth meonth in the
connective tisstne in the lnternl walls of the 1'-1'1'-|:||:lr}'!l-j."i‘-'-l|-
cwity.  In many aninmls this plate acquires no conneetion
with the external ptervgoil plate bt remains thronghout
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life a distinet bone, the ptervgni. In man it fuses with
the external p[:uc in the ith month,

The presphienoid with its attached lesser wings, and the
basisphenoid, to whieh are united the greater wings and the
preryeoid plates, remain pernnently sepamte bones in some
animals. 1o man, as noted above, the two prarts of the body
of the bape unite shortly before birth, although the greater
Wings reniiin soparate until some wonths after that event,

The ethuncic bone and the inferior turbinate are formed in
cartilaee, o ulting Irom the ossification of the posterior por-
tion of the ¢ etiluginons nasal t‘.t]mllfl: ( Fige. 163, m). The

vorhrongeh Bl Dvaed of G cpitre g S o 1.2 in.! Inng,
CROWIE G B manibcinent The rassl cavifles ase secn o be lo commusication
VN i st enwliy ol the places ol ool by a =3 K cardlaze & thisr pasal soge
b | w, Bugbmat cartilage s F, orgin of Joeol=en ; £, (e place wbene 8 opetid 1008

oF, BEANILERY PR =1, alvmie! :‘iﬂ.‘t

e magal eaviiv: oF palaval [LLAES
'II1 w .-

latter reprre=ents e anterior extension of the cartilaginons
trabocile cranii <o moditied 25t constitnte a receptacle for
the -1||':u'l+r1'.'-' "Il]:hr”llm, The anterior Jart of this m!ﬁ“ic
reoains enrtilaginons thronghont Jife as the septal and lateral

cartilages of the nose, By the ossifieation ol the ]u-:-l!_-riur
part of the na-al capeule the ethmoid and the infurior tur-

binate bones ave prsdiced,  O-sifieation, beginning in the
fth month, invalves the lower amd the middle tarhinals and
nopart of the laeral meeses,  The aesifieation of the S"I'Tri“r
turbsinal, of the vertieal !l]:Ilr. ol the erista g:llhl' and of the
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remaining parts of the lateral masses is effected after birth.
The bony union of the lateral masses with the median plate
is completed between the fifth and seventh years,

The frontal beme is a covering or dermal bone, being ossi-
fied in membrane from two ecenters of ossifieation, one for
each laterul half. ‘Ihese centers are situated above the
orbital arches and are first apparent in the seventh week, At
birth, the two halves of the bone nre =till separate, their
union not oceurring until during the fivst year of life. Somwe-
times the union fails t take place, the condition of the per-
sistent froutal or metopic suture bLeing Linown = metopism.
Metopism i3 considembly more commes fu Fovopean skolls
than in those of lower type.

The parietal bone is alzo ossified in 1 brane. It develops
from two nuclei which scon coalesec.  Their position eorre-
gponds to that of the future parietal ninence

The bones of the face arc for the mewt part devmal bones,
OF these, the upper and the lower waxilke sud the palate
bones belong to the viceeral-arch skeleion.  The others de-
velop in the membranous wall of the eranial eapsule,

The nasal and lacrimal bones os=ify cach from a single
center, which uppears in the eighth week.

The malar iz ossificd in membrme from three nueled, the
process beginning in the eighith week.

The palate bonme is formed in mueous membrane from a
gingle center which is situated at the junction of the vertical
and the horizontal plafes,

The vomer develops from two ceniers of ossification which
appear at the back part of the eartilaginous nasal septum.
Each eenter givee. rise to o londog of ]W-ILlhlv, the twa lamine
gracdually uniting with each other from behind forward, amd
embracing between them anteriorly the sepial eartilage.

The vomer nud the palate bone are examples of the forma-
tion of bone in mueons membrane. The conters of ossifien-
tion first appear in the cighth week in each case,

The skeleton of the visceral arches includes the upper and
lower maxillie, the hyoid bone with a part of the styloid
process, the ear ossicles, and the palate bones. The palute
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bones have been referred to above. These bones of the
viscernl-arch skeleton are partly primordial and partly mem-
branous,

The superior maxilla comprises two parts, the superior
maxilla proper and the intermaxillars bone,  While these
‘i"tillll'lli.’l}' utite in man, in some animals, as the dog, they
are permuuently distinet, the intermaxillary bone constituting
the important amd conspicuons premaxilla of the dog. The
superior aereilla ossifies in membmne—within the mem-
Hary process of the first viseeral arch—/Irom

ll'l‘ﬂl‘l{ln.-‘ LY
It scems probable that

an uneorisiz number of conters,
there are thyse nuelei of origin, one for the palate process,
one for the salur part of the bone, amd one for the portion
internal to the infra-orbital fhranen and a part of the nasal
wall.  The {ormation of the antrum |?l.'g'IIIF in the fourth
month lr}' thie lIt‘\’[’llJl!IliE!ll of a recess or fossa on the inner
or nasal wull of the bone.

The palate process is formed Ly the growth, on the inner
aspeet of the bone, of a shelf-like projeetion which advances
toward the medisn line until it meets and unites with its
ﬁ!‘]li’j'ﬂ" ur ”.Q ulply;r.h{l ,\;i(]._- [[“ii;' Ijﬂ}. ITIH’_‘ lluri?jlllfliI |JI.'I.|.1."
of the palate hone develops similarly and very shortly after,

and thus js 'In'mlm-;_-q] the hard palate, which sepamtes the
ﬂ'll!-'.'ll |_'||1u|'||_p|:r.q f'n}"; t]m Illullfll. '_l'hi_- i |:|:|1|'o.'q‘$ ﬂf lli'l‘

hard patlate unite ficst in front, their union being ""'"'I"I"{"'f"I
by the twelfil week. 1 union is incomplete, the anomaly
of efeft-patiete re=ults,  The intermaxillary segment begins
its lh-*.'rrtl'li'lnlvllt in the seventh or eighth week upon that
part of the nasofrontal process which lies between the nasa :
apertures,  Tn the fifth month the intermaxillarics fuse with
the maxillie, the line of union being indicated by a suture
which is apparent upon the oml surface of the palate proc-
tsses,  The intermaxillaries contain the germs of the four
incisor tooth, As previously mentioneid, deficicney nf.unfmr
between the maxilla and the intermaxillary results in Il:n"
deformity of Aave-lip.  Obvionsly, the histus in ||.'l.n--]|p
will be found to Le not median, but Jateral, corresponding to

the position of the line of normal union,
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The lower jaw or mandible is intimately associated in its
development with that of the mulleus and ineus of the middle
ear. Inasmuch as these three bones ave diflerentinted from
the cartilaginons and membrunous viseeral skeleton of the
first visceral arch it is desirable to consider their develop-
ment together,

Az deseribed above, the mewmbranons juw-arches form the
latern] and lower boundaries of the moatheavity, the first
viseeral arch dividing into the maxilly process and the
mandibular arch, ‘There appears in the wwmditlare arel
bar of cartilage which abuts by its proxioal exicmily npon
the outer wall of the auditory labyrinth, “This cortilaginous

WSSl
N

N7 ..
4 = \l" --;k'-:'r’a'!"jr "

FiG. 163=Hensd sod peek of a himuans cmbsya elgbitoen weeka old with the
Tleecral skeleton expozed jafer Killiker), mognifed. The lower jaw somewhat
deprenacd In urder tosliow Meckel's eartilaee, whileh oxtends to the mallous, The
Lympanle membranie s rommaved and the aunnlos tywgenices i visiibe; Ao, mal-
Teus, which passcs eninterrupiedly oto Meckel's eartilnee, ME: wl, bous lower
J.* ll]\l'ﬂ'l-ll:':l. with s cone h‘llﬂ 1 s artleulatime with e Le R Al Lsoapes ; o,
neuws; Rlapees e, annulus tymipanious; gof, provessus styleldens; deh, HNgw-
mentum stylohyollowrm ; Lh, lesier carnu of the hyold bone; gk, ils greater ¢arn.

rod segments into a distal portion, Meckel's cartilage (Fig.
169, ML), and a smaller proximal pieee, which is called,
in comparative anatomy, the palatoguadeatum.  Prom the
pulatoquadratum a  process, the palatopterygoid  process,
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grows toward the roof of the mouth-cavity and becomes a
separate segnent. The piece of eartilage remaining, which
represents the proxiwal end of the original bar, undergoes
0.5Hﬁ-::1tiun. becoming the incus (Fig. 169, am). The poste-
flor or proxineil extremity of Meckel’s cartilage, becoming
o partly scparmied cartilage, the acticulare, ossilies to pro-
duee the mziiens (Fig, 169, he). Though the form of the
mallens is cecocizable, it is =till in dircet continuity with
Meckel's eaviil e In the opposite dircetion it is artienlated
with the incos As the tympanie ring develops, and the in-
terval bele. . Leoween this ring and the petrosa, is gradually
narrowed 1 (he petrotympanie or Glaserian fissure, the mal-
leus comes < 1 wwithin the tympanic cavity, being continuons,
throngh the s ire, with Meckel's cartilayge.  Upon the sepa-
ration of 4 wellens from the cartilage of Meckel, the long
process of the inalleus represents the former bond of union
and therefine oecupies, in the mature state, the Glaserian
fissure, The joint between the malleus and the ineus repre-
sents the primitive vertebiate jaw articulation.  Tn the shark,
for example, the mandibular joint is between the two picees
into which the cartilaginous bar of the first viscernl arch
divides—that is, between the palatoquadratum and the repre-
senfative of Meckel's eartilage, the mandibulare. In mam-
mals, however, the malleus, as we have seen, loses ils con-
nection with the mandible, the juint between the latter and
the skull, the temporomaxillary articulation, being secand-
arily aequired in oa manner to be !"‘i“ml ot hereafter.
While the walleus develups for the most purd by wssification
in eartilage, its long process develops in membrane 252 stuall
covering ar dermal bone, the angulare. :
The membyanous lower jaw with its enelosed bar of carti-
lnge beconies osseons, not by the vssification of the carti-
]:lgi:, but |,}. the l.h‘:\'ﬂ']ﬂ]‘li’ll.'-*llt of n casing of hone within the
surrounding membrane.  [n other words, the lower Juw
ilﬂ'ﬂﬂpr‘. l:'.hi("ﬂ}‘ by the il'ii]“".ll'll{‘ﬂlhml“-“m t|1L'lhl.n] of hone-
formation. Severl centers of ossifieation appear, and from
these the process of bone production extends rapidly, form-
ing, by the fourth month, a covering or dermal bone, the
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dentale (FFig. 169, wk), which is situated mainly on the outer
sidde of Meckel's cartilage. A smialler plate appears on the
inner gide.  Thus the cartilage comes to be surrounded by an
irregular eylinder of bone,  The cartilage of Meckel plays
o comparatively unimportant part in the ossifieation of the
lower jaw-bone and bqgh]-,-'- to degenerate in the sixth tetal
month. Its distal extremity, however, nudergoes ossifica-
tion, thus aiding in the formation of @ =mall part of the
mandible near the symphysis; while a posterior segment,
with the fibrous tissue encasing it, which extends from the
temporal bone to the inferior dental foraien, persists as the
internal lateral ligament of the lowsr Jow.  With these
exceptions, Meckel's cartilage  entiveis diappears. The
angle of the mandible and o =mall poee of the ramug are
al=o ossified in eatilage, which latter i= <o velonod independ-
ently of Meckel’s eartiluge,  From the postertor part of the
dentale the condyloid process develops sid Beoomes acticu-
latedd with the glenoid fossa of the temporal bogie, thus estab-
lishing the temporomaxillary articulation. T'hi- joint, as pre-
vionsly stated, is & secondary one and replaces in mammals
the primitive articnlation between the wandilmlare and the
palatoquadratom of the lower vertebrates.

At birth, the two lateral halves of the inferior maxilla
are united at the symphysis by fibrons tissue; hony union
ocenrs during the first or sceomd vear alter bieth,

To summarize, the inferior maxilla develops as a part of
the viseeral-areh gkeleton and is chiefly a covering bone, sinee,
with the exeeption of the angle, u portion of the mmusz, and
a smail part near the svmphysis, which are of cartilaginons
origin, it i= formed by the membranons method of v==ifica-
tion.  The two other products of the wandibular arcly, thee
malleus and the ineus, are ossificd from eartilape, with the
execption of the processns gmeilis of the malleus, which i
of membranous origin.

The development of the hyoid bone, of 1lic styloid process of
the temporal bone, and of the stapes was referred to in con-
sileving the eartilaginous viscerml-arel skeleton, but for the
ke of elearness and completencss it may not be amiss to
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repeat, in this conncelion, some points previously men-
tioned,

The membranous anterior hyoid or second wvisceral arch, at a
certain stage of development, presents, in its interior, the
dorsoventral L‘;]rii]ugim.m.-'. bar known as Relchert's earti-
lage. This iz parallel with Meckels cartilage, and, like it, is
in contaet by its dorsal or eranial end with the outer wall of
the auditory lnbyrinth, A shorter bar of cartilage appears
in the thind visceral arch, which latter is known also as the
posterior hyoid arch. “Together, these two cartilaginous ele-
ments furnish the stapes of the middle ear nmd the byoidean
apparatus, the latter consisting of the hyoid bone, the stylo-
hyuid ligaments, and the styloid  processes. In man the

Fia, 130, —Itpotdean apgaratus and larynx of dig,

ol
|

hyoidean apparatus is somewhat mdimentary, bt in the dog
and mnny other mammals it g present in its typical form
(Fig. 170).  In such animals the pt}'luh}'nid lizament ufh!l-
man anatomy is represented by a hone, the epiliyal, the ]:_-,-:.ml
bone Leing, theretore, conneeted with the skull by a series
of small bunes artienlated with cach other. Al the elements
of the hyoidean apparatus, save the body and the ;_'n.'.'ltq:'r
cornua of the hivoid lone, are !“-;;ullll.?ml ||:|,- Heichert's earti=
lage ; the hyois I.Inul}'. kuown in comparative anatomy as i.'-h['r
basihyal, and the ereater cornua, or the thyrohyals, ossify
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from the cartilage of the third arch, the eartilage for the
body being a median unpaired segment known as the copula,

Reichert's cartilage undergoes division into five scpments.
The segment at the emuial end, upon ossifieation, beeomes
the stapes,'  This ossicle, by the elosing of 1he wallz of the
tympanie eavity, is isolated from the other sepments,  The
second picee, the tympanohyal, ossifics to form the base of the
styloid process and ankyloses firmly with the temporal hone
at the point of junction of the periotic portion of that bone
with its tympanic plate. The third portion, the stylohyal,
forms the lower part of the styloid process. It l:_;l-].:r;;{.ﬁ;:‘.
ossifieation later than the tympanoliyal and does vor aequire
osseous union with it until the time of adale age. Tt some-
times remains separate throughout life.  The fourth seg-
ment, the epihyal, docs not even hecome cartilasinons in
man, but remains fibrous, constituting the «viohveid liga-
ment,  In most mammals it ossifies, to fore: o distinet bone,
the epihval. The ventral extremity of the cartilage of
Reichert, the ceratohyal, produces the lesser cornn of the
hyoid bone.

THE DEVELOPMENT OF THE APPENDICULAR SKELETON.

The upper and lower limbs articulate with the trunk
through the medium respeetively of the pectoral and pelvic
girdles, the former being constituted by the scapula and the
clavicle, and the latter by the ossa innominata.  As in the
ease of the axial skeleton, the Lones of the limbs in their
development pass successively through a membranous and a
cartilaginous stage.

The general development of the upper and lower extremi-
lies is deseribed in a later scetion.  As statedd in that aceonnt,
cach limb-bud iz to be regarded as an on terowth from soveral
primitive segments, the tissue composing the little bud-like
process subsequently differentiating into the musenlar, carti-
Inginous, and connective-tissue elements of the member.
The origin of cach limb from more than ene primitive seg-
ment has been established chiefly by embryological investi-

! Beo fovt-note, page 105,
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gations upon the lower vertebrates, and is borne out by the
fact that each extremity reeeives itz nerve-supply from a
series of spinal nerves instead of from the nerve-trunk of
any oune segment.

The Development of the Pectoral and the Pelvic
Girdles.— T'he pectoral or shoulder girdle consists in its
earliest stasc of g pair of eurved hars of eartilage, cach of
which is mude up of 2 dorsal limb ocenpying approsimately
F]*'-‘ positicn of the future spine of the seapula and approach-
ing bot et touching the spinal column, and a ventral seg-
ment {viae near the ventral sorfaee of the trank. At the
angle o wnion of the dorsal and ventral parts is a shallow
depressien, an articular surface, which represents the point
of articulution with the future humerns.

The seapula 1= dev loped, exeept its vomeotd proeess,
from the doraal part of the primitive shonlder-givdle. This
soon acquires a form resembling that of the adult seapula
with the: ilil-l'.'l-lmir:uu-a |n||‘linl| of the bone Very mueh <hort-
ened,  Osifieation begins at the neek of the scapula alwnt
the cighth week, and in the third moenth extends into the
spine.  The ventral part of the ecartilagnons shoulder-girdle
extends almost to the median line of the ehest-wall, It
l{i\*Il‘:lv;: i||h| v 1|i'l|'l'1‘;_'ill_'_{ II.‘I]'_-'. |||Eh lovwer it ur which
llrlilu-rgn._-_-»; assifiention in binds amd in some wther verichrates

to form the conspictons coracoid Lone. In mammals, how-

it aborts amd gives rise to o smaller clement, the

ever,
At birth the human =capula

coracoid process of the =eapula.
i# but partially ossitied, the comenitl process, the acromion,

the edges of the spine, the base, the inferior angle and
murging of the glenod cavity being eartilyrinous, ‘.Thu
coracoid process ossifies from a single eenter amd aequires
asseaus union with the bady of the houne at alunt the age of
pubertv,  The acromion ossities from two or three nuele
and .i“.illr-' the <pine hetween the twentv-seeond and twenty-
filth vears,  Still other conters of ossification appear from
time 'tn time.  Thus there is an aeeessory center for the base
of the eoreoil and the adjacent part of the slenoid eavity,
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and one at the inferior angle of the hone, from which latter
ossification extends along the vertebral border,

The clavicle does not develop from the primitive shoulder-
girdle, but is formed in membrane, for the most part, as a
dermal bone.  Its ossification begios in the sixth or seventh
week, before that of any other bone in the body., Subse-
quently, cartilaginous epiphyses are added, one at cach end.
It is by means of the epiphyses that the Lone grows in
length.

The cartilaginous pelvic girdle consizts ol a pair of carti-
lages, which are united with ench other by their ventral

extremities, and each of whiel, by its dorsa! end, is nrtien-
lated with the saseml region of the cortilicnons spinal
column. At about the middle of eaeh cavtils o, wi it outer
surface, is a depression representing the Doore acetabular
fossa. Amnterior to the depression is a lue s aperture, the

thyroid foramen, the upper and lower bouwdaries «f which
are respectively the pubic and ischiatie rois or havs, which
make up the ventral portion of the eartilage, while posterior
to the fossa is the iliac segment, which lw= o somewhat
irregular plate-like form. Ossification bepins in the third
month, proceeding from three centers, one for ench of the
three divisions of the innominate bone. At the time of
birth a ]:l.rgu: proportion of the ul'i;__ﬁlml 1':1.|'li|:|gl' i= #till
present, the os pubiz, the ischium, and the ilinm being sepa-
rated from each other np to the age of puberty by strips of
eartilage. The isehivm and the pubes unite first, and later
acquire osseous union with the ilimm.  In addition to the
three primary centers of ossification, other and secondary
nuclei appear at a later date in the erest of the ilium, the
tuberozity of the izchium, and in the various spines aud
tubereles,

The skeleton of the free portions of sach extremity, consist-
ing at first of a continuous mass or rod of partially metamor-
phosed mesenchymal tissue, undergoes division into segments
which represent the skeleton of' the arm or of the thigh, of
the forearm or of the leg, and of the hand or of the foot.
This segmentation corresponds with that of the entire mass
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of the limb, both ag to extent and order of appearance (see
[age ;iﬁn_}' Nuclei of chondrification now appear, ong in
‘,Im center ol cach skeleton-piece, from which eartilage forma-
ton extends toward either emd, The several cartilaginons
clements (hus produeed present approximately the respeetive
forms of the Giture bones, The larger cartilages are present
i .~.'1|'1-t|1it}' in asix weeks' embryo, but not uaotil

in the T EREviog o
somewli: fator in the Jower limb.  All the bones of the
exXtren: 4 2vo of uudm'l:umlr:lf nrl'gin.

Fhe Soaz ones devel o ina faicly uniform manner.  The
wsis ossifics from a single center, while the two

shaft or 1
The econters for the

epiphy . i present several eenters,
srpaar at about the eighth week, ossification pro-
ceeding st cieh mate that ae birth only the ends of the long
bones see srtilaginons, The eenters for the epiphyses appear
O=zeons union between the

‘-ii:lllll_\

At various times after birth.
diaphy sis and the epiphyses does not veenr until the growth
i length of the bone is completed. Az the details coneern-
ingg the time of appenranee and the number of® these centers
are to be fiund in the text-books of anatomy, they are omitted

here,

E:ch bone of the carpus ane of the tarsus pssilics from a
single center, exeept the os ealeis, which has two ossifie
nielei.  “The hones of the earpus are entirely eartilaginons at
hir!ll, their assification Leginning in the first year with the
appearnes of @ eenter in the F:'!:I.!Illuitf. The pisiform bone
is the Jast of the series to ossify, its ossification beginning in
the twelfili yenr,

The bones of the tarsus hegin to ossify eaclior than those of
the earpus.  The os caleis and the asteagalus present osscous
nielei in the sixth or seventh fetal month, and the enboid
shortly hefore birth.  With these exceptions the tarsal bones
nndergo ossification between the first and the fourth years.

J'rhv.'. metacarpal and the metatarsal bonos andl the phalanges
|rrésent each a eenler of n:-siﬂ{':liiun for ihe shaft aned one
epiphvseal center,  Tn the ense of the phalanges and of H:E
metacarpal hone of the thumb and of the great toe, the epi-
physeal center is at the proximal extremity, while in the
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remaining metatarsal and metacarpal bones it iz at the disal
el The sssification of the shaft begins in the cighth or
ninth week of fetal life; of the epiphyses, not until several
years after hirth,  The development of the ungnal or distal
phalanges—of’ the hand, at lenst—is peenline in thar the
ossification begins at the distal extremity, instead of in the
middle of the shaft.

THE DEVELOPMENT OFF THE :MBs.
The limbs of vertelrmtes {|F'L'l.-1n|t fromy bl b =like
processes (Fig. 51) that spring from tws 3 Loval leagitudinal

ridgas, situnted one on cacl side of the et Picosr l';'l,'-'..".-1
are not exactly parallel with the meding e o0 e by,
Lt converge somewhat toward that plioe = (he s wppranch
the caudal end of the embrva, Tt resnl. cons e ciremu-

stanee ihat the IHJ-!‘q-Tinl' limb= are ]1];.. 0 o= -.n:l"l'l:ll_'l‘
than the anterior.  In num, the limb-buds appear soon after
the third weel.  1ach bud contain= a basis of primitive con-
nective tissue contributed by several somites, a= well as muos-
cular strueture, which iz the offshoot from e minsele-plates
of a lezs number of primitive seoment-,

The assumption of the origin of each Hmb-bad from more
than oue primitive segment is borne out by the nerve-supply
of the fully-formed limb, each extreemity being innervated by
a number of spinal nerves (compare page 204L 0 The con-
neetive tissue of the Timb-had produces the hony struetores
of the limb, while the outerowths from the wusele-plates
contribute their musculature.

In the ffth week each limb-bnd beecomes dividid, by a
transvorse groove, into two seoments [ Fieo 95, 120 180, of
which the distal part beeomes the hand or foot, while the
proximal portion very soun  afterward divides into the
forcarm aud arm or leg and thigh,  Even as carly as the
thirty-secomd duy, the digitation of the limb-bhud=—in the
ease of the upper extremities-—is indicated by fonr longi-
tudinal parallel lines or grooves on the distal extremity

' Quasin's Anatomy, 10th edition.
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of each (Fig. 48, 14). By the conversion of these grooves
into clefis, the fingers appear, in the sixth week, as sepamte
outgrowths, The development of the upper extremities pre=
cedes that of the lower by twelve or fourteen days, so that,
when the fingers are present as distinet projections, the toes are
Just being marked off in the manner noted above for the
fingers, The toes ]bt."]_.[ill to separate, by the f!quurltitlg of the
intervening elofts, from the fittieth to the fitty-thind day. Iy
the end of the cighth week, the fingers are perfectly formed,
with the exeeption o the nails,  The nails hinve their L!egfmlillg
i the =eventh or eighth week, in little claw-like masses of epi-
dermal eclls, which are attached to the tips of the digits
instead of 1o the dorsal snrfiees, Subzequent transformations
re<ult in 1-ri|lf__{:'ng the oail iate its pormal lmsiliunml the
dorsal surface of the distal phalanx.  The pails are well
formed by the 1ifth menth, at which time the eovering of
mienlifiedd epidermal eellz begins to disappear. The extremity
of the nail, linwever, dies not break through =0 as to project
beyond  the finger-tip until the seventh month, .\ more
complete aecount of the development of the nails will be
foumd in eonneetion with the origin of the skin (page 247).
The Position of the Limbs.—The paddle-like limb-

buds at fir<t project laterally almost at right :I-ll,’.'ll-‘-" with the
axis of the trunk. At this time the future doral surliee of
each limb looks toward the back of the fital body (dorsad),
the future flexor surtice towanl its anterior aspeet (ventrad),
while the tirst iligits—the future thuml and great toe—amd
consequently the mlins and tibia, oecupy the side of tie
member thae is direeted hesdward or ceplalul, the fulure
little finger and fiAh tae with the uloa and Ghala looking
eamdud, A= the limbs enluree am] ditfirentiate into their
respective segments, they apply themselves 1o the ventrl
sirfiee of the body, this change in position being ficilitated
I*."" the lll'I'IJI"I'l"IIL"t:. of the future elbow- wml knee-flexions,
which eanze the fesor surfiees of the forearm anl I{‘Fl re-
spectivelv, o approach the correspunding surfiices of the
; I At oabout the ame time, the distal

upper arm il thigh. %
segments, the hand and foot, beeome bent in the epposite
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direction, producing the condition of the limbs that is per-
manent in the Amphibia—that is, the condition in which the
dorsal surface of the proximal segment of the limb faces in
the same direction as the dorsal surface of the trunk, while
the middle segment is flexed and the distal is extended. To
establish the permanent condition of the human limbs, there
occur an outward rotation of the arms and an inward rotation
of the lower extremities, on their long axes. The thumb and
radius, therefore, instead of looking cephalad, are now di-
rected dorsad—with the forearm in the supine position and
the arm outstretched—or laterad, away from the median
plane of the body, if the arm hangs by the side in the ana-
tomical position. By the inward rotation of the lower limb,
the great toe and the tibia come to lie toward the median
plane of the body, causing the extensor surface to look ven-
trad, the flexor surface, dorsad.



TABULATED CHRONOLOGY OF DEVELOPMENT.

ll‘li“i}ﬂ“?ﬂ: u;:r'lll 1
mafan cla. BTAGE OF THE OVUM.
inftm of rhmcl-. }

Ioto ovid i3
Flrtl.u_mh:_ﬂ' Finst WEEK, Spconp WEEE.
Ganarai Begmentation of fertillsed | Ovom In uterns, mbcd'dni.l

Tharaciars, nTI::F: 15 mmgfﬂ:‘ .l.écl:pﬁ::m'

w et
Cburian and i vl (Fig.

duct Lo uterus.
clurl.II-c-cnr[l bgh,-.nnl. #).  Vaaculsrizatlon o

mark alage nf astule. | chorlow and lts vl
Oreat mcrm 1o alze, Yolk-sac partly formed.
Cella of Inner cell-mas e

armaoged to form  ento- i
durm and ecloderm. '

Cuter cells become thin—
cells of Rauber.

Embryonal ares.

Primitive streak.

Mesode
{A:nlu;mmﬁrhd -l]-ll ith

or Sth day. !
bobles -naﬁ:-ﬂr ayo- '

cytium (34 day

Heart indlcated as two tulea

Vasoalar
Bystem. ¢ in splanchule messderm,
Vascular  syslem repre
sented by vascular arca
of yolk-sdic,
Dll'uun |f:H-|.I pit (17th or 1tk day),
yrtam. |-l.rul: tract partly separated
from yolk-sac,

|

i
Bystam, }

|
|
|

[ ]

ervous J Medullary plate (lith day).
Bystem.

Masal apeas, i

Bpecial Banse
gans, ’

Musonlar
Bywtem.

liﬂthn and
Limbe.

53
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TisoraTeD CERONOLOGY OF DEVELOPMENT (Confinued ).

ETAGE OF THE EMBRYO.

THIRD WEEK. FourTH WEEX.
Genaral Body of embryo indleated. Marked ﬂalinn of body (21st
Tharacters. - Dorsal outline concave. to 34 da lll.l. un-
Vitellloe duct (21at day). colll tﬂer BY.
entation  of paraxial| Visceralarches lnd. olk-ate
mescderm begines ailaln  greatest velop-
Visceral arches and clefis| ment (Zth dlr:‘r
begin to appear, Somites well formed
Hasofrontal procesa, Well-marked tail (25th ﬂlan
Allantole stalk (Fig. 46). Linfug cells of cmlom be

Distinction betwern chorlon|  to fatten,
leve and chorion fron-| Increased growth of allan-
doaum beglns. tols,

Cephalle fexures.

Vaiscular Heart with alngle ecavity | Divislon of atriem begins.
Systam. present, soon dividing into | Completed conditlonof vitel-
atdum and ventricle. line elrealatlon,
Vitelline clreulation Mﬁml Allantole vessels developlng.
Yiecernl-arch vessels gin
1o appear.
T8 Gut-tract a strafght tube con- | Alimeniary canal presents
Bystam. nected with yolk-sac by a | pharvnz, esophagus, stom-
wide apertare. ach, and Inmttnn

Liverevagination present. Pancreas be

Ol 'p!li & five-sided fossa. Liver-divertlc ulum divides.

Anal plate. Blle<ducts acquine lamina.

Pharyngeal membrane
breaks down.

Eespiratory Pulmonary anlage aaa lon Pulmona anlage bifur-

yatam, tudinal protrosion of mg!‘l' cates, rﬁt two  pouches
tral wall of esnphagus, belng connected by a ped-
afterward becomlng & Irle, the primitive tmches,

sialked sac. + with the pharynx.
,Genlto-urinary | Wolfian budies recognizable. |
. Bystsm. ¥ :
Ilhﬂ. Segmentation  of pnrl.:!u] "“omites or primitive seg-
mesoderm. I menls,
1 Cutls-plate.
‘ Horvous Nenral eanal: Its colls show Walls of cercbral veslcles
|  Bymtem. differentlation fnte spen- l.hlrkcn
globlasts and germ-cells. | Ventral  roots of splosl
Fenrth ventriele indleated. | nerves,
Fore-hrnln, mid-Lrain, and  Anlerlor lobe of hypophysls
hind-braln vesleles, =non I beglns.
dividing Int five vesleles. |
Bpecial Bense Jn.tdibnry pit I'n1ln'“:_:i-l:;. ;u; alr_ \;[ﬂ'le with recessus
Organs, velcle Iatwrinthl.
ml’lrmrr plates. Nasal plts distinet,
Optle vealclen begln, Optle  veslele atalked and
Lema-vesicles. Lra nll’umm into aptie cup
Muscular ’:Fc;m':n-l:;ﬂﬁn -ul: ;-nr:x};] E=runmih!l or r!m!ti\'t.' BEE-
j Bystem. mesodderm. i _ments. 4
i "-ny-t:-m“.
|I'Il'|mn and Begmentation of :panu;inl Somlites or primilh'u -tl!—-
Limba, meanderm, menia,
’ Hotoelord, Skeletngenous  sheath  of

anla apperent (about
| " oist dny).
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TarvLATED CHEONOLOGY oF DEvELOorMEST (Continsed ).

STAGE OF THE FETUS

Fuorm Wees. Eixtn WEEE.

Dody shown «dnrsal coneatity In neck. Nasafrontal, Iatersl pasal, and maxil

I:_J-'?l-:m. IIT processes unite.

ilobular nndd lntein] nasal processes. U'mhliical vesicle shrmnken.
Lacrimal growva, Amnion larger.

{ Third and fourth =illclefts disapjar fn
_Mpus precorvicalls.

s Umbllies] comd lunger and more splral.

« Umbilieal vesiols begins to shrink,

| Length of Tetue 2 g, (] Jach.,

Primitive aorta divides into-sorta and  Vieelline clreniation atrophie snd re-
T{nmmmr}l artery. Pi;mf Ly sllantole elreutation.
¢ only corpuscalar elements of the

Bloded durdng the Amt month are the
primitive nucleatod red bloo-cells, i

Intestine shows fAexurecs, polably the Firt Indieatlon of lecth (o (be form of
U-lonp, §naugurating the distinction ©  the dental sbelll
between Intge amd small bowel, Euhm!:ll[lrj' gland lndicated by epl
| Anal pdy, . thelial outgrowib.
Tuodentom well frmed ; cxoum; recs
Tam send of weekl,

1 H?":} :-“"- :ﬂlt branchi -lfrl-lq_- |{Llr:| :hn-; ’ l‘irﬂ? Iﬁﬁﬂﬁﬁllihﬂnn af prox-
ol two tules respectively (3h o 51 mal end o
-m.-k}.“ S rpeitdy | : “Arytenafd cartilages Indicated (ihough
nol eartilaginogs),
Thyrold and thymus bedles lil'ﬂlf

Genital tuberele, I.'l'l'l-ll;l folils, and gro-
Em rlilge (external genlials)

:ﬂ‘miul rlilees appear o wall of boaly-
eAvity and soon become the Dol fer-
ent genital slands.

Tricte of Muller appear. ey
" e of vatleplafe proliferate and grad:

Epidermls present as 1 T
L prevent as two dayens O sprvad uut bemeath epldermis.

|
| TS e
| ﬂ‘lfu.ﬁnrr Lo 1 ezins, Membranes of braln anil ennd dndirated.
[ Arcunte and choroldal flasures on me-  1neal lasly lagine. =4

ll‘;lll“ fiiffaces of fore-braln f{‘ll"lﬂr;‘ i“ﬁ'.ﬁ.ﬁ:"’?ﬂ“ﬁﬂf"&‘}u'rmmm
i L] LL L]
FHH;‘E‘:"’ﬁ"r‘h'?ﬂﬂ.ﬁ?f;"fy?“fﬂ?ﬂ’r“miu- and fis lnmen alters (Fig. 1.

braim, '

: r

! Bemlelrenlar ranals Indicated. semiclrritlar cannls, ;

. ¢ Concha of exlernal car.
Eﬁ'nb:fq'." tu move furward from shde ,ﬂ‘:'rtl:lzr !:_I'I:m‘;“ e lddle vascalsr tu-

. nlea ol vye.

Eyelhils. :

i

i
I —
Mandibles unlte ($h day). | Lawer fnw heglua ta 1wy,

: | e brlng B szl
e B el

Limb=hils segment,
L {ea oof vertehr are cortllaglnous
Digitation indicated (324 day) for hand mﬂ'-‘" f veriebr are cartflon

25
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TABULATED CHRONOLOGY OF DEVELOPMENT (Comiiused ).
BTAGE OF THE FETUS, i
BrvenTR WEEX. ElaATH WEEK. :
Gensral Fetal body and limba well | Hend more elevated (Fig. H4). '
Jharscters. defined (Fig, 53), Froe tall begins to disappear.
Head Ivas eErd..’ Bubcutanecus lymph-vessels
No lopger any trace of syn- | present,
eytiom on decldus vera: Cells lining the eclom are
true endothelium.
Vascular Ioterventricalar sepium of
Byrtam, heart completed, the heart

now having four chambers.
Other corpuscular elementa
added to blood durlng sve-
ond month.

e,

Transverse colon and de-
scending colon Indicated. l

P:l.m:tn’l‘; mland Segins,
True cxdothelle lines the
dy-cavity.
Gall L.L.*_f:d.er
mooial
A.uln.;.; of splesn recognis-
able (34 monih).

preseot

(24,

"

Iﬂr!.rl.t-l Medlan and laternl lobes of | Larynx 'I;wzlm to chondrify.

mrr thyruld unlte. Formation of follleles of

thymus.

Genite-urinary Masimum development of | Mitllerian ducts unite with

Bystem. Wolffan body. carh other. Genlital groove. |
Madder present sa spdodle-
shaped dilatation of allan- |
Libls.
 Fupmrennl bodies recognlz-
| u.ihlv_

Bkin. Kalls Indicated by ¢1uw-]i|.::' Corlum indleated a8 a laver
musses of eplthelium on | of spindlecells beneath
dnrsal surfaces of digls. cpbilvrmis,  Developownt

of mammary glands begun.

Hervous -F:{;r]‘.l:l'lht_-'rﬁlr'l.ru lu;lm:_l svinpathetiv nerves discern-

Bystem. In alze disproporiionately. W,
Cerebellum Indlented.
T]Ill-d-l-'l Beanss ‘E.:;-:nl.l nosz  definltely
Organs, formed (Flg. 1551
lLens-rapsule,
Palpctiral conjunetiva sepa-
mies frof Cornen.
Muscular Musclen begin to be recog-
Byatam. I'I!.ll.hlt,thn-'up_h not having
as yei the characters of
l muscular vlssue, i
Itsll-m:lld Omalfic centers for vertebral | iba begln to chondrify, Cen-'
b, arahes and for wvertebral ters of osslfcation of basl-

bodlem; ceslfic centers for
frontal bone and for squa-
TOOAL,
H!Enhrl.nmla p:lmard!;ller;m
niuem beging to chondrify.
Claw-like anlages of nails.

sphenodd, of greater wings
nf nasal and lacrimal
bones, of malar, vomer, pal-
ate, neek nf acapuls, diaph-
yues of lomg bones and of
metacarsal ones. Finger
perfectly formed, Toes be-
gln io separate (334 day).

i



TEXT-BOOK OF EMBRYOLOGY. J87

TarvLaTED CERONOLOOY oF DEVELOPMENT { Comtinued ).

1

BTAGE OF THE FETUS.

Hintn Werx. THIRD MoNTH.

Welght, 15 to 20 grams; | = o a0 W ;
mm. (1 to 1 Inches), ength, 0, ;:m Lﬁt_mrmmhlrlwm.kﬂﬂh.
gr.e::dm| be completed. - At first chorlon leve and chorlon fron:
mﬁtumg:,'og“ﬂ'mhﬁ 2 dlnllum present: later, h!ru'l-ntlnn of |

(0. Echultze), Closcs dinided. begina | placenta lsce sccond frontlaplece).

Perfcardium {ndicated. Placental ayatem of veasels, ‘

Blood-vesaels pencirate apleen.

- P i
Anal canal formed by division of eloaca. Houthuﬂmdlﬂded from noao (eod of
ft palate completed (11th

{Apus npena at end of @l month, se-!  month)
cording to Tourneux.) week), Papllle of longue, Evagioa-
tlno for tonall. Intestine beglne to re- |
cede withinabdomen (1Mb week). Reo-
tatlon of etomach. Yermiform appen-
diz samelenidler tube. Omental bursa,
Gastrie glands sl glands and villl of
Intesting  falely well formed (Rimh
weekl [dwer very lumge.  Perltonvuro |
hes Tes widul histelogical charscien.

Epiklotits,

External genitals Legin to shaw din. " Unlan of testls with canals
Unetinns of sex. lasedy corm et
0‘"1 and testls distingulshable feom Testes In Ml gelvis,
each other, ' {variea descvmd,
Eldney haa {ts characteristie features.  Frostate Legun (330 week).
Urogenital slnus acquires its vwn aper-
ture by division of cloacs, |

wl Wollien

J Corlipn prspuer Jrveent As dlstince lnyer.
Nalln woet apuiite perfectly formed.

Heglnming of developnent of halr as
| welid fugrawthe of plthellum.
Corpus stristum indleated, T Cerehrum covers Inter-braln,

2 quardrigemina represented By amd eorpus callazun n. Fleure
two elevations on mid-braln roof. . of svivius. Calearine fsaure, LUrars
cerclrl,  Hestiform bodics.  Funs

P ——— L

i -I-. ;lé:tl; u;_lmrmql paltlon.
| L:g"::;hh Lecgelae tw aedbic b b vael other.

External ear Indleated (Flg. 1),
Clllary processes Indlcated. :

_— m— e —

Centers of nasification nf preaphencld, | Reginning oaaificatlon of ecclpitel bone,

of lesser wings of sphenuld, and af ; of tympanie, of spine of scapuls, of
shafa of metatarsal g-um | . Conm fnneminata,

| Cartilaginons arches of vertehrne cloae.

i Limbs have definite shape ; oallsalwost

perfectly frmed.
J |
|

i
LA o e e e o
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Tasoraten Curonoroay oF DreverorumenT (Conlinued ).

BTAGE OF THE FETUS.

FounTH MoONTH.

Firrn Maxtu.

Welght, 7] ouocen; length, &
Inches.

Head constitutes aboul one-
quarter of entire body.

Welght, 1 1b.; length, & In.
Active fetal movements be-
gln. Two layers of decldua
coalesce, oblitemtlng the
' between vera and re- |

exa, Lymphatle glaods
begin to apprar.

Eoamel and dentine of milk-
tecth. Germaof permanent
teeth (17th wk); (for let mo-
lar, lith Hti. Muscularis
{longitadinal and clrcular)
of stomach and esoph .
Intestioe entirely within
abdomen. Acld cells of
Egﬂl‘silﬂd.l. Malpighlan

fes of apleen, Anal
membrane disappears,

Heart very large.

Balivary glaods scquire Iu-]
tina.

ViU of large Intestine beglo
o dieappear.

Liver very lamge.

Meconlum shows tmees of

bile (sometlmes carly In
fourth month).

Reaplra
v

Cells of tracheal and brom-
chial mucous membrane
eiliated,

Genlto
l Bystom.

Bexual distinctlons of exter-
nal organs well marked.
Cloaure of genlal furrow.
Hgrotum, cpiice,  Pros-
tate well formed.

r B,

T O el T T ety e

Papille of corfum. Suheula- !
nAeous fat et appears. La. | Lanupo more abuandant. 1
nugoe or embryanal down ' Sebaccous and pweal-glands

nn scalp and some olher
paris.

H:'r'rnm
Byatem.

PMarieto-necipital Assure.
{'nrpora albleantla,
Tennaverse Abers of pons,
ML le pqd.hhrl“ arl chlerl
_ faaurea of corcbellum.
Epinal eonl emls at end of

COEEYVE,

IH']ﬂ'mfl- af myelln on fAbera
nufl prsterior ronts, extend-
Ing to Burdech ned Goll.

Bpeciel Senas
Organas.

Eyellds nad nostrils elosed.
Cartllage ol Eustachian fubse.

!
l

Matinctlon between ulerus
and vagina.
Hymun begina.

i

PFannleulus adipoaus,

begin.

i
[l

em o I
Flruaure aof Rolando. TI-MI:F ol

furnlx and corp. eallnsum,
Loangitwd lnal fibers In con- |
racerchrl, Buperlor pedun- |
clen, Anterlor pyramildaof §
mednlla, Chlel tranAYCme
fizsnren of Iateral Inlen of |
cerelellum, Depnalt ofimy-
elin enmpleted for tract of

Goll aml later of Hundach,
ansl for short commlasurn
fbers (Teurneux),

Orgnn of Corti Indleated.

: i'ﬂlmll.r
Srstem.

Bkeleton and
Limbas,

Omacons center mr_in|¢r_nnl '

pervgnld ll;lnl.c.
Anteyun of Highmore heglne,
Umsiflration of malleun and
Ineumn,
Tympanlc ring.

Mferentiation of muscular
tHazne of arms,

1

n e L L — |

taifleation of sin e e |
troan, Oplstholie nnd o
otle appear.  Owsifleation
hegins In middle and Infe-
rlor teirhinals anid Interal
mnasex of cthmobd, Infeee
nal prervpail plate feees
with externnl,  Inlermaxe
fllaries fuse with maxilla.
Lo longor than arma.
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TaoBULATED CHRONOLOGY or DEvELOFMENT ((bniinuad ).

BTAGE OF THE FETU4.

BixTe MoxTH. SEvENTH MONTH,
Welght, 2 pounds: length, 12 Inches. | Welght, 3 pounds: leagth, 14 Inches :"
Yernlx caneoas begins Lo ARpear. | Siarface less wrinkled owlng to inereass |
Amnlon reaches maximum sle ; m:}l-] of fal. .
otic fiuld of maxlmum quantity.
i
' |
Peyer's paiches. - Meconlum In lange Intestine. !
Trypein In pancreatic secretion (ANh | Ascending colon Ema' formed. i
or slzth month). Cmcum below rlght kidney.
]
I
iv-veatcles of lunge beglo to appear, .
i
Walls of uterus thicken. Teates -'l Internal roge or fo foguloal
canals. H
Vernlx caseonas beging (o a L E the]!;Th'l-u!:_l’llll'-l:hl-;!ﬂul Ianids ac-
Eyebrows and eye Ilh'tl begin. ’::urr\e lumins, Hrnehing of cords of
milk-glands, ?mnhlum af nalls,
; Inst: nails pald to break through.

Lanuge nver entlie bedy.

Collateral and callusc-margloal Seaures, * Cerebml convolutlons more spparcit.

Bad T 1] £ il figemine,
w{'n:kl?mu AL SuE: e ““"‘ln;}.rf.ﬁiill... af Ahers of direct cerebellar

Hemlapherea of cerebrum cover mid- @ tracts, (Crossed pyamidel tracts oot
brad, [ untll after birth.)

Linsenen larelns b acguire mm-.':
Lobule of ear more characteristic. Ia.n::;:‘?u ww:ﬁ:ﬂ‘-pmm r?m' b o,

pdllary scmbrane almphics.

-ni-rl‘b:;-nu:uqr--u- af moscular thesue ol
lower exiremitlos, :
Lease - with pi L Rasl henedd and phenold wnlle
r wings unlte with presphenald E:;l;:ﬂ;:nﬂﬂl fﬂm‘[hr‘“

Meckel's cartllage beging 1o relrograide.
Omsific auclel of vs calels sod astragalus,
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TisvriTeEr CAroNoLooY or DevELOPWERT ((Conduded).

BTAGE OF THE FETUB.
EicgRtTi MoNTH. NinTe MONTH.
Genaral Welght, d to 5pounds ; length, | Welght, 107 pounds; la
Characters. 1.Hn¢khn. ‘.Bﬁnc -8 o
Body more plomp. Umbilicos almost execl
middle of body.
Vascular
Bystem.
Dlﬁnurn Ascending colon Ion.‘_nr Meconiom dark greenia
yatam. Cwcum below crest of [lUom,
Esmplratory
yatam.
Genito-urinary Teates In Inguinel canale. Testea in scrotum.
Bystam. Labis majors in contact
fkin, "U’en:li: tueou.l. covern eotire Lu.uu almoat entirel:
ﬂ'h:in ter color Glhrluph:mul ducts
llnugu ns to disappear. milk-glands soquire
htlh project beyond foger- | mina.
Iurﬁm of subcutancoua
fat.
Hervons Bpinal cord ends at last
Bystam bar vertclea,
Bpecial Bense O=siflcation of bony la
Organs. aplrulia and of modlo
Keurwepithelinl luyer«
tina completed; mi
atill nbaent,
Choreidal fiesure closes.
Muscular
Byatam.
Bxelston and Oralficatlon In lower &
Limba. yaln of femur, somel
also In ?wr upilﬂl.}l
tibla &m umeris.
Trllnpnnbhrnl beging t
i Ouall{c nuclel for l-Dd.F
I great horn of hyold |




INDEX.

AppoMInarL cavity, development of, - Ampulle, sominal, 223
165 | Aual canal, 233

Aecessory thyroid, 200 ' membranea, 178
Acetabular fossa, 373 | plate, 178
Achoria, B4 Anawnia, 75
Achromatin, 25 Animal pole, 25
Acid colls, formation of, 189 i Anfmalealists, 18
Acoustic ganglion, 267 Anlage, 1549
Acuotieafacial ganglion, 297 | Annular sinus, 163
Adnmantoblaata, 127 Apumalous srrangoments of sortls
Adeuoid tisue, development of, 117 | arch, 152
Adipoes tissne, formation of, 115 Auterivr chamber of eye, 318
After-birth, 04 | nares, development of, 134, 338
After-brain, 263 ! prmmidsl trects of medulls, devel-
Ago of fetus, estimation of, 111 ' apment of,
Airchamber of hon's egg, 27 ,Antitragus, furmation of, 3E
Air-naca, develepment uf, 207 Autewm of Highwore, development
Alm of mose, development of, 338 i of, 17
Allantoic arteries, B1, 148 Anns, developnent of, 178
circulation, Bl imperforate, 150
formation of, 148 Aorta, camlal, 150
atalk, 78 | develupment of, 144

veins, 81, 148 primitive, 137, 150

Allantois, BD, 173, 032 | A

vrlic wrch, snomalous sarmangements
function of, 81 | of, 102
reaplratory function of, 183 arches, 149

Alar lamine, 266 | Appenduges of akin, 247
Alecithal ova, 24 - Appemlicalar skeletan, 47

Alimentary canal, development of,' developanent of, 56
163 ¢ Aqueduct of Sylvius, development of,

diffurentiation inte separate re-| .o
! dreh, hirold, 104
I mandibolar, 14

giona, 180
histological alterations in, 188
tract, alterstion in position of maxillery, I
parta, 165 I of morta, developraent of, 162
increane in length of, 184 Archenteron, 47, 49

Alveoli, pnlmonary, development of,  Arches, nortic, 142
£ hranchinl, 103

L
Ameleblaata, 137 o mandibular, 123
Amnian, 73, T4 b vjeremld, 107

falae, T3 s Apehiblus, H8

of man, 76 | Arennte fsure, 282, 233
.hmnin-n—l”u]d, 72,7, 75 Aren, cobryanul, 50
Amninta, 75 plandulur, 251
Amniotic cavity, 76, 77 opacn, 5l

fuid. 76, 77 pellucida, 51

vasculows, 51, 78, 138
Arcas, nanal, 133, TH
Arealn, develaproent of, 252

fumction of, 77
soture, 75
Amphibiana, hlastuls of, 46
Amphioxun, hlaatula of, 45 Arvolar tissue, develupment of, 114
akeletal appuratus of, 347 Arrectorea pilorum, 248
Ampullie of semicircular canals, de- Arteria centralis retios,
velopment of, 324 uf, L1

dovelopment

anl
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Arterial system. fetal. 148 Bodies, polar, 31 =
Arteries, allantoic. 8L, 148 Body af vertebra, formation of 352
ambilical. &3, 148 Body-aaviry. 55, 54, 197
vitelline, 137 Body-wall, development of muoscles
Artery, carolid. common, develop- af, A
ment of, 151 formation of, 71
external, development of, 131 Bony eochles, development of, 327
ioternal, development of, 151 labrrinth, development of, 328
ionominate, devel ent of, 15 semicircolar canals, 327 .
middle sscral, dtr:f::mtnl uof, 130 Bownuwin, capsale of, 216, 217

pulmeonary, development of, 152 Brain, development of, 282
subclavian, Jeft, developmeut of, Brain-case, 358

152 Braio-membranes, development of
right, development of, 151 e ]
superior vesical, 166 Brain-vesicle, 2R2
Arvtenoid cartilages, development of,  derivatives of, 252
1y Braochial arches, 103
Ascending colon, formation of. 136 development of, 344
mesocolun, furmation of, 186 Bridge of nose, development of, 338
root of Afth uerve, 206 Broouer, glands of, 159
root of vagus, 266 Bulbus artericeor., 142
Aster, 41 vestibuli, 237 )
Atlus, furmation of. 355 Bardach. tract of mmyelivstion of, 388
Atpesin of pupil, 314 Baorsa, omentsl, 157, 200
Atroventricular caual, 141 pharrogeal, 128
valves, 142 Bursal saca, develispment of, 115

Atrophic tubules of Wolfian bodr,
218 Caprcors membrousa, 85
Attraction-sphere, 41 Caeum, development of, 185, 188
Auditorr appurstus, development of, Calcar avis, 254
a2 Calearine Gscare, &0, 284
meatus, external, formation of, 332 Callesomarginul ficsore, 255

werve, formation of, 2107 Calrees of kidney, formation of, 218
nuclens, luteral necemsary, 297 (anal, anal, 253
pit, ik atrinventricolar, 141
Auricle, developruent of, 333 aurieular, 141
Aunricles, division into right asd left. hivalawid, (HS
= e dul by, 62
Aurienlar appemdnges, 144 nenrml, 1r P05 25T

ewial, 111 nenrenberie, @, 257
Aunriculsventricular apertores, 145 of anws, 1=0

valves, 116 wl M= 13, 2=
Axinl Gy of speruptozoo, 20 of Xuck. 22

ski-lvton, H$I7 of =Stilling, {15

developuient of, B4 Canslionli, Jnerimal, development of,
Axiz, developnment of, (51 T
A..l;i_s.q-}'linl'lur JrriRCEns, Lhgll Uil b= Peeniiiiens, S
|':|ir'~'llir vl Maswrmnagii, 214, 217

larTionis, glunds of, 247 Curlinagl veins, 11=, 17+
Mastal pmmnmaeling 250, =) Carctid artery, sanmen, development

Taumnine, 20 of, 151
Iasi-neripdtal hane, 364 h external, development of, 151
Basisphasniil, S internal, development of, 151
Pl stalk, T Carpus, developient of bouss of, 379
Il vberus, 2p |t rrilnge, fortition of, 115
Bileecapillaries, formatinn of, 152 Merkel™s, 104, 472
Wili-shaiets, fiarpnat o oof, 1162 Ieivleri’s, 104
Ithuladeer, l|l"||'-'|u'|lllil"llt nf, il CUartilaes cells, 115
Iblstonpuore, 47 | Cartilaginous enpeule of cochles, 328
Ilastuln, stuge: of, 45 e, G0 3
Wamal, development of, 115, 1285 I "
Wl -eorpusaeles, red, primitive, 1380 rils,
Telrnw] =, of 'ander, 135 o slwetl of apinal enrd, 353
1ehvw ] -Laenpnime, W7 I xtape af =keleton, JH=
e Lebew,™ 183 H

of trunk =Keleton, 351
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Caodal aorts, 160
Cavity, amuiotie, 78
plearoperitoneal, 58
segmentation, 45
Cell-mass, inuer, 45
intermediate, 88
outer, 43
Cella, sexual, 29
meadnchymal, 58
Cemootum of tooth, 125
development of, 129
Centmal waual of cord, formation of,
52
lohe, formation of, 281
Centrolecithal ova, 25
Coutrosume, 41
Cophalic flezure, 101, 264
ganglis, developmont of, 208
Cemtobyal, 378
Cerebellum, development of, 263
Corebral Bssures, devely
vesicles, 22, 263
Coruminous glavds, 250
Carvical fatula, 106
fezure, 101
rib, 334, 357
Chalaze, 27
Chambers of eye, 318
Chorda dorealis, 85
formation of, 348
atage of, H4H
Chordm tendinem, 146
Chordal epithelivm, 349
plate, 68
rogion of primitive sknll, 381
Chorinta, 84
Choriccapillaris, 316
* Chorion, 82
fronduvaum, B84
leve, B3
primitive, §2
true, H2
Choroid, coloboma of, 318
development of, 316
Amaure, 292, 2=
plexus, .
plezuses of fonrth ventricle, 267
Choroidal fiasnre, 06, 3106
Chramatin sub=tnne:, 25
Cicatriculn, 26
Ciliary hody. development of, 316
g.nglinull1 MK
musele, development of, 316
procesaes, development of, 300, 316
Cirenlation, nllantoic, 81, 148
placentnl, L
portal, 14l
witellipe, formntion of, 135
Claustrum, 270
Claviele, development of, 378
Cleavage, kinds of, 43
of ovam, 41
partial disenidal, 44
peripheral, 44
total cqual, 43

pment of, 278 | Cp
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Cleavage, total nneqoal, 43
Cleavage-cavity, 45
Uleavage-nucleus, 38
Cleavage-plancs, 42
Cleft pulaté, formation of, 125
sternum, A57
cause of, T4
ovuls, formation of, 125
Clefta, visceral, 101
Climscteric, 45
Clitoria, development of, 235, 234
Cloaca, 173, 178, 233
Cloacal depression, 180, Z13
Closing membrane, 102, 108, 177
Coceygeal curve, 101
| vertebre, ossification of, 358
Cochlea, bony, development of, 327
Coclilear duct, formation of, 323
gauglion, 207 +
oerve, X
lenteran, 45, 49
Cerlom, 55, 54, 197
Collateral fisvure, 279, 234
Unaloboma of choroid, 216
of iris, 318 ik
Colen, ascending, formation of, 166
descevding, furmation of, 184, 186
transverse, formation of, 1680
Columume earncee, 140
Commisstires of bruin, developmoot
af, 279
af rard, white, 260
Conarium, 274
e iflent s of, 254
Cong-visusl cells, 307
Congenital atresin of pupil, 314
disphragmatic heruis, 161
fern] fistuln, 1%
hermin, SN
uitlvilival loeriin, 183
Coni vaseulosi, forwation of, 223
' Conmeetive tissues, development of,
13
i{'uush-l.n:li':r- atage of menstroal
cvele, 5
CCupula of hyeid hone, 363
Cnrmesid bone,
© progesa of seapale, 55T
t'ored, apinal, developanent of, 257
|u|ﬂ|“il'ﬂ|. !"!
Curdls of colla, 135
Curinm, developiient of, 245
(orpch, develupiment of, 315
Corona raulinta, 2, 20
Coronary lipament, 193
af liver, 202
ginugof lenrt, 156
valve, 144
Carpara nllirantia, 272
higemina, 71
i caAverisa, ﬁ:m::_ﬁu:: of, 2318
nwdrigrmina, 271
;C-.'ﬂplu calloswm, furmation of, 285,
: Hoord

I humur;hu:irulm o



Dl'mul ent duringthirl moath, 108
- du ‘mﬂlnlﬂ! w nﬁ'

- length of time for, 18
tabnlated ?h{unu]ug 3o
af,

Disphmgm, deyelopment of, 141
i Di.lphrlsgm'ltin hernin, congenital,

ligement, 235
Dlnut!w syatem,. development of
, J=l5- TN

Diglult:m of limb-buds, 350

Diphyudont, 125

Threet cerebollar truct, myelinstion

of, 355
THscoldal cleavage, parctinl, 44
I}hmn proligerns. S, 228
l.'lll’ll-ll.ﬁﬂ', 26

'qun. enrve, 101
wmesentery, 153

Pouble monster, crigin of, 51
ttorus 2530

| Dioet of Cuvier, 142, 164, 160
mesanephric, 234
ol Oartner, &350
of Miiller, 'E-Hr 2o, 200, 242
of Rathke, 225
proneplirie, 212
Eegmental, 213
thyroglmesal, 155, 203
thyroid, 2035
'rll.l:il!lne 72, 7H, 169
w:ﬂm:m. 234

Doctus Armntil, 164
communis choledochus, formation

af, 11¢

endelymphnlicns, 323
venosus, O 104

Dusdenom, formation of, 180

Ean, externnl, development of, 331,

Fi3
Internal, development of, F21
middle, development of, &51
!hm:mﬂ-f‘. cartilaginous, 326
Te dH
derivatives of, 68
Fgx, ultimnto nrl:rl.rl. af, 29
3 Egg-colnmm, 20, 237
{ B‘q:-cmhlu:m. o
m . fﬂﬁlﬂﬂ of, 180 | Egg-plasm, 24

1 l lgxa‘lllhﬂl primary, 20

slage of wenstraal eyele, | Eighth munlh. development during,
111, 3

pair ﬂraninl nerves, development

week, devolopment durdng, 108, 358

E“ I.l.t-nr_r duet, formation of, 224
tio tizsue, formation of, 114

Elsveulh puir of craniul nerves, 300
Embedding of ovum, 53
Embryo, differentiation of, G1

ol tluilt-nml -nelnlf weeks, 110

of fifteanth day, 08 s

of slx weeks, 107 L

s !ill
s
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Embryo of thirteenth day, 87
of three weeks, 101
of twenty-eight days, 106
segmentation of body of, 89
slage of, 19, D6
Embryology, deflnsd, 17
Embryonal area, 5O
down, 250
Embryonis crescent, 51
Eminentis collateralis, 285 .
Enm{ﬂ;f milk testh, formation of,

of teeth, 125
Enamel-cells, 127
Enamel-germ, primitive, 126

L“'unm-eilgem of pormanent teeth,,

Enamel-prisms, 127

Enamel-sac, 126 1

Endocardinm, 140
Endochondral bonea, 358
Eodelvmph, Xt
Endenkeleton, 37
Endothelium, formation of, 68, 115
Enterocel, 55
Entoderm, 47, 48
derivativea of, 53
Epencephalon, 268
Epend yma, 284
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Fack, development of, 108, 118
Facial ganglion, 267
Falclform ligament of liver, forms-
tion of, 183
lobe, 285, Ly
Fallopian tubea, development of, 230
False amnion, 73
Falxz cerebri, 274
Fecal fistula, cangenital, 100
Female exteroal genitals, 238, 243
interoal genital crgans, 22§
prouucleus, X!
sexual syatem, 243
Fertilizatiou, 38
artificiul, 40
vxterval, 34
internal, 38
Fetal arterial aratam, 149
muembrancs at birth, 54
vascolar avatem, final atage of, 185
venony syatem, 153
Fetua, length of, ot term, 111
stago al, 20, 107
waight of, at term. 111
Fibur-tracts uf cord, developinent of,
il
myelination of, 138, I=0
Filirillme of muscle, fornntion of, 32

! Fibruns tunie of cye, development of,
315

Epandymal larer, 260
Eplblaat, 47
Epldermis, development of, 245, 246
Epididymis, formation of, 223
head of, 223
Epigenceis, doctrine of, 14
Epibyal, 374
Epiotic ceuter of nasification, 360

Fifth besin-vesicle, mctamorplosis
of, 3
wontl, development during, 110,
i Ll

pair ensnisl nerves, devolopment
of,
ventricle, 28

Epithelium, germinal, 27, 29, 21

Epltrichium, 246

Eponychinrm., 248

Epeophoron, 231

Ethmoid bone, osaification of, 369 |
eribriform plate of, 362 i
Ethmoidal sinan, development of, 107 |
Eustachian tube, development of, 331, *
332 I
formation of, 157 |
valve, 144 I
Evertehral region of primitive skull, i
1 !

Hi
Exoccipitaln, 364
Exoskeleton, 34T
Exstruphy of bladder, cause of, 74
Ertcrn?i ntg:'litrrr; meatus, formation
L] P
ear, development of, I31, 333
fertilization, 38
genitals, female, 238, 243
male, 237, H4
organs of genemtion, ZH
Eye, dovelopment of, 122, 302
Eyelushen, developruent of, 319
Exelid, third, 319
Erclids, development of, 318
primitive, 122

week, develupment daring, 385
Fimbrin, 255

| Fingers, develapment of, 31

First puir crmnial nerves, develop-
wmenk of, 1
week, development during, 393
Fissure, arcunie, 2n,
culearine, 550, 284
eallusa-marginal, 285
charoil, =2, 24T
choraidal, 206
1'u]htl.'m',m =y
lenbnbes, 270, 250
great imnsverse, 280, 284
higspacatnpnl, 251
of choroil plexos, 283
af Holande, 281
of Svlvius, 374, 240
paricto-ocripital, 24l
Firsures, corchral, development of,
I78,
medisn of cord, Il
Fistuls, congenital fecal, 150
umbilical urinary, 253

' Flezure, cephalic, 101, 2684

niichal, 2
pontal, 264
Floor-plate, 257, 258
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Fold, ptnnmrﬂi-:mdlll, 160
Folds, medullary, 84
Follicle, Graafisn, 27

of tooth, 129
Foramen cecum, 113, 208

commune auteriue, 282

of Monro, 277, 22

of Winslow, 203

ovale, 143
Fore-brain, 262, 278

secondary, 2683

veaicle, 65

motamorphosia of, 278

Foregut, 73
Formative yolk, 24
Foruix, formation of, 285, 285
Foasa ol Bylvius, 250

oral, 175
Fourth mooth, development during,

109, 388
pair -E_:rwr:il'l perven, development
oLy
ventricle, 267
development of, 2685, 270

woek, dovolopment during, 384
Fretum Halleri. 142
Frontal bone, cssification of, 370

lobe, 282

sinuses, dovelopment of, 337
Frnniculus solitarius, 266

GALL-BLADDER, development of, 192
Ganglis, cophalic, 206
spinal, 293
Gangliated cord of the sympathetic,
301

Qanglion, aeoustic, 207
neuaticnfacial, 207
cephalic, fourtly, 207

third, 297
ciliary, 200
corhlvar, 297
faciul, 297
Gusaerian, 306
ophtlinluic, 206

mpirale, 320

trigeminal, 207

veatibular, 524G
Gmg!i%:i:ull layer, development of,

Gartner, duct of, 231
Chsserinn genglion, 296 .
Ciatral mesoderm, 55
Gust roliepatic emenlum, 1972, 202
furmation of, 185
Onat resplenic omentum, 195
Castruln, 47
matnmalinn, 48
stage, 47
Oencrative organg, exterual, develop-

et of, 234 H
internul, developmwent of, 220 i
Genital conl, 220 V
cminenes, =5 i
in male, @4 r

INDEX.

Genital folds, 235
io female, 236
in male, 239
gland, indifferent, 242
Eroove, X5
ridge, 220, X3
in femala, 237
ridges, 29
Genito-urinary system, development
of, 212, 333-350
Gearm-calla, 221
(ierm-disk, 25
Gorm-layoms, 47
derivatives of, 68
Germinal epithelivm, 27, 29, 221
apot, 23, 25
vesniclo, 23, 25
Germinative disk, 26
Giraldds, organ of, 224
Glands of alimentary tract, forma-
tion of, 188
of Dartholin, 237
of Bruoner, development of, 189
of Cowper, development of, 239
of intestine, devnlopment of, 188
of Liebarkithn, development aof,
189
of Mell, 250
of stomach, dovelopment of, 169
Glandular ares, 251
hypoapadias, 2455
Glans elitoridia, formaiion of, 235
penis, formation of, 235, 233
Gluscrian fissure, 367, 373
Globular processes, 107, 120, 334
Glomerulus of kidney, 213, 216, 217
Goll, tract of, myelination of, 358
Uranfian follicke, 27
developnienut of, 223
formution of feo, 229
Gray matter of brain, formation of,
ey

-
of medulla, develapment of, 206G
Great omentum, furmnation of, 187,
201
{Froave, i]vl'llﬂ!.. 126G
hnerimnl, 108, 1250
medullary, 63
nasg-aptic, F20
primitive, 5
pulimonary, 205
tmnsvera crescentic, 372
Gubwernaculinm teatis, 225
i, development of, 124
fyut, postanal, 1549
Gut-traet, 52, 73, 1490, 171
Gyrua fornicatns, @il
uncinatus, 21

Harr, development of. 248
Hair-bulh, 2438
dlevelapment of, 240
Hair-follicle, 2i4
doeveloponent of, 249, 250
Hair-perms, 249
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Hard ]p-.ll.u. development of, 371
Hare-lip, 122, 371

Husmal, corpuscles of, 210, 211

Head, muscles of, development of,

HI

of epididymis, 223

of apermatozoon, X0
Head-fold, 72

of amnion, 72, 75
Head-gut, 171
Head-kidney, 212
Hmd—hrocm of primitive streak, 54,

Head-segments, 3o
Head-skeleton, development of, 358
Henrt, development of, 138
meun:-}orphui:ahingleinlnﬂunble.
142
valves, development of, 144
Heliz, formation of, 333
Hemal arch, formation of, 352
Hen's sgg, description of, 25
Hepaen's node, 54 |
Hepatic eylinders, 162
vein, development of, 164
Hermaphroditiam, 239, 244
Hernis, congenital, 226
umbilical, 1=
Highmaore, antrum of, development

af,
Hilum follicali, 28
Hind-brain, 262, 268
secondary, 253
vericle, 85, 268
Hindgut, 73. 171
Hippocampal fxanre, 283
H!p[ﬂ-ﬂmpuu wajor, 243
minor,
Hia, eanal of, 133, 204
Holoblnatic ova, 43
Homogenesus twing, origin of, 61
Hownlogies of the sexual syatem, 240
Hraloid artery, formation of, 314
canal, 315
membrane, formation of, 315
Hydatid of Morgagni, 224
sexnile, 224
stalked, 224
unstallke], 224
Hydrammnios, 77
Hymen, furmation of, 237
Hyoglorsus, urigin of, 345
Hyoid arch, anterior, 33
poaterior. 363
arches, 104
bar, 363
bone, development of, 383, 375
Hyeidean apparatus, 375
Hyomnmwlibular cleft, 104
Hypohlaat, 47
Hxpochardal brace, 351
Hypopliyais, 276
formntion of, 123
Hypoapadias, 230
glandalar, 239
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ILrac segment of pelvic girdle, 378

rcin,sl;n common, development of,
1

Imperforate anus, 1580

Impresalons, maternal, 109

Incus, development of, 382, 373

| Indiffersut genital gland, 242
sczual gland, 221

Inferior medollary velum, 268
peduncles of brain, 268

Infundibula of loogs, development of,

=7
Infondibolum of brin, 272, 278
Inguinal lignmewt, £25

iu female, 231

[uner cell-mass, 45
loncminate artery, development of,

152

o

[oter-brain, 263, 272
vesicle, metamorphosis of, 272
[utermaxillary boues, formstion of,
124, J71
[ntermedinl cell-mass, 69, 341
Ioternal ear, development of, 321
fertilization, 38 X
Intera] lignment of lower jaw, 374
lwiting membrauy of spinal cord,

259
Interpallial fssare, 278
Intervertehral disks, 351, 353
ligaroent, development of, 352, 353
latervillous spaces, 87, 92
Intestinal eaval, formation of, T1
glunds, development of, 189
mesentery, 1494

I mweosa. formation of, 172

villi, formation of, 189

portals, 74, 16Y

Tutestine, stmll, development of, 185,
b

B3
Iotestino-hody cavity, 47
Intumescentin gauglioformis, 326
Iuveluntary muscle, development of,

HE
* Iris, coloboma of, 318
develupment of, 317
Ischintic rod, 378
Islund of Rell, 28]

Jacumsnx'a organ, development of,

o
Juw, upper, development of, 122
Jaw.arel, 104

Jelly of Wharten, 93

Juint-cavitics, development of, 117

Jugulur vein, priwitive, 148, 154
trnnsverse, 156

Kipsey, development of, 212

Lamta majorn, 237
minom, feroatien of, 297
Lab¥rinth, bony, development of, X294
membirnons, development of, 321
Lacrimal hones, odaification of, 370
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Lacrimal canaliculi, 320
caruncle, 314
duct, developmaent of, 320
gland, development of, 318
grouvve, 108, 14
sac, development of, 321
Lamius cincrea, 272, 975
quudrigemive, 271
spiralis, bony, development of, 330
terwiuslia, 255
Langhans' layer, 87
Lauuge, 110, 250
Laryoz, development of, 207
Latebra, 27
Lateral cartilage of nose, 369
folds of smnivu, 72
frootal processes, 107, 120, 122
in formution of nose, 134
ligaments of liver, 193
oeaal procoas, 320, I
plate of mesoderm, 57
plate of somite, 53
voultricle, development of, 279
Leugth of fetus at term, 111
Leus, ;j,:grlu"i“' develupment of,

Lens-arca, 304
Lons-capaule, development of, 313
Leus. pit, d12
Lens- vesicle, 99, 122 304, 312
Lenticular zous of optic cup, 309
Lesser omentum, 302

formation of, 188
Levator palati, origin of, 345
Lidls, union of edges of, 319
Licherkilin, glands of, 189
Ligawment of ovary, 232

Ligaments of liver, formation of, 192 |

Ligmmenta intermusealarin, 350
subilava, "

Ligule, 257

Linih-buds, 109, 350

Linihic lubye, 265, 030

Limbeamuseles, develepment of, H5

Limlss, bwsnes of, development, 379
development of, 330, 353-349)
‘FH'.I'FiIiIIiI of, %]

Limiting membrane, inner, formuation '

of, Y
outer, formation of, 307
Lip. upper, developuent of, 124
Languvisr avamii, 76, 77
function of, 75
[e] Bl w260, i
ul Muorgngni, 313
Liver. development of, 190
first rdiment of, 181
liganment= of, fermation of, 192
Liver-ridpge, 1540, 104
lLaohes of liver, 191
Luhule of ear, development of, 333
Laovingitiidinal fiber-tracts of wedulla,

266
Braure of hrain, 278
Lowmer jaw, vasification of, 372

INDEX.

Lumbaer rib, 357

vertebrem, casiflcation of, 355
Lungs, development of, 205
Lymph, formation of, 115
Lymph-clefts, developmeut of, 117
Lymph-asca, development of, 118
Lymph-spaces, development of, 118
Lymphatic system, development eof,

1186

vessels, development of, 117
Lymphoid follicles of tonsil, 178
timsuw, developmeut of, 117

Macura lutes, formation of, 309
Macule ncusticee, developruent of, 325
Malar bone, oesiflcation of, 370
Male cxternal genitals, 207, 244
interuml genital orgoos, 232
prenucleas, 39
suxual aystem, D22, 240
Malleus, development of, 382, 573
Malpighiau corpussie, develcpment
uf, 185, 217

primitive, 216

| Mammalis decidunta, 33

jndecidunta, BY
Manimals, blastulae aof, 45
Mammuary glwnd, development of, 251

| Mandible, casitication of, 302

| Mundibular arch, 1G4, 133, 36D
i Mantle luyer, 2060

1' Margiual sinos, 92

zome of optic cup, 310
Marshull, vestigial fold of, 156

| Muternal impressions, 109
C Maturation of ovom, 30

fhieorivs of, 42
Maxilln, superier, ossification of, 371
Maxillary apeh, 104
proce=s, 128, SIH)
Muentns, external auditory, 332
nrinaring, male, X0

P 3leckel™s cartilage, 1, 362, 372

diverticulum, formation of, 190
panglion, 205
Meconivm, 111
Modimw fizsures of cond, 261
lobse of cerchbellum, 268
Medulln oblougaia, development of,
MG
Mudullury canal, 62
cords, X
fulds, 64, 255
furron, ik
grovve, (K
plate, 2, 335
fuley, 205
velum, anterior, 260
infering, MM, 270
Meibwininn  glands, developmeunt of,
kiE

i Membrann admmuantine, 127

basilnris of coclilen, formation of,
430
choris, 139
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Membrans granuloes, 29
ruru:nif::uﬁ =28
prfornmative, 194
Mewbrane, anal, 178
cloaing, 102, 108, 177
uuclear, 25
of Naamyth, 128
of Bcimsner, 330
pharyogeal, 108, 118,171, 175
vitelline, 23, 24
tympanic, 177, 332
Membranes, caducons, 85
deciduvun, 45
Membmanous bunes, 359
crauivm, 3I54
labyrinth, development of, 321
ribe, 450
stage of skeloton, 348
of truuk, M9
Menopause, 35
Menstrnal cyele, 35
Meostruation, 35
relatiou of, to ovulation and con-
ception, 37
Meroblaatic ova, 44
Mesencephalon, 270
Mesenchymal cclls, 68
muscle, Hb
Mesenchyme, 54
Mesenteries, 173
Mesentery, intestinal, 188
ventml, 187
development of, 202
Meachlnat, 54
Mosoblastic somites, 67, 67
Mesocardium anterius, 139, 158
posterios, 1340, 158
Mesoeolon, mscending, produetion of,
156
formation of, 186
Meaoderm, 54
derivatives of, 60
gnatral, 55
parsxial, 57
peristomal, 55
somakic, 55
splanchnic, 58
structnres developed from, 113 o

#ref.

Mesogaatriwim, 187, 194

Mesonephric duct, 214

Mesonephros, 213, 241

Mesorchiom, 225

Mesothelinm, 58, 115

Mesovarinm, 225

Metacarpal bones, devolopment of,
a

Metamorphoais of single into double
heart, 142

Metapephroa, 217, 241

Motatarsal bones, development of,

k]
Metencephalon, 264
Metoplc muture, 370
Metopism, 370

Micropyle, 23, 35
Mid- i o0
roniinence of, 264
veaicle, 5, 270
Mid-gut, 171
Middle car, development of, 177, 331
piece of spermatozoon, 20
plate, 69, 212, 31
racral artery, development of, 150
tunic of eye, development of, 15
Modiolos of cochlea, development of,
K2t

Moll, glands of, 250
Monorchinm, 224
Mouro, fomwen of, 277, 282
Mona veneris, formation of, 237
Murgagni, hydatid of, 224
liguur of, 313
t Moruls, 41
| Motler-cells, 22
Motor nerve-fibers, development of,

25
Mouth, development of, 122, 175
Mucous tissue, forioation of, 114
Mulberry-ronss, 41
Miiller, duct of, 230, 224, 230, 242
Miiller's filars, 307
Musele, inveluntary, development of,
p

MG
voluntary, development of, 339
Muscle-plate, 64, HI
|:|.n_'1.|nufil|l.lll-i:| u.f, 2
| Muscles, brauchial, development of,
Hi

| of extremitics, development of, HS
of trupk, development of,
r Muscular coat of intestines, forma-
Liom of, 184
sxatem, develnpoent of, 139, Z83-390
Musculi papillares, 147
pectinsti, 140
Myocarl, H1
M yotarue, 08, Hl

MNalr-nED, M8
Kail-plute. 247
Kuils, develvpment of, 247
of tors, 24n
Nail-welt, 248 y
Nares, anterinr, formation of, 134
| development of, XiG
" Wasal areas, 133, 34
hanes, o==iflcativn of, 10
vapsule, M2
! ewvilies, develapment of, J36
© o pits, 107, 120, 110, 3H
process, 120, 3H
lateral, 0, ZH
, Nasmyth, membrane of, 128

; Nasofrontal provess, 104, 107, 120, 122,

M, as0
in development of nose, 133
Nasc-uptic furrow, 120, 122
in fonnation of ooss, 134

groave, 2N
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Mephrotoma, 63, 214, 241, H1
Marve-cells, formation of, 254
of cord, formstion of, 280
Nervecorpuscles of neurilemma, 285
Nerve-fibar, anvelopes of, formation
295

of,
layer, development of, 308
Merve-fibers, crauial, dovelopment of,
00

motor, development of, 295
sensary, development of, 293
Nerve-trunk, spioal, development of,
=5

Mervous syatem, davalopment of, 254,
383-350

peripheral, development of, 292
sympathetic, dovelopment of, 300
Neural _lrl:h of vertebra, formation of,

an2
canal, (2, 255, 257
creat, segmentation of, 2
creats, 294
tobe, 255
Neursuteric canal, 88, 257
Moarilemma, formation of, 205
Neurit, 254, 260
Meuroblaats, 258, 260
Neuro-spithelinm of rotina, develop-
meont of, 309
Neuroglia, 258, 239

2354
Nictitating membrane, 319
Nioth month, development during,
| 111, 390
pair s'l:.;ﬂll:lil.li nerves, developwent af,

weok, development during, 347
Nipple, development of, 252
Node, Henzen's, 54
Nose, developraent of, 1), 33
Notochord, 0G5
Nutechonlal stage of skeleton, 348
Nuchnl fexure, BG4
Wuck, canal of, 232
Nuclear juics, 25

layor, of retina, outer, 308

membhrane, 25

apindle, 41
Nuclous mmygdule, 279

cleavage-, &9

of ovum, 25

segmentation-, 39
Nutritive yolk, 24
Rywmphe, forrontion of, 237

Nerx, 967
{hcipital bone, oasification of, 364
lub, 262
hluntollasts, 120
l}duntni-{_ process, development  of,
£

Olfactory hulls, 200
epithelinm, 3
lisber, 240

INDEX,

Olfactory perve-fibara, 333
platea, 120, 1335, 334
tract, 200
Omootal bursa, 187, 200
Omentum, gaatrohepatic, 1092, 202
formation of, 153
gaatroaplenic, 185
great, formation of, 187, 201
lepser, 202
formation of, 158
phreniccaplenie, 195
Omphelomesenteric voins, 138
Ontogeny, 17
Oogeuesis, 27
Ophthalmic ganglion, 258
Opisthotic center of casification, 368
Optic cup, 304
secondary, 306
lobes, formation of, 271
necve, davelopment of, 311
thalami, 272
vesicle, 263, 303
Ora serrata, 307
Oral cavity, development of, 1756
foasa, 175
pit, 57, 106, 119, 123, 175
plate, 118, 122, 175
Organ of Corti, 325
of Giraldés, 224
of Jacobson. development of, 337
. of Eossnmaller, 231
Omaeous cranium, 363
atage of trink skeleton, 35
timna, formation of, 115

| Dsicles of ear, development of, 332

CAmgification of riba, 357

v oof skall, 3k}

| of sternum, 357
of viertehie, vl

Otie vesicle, 048, 3

Qrocyal, 322

Outer eell-mass, 45

Uwva, nlecithal, 24
centrolecithal, 2
elnasification of, 24
formution of, 25
lolulhlastic, 43
merollastie, 44
'[‘I'Eil'lli[i'\'r. M), 1A SaT
telolecithul, 24

Ovnries, change of position of, 231

Ovary, development of, &

| tvidnets, developuent of, 20

s Oivists, 18

Uvalation, 32

i relation of, to menstruation, M

1 Ovnm, 22, 223

. ewbeliling of, A5, B6
wialamtion of, 30

© o Fipening of, 30
Reginentation of, 41
Blagee of, 10, 04G

PALATE hone, easification of, 370
formuation of, 124



INDEX.

Palatoe process, development of, 371
Falate-shelves, 334 i '
Polatoglossus, origin of, 345
Falstopharyogens, origin of, 345
Palpebral fascim, 310
fisaure, 318
Pagereas, develspment of, 1901
tirst rudiment of, 1s2
Fanereatic duet, development of, 184
Pander, blosd-islamnds of, 165
Fander's mucleus, 246
Panidenlos adaposns, 248
Papillo: of tongne, formation of, 133
Parablasy, fs
Parachundal cartilages, 61
P.'I.hﬂﬁll,j'lulj., g
Parasial mwsoderm, 57
Parictal loses, osdbfication of, 370
elevation, 2G4
ey, 2905
furamen, 974
IIIF!‘-E ol pleurs, 1681
lustns, 2=
eome, 68
Paricto-wecipital fissore, 284
arvdipiliaromn, 231
Parovariam, 25
ars cilinris retime, 310
intermasdindis, 237
iridica rotiviee, 310
apfica relbnge, S0
Parthenogenetie eggs, 32
Patulans foramcn ovale, 103
Pectornl givdl, develupment Gfl kg
Pelvice gindle, 55n
Pelvia of kidoey, formation of, 218
ois, devels it nff, 405
Perforated Tominn, anterior, 291
At sl it rIeer, HLn [ |
Mericardinl 1'3\'“}'. 154
Perlcandinm, develogoent of, 158
Forilvmph, 527, X
vinphatic spuace, 295
il beuly, 10
v, Corniat ion of, 180
]"l-l'nl11_\':. =
Pepictie e, 366
Peripheral eleavage

al mesalerm, 55
Wl cavity, 19
[eritonenne, Jevelsgment of, 185
viccernl luyer «f, 152
Perivitedline spuee, 8
Permanent kidooy, 257
tewet i, aleewwlogeiead of, 129
eruption of, 10
Petrvanmstodd B, T

I'halanges, slevelopmaes
Pheirv o) hoaeea, 124
constrietors, orlzin of, JHS
peccnbereaeis, 109G, 10, 170, 155
in formation of mouth, 123
b0 ]
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Pharengen] pouches, 102, 171, 178
Pharynx, 176
Phrenicosplenic omeotom, 186
I'higlogeny, 17
Iial pricisses, 250
Pigmewt-layer of retioa, 307
Pillars of Lskow, Lt
Pinesl body, 272
or gland, 273, 214

eye, 275
I, anditory, 222

wrnl, 07, 10
Ples, masal, 23
Pitwitary Laelx, 278

furmation of, 123

Placentn, 8~

&l term, 81

discoiden. 59

prvia, f2

ronarin, B
Placental ainases, 90

spacea, B2
aystem of blood-vessels 149
Tlane= of cleavopro, 42

I " fate

1"Mautar born, ™7

, chaardal, (4
wwslullary
vorlvhiml,

I'l-.':lm. parictal laxer of, 161

viscoeral laver oof, 16]

1 Plenizd s
§ Plenengweri

Pleinr-, dovelepinent af, 158, 158
furmation of, 168, 168
dind folil, 1460
Mlewroperitineal cavite, 68 107
PHlaea soanibinzaris, d18

Pocket oof Hathke, 277

IR EY r--l:'-u. |

wirietien, FL

Polarity of cag, 25
Polp-rarpneclea,

Puly plisestont, 125

1%y A= pamnizn, S50

TRramtal Mexure, 2l

1'“||-_ |‘4:rr|u|.li-l-t| |f'|.|"I R

I"ertal vieculation, 151, 1461

velin, development of, 164
Vensis syalein, 154, 161
Pemtanal gut, 155

Posteyior elipmbor of eve, 18
nares, wpencnd of, 538
Pomt-linnbic =u cos, Ya0
Peeformation  heery, 18
Pecliepa bens, 1N 1001
Prebigpoid gland, 209
Prvinxilln, 071

Pregiiee, lurmnation of, 238

|":'|\.-4_-|.1.|I|.:-:|||'i||1 adaA
Priviary vgg- whace, 29
Privodave aorta, 137, 150
ehaorion, @2
vnamilgerm, 124
evelids, 1R

Erunve, B2

heart-valves, 144
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Primitive jogular veims, 148, 154 Bepreduction, theories of, 17
Malpighian corposcle, 216 Eespiratory system, development of]
osils, 247 204, 383-390
ova, 20, 222 =7 Reatiform bodies, development of, 268
red blood-corpuscles, 136 Bute mucosum, 247
sogment plate, 67 testis, formation of, 223
scgmeuts, 57, 67 Eatios, development of, 304
soxunl cells, 291 Ehinencephalon, 200
streak, 51 Ehomboldal foasa, D67
vertebral bow, 351 Rib, cervical, 354, 457

Primordial bones, 359 lumbar, 357

Proamnion, 58 thirteenth, 357

Process, Istera! frontal, 107, 120, 122 | Bibe, development of, 358
nasal, 120, 34 Rilge, genital, 220
nasofrontal, 104, 107, 120, 122, 334 terminal, 60

in formation of nose, 133 Riug loba, formation of, 280
. dental, 129 Rlpening of ovum, 30
globulsr, 107, 120, 334 Eod-aod cone-layer, furmation of, 308
nusal, 33 Bod-visual cells, 307
waxillary, 123 Bolando, fissure of, 2284
of vertebra, development of, 352 Rmf-lﬂiate, 257, 254

Processus vaginalis, 228 Botation of stomach, 186, 200

FProchorion, 45, B2 Hound ligament of iiver, 167

Proctodeum, 179 formation of, 183

Proonepbrie duet, 212 of uterus, 225, 232

Pronephroa, 212, 241

FPronueleus, femoule, 32 SaccULFE, development of, 324
male, 39 Baccus endolymplisticns, 323

Pro-ofic center of ceification, 368 Zacral vertebree, casification of, 355

Froseneeplalon, 278 Sacrum, formation of, 355

Frostuto gland, formation of, 234 Balivary glands, dovelopment of, 131

Prostutic urethra, formation of, 234 I&l.u ropsids, blastula of, 48
Protoplammic processes, 260 Scaln medin of cochlea, development

FProtovertebra, 53 ! of, 323

Prerygoid plate, internel, develop- | tympani, developrment of, 330, 331
ment of, 368 | veatibuli, development of, 330, 331

Pulbig rod, 37+ Senpula, tll.'-tlu]"tul. nt of, 377

I"'uhnulmw alveoli, development of, Schwann, white substance of, 205
v deposit of, upon fibres of tract of

I-Ill:r_'i..ilt‘u clopment of, 144, 152 I cond, iHs, 2R

diverticulum, 205 schmmuu. 65, 1, 350

prouve, 205 'Seratum, deve l-q-:uu.nt. of, 239 :
FPualp of spleen, development of, 195 ° Sebaceous glands, duvelopment of, 251

ol teeth, 125 i bq,-cumﬂ muoutly, m.\-:-lopmeut during,
Pupil, i 107

congenital atresia of, 314 i paircranial werves, dmulupmﬂ'nt of,

development of, 314 K
I'yramidal tracts, auterior de'-'tlup- week, development during, 383

ment of, 266 Secondary hair, 250

crosaed, of cord, myelination of.  aptic cup, 506G
$89 Iﬁcgnmntnl duet, 213
Segrmentation of budy of cmbryo, 68

RAaMun communicans, 301 i ol ovam, 41

Ruthke's pucket, 124, 757 | Sepraentatinn-cavity, 45

ltaulwr's layer, 45, 40 | Sepmentation-nuclews, 39

Heeeptive prominence, 39 ! Bemicirenlar canals, hony, 327

lteeessun lubyrinthi, 222 | develapment of, 323, 324
viestibuli, 322 Eemilunar valves, dt‘\'clupmtnt of, 147

Reetim, 160 Seminal ampullpe, 221

Recurrent Isryngeal nerves, 152 vesicle, formntion of, 224

Bed Blood-carpuscle, 'pﬂm:iwe 136 | Seminiferous tubules, formation of,
Reichert's eartiluge, 104, 358 375 =4

Reil, island of, 2] Sense organa, development of, 302,
Htlnnor miembrane of, 330 Be3-100

Henal veiw, left, 157 Bensory epitbelium of retina, 307
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SHensory nerve-fibers, dovelopment of, | Bptrmatle card, 204 '
63 veine, 167
Eepta placentm, 92 Bpermatids, 22
Buptal cartilago of nose, 363 Spermnatoblasts, 22
Septum lucidum, formation of, 255 Spermatogonosis, 21
transversum, 148, 150 | Spermatoganic eells, 21
Herosa, T3 | Spermatonon, 20

Serons membranes, dovelopmont of,
=

115
Sortali's, columus, 21, 223
Hyasile hydatil, =24

| power of locomotion ef, 21

| witallty of, 21

! Spheooid bone, eesification of, 347
Sphenoidal ainus, development of, 337

Heventh month, developmant doring, ! Ephenopalaline ganglion, 206

110, 329

i Spinal cord, dovelopment of, 257

pair rnr;_nglnl nerves, development | Spinoes process of vertebrs, dovelops
of

week, dovelopnent of, during, 320
saxual colls, 20
primitive, 231
conds, 35, 2w
fomale, 227
wlaml, HidiTerenut, &1
segment of Woldlan body, 216
system, female, 226, 243
homalogics of, 210
inditferent type, 230
tile, 2263, 24
“hell of hen's ege, 27
shell-membrane, 27
sboulder gintle, dovelapment of, 377
Slrins, annular, 163
pocularis, E04, Sl
prwcaryicalbis, 15
reanions, 11l
terminalis, LG
neogenital, 173, 203
wvenosns, 144, 153

i wient of, X5l
Bplanchnic mesoderm, 68
 Splanchnopleuse, 0, 109
I Spleen, development of, 194
| Spongioblnsts, 254, 259
| Spot, germinal, X
Equamozygomatie bone, 205
Etngo of embryo, 18, 0
of fetas, 20, 107
| of ovum, 1%, B0
of yuiescence of wenstrual eyele,
&6

i of repair of menstrual cycle, 38
Stalked hydatid, 224
« Brapes, developuent of, 203
Slem-gone, 7
Steruio, elefl, 357
development of, 357
Stiguu, 28
| Stilling, eannl of, 315
i Hlumn.th. l|l:\'cful|m|'l'|.l. nl‘. m
| first rodiment of, 151

Sixth wonih, development during, | glanids of, development of, 183
110, =0 | rotstlon of, 150, 200
pair eraninl neeves, development of, | Stomedmewm, 119, 155,
o] | Steninm Malpighii, 247
weok, development during, 105, 355 ' Stnak, primitive, 51
Skoletogenons shivath of chonla dor- | Strintod museles, development of, 339

malis, 550
Eissiies, Gl
Skeleton, oppuomilicular, 38
developnent of, 370, I<1-300
mxial, 3=
developmeont of, 347
of hewl, development, of, 259
of trunk, cartiligiueus stage of,
&5
chionlal stage of, 318
develomuaent of, 318
membranond stage of, 349
¥lsceral, .'1-::*1 o
Skin, appendages of, 2
development of, 215, 353-300
Sinall ntestine, development of, 183
Smegms cmbryonum, 247
Bomatie mesoderm, N4
Bamatopleune, &8, 160
Bamites, G5, 67
mesahlustie, &7, Ty
Bpace, perivitelline, 23
Spaces, intervillous, &7, 22

| Stromaslpyer of choroll, development
i of, 210
| Styloglossus, origin of, H3
! Stylobival, J30
inrtlape, 367
| Etylohyold [ignment, 'E-ﬂ
Sryloil procesa of hyoil, 363
temparal, devalapment of, 367
, Sy lapharyngens, vrigin of, 35
| Bubelavian nrtery, left, development
of, 152
rlght. development of, 161
Submaxillary ganglia, 200
Submoeosa of intestines, formation of,

153
Suleus interventricolarls, 143
ol corpos eallosum, 240
Snperior maxilla, sasifieation of, 371
Snpmahyold gland, 206
| Buprasoccipital bone, B

| Snprapericardial bodie<, 200

Suprarenal bodles, development of,

20R, 42
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Suspensory ligameut of liver, forma- ! Trabeculm cranii, 361

tion of, 193

Trachea, development of, 207

Bostentacalar cells of um{nlfnronu]l Tragus, formation of, 333

tubule, 21

Boture, amoiotic, 75
Sweat-glands, development of, 250
Bylvius, squedoct of, 271

Braure of, 279, 250

fosss of, 250
Sympathotic nervons systom, 300
Syuncytium, 83, ¥7
synovial sece, developmeut of, 115

TalL of spermatorcon, 20
Tail-fold, T2
Tarsal ligaments, 318
plates, 318
Tarsus, development of bones of, 379
Testh, development of, 125
permanent, development of, 129
eraption of, 131
temporary, development of, 125
eruption of, 130
Tela choraidea, 273
Telolecithal ova, 24
Temparul booe, casification of, 364
lobe, formation of, 280
Temporary toeth, development of, 125
eruption of, 130
Temporomaxillary articolation, 374
Tenden, development of, 114
Tendon-sheaths, development of, 117 |
Tenth pair cranial nerves, devalop-
ment of, 300
Terminal ridge, 50
Teaticle, development of, 200
di-sgent of, 225
Thalamencephalon, 7572
Thebesing, valve of, 144
Theen fallionli, 27

Theeal sacs, development of, 115
Theary of cvalution, 17
of unfolding, 17
Thinl evelid, 319
month, development during, 109, |
m |
pair eranial nerves, development
of, 290
ventricle, formation of, 252 '
week, develapment dwring, T84
Thirteenth riby, 357 |
Thoracic prolongations of abdominal
cavity, 159 :
Throat-pockets, 102, 171, 176 I
Ty unus bl v, 155, 210
Thyreglussal duet, 143, W
Thixroid budy, avcessory, SO0

development of, 1377, 205

duet, 20

formuaen, 478
Tissue fungus, 57
Tues, development of, 38]
Tongue, development af, 131, 157 !
Tunsil, devilopment of, 177 i
Tunsillar pit, 158

Iy

Transverse colon, formation of, 188
crescentic groove, T2
fssure of brain, E‘;ﬂ -
processes of vertebre,

Trigeminal ganglion, 266

Trophoblast, B3

True chorion, 82

Truncos arteriosus, 102, 137, 140, 149

Trunk, skeleton of, development of,

HH

osscous atage of, 354
Truvk-muscles, development of, 339
Trunk-segmenta, 340
Tuber cinereum, 272, 274
Tuberculum impar, 132, 177
Tubotympanic sulcus, 131
Tunics albugines of ovary, 227

fibrosa, 28

propria, 28
vaginalia testin, =2
vasculoas, 27

lentis, 313
Turblonl folds, 233
Turbinate bone, infeddor, cification

of, 359
Turbinated bones, daveiopmeant of, 337
Twellth pair eranle! nerves, dovelop-
ment of, 300
Twins, origin of, 51
Trmpanic cavity, formation of, 177
membrane, 177
development of, 332
partion of temporel bone, develop
tenst of, 367
Tympanohyal, 376
cartilage, (M7
Trmpanum, developnent of, 331

| UMRILICAL nperture, 78, 169

arteries, 43, 140

rord, U2

hernia, congenital, 189

wrinary fistula, 253

vein, 95, 149, 153

vesicle, 72, 75, 169

fitnetion of, 20
Buman, =0

vessels, 03
Uneinate wyras, Hi
Unatriated minscle, development of,

G

Urachna, &2 23173
Ureter, 214
development of, 212
rethre, female, 234
iinle, foruation of, 239
prostutic, formntinm of, 94
Urinury fistula, winbilical, 243
Ulyinifierona tililes, formation al‘. 17
rogenital nperture, 233

Rinms, 173, 1749, 53
Uskow, pillars of, 161
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Uteras bicornis, 230
development of, 230
double, 230
masculinos, 224, 23
Ctricle, development of, 324
Uweal tract, development of, 316
Uwuls, formation of, 125

Vaaina, development of, 230
median septum in, 230
Valve, eorovary, 144
Eostachian, 144
of Thebesiua, 144
of Vieussans, 269
Valves, atrioventricalar, 142
suricaloventricular, 148
of heart, dovelopment of, 144
semilonar, development of, 147
Vas defercns, formation of, 223
Yasa cerontia, 223
rocta, formation of, 223
Vascalur area,
system, development of, 135, 383
00

fetal, Anal stage of, 165
tanic of oye, development of, 315
Yegetative pole, 25
Vein, cardinal, 148
hepatic, 164
iliac, left common, development of,
156
portal, development of, 164
rennl, left, 157
umbilical, 93
Veina, allantoic, 81, 148
cardinal, 154
omphalomesenteric, 136
primitive jogular, 154
apermatic, 157
umbilical, 148, 153
vitelline, 138, 153
Velom interpeaitum, 272, 273
Vena azygos major, 157
minor, 158
cava Inferior, 155, 157
superior, 154
Yens hepaticm advehentes, 163
revehentes, 163
Yenons segment of heart, 141
syntem of fetns, 153
portal, 154
Ventral mesentery, 173, 167
devalopment of, 22
Ventricles, separation of, 143

Vermiform sppeudiz, development

of, 186

process of cerchellum, 268
Vernix cascosa, 78, 110, 247
Vertebre, omsifieation of, 354
Yertehral bow, primitive, 351

enlumn, developoent of, 3HE=356

membranous primordisl, 350
plate, 57

406

Yertabral region of primitive skall,
1

Yesicle, gorminal, 23, 25
otic, B8, 222
umbllieal, T2, 78, 189

Vemicles, cerebmal, 952 283
lens, 29

Yeatibular ganglion, 328
nerve, 287

Veatibule of ear, development of, 327
of vagioa,
of vulva, 24

Vestiginl fold of Marshall, 166

Yieossens, valve of, 269

Villi of ehorion, &4
of intestine, formation of, 189

Yisceral arch, Amt, fuoction of, 104,

118
arches, 101
metamorphosis of, 104
morphological significance of, 102
elefts, 101
layer of peritonenm, 172
of pleurs, 161
akeleton, 358

Visceral-arch veancla, 102, 137, 149

Yitelline arteries, 137

E circnlation, formation of, 135

duct, 72, 78, 169

membrane, 23, 24

veins, 134, 153

f".’iu-llua,. 23, M4

! Vitrcous body, development of, 314

Vocal cords, development of, 207
Voluntary muscles, develepment of,

Yomer, caaification of, JT0

WeicHT of fetos at term, 111
at different stages, 386-350
Wharton, jelly of, 53
White commissures of cord, 260
fibrous tisoe, formstlon of, 104
matter of hraip, formation of, 229
of cord, development of, 261
of hen's egg, 27
w‘mnwﬁ Schwann, development
of, 295, 363, M@
Winalow, foramen of, 203
Witches' milk, 2353
Woldan hody, 213
duet, 215
in female, 230
Wolf's doctrine of epigenesis, 18
Wreath, 41

, Yorw of evem, 23
I Yolk-1ac, 72, 74, 169

Zowa pellucida, 23, 29
rudiats, 29
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