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PREFACE

THE facts of embryvology 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 medicine that a coneize and yet
sufficiently full text-book upon the subject be available. It
was with the aim of presenting such a book that this volume
was written, the author, in his experience as a teacher of
anatomy, having 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 so 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 has been the writer’s aim to make
these allusions as simple and as easily intelligible as possible.

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

to arrange them, with reference to any one chapter, as nearly
]
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as possible 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
authorities in the text, and the author would here express
his obligations to the writings of His, O. Hertwig, Kolliker,
Schultze, Bonnet, Balfour, Marshall, Piersol, Minot, Tour-

nenx, and many others.
J. 0. H.
3706 PowELTON AVE.,
PHILADELPHIA.
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CHAPTER L.

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

EMeryorocy 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 individual—Ontogeny; again, it may treat of
animal or of vegetable development.

Since no observations have been made upon human em-
bryos of an age less than twelve or thirteen days, and but
few upon those younger than sixteen or eighteen days, we
eannot 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 prinei-
ples of agreement in essential features. In tracing the his-
tory of human development, therefore, frequent recourse
must be had to the development of animals, since in this
way only is it possible at present to fill up the gaps in our
knowledge of human embryology.

That a new individual may be called into existence, the
union of the male element, or spermatozoon, with the female
element, or ovam, 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 concerning reproduction and
development. The opinions of the biologists of early times
found expression in a theory which was then ealled the theory
of unfolding or of evolution, but which more recently has

2 17



15 TEXT-BOOK OF EMBRYOLOGY.

been designated the preformation theory.  Aecording to this
doctrine, the egg or germ contained all the parts of the adult
organism in an exceedingly minute 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
offspring, its votaries were able to compute that the ovary
of Eve contained 200,000 millions of human germs.

With the discovery of the spermatozoin in 1677 by Hamm,
a pupil of Leuwenhoeck, a controversy arose as to whether
it was the spermatie filament or the ovum that contained the
germ. Those who maintained the former view were known
as animalenlists ; those who held the latter, as ovists.  Accord-
ing to the opinions of the animaleulists, the spermatozoin
was the complete organism in miniature, and it required for
its growth the =oil or environment which the ovum alone
could furnish.

The enunciation by WolfF, in 1759, of his doctrine of epigene-
sis completely overturned the preformation theory. Wolll
maintained that the germ was wnorganized matter, and that the
union of male and female material was essential to reproduc-
tion. While Wolff’s theory was in the main correet, it re-
mained for later investigators to show that the ovum did not
eonsist of unorganized matter, as he thought, but that it pos-
sessed definite struetural charaeteristics.  Thus, the germinal
vesicle of the hen’s ege was discovered in 1825 by Purkinje,
and the germinal spot in 1826 by Wagner. Soon after the
enunciation of the cell-doetrine by Schleiden and Schwann,
it was seen that the ovum was in reality a typical ecell, pos-
sessing all the parts of such a strocture,

[t was not, however, until about the year 1840 that it was
shown, by Kolliker, Reichert, and others, that the spermatozoa
are the active agents in fecundation.  Previously it had been
held, since the refutation of the preformation theory, that the
seminal fluid performed this function, and that the spermato-
Z0A 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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occupies 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

Chromalin part of para-

natelens. Achromatin part of paranucleus.

Nuclealas in division.

Spermafoblas!,
Nuclews.

Head-piece of spermatozadin.

Prolonged
axial fiber,

Teril.

Middle
piece.

Head.

Residue of
spermato-
Ifast,

—————————— <D
£ Fiy
F15. 1.—1 to 8 Various stages of the development of the spermatozoon of the
mouse; %, the spermatozoin of the mouse (after F, Hermann); 10 and 11, spermato-
zon of the dog: 10, as seen from the side ; 11, as seen from the broader surfuce (after

Bonnet).

stage of the ovum, comprising the first two weeks of develop-
ment ; (2) The stage of the embryo, extending from the end
of the second 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 orwm, as employed in
embryology, has 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 produet of conception
during varions stages of development.

THE SPERMATOZOON.

It is noteworthy that both spermatozoa and ova—that is,
both sexual cells—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
B the germinal epithelium of the ovary.

The form of the seminal filament va-
ries greatly in different species (Fig. 1).
The human spermatozoon (Fig. 2) is an
elongated body, about 0.05 mm. (5},

inch) in length, consisting of three parts,
a head, a middle piece, and a tail or
flagellum.

The head is muech thickened as com-
pared with the other segments, appear-

ing ege-shaped as scen upon its broader
¢ surface, the smaller extremity being
connected with the middle piece ; seen
in profile, it is convex on one side and
P concave on the other. The middle
piece is somewhat longer and much
Fio. 2—tuman  sper.  thinner than the head, while the tail
matozon (after Betzius): 12 q HIELI.[]{\I“ ﬁIilI]'lﬂ'"l Fli;-_"ht]"l-" nmore t]]llll
A, spermatozoin Eecn en o - Fap "
faces b, bead: m, miaale- four-fifths of the entire length of the
plece ; §, tail ; ¢, end-piece ; :':-I:I{.'I'H]Htﬁxﬂ':-ln- ]'J}_.i"g ill l-il'f..'! conter

L, €, seen from the side. i ¥
of the spermatozoin, 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 spermatozoin exhibits
is conferred by the vibratile movement of its tail, accompanied
by a rotation about its long axis through an arve of 90 degrees.
The rate of progression is about 0.05 or 0.06 mm., or its own
length, per second.

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

Spermatogenesis.— The details of spermatozotn-formation,
or spermatogenesis, vary in different animals. A eross sec-
tion of a seminiferous tubule (Fig. 3) shows a layer of

Fig. 3.—Section of testicle of musk-rat; seminiferous tubule seen in cross section :
a, wall of tubule; &, parietal cells; ¢, mother-cells; o, spermatoblasts.
cuboidal cells called parietal cells, lying in contact with
* the basement membrane of the tubule wall. This layer con-
sists of the so-called Sertoli's columns, or sustentacular cells,
and of the spermatogenie cells. The sustentacular eells are
merely supporting ; the spermatogenic cells give rise to the
spermatozoa. The immediate offspring of the spermatogenic
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cells are the mother-cells, a group lying in contact with the
spermatogenie cells, on the side toward the lumen of the
tubule, The multiplication of the mother-cells results in
the produetion 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 a 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 nuclens or spermatoblast
escapes from the daughter-cell. A little later the sperma-
toblast shows three zones

an outer clear band, a middle
dark avea, in which the chromatin has become loealized, and
an inner clear region. A slender filament or spine of chro-
matin, the rudiment of the tail, now grows from the middle
dark zone into and through the inner clear arvea (that is,
toward the lumen of the tubule), projecting slightly beyond
the limits of the nuclear membrane. With the disappear-
ance of the nueclear membrane and the progress of further
changes—which changes consist in the formation of the head
from the outer elear band, of the tail and middle piece 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 spermatozodn is practically completed.

The spermatozoin has been regarded as a metamorphozed
cell, the head representing the nueclens, and the cilium
or tail the protoplasm. This view, however, is contro-
verted by certain authorities (Kolliker, Biondi, Niessing,
Piersol), and the weight of the evidence iz in favor of regard-
ing the entire spermatozoin as having been developed from a
eell-nucleus.

THE OVUM.

The female sexual eell 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 thay any other cell in the
body of the parent. The human ovum measures, in the mature
state, 0.2 mm. in diameter.

In structure, the ovam presents the parts of a typical cell ;
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namely, a cell-wall, here called the vitelline membrane, the
cell-contents, or vitellus or yolk, a nuclens 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-

Fiz. 4—Fgz from a rabbit’s follicle which was 0.2 mm. {4y inch) in diameter
(after Waldeyver). It ig surrounded by the zona pellueida (z. p), on which there
rest at ong place follicular eells (F 2). The yolk contain dentoplasmic granules
{d.). In the germinative vesicle (E, b} the nuelear network (k. ) is especially
marked, and containg a large germinative dot (k. £).
ferred to as the egg-envelopes ; and since they are contributed
by the disens proligerus of the Graafian follicle, it must be
remembered that they are not, properly speaking, a part of
the ovum. Between the zona pellucida and the ovum is the
small perivitelline space. The radial striation of the zona is
generally regarded as due to the presence of minute canals
opening into this space. The eanals are thought by some to
facilitate the ingress of spermatozoa, thus corresponding in
funection 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 call for extended deserip-
tion. It may be regarded as a slightly specialized condensa-
tion of the peripheral part of the cell-contents,

The wvitellus, or cell-contents, here, as in other cells, is
essentially protoplasm, to which is added material called deu-
toplasm, designed for the nutrition of the ovum at the begin-
ning of development., The protoplasm is also called the
formative yolk and the egg-plasm, while the deutoplasm is
known as the nutritive yolk. In the human ovam 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-granules (deutoplasm), and a peripheral,
The characteristic transparency of the human
egg-cell is due to the fact that the dentoplasmic particles
found in it are not cloudy as in the ova of other mammals,
The following classification of ova by Balfour is based upon
the arrangement of these constituents :

1. Alecithal ova are those in which the protoplasm and

el Arer f0one.

IFiG. S, —Diagram of an egg with the

nutritive yolk in a polar position. The
formative yolk constitutes at the animal
pole (A, ), ngerm-disk (A ech.)in which
the germinative vesicle (kb)) is en-
The nutritive yolk (n.d.) fills
the rest of the cge up to the vegetative
pole (1. P iHertwig).

elosed.,

Fie. 6 —Diagram of an ege with the
nutritive yolk im the center. The
germinative vesicle (kb)) oceupies the
middle of the nutritive yolk (n. d.),
which iz enveloped in o mantle of
formative yolk (b d.) (Hertwig),

dentoplasm are uniformly distributed, as in the ova of Mam-

malia including man), and of amphioxus (Fig. 4).
2. Telolecithal ova are those in which the relatively abun-
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dant dentoplasm is acecumulated at one side of the ovum,
called the vegetative pole, while the protoplasm appears as a
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
central, the protoplasm completely surrounding it, as in the
eges of arthropods (Fig. 6).

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

The germinal vesicle or nucleus is the most important part
of the cell, since, as will be seen hereafter, it is essentially
by the conjugation, or more acceurately by the fusion, of the
nuclei of the male and female parent-cells that generation is
effected. As a rule, there is but one nueleus, though there
may be two. Its position is usually—if not universally—
eccentrie, this being more marked where there is a distinet
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 nueleus of any other typical cell,
it is ecomposed of a network of nuclear fibrils or chromatin
substance, and nuclear 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
constant for each species. Nagel aseribes ameboid move-
ment to the germinal spot.

Polarity.—The polarity of the ege has been incidentally
referred to.  Apparently it owes its existence to the eccentric

multiple, according to the species, though the number is fairly

position of the nueleus, the animal pole being that point on
the surface to which the nuelens is nearvest. Polarity bears a
significant relation to the specific gravity of the ovum, since
the nucleus reaches the surface of the latter at the animal
pole and there extrudes the polar globules; and it is also
related to the segmentation of the fertilized ege.

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 by
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the yolk or vellow of the egg, the albumen or white, as well
as the shell and shell-membrane, being egg-envelopes con-
tributed by the oviduet. As in other ova, the egg proper is
a single cell, having a vitelline membrane and a germinal
vesicle. The enormous size of the cell is due to the large
quantity of nutritive material or deutoplasm present, this
contributing by far the greater part of the bulk, while the
much smaller formative yolk or protoplasm, containing the
germinal vesicle, is so eccentrically placed that it seems to
float upon the surface of the deutoplasm. The little whitish
spot on the surface of the yolk, known as the cicatricula or
germinative disk, consizts of the germinal vesiele with the
surrounding formative yolk. It is in the germinative disk
alone that segmentation takes place, and it is for this reason
that eges of this class are designated meroblastie, or partially-
dividing eggs.

The deutoplasm is made up of white and of yellow yolk

Fiz. T.—Diagrammatic longitudinal section of an unincubated hen's egg (after
Allen Thomson). (Somewhat altered): &, germ-disk; wow, white yoll, which
consists of a central flask-shaped mass, and a aymber of concentric lavers sur-
rounding the yellow volk (w.w); wi, vitelline membrane; x; A somewhat fluid
albuminous layer which immediately envelopes the yolk; w, albumen, eomposed
of alternating lavers of more amd less finid portions; ch.f, chalaze; @ ch, air-
chamber at the blunt end of the egp—simply a space between the two layvers of
the shell-membrane : £s.m, inner, sm, outer layer of the shell-membrane; s,
shell.

(Fig. 7). The former consists of a thin layer spread over
the surface of the latter ; of a small mass, known as Pander's
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nucleus, situated under the germinative disk; of a larger
mass, the latebra, more deeply placed ; and of several con-
centric layers separated from each other by the yellow yolk.

Such is the ege as it leaves the hen’s ovary. In the begin-
ning of the oviduet it is fertilized by the spermatozoa already
there. After fertilization it passes into the longitudinally
furrowed second part of the tube, where it receives a copious
coating of albuminous material, the white of the egg; thence
it goes into the villous third part of the oviduet, where it
acquires a caleareous ecoating, the shell; finally, passing
through the fourth part of the canal, it is “laid.”

The layer of albumen immediately surrounding the volk
is relatively dense; it is prolonged to either extremity of the
ege, somewhat spirally twisted, as the chalaze, Enclosing
the albumen is the thin tough shell-membrane. This con-
sists of two layers, which separate at the blunt pole of the
egg soon after it is laid, giving rise to the air-chamber. The
shell, composed largely of lime salts, is very porous and thus
readily permits of the necessary gas-interchange between the
contents of the ego and the external air during incubation.

Ova do not possess the remarkable vitality which is char-
acteristic of spermatozoa.  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 continues for a short time
(two years, according to Waldever, Bischoff, and others)
after birth. Their number is estimated to be about seventy
thousand.

The ovum, the direet derivative of the germinal epithe-
lium covering the free surface of the ovary, is situated in the
cortical part of the latter organ, being enclosed in the
Graafian follicle. As a rule, each Graafian follicle or ovi-
gac contains but one ovum, though sometimes two, and move
rarely three are present.

The Graafian follicle, in its mature condition, is a vesicle
from 4 to 8 mm. in diameter, which is surrounded by a
sheath, the theca folliculi or tunica wasculosa, consisting of a
condensation of the ovarian stroma. The outer, more fibrous
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Fig. 8.—Section of human ovary, including cortex : a, germinal epithelium of
free surface; b, tunica albugines; ¢ peripheral @troma containing immature
Graafian follicles (d) ; e, well-advanced folliele from whose wall membrana granu-

loga hos partially separated ; f, cavity of liquor folliculi; g, ovum surrounded by
cell-mass constituting discus proligerus (Fiersol).

zone of the theca, containing large blood-vessels, is distin-
guished as the tunica fibrosa ; the inner more cellular layer,

rich in small vessels and capillaries, as the tunica propria.

e
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Fig. 9.—Section of well-developed Graafinn folliele from homan embryo (Von
Herfl ) : the enclosed ovom containg two nuelei.
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The fibrous wall of the follicle is lined by the membrana
granulosa, which conzists of many layers of epithelial eells ;
these, at the point of contact with the ovum, project in such
a manner as to surround it completely, the cellular envelope
thus formed constitnting the discus proligerus. The inner
cellz of the discus are arranged in two layers, the individual
elements having their long axes radially direeted.  From the
appearance of radial striation, conferred partly by this ecir-
eamstance, the inner zone has been called the zona radiata
or zona pellucida, and the outer the corona radiata. The
eavity of the Graafian follicle is filled with fluid, the liquor
folliculi.

The stigma, or hilum folliculi, a yellowish-white spot 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 oceurs when the ovum is
passes into the Fallopian tube,

The ultimate origin of the egg is to be sought in that im-
portant group of cells on the surface of the ovary to which
Waldeyer gave the name germinal epithelium. This first

ripe,” the latter

appears at about the fifth week of intra-uterine life, as a
loealized thickening of the cellz of the structure that subse-
quently becomes the peritonenm. 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 connective tissue beneath the epithelium,
the ridges increaze 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 consisting of several layers 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, crow from
the surface into the underlying connective tissue, earrving with
them certain of the surface-cells (see Fig. 112). Conspicuous
among these are the large sexual cells, or primitive ova; while
smaller cells, likewizse from the germinal epithelium, are
also present. The sexual eords become divided into groups
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of cells, each group containing one or more primitive ova
and many of the smaller cells. Gradually, the small ecells
of the group surround the primitive ovam, at first as a single
layer of flattened cells, which are succeeded by several layers
of polygonal cells. From these enveloping cells come the
membrana granulosa and the theea of the Graafian follicle.

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

The youngest ova are found nearest the suriace of the
ovary, the eggs as they develop advancing toward, but never
entering, the medulla of the organ. Finally, in the fully-
developed condition of the ovume and the follicle, the size of
the latter is such that its diameter equals or exceeds the
thickness of the ovarian cortex, its position being usually
indicated by a small prominenee 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 oceurs while the ovum is still in the
Giraafian follicle ; in some other groups it takes place after
the ege has reached the oviduet.

Briefly, maturation may be said to consist in the extrusion
from the cell of a part of its nuecleus and of a small pare of
its protoplasm.  The nuelens undergoes changes practically
identical with those of ordinary eell-division. First, the
nuclear membrane dizappears, the nucleolus disintegrates,
the nuclear juice becomes mingled with the surrounding pro-
toplasm, and the nueleus moves toward the periphery of the
ere (g, 10).  There is now formed a nuclear spindle from
the achromatin substance of the nucleus. The long axis of
the spindle lies parallel with one of the radii, and its direc-
tion is determined by the position of the pole-corpuseles.
FEach pole-corpusele is surrounded by a radiation, the attrac-
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tion-sphere or polar striation. These bodies exercise a con-
trolling influerce upon the nuclear spindle, so that it assumes

FiG. 10.—Portions of the ova of Adsferias glecializ, showing changes affecting the
germinal vezicle at the beginning of maturation (Hertwig): a, germinal vesicle:
b, germingel spot, compoged of nuclein and parmnueclein (c); o, nuelear spindle in
proceze of formation.

such a position that each of its apices points toward a pole-
eorpuscle.

The outer extremity of the nuclear spindle, being made to
protrude by the continuned onward movement of the nucleus,
becomes detached (Fig. 11); this separated piece, with the

Fia. 11.—Formation of the polar bodies in the ova of Asterias glacialis (Hert-
wigl: ps, polar spindle ; pb', first polar body ; pb”, second polar body; n, nucleus
returning to condition of rest.

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

FiG. 12.—A, mature ovum of echinus; n, female pronuecleas; B, immature ovarian
ovum of echinus (Hertwig).

The fate of the polar bodies is undetermined. For some
time after their extrusion, and pending their final disappear-
ance, they are to be seen lying in the perivitelline space.
The formation of polar globules is probably almost universal
throughout the animal world, although in reptiles and birds
and in some fishes and amphibians they have not as vet been
demonstrated. It is of Interest to note that In some par-
thenogenetic eggs—that is, eges capable of developing into a
new individual without contact with the male element, as for
example the summer eges 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 theory assumes that
the ovum is at first hermaphroditic—that is, that it contains
both male and female elements, and that the extrusion of the
polar bodies is a casting-oft’ of the male element. Hertwig
and others believe, however, that the formation of the polar
bodies is an abortive cell-division, the bodies being aborted

cells.
OVULATION.

Extrusion of the ovum from the Graafian follicle, or ovu-
lation, occurs upon the completion of the process of matura-
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tion. As the time for thiz event approaches, the wall of the
follicle at the site of the stigma becomes much thinned and
finally ruptures, and the ovum passes into the Fallopian
tube (Fig. 13). If, instead of passing into the tube, the

Fri. 18.—0vary with mature Graafian follicle about ri;udz.' to burst (Ribemont-
Dessaiznes).

ovum drops into the abdominal cavity and is fertilized there,

it undergoes partial or complete development in sifu, this

condition being known as extra-uterine pregnancy or ectopic

gestation.

Ova are extruded from the ovary, one or more at a time,
at regular, generally monthly, intervals, from puberty to the
climacterice,

After the escape of the ovum, hemorrhage into the empty
follicle ocenrs, the resulting clot being the corpus hemorrhagi-
cum. According to Leopold, if rupture occurs during the
intermenstrual period instead of at the time of menstruation,
hemorrhage will be small or entirely wanting, the resulting
corpus luteum being called then afypical, to distinguish it
from the fypical body formed in the ordinary manner.

The blood-clot is =oon permeated by cells originating in
the wall of the follicle, some of which are fusiform con-
nective-tissue cells, while others are large cells containing
the vellow pigment, lutein. Meanwhile, the follicular wall
thickens and becomes plicated.  Later, upon the replacement
of the mass of clot and cells by fibrous tissue and the devel-
opment of capillaries within it, the body assumes a yellowish
cicatricial appearance and is known as the corpus luteum.
(Fig. 14). The color of the corpus varies considerably in

3
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different species of animals, the vellow color being character-
istie for the human subject.

If the ovum is not fertilized, the corpus Iuteum attains its
maximum development in less than a week and begins to
shrink at about the twelfth day, becoming completely ab-
sorbed n a few weeks, I fertilization ocenrs, it continues
to grow for two or three month= and acquires a size one-
fourth or one-third that of the entire ovary; persisting till

F e A
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Fig. M. —Ovaries of two virgins, showing large corporn lutes, resembling those of
pregnaney Hirst).

toward the end of gestation, it finally shrinks to a small
white sear, which may not totally disappear until a month or
more after labor.

I't has been customary to designate the larger, better devel-
oped yellow body, the true corpus luteum, or the corpus
luteum of pregnancy, in contradistinetion to the so-called
false corpus luteum of menstruation, and to regard the pres-
ence of the former as absolute proof of previous impregna-
tion. This view is no longer tenable, since bodies identical
in appearance with true corpora Iutea have been found in
virgin ovaries (Hirst).

The relation of ovulation to the menstrual funetion has
been much discussed.  While the two processes usnally ocenr
at the same time, they arve not to be regarded as dependent
one upon the other. It has been shown by Coste, whose
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observations have been confirmed by Leopold, that as a rule
Graafian follieles 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
beecause of its natural assoeciation with the funetion of ovu-
lation.

Menstruation may be defined as a periodical discharge of
blood and disintegrated epithelium and other structural ele-
ments of the mucons 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 funetion 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 seventeenth years and cease between the
ages of forty and fifty. In the tropics, they appear some-
what earlier ; in cold elimates, somewhat later. The funetion
is suspended during pregnaney and, usually, during lactation,

The quantity of the discharge, though subject to consider-
able variation, is usually from 4 to 6 flnidounces. The blood
i venons in character, and, owing to admixture of alka-
line mucus, 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 three or
four davs ; and the stage of quiescence, including the remain-
ing twelve to fourteen days,

In the constructive stage, which oceupies the six to seven
days preceding the discharge, the mucous 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 become wider and longer and also more branched.
The blood-vessels, especially the capillaries and veins, un-
dergo great inerease in size, and the connective-tissue cells
are inereased in number.  The thickened mucous membrane
resulting from these alterations is the decidua menstrnalis.
The term * eonstructive
for the reason that their apparent purpose is the preparation

is applied to thiz =eries of changes

of the womb for the reception of a fertilized ovum,

The destructive stage, corresponding to menstruation
proper, lasts from three to five days. It consists essentially
in the partial destruction of the hypertrophied mucous mem-
brane, the menstrual decidua, accompanied by hemorrhage.
The initial 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 stratum sharing the same fate, By the
loss of the epithelium and the subjacent strata, the blood-
vessels are exposed.  Subsequently these rupture, giving rise
to the characteristic hemorrhage.  Fatty degeneration aceom-
panies the death of the cast-off' tissue, and was thought by
Kundrat and Engelman to be the direct cause of the hemor-
rhage ; it is probable, however, that fatty degeneration is not
present until after the flow of blood has begun.'

The stage of repair, comprising the three or four days fol-
lowing the period of the discharge, witnesses the return of
the uterine muecosa to its usual condition.  With the gradual
subsidence of the swelling, the superficial layers, which were
lost, are veplaced by the growth of new tissue from the
deeper layers, which persisted. The formation of the new
epithelinm beging at the mounths of the uterine glands.

The stage of quiescence extends from the cloze of the pre-

! Marshall’s ** Vertebrate Embryology;'’ Minot's * Human Embryol-

p 1
oy,
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L‘Efﬂ[lg ;-_'.1_-.”_1::; to the end of the {'}'{'h_*, 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 eclosely
associated, are not dependent upon each other. Owulation
oceurs 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 generally accepted that the two
funetions are not mutually interdependent in the sense that
one is a neces=ary part of the other, yet, since the turgescence
ineident to sexual intercourse has been shown to hasten the
rupture of the follicles, it seems reasonable to suppose that
the ovarian hyperemia attendant upon the menstruoal epoch
would exert a like influence.

Since the funetion of menstruation is normally suspended
during pregnancy, the relation between menstruation and
ovulation, and of these to conception, are of practical inter-
est in determining the date of labor. The duration of preg-
naney is from 270 to 280 days, nine calendar, or ten lunar,
months, and it dates from the moment of conception.  But
since the ovum retains its vitality for about a week after its
extrusion from the Graafian follicle, and since the activity
of the spermatozoa may continue for several weeks after their
entrance into the female genital tract, it is impossible to fix
accurately the date of conception even in those cases in which
there has been but one coitus. It is now believed by most
embryologists that the ovum is fertilizable only while it is
in the Fallopian tube, a period probably of about seven days ;
if this be true, it follows that conception must occur within
a week after ovulation, althongh it may be effected as late as
two weeks after coitus.  Since the ovum is usually discharged
from the ovary during the menstrual period, it is evident that
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the time most favorable for coneeption is the week following
menstruation ; and inasmuch as the latter funetion is sus-
pended during pregnaney, it is obvious that the most reliable
basis for calenlating the probable date of’ conception is the
last menstruation.  The method usually employed is to count
nine months and seven day= from the first day of the last
menstruation.  After what has been =aid it is perhaps need-
less to remind the reader that this ean furnish only approxi-
Ill:lh'|_1r the date of labor. In a case where c'ulu'i'ptinu =
curred a few days prior to the first omitted period, there
would be a discrepaney of several weeks between the aetual,
and the ealeulated, termination of pregnaney.

FERTILIZATION.

Fertilization i= that peculiar union of spermatozoin 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 process
overlaps the other.

The more primitive method of fertilization is that effected
without copulation of the parvent organisms, or external fer-
tilization ; this oceurs in osseous fishes, in some amphib-
ins, and in many invertebrates.  In these groups, both
ova and semen are discharged into the water and there
meet.  In frogs, however, there is a quasi-copulation, the
male embracing the female during the breeding season and
depositing semen upon the egegs as they are evacuated.  In
all higher animals, internal fertilization ocecurs, this heing
effected by sexual congress.

In man, fertilization normally oceurs in the onter third of
the Fallopian tube. The semen having been deposited in
the vagina, or the uterns, or even upon the vulva, the sper-
matazoa make their way into the oviduet Ir". the wvibratile
motion of their tailz. Meeting the ovum, they swarm around
it, and some of them pass throngh the zona pellucida into
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the perivitelline space. It is believed by many investigators
that the canals of the zona constitute 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, only
one—that one whose head first impinges againzt the vitelline
membrane—enters the ovum.  Why others do not or cannot
enter iz unknown ; possibly becansze the eog’s power of attrac-
tion is annulled (Minot). Polyspermia, or the penetration of
several spermatozoa, may ocenr, however, it the ovum is
unhealthy ; and in =ome lower types it is said to be normal,

As the spermatozoiin 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-

Fiz. 15 —Portions of the ova of dsterias glacialis, showing the approach and
fmsion of the spermatozoin with the ovaum (Hertwig): o, fertilizing male element ;
b, elevation of protoplasm of egg; b, 0, stages of fusion of the head of the sper-
matozoin with the ovom.

matozoiin bores its way, losing its tail in the process, and
thus becoming the male pronucleus. The female pronucleus, it
will be remembered, lies in or near the center of the ege.  The
two pronueclei now approach each other, and, upon meeting,
fuse and temporarily disappear. Soon they reappear, and
now constitute the segmentation-nuclens or ecleavage-nucleus
(Fig. 16).

Since the spermatozoiin is the metamorphosed nueleus of a
eell formed in the testicle, and since the female pronuelens is
a part of the nuclens of the ovum, it follows that the seg-
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mentation-nucleus consists of chromatin substance derived
from each parent. As this fact has been thought to explain,
anatomically, the offspring’s inheritance of both paternal and

pronuclens (b) are approaching; in B they have almost fuged ; C, ovum of echinns
after completion of fertilization (Hertwig) : sn., segmentation-nuclens.

maternal characteristies, it has been made the basis of a
theory of heredity formulated by Hertwig and independently
advanced by Strasburger,



CHAPTER II.

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

WHiLe the fertilized ovum is passing {ll{}ng the Fallopian
tube to the uterns
eight days in man—it undergoes repeated segmentation, or

a journey believed to require seven or

cleavage, becoming a more or less globular mass of cells or
blastomeres. This mass 1s 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-nuelens, just as, in other cells, the sequence of
changes leading to cell-division is inangurated in the nucleus,

The achromatin-substance 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. Iach 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 itz surface ; this groove
deepens more and more until finally division of the cell is
complete. In like manner, each danghter-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 acenrately in

i
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the cee of the sea-urchin; in reptilian egpes, as well as in
those of the rabbit and other mammals, they have been
studied alzo 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 seen the segmentation of the human
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 deseribed has been observed by
Van Beneden in the ova of the maw-worm of the horse. In
this case male and female pronuelei do not fuse but merely
lie close together. At the beginning of segmentation, the
chromatin of each pronuelens assumes the form of a eon-
voluted thread, which divides transversely into two sister-
threads. In this manner are preduced four loops of chro-
matin from each pronuclens, which become grouped around
the equator of the nuclear spindle just formed. In the
migration of the segments that now ensues, each pair of
sister-threads separates, one thread going to one pole of the
spindle, one to the other. Hence, at each pole, and taking
part, therefore, in the formation of each new nueleus are two
male and two female threads of chromatin,  Thus the male
and female pronuelei contribute equal shares of chromatin to
each daughter-nucleus.

Very suggestive in this connection is the observation of
Nussbaum, that if the same prineciple should be found to
apply to all subsequent cell-division, then every cell of the
adult organism would consist of equal amounts of material
from each parent.

Cleavage-planes.
age is determined by eertain laws. The direction of the

The direction of the |1|:|||{'.~.-'. of cleav-

plane of the first cleavage hears a definite relation to the
|n||}_l' axis of the nuelear H]}.I!H“l'.. w hosze pu:-;it'u:ln, in hll'n, de-
pends upon the manner of distribution of the ege’s proto-
plasm, its divection coineiding with the longest diameter of
an oval ege, but lying in any diameter of a spherical one.

-
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The first cleavage-plane always euts the axis of the nuelear
spindle perpendienlarly at its center; the second bisects the
first, also perpendicularly ; and the third i perpendicular to
the two others, and paszes through the middle of their axis
of intersection.

Kinds of Cleavage.—The mode of cleavage of the
ovum is influenced by the relation of the protoplasm and
the deutoplasm to each other, and by their relative propor-
tions. The elassification of ova according to their method
of cleavage 15 as follows:

1. Holoblastic ova arc thos=e in which segmentation is total
—that is, the entire ovum undergoes division. If the re-
sulting cells are of equal =size, there is =aid to bhe

(n) Total equal cleavage; to this class helong the alecithal
ova of mammals (Fig. 4) and of amphioxus, to the segmen-
tation of which the above deseription may be said to apply.
Strietly speaking, the cells are not of exactly equal size,
those in the region of the vegetative pole of the egg being
glightly larger than those at the animal pole. Contrasted
with this is

(b) The total unequal cleavage of amphibian ova, whaose
segments are of unequal size (Fig. 17). These eggs being

> ..'._'. IJ D
R | Yk

e

Fis. 17.—1Magram of the division of the frog’s epge: A, stage of the first division.
B, stage of the third divigsion. The four segments of the gecond stage of division
are beginning to be divided by an eguatorinl furrow into cight scegments;: p, piz-
mented surfince of the ege at the animal pole ; pr, the part of the egg which iz richer
in protoplasm ; o, the part which is richer in dentoplasm ; =p, nuclear spindle.

telolecithal, the lighter protoplasmic animal pole is directed
upward, while the deutoplasmic vegetative pole is under-
neath. The inequality of the resulting segments, as 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 ovam,

2. Meroblastic ova are those in which the segmentation is
partial, division being limited to the formative yelk, or
protoplazm.

(a) Partial discoidal cleavage is the variety of meroblastie
cleavage that oceurs in those telolecithal ova having a germ-
disk (Fig. 7), to which latter the segmentation is limited.
This method of segmentation is seen in the eggs of birds,
reptiles, and fishes.  In the egg of the bird, which may be
taken as a typical example, the germ-disk, in whatever posi-
tion the ege may be placed, floats on the top of the yolk.
The beginning of the first segmentation iz indicated by a
furrow in the center of the surface of the germ-disk (Fig.
18). This furrow deepens, cutting vertically from the

Fi1i. 18.—Surface view of the first stages of cleavage in the hen's egg (after
Coste) : a, border of the germ-disk ; b, vertical furrow ; ¢, small central segment ; o,
large peripheral segment,
upper to the lower surface of the germ-disk, dividing it into
two equal parts.  Another groove, crossing the first at a
right angle, bizects each of the two segments, and each of
these is in turn bisected by a radial furrow, so that the
cerm-disk now eonsists of eight sector-shaped cells.  Cross
furrows, appearing near the center of the disk, ent off the
apices of the sectors, adding small central segments. Cell-
division continues until the germ-disk consists of a flattened
mass of cells, several strata thick, lving on the surface of the
yolk.

The second method of meroblastic segmentation is

(b) Peripheral cleavage, which oceurs in the centrolecithal
ova of arthropods (Fig. 6). In these eggs, it will be remem-
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bered, the nutritive-yolk is centrally placed and is surrounded
by the formative-yvolk. The segmentation-nucleuns lies in the
center of the nutritive-yolk, and in this position undergoes
division and subdivision. The new nuelei now migrate into
the peripherally placed formative-yolk, when the latter di-
vides into as many parts as there are nueclei, and thus the
central unsegmented nutritive-yolk becomes enclosed in a
sac composed of small cells,

THE STAGE 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 may 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 case iz a simple =ac composed of cells which =urround
the cleavage-cavity as a single layer (Fig. 21, A). The cells
in the region of the vegetative pole are larger and more tor-
bid, becanse more deutoplasmie, 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 whos=e central
space, the cleavage-cavity, projects an irregular mass of gran-
ular cells constituting the inner cell-mass (Plate 1., Fig. 2).
The cleavage-cavity contains an albuminous fluid. It is
during this stage that the germ, in the ease of mammals,
reachez the uterns. As a peculiarity of the mammalian
ovum, the blastula now inereases greatly in size, the cleav-
age-cavity becoming dilated. The zona pellucida, which
still surrounds the ovum, is by this time quite attenuated,
and is ealled the prochorion. The outer cell-mass, likewise
much thinned-out, constitutes Rauber's layer (Plate 1., Fig.
4). The significance of the cells of Rauber’s layer iz un-
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known.  After a time they disappear, probably by disinte-
gration (Kélliker). The form of the blastula of amphibians
and of the Sauropsida (birds and reptiles) is greatly modified
by the relatively abundant nutritive yolk with which their
ova are endowed. An
amphibian ovum in the
blastula stage is shown
in Fig. 19. It will be
seen that its walls con-
sizt of several layers of
cellz, and the cleavage-
cavity iz encroached
upon to a considerable
extent by the large and
abundant cells of the
vegetative pole, which

FiG. 1%.—Blastula of triton tmniatus: jk, seg- are (::5])!:-.(1i:||1}' I‘i{_'.]l in
mentation-cavity ; rz marginal zone; oz, cclls 1]uutnplu.~4m. I]'I t]'ll’:

with atundant yolk (Hertwig),
eges of birds and rep-

tiles—that is, in the telolecithal eggs that undergo partial
discoidal segmentation—the blastula form is so markedly
modified as to be scarcely recognizable. In this case, as
shown in Fig. 20, the cleavage-cavity is a narrow fissure

Sk,
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Fic. 20.—Median section through a germ-dizk of pristinrus in the blastula stage
{after Rilckert): B, cavity of the blastala; ks, segmented germ g db, inely granular
yolk with yolk-nuelei.

whaose roof is the germ-dizk, and whose floor is the unseg-
mented nutritive-yolk, which latter corresponds therefore to
the large vegetative cells forming the floor of the amphibian
ere shown in Fig, 19,



CHADPTER ILL.
THE GERM-LAYERS AND THE PRIMITIVE STREAK.

THE STAGE OF THE GASTRULA.

By the conversion of the one-layered germ, the blastula,
into the germ with two layers, the gastrula stage is attained.
The gastrula, in its typical form, consists of two layers of
eells surrounding a central cavity, which latter communicates
with the exterior by means of a small aperture, the blasto-
pore. The eavity is the archenteron or cwelenteron or intes-
tino-body eavity. The outer laver of cells is the ectoderm
or epiblast; the inner layer is the entoderm or hypoblast.
This form of the germ is seen in holoblastic invertebrate, as
well as in some vertebrate ova, and iz typically exemplified
in the development of the amphioxus. The blastula of this
animal is a simple =ae, the wall of which is a single layer of
epithelial cells surrounding the cleavage-cavity (Fig. 21, A).
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 a simple process of
invagination. In ova with a large amount of food-yolk, as
in those of frogs, birds, and fishes, the process iz modified
and complicated by this condition.

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

It has been held as a general prineiple that the higher
animals during their development repeat, to a greater or less
extent, the embryonie 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 ceelen-
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terata with the two-layered gastrula. This principle is one
of importance as applying to the developmental history of
the various organs.

It must not be understood, however, that we find in mam-
mals =uch a gastrula as that of amphioxus; =ome embrvolo-
gists, indeed, do not employ the term gastrula in connection

Fig. M. —Gastralation of amphioxus imodified from Hatschek), A, Blastula:
az, animal eells: vz, vegetative eells; i, eleavage-cavity. B Beginning invaging-
tion of vegetative pole, C. Gastrula stage, the invagination of the vemetative cells
being complete: ak, outer germ-layer; &, inner germ-layer; wd, archenteron; u,
hlastopere.

with mammalian development, but call the germ a blasto-
dermic vesicle even after it has become two-layvered.

The mammalian “ gastrula” (Plate ., Fig. 4)is a vesicle
whose wall, for the most part, iz a single layer of flattened
cells, known as Rauber’s layer; this layer has been referred
to above as the attenuated outer cell-mass of the blastula.
Throughout a limited area, the germ-wall is composed of two
other layers of cells in addition to the layer of Rauber. The
inner of these layers, composed of flattened cells, is the ento-
derm; the outer, lying next to Rauber’s layer, and consisting
of enbical cells, is the ectoderm. At a later stage both layers
take part in the formation of the entire wall of the vesicle.
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The ectoderm and the entoderm are 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 is at length differen-
tiated into the two primary germ-layers, the ectoderm and
the entoderm.

The cavity of the vesicle is the archenteron, or ceelenteron.
As previously stated, the process of gastrulation and the form
of the gastrula 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-

Fre. 22 —=agittal section through an ege of triton (after the end of gastrulation):
ak, outer germ-layer; &k, inner germ-=layer; dz, yolk-cells; df and «f, dorsal and
ventral lips of the celenteron; wd, celenteron; d, vitelline plug: mk, middle
germ-layver (Hertwig).

oxus gastrula as shown in Fig. 21. In the bird’s egg, the

form of whose gastrula is shown in Fig. 23, an infolding

or invagination oceurs, as in the frog’s ege, at the place 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, 25,  Its archenteron is a
f
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narrow fissure, and its blastopore, sitnated at the posterior

margin of the germ-disk, is exceedingly small.

The Embryonal Area.—Upon the surface of the germ
at the beginning of gastrulation—that is, at about the fifth
day of development in the case of the rabbit’s germ—there is

Fis. 2i.—Longitndinal seetion through the germ-disk of a fertilized aninenbated

epe of the nightingale (after Duval): ak, outer, i, inner gerim-layer; sd, coelen-
teron : of, anterior, &, posterior lip of the blastopore (crescentic groove),
a round whitish spot, the embryonal area. Its position corre-
sponds to that formerly held by the inner cell-plate of the
blastula, as shown in Plate L., Fig. 2. It iz only in this
region that the wall of the vesiele iz, at this particular stage,
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 area, soon becoming oval (Fig. 24) and,
later, pear-shaped, exhibits, at its posterior margin, a trans-

Fre, 2i.—Blastula of the rabbit zeven daye old without the outer egg-nmem-
branes, Length 4.4 mm. (after Kolliker). Masnified ten dismeters. Seen in A
from abowve, in K from the side: ag, embryonic spot (area embryonalis); ge, the line
up to which the hlastula is two-laversd,

verse thickening called the terminal ridge, which is believed
to be the anterior lip of the blastopore. It may be not amiss
to say that the terms anterior and posterior are nsed with
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reference to the future body, the narrow end of the area em-
bryonalis corresponding to the posterior pole or eandal ex-
tremity of the fetus,

In the chick’s egg, the embryonic area (Fig. 25), or em-
bryvonie shield, appears while the egg is yet in the oviduet,

Fiz. 25.—Two germ-dizks of hen's egg in the first hours of inceubation (after
Koller): df, area opaca; &, area pellucida ; = crescent; sk, erescent-knob; £z, em-
bryvonie shield; pr, primitive groove.

Its embryonic crescent corresponds to the mamalian terminal
ridge. Segmentation being limited to the germ-disk in the
chick’s ege, the resulting blastoderm, which iz not a vesiele,
but a flattened mass (Fig. 23) compozed of several layers of
cells, rests by its margin upon the partially liquefied volk.
The central region of the blastoderm, which overlies the
liquetied portion of the volk, from its translucence is known
as the area pellucida (Fig. 25), while the dark opaque rim,
resting upon the volk is the area opaca. The inner rim of
the area opaca is the area vaseulosa. These regions are
observed also in the mammalian ege.

ft is in the embiyonal area alone that the body of the
embryo is developed ; the other parts of the germ produce
extra-embryonie structures, such as the amnion, the yolk-
sae, ete.

Partial longitudinal division of the embryonie area dur-
ing development results in the production of some form of
double monster ; it= complete cleavage gives rise to homologous
or homogeneous twins, which are twins of the same sex and
of almost abzolutely identical structure.  Ordinary twins are
developed from separate ova, which may or may not have
come from the same ovarv.

The Primitive Streak,—The primitive streak is a linear
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median marking lving in the long axiz of the embryonal
area and containing a median furrow, the primitive groove
(Fig. 26). A transverse section through the primitive streak

Nenrenteric
canal

Frimitive
sfveak.

Fis. 26.—Embryonic arca of rabbit-embryo (E. v. Beneden): primitive streak begin-
ning in eell-proliferation known as the ** node of Hensen."

(Figs. 27 and 28) shows that this surface-marking is pro-
duced 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 is about two-thirds of that of the
embryonal area. In the rabbit’s ovam it is seen at about
the seventh day; in the human germ the time of its appear-

Fit. 27.—Section across the primitive streak of rabbit-embryo (Killiker): ec,
eetaderm ; e ee, axial ectoderm undergoing proliferation, as shown by karyo-
kinetie figures (&); ent, entoderm ; m, mesoderm.

ance is not known, but is probably about the twelfth or
thirteenth day. 1In the case of such a gastrala as that of the
amphioxus (Fig. 21), the lips of the blastopore approach each
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other and fuse in a line corresponding to the median longi-
tudinal axis of the future embryonie area, the fusion or con-
crescence beginning at the anterior extremity of this line
and proceeding toward its caudal end. The surface-marking
produced by the apposition and partial union of the blasto-
poric lips was called the primitive streak, and its median
furrow was known as the primitive groove, long before their
true significance was appreciated. Since the edge of the
blastopore marks the place of transition from the entoderm
to the ectoderm (Fig. 21), the two germ-layers after the

Primilfive procee. Beginning
amnion fold.

¥ Enfodermic finimge
v af gui-fraci.

Vrsceral layer
af mesodera. Entoderm.

Fiz. 28 —Transverse section of the embryonic area of a fourteen-and-a-half-day
ovum of sheep (Bonnet).

union of the edges of this opening are in intimate association
under the primitive streak, as shown in Fig. 28,
Morphologically 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, as well as the ereseent of the embryonic shield of
avian and reptilian eggs, represents, as stated above, the
anterior lip of the blastopore. Since the embryonal area is
increasing in cireumference while the lips of the blastopore
are undergoing 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 thi= 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.
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Fie. 2 —=Diagram elucidating the formation of the primitive groove (after
Duvaly, The increasing 2ize of the germ-disk in the course of the development is
indieated by dotted circular lines. The heavy lines reprezent the crescentic
groove, and the primitive groove which arises from it by the fusion 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 az a median band of
cells connected with the entoderm and extending forward
from the blastopore.

Hensen's node is an accumulation of cells on the under
surface of the ectoderm at the anterior end of the primitive
streak. It is important because of its relation to the neuren-
terie canal, which will be deseribed later.

Althongh the primitive streak and blastopore play no part
in the later stages of development, it is 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 embryo.

The Development of the Mesoderm.—The mesoderm
or mesoblast is a strocture composed of several layers of cells
Iyving between the ectoderm and the entoderm. It s earliest
formed in the vieinity of the front end of the primitive
streak, the pozition formerly held by the blastopore.  From
this point it grows laterally and posteriorly and, later, anteri-
orly as well. It is not, however, until other important
changes have taken place that it extends completely around
the germ.
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The terms gastral mesodern  and  peristomal wmesoderin
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.

Coneerning the ovigin of the mesoderm muech 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
side of the mid-line. These entodermie folds, containing
each a ecavity, the enteroceel, grow ont laterally between the
inner and the outer germ-layers. By transverse constriction,
each fold divides into a series of segments, the somites, which
lie on either 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 ventral part, the lateral
plate. By the fusion of the lateral plates of each side their
several cavities become one, the body-cavity or ecelom.

The origin of the middle germ-layver in higher vertebrates
is far less elearly made out.  Some investigators hold that it
arises in essentially the same manner as does that of amphi-
oxus—that is, by evagination or outfolding of the entoderm
bounding the cecelenteron ; the investigations, however, of
Bonnet and of Duval respectively upon sheep and chick
embryos, point to a different conelusion.  Bonnet’s observa-
tions show that the mesodermic tis=ue, starting from Hensen's
node, grows out laterally between the ectoderm and the ento-
derm, and that at some distance from the median line of the
embryonic area there is a delamination or splitting-oft’ of
cells from the entoderm ; and, further, that these two primi-
tive areas grow toward each other and unite to form one
continuous sheet of mesoderm. It may be =aid, therefore,
that the mesoderm originates from «a double souree, r'f:.r'f:}'{i;
from the enfoderm, but also from the ectoderm, since the cells
giving rise to the part that grows from the region of Hen-
sen’s node are ectodermie. A section of the germ transverse
to the long axiz of the embryonic arvea (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 three
lavers are so closely related as to constitute one structure,
The mesoderm does not extend completely around the germ
at this stage, being deficient on the side opposite the embry-
OnG are:n.

The mesoderm, after its formation, grows by the prolifera-
tion of its own ecells, independently of the ectoderm and the
entoderm.

If the expansion of the mesoderm, as indicated by the
surface appearance of the germ (I'ig. 30), be noted, it will

Fia. 30, —Diagrammatic surface view of rabhit’s ovum of 205 hours (after Tonr-
neux). The darkly shaded area indicates the extent of the mesoderm. o, Periph-
eral limit of area opaca; b, of area pelluecida; e of parietal zone; d, of stem-zone;
J. Hensen's node ; g, proammnion.

be seen that at first it is present thronghout a pear-shaped
area whose narrow end is directed forward.  Somewhat later,
two wing-like expansions grow forward from the front end
of this area (Fig. 31); these wings, meeting at their tips,
enclose a space, the proamnion, which is devoid of mesoderm.

Referring again to the transverse section (Fig. 28), it is
evident that the middle germ-layer in the vicinity of the
median line iz composed of a somewhat irregular mass of
cells, while farther away it constitutes a lamina on each side,
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As development advances, these two portions become more
differentiated from each other, although they are not entirely
separated until much later. The thick mass adjacent to the
median line is the vertebral plate, or primitive segment plate,
or paraxial mesoderm; the more flattened lateral portion is
the lateral plate. The mesoderm at this stage, therefore,
consists of four parts—the two paraxial masses, lying one on
each side of the median line, and extending from the head-

FiG. 31, —Digrrammatic surface view of rabbit's ovnm of 211 hours (after Tour-
neuxy. The darkly shaded area indicates the extent of the mesoderm. 1, Periph-
eral limit of area opaca; 2, of area pellucida; 3, of parietal zone; 4, of stem-zone ;
&, Hensen's node ; 7, proammnion,

end to the tail-end of the embryonal area, and the two lateral
plates, situated upon the outer sides of the paraxial columns,

Each primitive segment plate undergoes transverse division
into a number of irregularly cubieal masses, the mesoblastic
somites, or primitive segments, often improperly called the
protovertebree. The presence and position of the primitive
segments are indicated by transverse parallel lines on the
surface of the germ, which constitute a series on either side
of the primitive streak and its head-process (Figs. 51 and
37). The formation of the somites hegins at the eephalic end
of the embryo and progresses tailward.

The lateral plate of the mesoderm splits into two lamellz,
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of which the outer or parietal layer is the somatic mesoderm.
and the inner or viseeral layer i= the splanchnic mesoderm.
The somatic mesoderm unites with the ectoderm, forming the
somatopleure ; the splanchni¢ mesoderm unites with the ento-
derm, forming the splanchnopleure. The fissure-like cavity
between the somatopleure and the splanchnopleure is the
ceelom, or body-cavity, or pleuroperitoneal cavity (Fig. 36).
The great serous cavities of the adult body—pleural, peri-
are later subdivisions of the coe-

eardial, and peritoneal
lom.

The mesodermice eells bounding the body-cavity become
Hattened and endothelioid in eharacter, and constitute the
mesothelium ; from them are descended the various endothe-
lial cell= lining the serous cavities of the mature organism.
According to some authorities, among whom Hertwig may
be especially mentioned, there develop from the mesothelium
at an early stage certain cells whose partienlar funetion is
the formation of the different Kinds of connective tissue,
suich as bone, cartilage, fibrous tissue, ete. ; these elements
are often distingnizhed as mesenchymal cells, or collectively,
as mesenchyme. According to this elassification, the impor-
tance of which is insisted upon by Minot, the mesenchyme
includes all the mesodermice tissue except the flattened cells,
the mesothelinm, lining the body-cavity.!

His elaims a double ovigin for the mesoderm.  He main-
tains that the mesothelinm and the smooth musenlature of
the body are of intra-embryonic origin, and these structures
he terms the archiblast; while all other parts of the meso-
derm, which he designates the parablast, have, in his opinion,
an extra-embryonic soures, being derived possibly from the
eranulosa cells of the ovary. These viewsz are not shaved,
however, by the majority of embryologists.

The Derivatives of the Germ-layers.—I'rom the
three primary germ-layvers are developed the various fissues
and organs of the body by metamorphoses which may be

! Minot holds with Goette that the mesenchymal cells are the product

of the mesothelinm.  Hertwig maintains that the mesenchyma arises from
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 structure to function, and of wnequal
growth, which latter results in the formation of folds, ridges,
and constrictions.

From the ectoderm are produced :—

The epidermis and its appendages, ineluding the nails, the
epithelium of the sebaceous and sweat-glands and their invol-
untary museles, the hair, and the epithelium of the mammary
elands.

The infolidings of the epidermis, including the epithelium
of the mouth, with the enamel of the teeth, the epithelium
of the salivary glands, and the anterior lobe of the pituitary
body :

The epithelium of the nasal tract with its glands and com-
munieating cavities:

The epithelial lining of the external anditory canal, inelud-
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 eonjunetiva and of the anterior part
of the ecornea, the ervstalline lens.

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

The epithelivm of the infernal eai.

FFrom the entoderm are produced :—

The epithelium of the respiratory fraect,

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

The epithelial parts of the middle car and of the Eustachiau
tube,

The epithelium of the thymus and thyroid bodies.

The epithelium of the bladder, and of the first pairt of the
male urethra, and of the entire female wrethra.
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From the mesoderm are developed :—

Connective tissue in all its modified forms, sueh as bone,
dentine, eartilage, lymph, blood, fibrous and areolar tissue.

Muscular tissue,

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

The spleen,

The kiduney and the wreter.

The testicle and its system of cxeretory duects,

The ovary, the Fallopian tube, the uterus, 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 epithelium of the sexual glands and their
duets, and also that of the kidney and of the ureter, proceed
from the mesoderm.



CHAPTER IYV.

THE BEGINNING DIFFERENTIATION OF THE EM-
BRY0O; 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 layers 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 stages by processes which, though seemingly com-
plex, are referable to certain simple fundamental prineiples.
It is, namely, in the unequal growth of different parts of the
germ, in outfoldings and infoldings, and in the furrowing and
constricting-ofl’ 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-embryonie
struetures, is the marking out of the embryonic area by the
thickening of the cells of the vesicle-wall in a definitely ecir-
cumseribed region.  The struetures designated as extra-em-
bryonie 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 considered in the next chapter.

The primitive streak and its head-process have been already
deseribed.  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 chorda dorsalis, and of the mesoblastic
somites.

Gl



62 TEXT-BOOK OF EMBERYOLOGY.

The Neural or Medullary Canal.—The neural canal
is an elongated tube lving beneath the ectoderm in the me-
dian longitudinal axis of the embryonic body, its position
corresponding to that of the future spinal canal.  Its walls
are composed of eylindrical epithelial cells.

To follow the development of the medullary canal, it is
necessary to study the surface appearance of the ovum at the
stage when the mesoderm is beginning to grow out from the
region of the head-process of the primitive streak. Upon
the surface of such a germ (Fig. 26), one may see the primi-
tive streak and, in front of it, also in the median line of the
embryonic area, the head-process of the primitive streak. The
ectodermic cells overlying the head-process thicken so as to

Medulfar
flates, %

Medullary
Jurron,

Friveitrve siveak
M FEAETE.

Fii. 32.—Surface view of area pellucida of an eighteen-hour chick-embryo
{ Balfour).

hecome eolumnar, while those on each side of it become flat-
tened.  This differentiation results in the produetion of a
relatively thick axial plate of ectoderm, the medullary plate,
which is present at the beginning of the eighth day in the
rabbit’s germ, and in the human germ at about the fourteenth
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FiG. 33.—Transverse section of a sixteen-and-a-half-day sheep-embryo (Bonnet ).

day. Almost as soon as the plate iz formed, its lateral and
anterior edges begin to curl up, producing the medullary fur-
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Fig, 84, —Transverse section of a zsixtesn-and-a-half-day sheep-embryo possessing
six gomites (Bonnet).

row or groove (IFigs. 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 surface view shows the medullary folds to he
continuous with each other in front, while their posterior
ends are separated and embrace between them the front end
of the primitive streak (Fig. 32). Since the formation of
these structures iz always more advanced in the anterior part
of the s_tn1i:r_ru|1i(: area, their F:Htl&l‘i{}r extremities are not
sharply defined but fade away (Fig. 32). The edges of the
medullary plate eontinue to curl until they meet, when they
unite, forming the medullary or neural canal (IFigs. 35 and
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Fig. 35, —Transverse section of a fifteen-and-a-half-day sheep-embryo possessing
seven somites (Bonnet).

36). The medullary folds and plate continuing to advanee
toward the tail-end of the embryonic area, and the closure
of the tube taking place from hefore backward, the entire
primitive streak is made to disappear by being included within
the nenral tube.

The medullary folds having grown toward each other a
short time hefore the union of the edges of the medullary
plate now unite over the partially formed neural tube. By
the growth of the medullary folds and their subsequent
coalescence, the completed neural tube comes to lie under the
surface ectoderm, its connection with which is afterward lost.
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It is apparent, therefore, that the neural tube is a structure
whose walls are composzed of ectodermic cells, and that it has
originated from the ectoderm by what may be called a process
of infolding.

The medullary canal iz the fundament of the entire adult
nervous system. The first step in the conversion of a struet-
ure so simple into one so complex consists in the dilatation of
the eephalic end of the neural tube and the subsequent division
of this dilated extremity into three imperfectly separated com-
partments, named respectively the fore-brain, the mid-brain,
and the hind-brain vesicles. It is by the multiplication and
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FiG. 36, —Transverse section of a seventeen-and-a-half-day sheep-embryo | Bonnet).

specialization of the cells compoging the walls of the medul-
lary tube that the cerebrospinal axis is produced, the brain-
vesicles giving rise to the brain-mass, while the remainder of
the tube produces the spinal cord.  Approximately one-half
of the length of the tube is devoted to the formation of the
brain, the other half’ forming the spinal cord.

The nenral tube closes first in the future cervieal region,
the cephalic part of the canal remaining open for a time.
From the neck region the closure of the tube progresses
toward either end of the embryo.

The Notochord or Chorda Dorsalis.—The notochord
is a solid eylindrical column of eells lying parallel with the
medullary tube, on the dorzal side of the archenteric cavity.

b
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[ts position is that of a line passing through the centers of
the bodies of the future vertebre. The development of the
chorda oceurs at the same time as that of the neural tube,
and in a very similar manner. A thickening of the cells of
the entoderm in a longitudinal line L".\:tl_’,ll.{]]:ng along the
dorsal aspect of the celenteron 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 eells, which is separated from the entoderm proper by the
union of the chordal tolds, as shown in Figs. 35 and 36.

The appearance of the notochord is the first indication of
the axis of the embryo, since around it the permanent spinal
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 one of the distinetive features of a vertebrated
animal.

The chorda is essentially an embryonie structure, since it
gives rise to no adult organ. Its only representative in
postnatal life is the pulpy substance in the centers of the
intervertebral disks. It is a permanent structure in one
vertebrate only, the amphioxus.  In this animal it is the
representative of the spinal column of higher vertebrates,
The notochord affords another illustration of the prineciple
that higher organisms repeat, in their development, the
structure of the lower members of the group to which they
helong.

The Neurenteric Canal.—The neurenteric camal is
closely associated with the development of the medullary
canal and with the disappearance of the primitive groove,
We have learned that the blastopore is the orifice through
which the ewlenteron opens to the exterior, and also that in
hirds and mammals the position of the blastopore, as indi-
cated by the presence of the terminal ridge, corresponds to
the anterior end of the primitive streak, and therefore of the
primitive groove. Reference to Fig. 32 will show that the
medullary folds have extended so far posteriorly that they
embrace between them the primitive groove ; therefore when
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they unite to form the neural canal, the primitive streak falls
within its limits,

Inm a gastrula with an open blastopore, such as that of’ the
amphioxus and those of amphibians, the blastopore is in-
cluded bhetween the medullary folds, and, after the completion
of the neural canal, it constitutes an avenne of communica-
tion between the latter and the ecclenteron or primitive enterie
cavity ; this communication is the neurenteric camal. In
mammals, as also in birds, reptiles, and selachians, classes in
which the primitive streak is the representative of the closed
blastopore, a small canal is found at the anterior end of the
primitive groove, passing through Hensen’s node, and open-
ing into the ceelenteron.  With the covering in of the primi-
tive groove by the medullary folds, this canal becomes the
neurenterie canal. Aeccording to Grat Spee, a neurenterie
canal is found in the human embryo, as well as in the groups
above mentioned. The canal iz a temporary structure and
gives rise to no organ of the adult.

The Somites or Primitive Segments,—The meso-
blastic somites are cuboidal masses of eells, arranged in two
parallel rows, one on each side of the notochord, extending
the entire length of the body of the embryo. They are
sometimes called profovertebre, but this term if used at all
should be restricted to a subdivision of them that appears
later.

The development of the somites was incidentally referred
to in the deseription of the mesoderm. As mentioned in that
connection, the paraxial plates of mesoderm, 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
body takes place not simultaneously, but consecutively, begin-
ning at the head-end,

The segmentation of the axial mesoderm is indicated by
certain surface markings. The surface of the embryonal
area, at the stage when the primitive streak and the medul-
lary groove are present, shows a dark zone on either side of
the median line, the so-called stem-zone, which marks the
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limits of the axial plate of mesoderm (IFig. 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 transverse furrowing of the
axial plates, preparatory to their division into the primitive
segments.  The first pair of somites is formed in the future
cervical region, before the medullary folds have united to
form the neural tube, and when the primitive streak is yet
present. After the appearance of the first pair, the forma-

Frc. 37.—Rabhit embryo of the ninth day, seen from the dorsal side (after
Kiolliker). Magnified 21 diameters. The stem-zone (sf2) and the parietal zone [ pz)
are to be distinguished. In the former 8 paire of primitive segments have been
established at the side of the chorda and neontral tube; ap, area pellucida; rf,
medullary groove ; oh, fore-brain; ab, eve-vesicle: mb, mid-brain; &b, hind-brain ;
wio, primitive segment : #fs, stem-zone ; ps, parietal zone; &, heart; ph, pericardial
part of the body-cavity: wd, margin of the entrance to the head-gut (vordere
Darmplorte), seen through the overlying structures; «f, amniotic fold; vo, vena
omphalomesenterica.

tion of other seements proceeds headward and tailward. In
selachians the number of head-segments has been shown to
be nine; in higher vertebrates the number is possibly less.
The trunk-segments are added in regular order from the
neck-region to the tail-end of the embryo.

The first somites appear on the cighth day in the rabbit,
and between the twentieth and twenty-second hours in the
chick. While they are forming, the neural canal is closing,
the notochord is differentiating from the entoderm, and the
lateral plates of mesoderm are splitting to form the body-
eavity or celom.
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In structure the primitive segments of lower vertebrates
consist of columnar cells arranged around a central eavity
(Figs. 34 and 36). The eavity, in the amphioxus, communi-
ates for a time with the ewelenteron, since the segments
are in this case developed as entodermic evaginations; in
selachians, the method of formation of whose primitive seg-
ments may be regarded as the primitive method for ver-
tebrates, the cavity is for a time in eommunication with the
body-cavity, since the segments in these animals develop as
if by evagination from the dorsal side of the mesoderm after
it has separated into its parietal and visceral lavers and before
it has divided into the axial and lateral plates, The size of
the eavity is quite variable; in some cases, as in the Amniota,
it is almost if’ 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, 1s a mass of cells which conneects, for some time, the
somite proper with the lateral plate (Fig. 36). This is
known as the intermediate cell-mass or middle plate. Later,
the separation of these is effected, the mesial part of the
somite being the myotome, the intermediate cell-mass
becoming the nephrotome. FEach one of these parts
containsg a cavity, that of the myotome being ecalled the
myoceel. From the inner, mesial side of the myotome,
embryonic connective-tissue cells (mesenchyme) develop,
constituting the sclerotome, or skeletogenous tissue. The
sclerotomes, made up of loosely-arranged embryonal con-
nective tissue, grow around the medullary canal and chorda
dorzalis, spreading out and fusing with each other. Subse-
quently this tissue produces the vertebral column and its
associated ligamentous and cartilaginous structures. The
outer part of the myotome, sometimes called the cutis plate,
gives rise to the corium of the skin of the trunk. The re-
maining part of the myotome, that situated dorsolaterally,
constitutes the musele-plate or myotome proper ; it gives rise
to the voluntary museulature of the trunk.

The segmentation of the body of the embryo is an embryo-
logical 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
system.

I‘:rlmn reflection, it will be seen that in the I‘l';j,‘i(:ll of the
embryo corresponding to the future neck and trunk, the
segmentation affects only the dorsal part of the body, while
the ventral mesoderm, the so-called lateral plate, which econ-
tains the ceelom, remains unsegmented.  On the other hand,
in the head-region, the segmentation iz 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 ccelom, produces
the structures known as the visceral arches (see Chapter VII.).

The relation of the primitive segments to the differentia-
tion of the skeleton and of the museulature of the trunk, and
also of the viseeral arches to the museles of the jaws, will be
considered in subsequent chapters,



CHAPTER YV.

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

—

Tur formation of the fetal membranes oceurs coincidentally
with the produection of the external form of the body of the
embryo. These changes mark the division of the hollow
sphere or vesicle of which the germ consists up to this stage
into two essentially different parts—namely, the embryonic
body and the fetal appendages, the latter of which are destined
for the nutrition and protection of the growing embryo.
Although the several processes by which are produced the
different parts of the embryo and its varions appendages go
on simultaneously, it iz necessary, for the sake of clearness,
to consider successively the development of each structure
from its inception to its completion.

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

In the stages of development thus far considered, the part
of the ovum that is to become the embryvo—that is, the
embryonic area—is represented by a loealized thickening of
the wall of the blastodermie vesicle, of the shape and relative
size shown in Iig. 24, which presents a surface view of the
cerm.  On each side of the embryonic axis, represented by
the notochord, is the paraxial mass of mesoderm, which has
undergone partial seementation to form the somites; on the
distal side of the paraxial column, the mesoderm has split
into the somatic or parietal, and the splanchnie or visceral
lamelle, between which is the body-cavity or eeclom. The
cavity of the germ until the occurrence of the tranzforma-

il
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tions about to be described is one undivided compartment
which is bounded by splanchnopleure ; and a CONSpIeNons
feature of the changes under consideration is the division of
this cavity into two by the folding in of the splanchnoplenre
composing its walls,

The first indication of the foldings that lead to the differ-
entiation of' the embryo from the fetal appendages is seen
upon the surface of the germ at a very early stage. A sur-
face view of the germ—in the case of the chick on the first
day of ineubation—shows, at what becomes the head-end of
the embryonic area, a transverse crescentic groove, with its
concavity looking backward (Iig. 32); a similar groove is
seen at the opposite extremity of the area, and also one at
each lateral margin.  These marginal grooves are depres-
sions in the somatopleure. The elevated outer edges of the
grooves form folds of somatopleure, designated respectively
the head-fold, the tail-fold, and the lateral folds of the amnion.
Az these marginal grooves inerease in length they meet each
other and now constitute one continuous furrow, which eneir-
eles the embryonie area ; its outer elevated edge is the amnion-
fold. This furrow, which may be called an inverted fold
composed of splanchnoplenre and somatopleure, progressively
deepens and at the same time its bottom is earried inward
toward a point vertically under the central region of the
embryonic area ; that iz, a fold composed of somatoplenre
and splanchnopleure grows from all parts of the periphery
of the embryonie area toward the point indieated above, a
point which corresponds to the site of the future umbilicus,
By the ingrowth of the edges of the fold, the cavity of the
archenteron 15 more and more constricted (Plate 11., Figs.
2 and 3), until finally, with the completion of the infolding,
it becomes divided into two parts of unequal size ; the smaller
of these spaces is the gut-tract, or intestinal canal of the em-
bryo, while the larger is the yolk-sac or umbilical vesicle.
The constricted canal through which the gut-tract commu-
nicates with the yolk-sac is the vitelline duet (Plate I1.,
Figs. 4 and 5).

While the splanchnoplenrie layer of the ingrowing fold
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THE FORMATION OF THE BODY-WALL. I

thus outlines and forms the walls of the intestinal eanal, the
somatopleuric layer, which accompanies it, constitutes the
lateral and ventral body-walls of the embryo. During the
progress of this infolding of the splanchnopleure and the
somatopleure, the part of the latter membrane that forms
the outer wall of the groove becomes lifted up to constitute
the amnion-fold ( Plate TI., Fig. 3); by the continued upwarid
growth of this amnion-fold and the simultaneous settling
down of the embryo upon the volk-sae, the margins of the
fold come to lie above the embrvonie body, and, approaching
each other, they fuse over its back, in this manner enclosing
it in a cavity. It is obvious that the fold just described is a
double layer of somatopleure.  After the union of its edges,
the two layers become completely separated, the inner one
constituting the ammion, while the outer layer is the false
amnion, or serosa (Plate II., Figs. 4-6).

Since the infolding of the splanchnopleure begins at the
periphery of the much elongated embryonic area, the result-
ing gut-tract has the form of a straight tube extending from
the head-end to the tail-end of the embryo (Plate ILL.).
When the eaudal and the eephalic portions of the splanchno-
pleuric fold have advanced but a comparatively short dis-
tance, in consequence of which the communication between
the gut-tract and the umbilical vesicle is still widely open,
as shown in Plate I1., Fig. 5, there is a cul-de-sac or pocket
formed of splanchnopleure at the head-end of the embryo
and a similar one at its tail-end ; these recesses are respec-
tively the foregut and the hindgut, the orifices of which are
designated the intestinal portals. At this particular stage,
therefore, the cavity of the gut-tract is incompletely closed
off’ from that of the umbilical vesiele.

It is evident that the gut-tract, being a tubular cavity
enclosed by splanchnopleure, is lined with entodermal cells ;
this simple straight tube develops subsequently into the adult
intestinal eanal and its associated glandular apparatus,

It has alveady been pointed out that the layer of somato-
pleure which is folded under the embryonic area in company
with the splanchnopleure constitutes the lateral and the ven-
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tral walls of the body of the embryo. When the fold has
grown in only far enough to form the sides of the embryonic
body, the latter has the shape of an inverted boat. The fold
continues to advance from each side and from each end, and
it= edges come together and fuse in the median line of the
ventral surface of the body." At one place, however, fusion
of the edges of the fold does not occeur; this region corre-
sponds to the umbilicus and is often designated the dermal
navel. Here the part of the somatopleure that forms the
body-wall is continuous with that part of this membrane
which constitutes the amnion (Plate 11., Fig. 6). By the
infolding of the somatopleure the body-cavity or plenro-
peritoneal space becomes divided into an intra-embryonic
and an extra-embryonie portion, the two communicating for a
time through the small annular space that encireles the
proximal end of the vitelline duet; this is represented in the
accompanying figures,

By this simple process of folding, associated with the
unequal growth of different parts, the leaf-like fundament
constituted by the embryvonic area is differentiated into the
body of the embryo; the ventral portion of thizs body now
consists of two tubes, one within the other, of which the
smaller, bounded by the splanchnoplenre, is the intestinal
canal, and the larger, enclosed by the somatopleure, is the
body-cavity, the walls of which are the walls of the body of the
embryo.  In the dorsal region is a third tube, the medullary
canal; between it and the dorsal wall of the intestine 1= the
notochord, on each side of which are the somites (Fig. 35).
The further evolution of this body and the differentiation of
its various organs and systems will be deseribed in subse-
quent sections.

THE AMNION.

The amnion is a membranous fluid-filled sac, which sur-
rounds the fetuz of certain groups of wvertebrate animals

1 Failure of union of the ~;nn|:|lu||]v||rir folds in the median line of the
thorax produces the deformity known as cleft sternum 3 while lack of fusion
of the lateral halves of the abdominal wall results in an extra-abdominal
position of the intestines, or, if in lesser degree, in exstrophy of the bladder.
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during a part of their period of development. In man, it is
found as early as the fourteenth day, before the medullary
groove has elosed to form the nenral canal; it attains its
maximum size by the end of the sixth month and persists
until the end of gestation. It constitutes a loose envelope
for the fetus, being attached to the abdominal wall of the
latter at the margins of the umbilicus, and loosely enveloping
the umbilical cord (see Plate I11., Fig. 2).

An amnion is found in birds, reptiles, and mammals, these
groups being classed together as Amniota, while fishes and
amphibians, which are without an ammnion, constitute the
elass Anamnia.

The first indication of the growth of the amnion is apparent
at a comparatively early stage of development. A surface-
view of the blastodermic vesicle of the first day of ineuba-
tion in the case of the chick, or of about the eighth day of
development in the rabbit, shows a curved line or marking
at the anterior edge of the embryonic area (Fig. 32); this is
the anterior marginal groove, in front of which is another
marking, the head-fold of the amnion. Very soon the lateral
and posterior marginal grooves appear at the sides and poste-
rior edge respectively of the embryonic area; the outer ele-
ated edges of these marginal grooves constitute the lateral
folds and the tail-fold of the amnion. The grooves and folds
inerease in length in each direction until they meet, when
they form one continuous furrow, which circumseribes the
embryonie area, and the outer elevated edge of which is the
amnion fold. The groove involves both the somatoplenre
and the splanchnopleure, constituting the inverted fold of
these two structures that grows in to form the body-wall and
the wall of the gut-tract, while the amnion fold is composed
of somatopleure alone (Plate I1.). This separation of the
somatopleure and the splanchnopleure enlarges the extra-
embryonic portion of the body-cavity. The ammion fold
continues to grow upward, and finally its edges meet and fuse
over the back of the embryo, the line of union being the am-
niotic suture:; the suture closes first at the head-end of the
embryo and last at the tail-end. After the union of the edges
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of the fold, its inner layer, consisting of ectoderm and parie-
tal mesoderm, separates from the outer layer to constitute the
true amnion, whose enclosed space iz the amniotic cavity; the
outer layer, which is merely a part of the general somato-
pleure, is the false amnion or serosa. It is apparent from
this description that the amniotic cavity is lined with ecto-
dermal epithelium and that its walls consist of somatopleure
—that is, of ectoderm and parietal mesoderm.

While the amnion fold is growing upward, the embryonic
area
bodv—is sinking down upon the yolk-sac. The amnion fold
does not grow uniformly in all parts of its periphery. The

now undergoing differentiation into the embryonic

head-fold is produced first and constitutes a cap or hood eov-
ering the head of the embryo, which is forming simultaneously
by the ventrad growth of the somatopleure 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
caudal, portions of the amnion-fold grow up to meet it. The
head-fold is, for a time, destitute of mesodermie tissue, since
it corresponds to that region of the wall of the blastodermie
vesicle deseribed on page 56 as the proamnion,

The amnion of man presents an important variation
from that of all other Amniota, since the inner layer of the
amnion-fold does not entirely sever its connection with the
outer layer, but remains attached to it over the caudal pole
of the embryo. In eonsequence of this attachment the true
amnion is connected with the false amnion, and sinee the troe
amnion is continuous with the body-wall of the embryo, the
caudal end of the embryonic body is attached to the false
amnion and, consequently, to the later chorion, by a mass of
tiszue called the allantoic stalk or belly-stalk, as seen in Fig.
38.  The relation of the belly-stalk to the development of
the allantois will be pointed out hereafter.

The space within the amnion—the amniotic cavity—is filled
with the amniotie fluid or liqguor amnii.

The amnion at first envelops only the sides and dorsum of
the embryonie body, occupying the upper part of the cavity
enclosed by the chorion, as shown in Plate I1., Figs. 5 and
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6 ; the groove, or furrow, however, of which the amnion fold
is the peripheral or outer elevated edge, becomes deeper, and
the bottom of the groove is carried toward the middle of the
future ventral surface of the embryo, its ventrad growth con-
tinuing until it reaches the position of the future umbilicus.
This is represented in transverse section in Plate 11, Fig. 4,
and in longitudinal section in Plate I1., Figs. 5 and 6. The
layer of somatopleure constituting the inner wall of the groove
—that is, on the side toward the embryonie area—becomes the
lateral and ventral walls of the body of the embryo, as de-
seribed above ; in this manner 1= effected the transition from
the flattened or layer-like embryonic area to the definite form
of the embryonic body. The ventral body-wall is continuous
at the margins of the umbilicus with the amnion, since the
somatopleure, forming the outer boundary of the original
groove, is a part of that membrane. After its completion,
therefore, the amnion envelops the body of the embryo on
every side, lying closely applied to it, since the amniotic
cavity is at first very small.  With the progress of develop-
ment and the inerease of the amniotie fluid, the amnion re-
quires more room, until, in the third month—in man—it fills
out the entire space within the chorion, with the inner surface
of which membrane it at this time acquires a loose connee-
tion. The umbilical vesicle and the allantoi= have meanwhile
undergone regression.  The walls of the amniotie sac contain
contractile fibers; it i= to these that the rhythmical contrac-
tions observed in the amnion are due. Its lining is, for the
most part, a single laver of flattened epithelial eells.

The liquor amnii is a watery fluid having a specific gravity
of 1.007, and eontaining about 1 per cent. of solids (albumin,
urea, and grape sugar). The origin of the fluid is believed
to be in the blood of the mother, the liquid portion of which
transudes into the amniotic cavity. The amniotie fluid in-
ereases in quantity until the sixth month of pregnaney ; from
this time until the close of gestation it generally diminishes
about one half. A pathological excess of the fluid constitutes
the condition of hydramnios,

The function of the ammiotic fluid is two-fold ; it serves as
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a buffer for the fetus, protecting it from mechanical violenee,
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 eells, hairs, and
fatty matter in the fetal alimentary canal. After the devel-
opment of the bladder, the urine of the fetus is from time to
time evacuated 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 caseosa, which is a modified sebaceous
secretion,

At the end of pregnancy, the ammion is loosely united
with the chorion and the deciduge ; during birth it ruptures,
and its fluid escapes,

THE YOLK-SAC.

The yolk-sac, or umbilical vesicle, as seen in the higher
vertebrates, is a capacious sae attached by a narrow pedicle,
the witelline duect, to the ventral surface of the embryonic
intestinal canal, the duet passing through the umbilical aper-
ture (Plate I1., Fig. 6).

[n order to appreciate more fully the function and the
morphological relations of this strueture, 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-
sented by the dentoplasm so abundant in telolecithal ova.
In the ease of amphibians, whose cleavage, it will be
remembered, is holoblastic or total, the cells richest in deunto-
plasm are accumulated, after segmentation, in the floor of the
archenteron ; this aceumulation produces on the future ventral
surface of the embryo a marked bulging, which constitutes
the amphibian yolk-sac. As the embryo grows, it draws
upon this store for its nutrition, in consequence of which the
sac gradually shrinks, its cells being, for the most part,
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liquefied and absorbed, while some of them contribute to the
lining of the intestinal canal.

In a higher type, as exemplified in sharks and dog-fishes,
the yolk-sac is produced by a folding-in of the splanchno-
pleure and the somatopleure, the walls of the sac being
therefore constituted by both of these layers; this folding-in
divides the archenteron into a smaller part, the intestinal
eanal, lying within the body of the embryo, and a larger
cavity, the yolk-sae, situated outside of that body. The
splanchnopleurie layer of the yolk-sae is continuous with the
wall of the intestinal canal, while its somatopleurie layer is
continuous with the body-wall. A system of blood-vessels
develops upon the yolk-sae, their funetion being to convey
the nutritive material into the body of the embryo. These
blood-vessels constitute the so-called waseular area, which
appears, in surface views, as a zone encircling the embryonic
area, and, later, the embryo, since the latter reposes upon the
proportionately much larger yolk-sac. As the contents of
the sac become absorbed, the latter shrinks, the splanchno-
pleuric layer slipping inte the abdomen of the embryo
through the umbilical opening, the somatopleurie layer con-
tracting to close that aperture.

In the Amniota—that is, in reptiles, birds, and mammals—
the development and structure of the yolk-sac are modified
by the presence of the amnion. In these groups the umbilical
vesicle and the gut-tract are produced out of the cavity of
the archenteron by the folding-in of the splanchnopleure
alone, sinee the formation of the amnion-fold by the somato-
pleure earries the latter structure away from the splanchno-
pleure and prevents its forming a complete investment for
the volk-sae, although covering it in part (Plate I1., Fig. 4).

Since the yolk-sac contains the store of food destined for
the nutrition of embryos that develop ountside of the maternal
body, and since the mammalian embryo, which leads an intra-
uterine existence, is endowed with a relatively small quantity
of such store, the volk-sac of mammals would seem to indi-
cate the descent of the latter from oviparous ancestors.
Further and stronger evidence of such descent is found
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in the fact that the eggs of the lowest order of mammals,
the Monotremata, comprising the echidna and the ornitho-
rhynchus, are “laid” and undergo exfra-uterine development.

[n the human embryo the umbilical vesicle is found par-
tially constricted oft' from the intestinal canal by the end of
the second week ; by the end of the third week the separa-
tion of the two eavities has advanced to such an extent that
the vitelline duet 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 a
certain period. The manner in which its blood-vessels de-
velop will be considered in treating of the vaseular system.
Their growth precedes that of the intra-embryonie portions
of the vascular apparatus, the vascular arvea 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 duet, and consist of two vitelline arteries and two
vitelline veins.

With the development of the allantois the yolk-sae retro-
gresses, the allantois suceeeding 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 ammnion, and which terminates in a knob; at birth,
the knob lies near the placenta (Plate I'V., Fig. 2), and the
atrophic remnant of the stalk is one of the constituents of
the umbilical cord.

THE ALLANTOILS.

The allantois is an embryonic strueture which is found in
those vertebrates possessing an amnion. Its growth is cor-
related with the retrogression of the umbilieal vesiele, which
structure it supplants as the organ of nutrition and respira-
tion for the embryo.

Appearing at first as a little evagination or out-pocketing
of the ventral wall of the gut-tract, the allantois finally be-
comes a pedunculated sac lying in the extra-embryonic part
of the cwelom (Plates I1. and II1.), its stalk leaving the
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body-cavity proper through the umbilical opening. Being
an outgrowth from the .intestinal canal, the walls of the
allantois are made up of splanchnoplenre—that is, of ento-
derm and visceral mesoderm.  Blood-veszels develop in the
mesodermic stratum, the prineipal trunks, the two allan-
toic arteries and weins, being connected at their proximal
ends with the primitive heart ; this system of vessels consti-
tutes the allantoic circulation amd 15 the avenue through
which the growing embryo is supplied with nutritive mate-
rial and oxygen. As the fundus of the allantois inereases
in size, it spreads itself out upon the inner surface of the
false ammion (Plate I11., Fig. 1), into whose villi its vascu-
lar tissue penetrates, and with which it becomes intimately
blended. The union of the allantois and the false amnion
produces the true chorion.

The human allantois presents a striking peculiarity as com-
pared with that of birds and reptiles; in man, the allantois

F1G. 38.—Diagrammatic sections representing growth and arrangement of the am-
nion in the earliest stages of the human embryo (His),

develops not as a free sac projeeting into the extra-embryonic
body-cavity, but as a mass of splanchnopleurie tissue which
contains only a rudimentary eavity and which grows into
the abdominal stalk (Fig. 38 and Fig. 47, bst), being guided
by that structure to the false amnion.

6
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The function of the allantois is to serve as a nutritive and
respiratory organ until the formation of the placenta, its
period of activity extending from abont the fifth or sixth
week to the third month ; it also constitutes a receptacle for
the fetal urine.

The part of the allantois contained within the body 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 numbilicus ;' 2, the urinary bladder; and 3,
the first part of the urethra of the male, or the entire female
urethra. The extra-embryonic portion shrinks after the
appearance of the placenta and forms one of the constituents
of the umbilical cord, its blood-vessels becoming the umbil-
ical arteries and wveins,

THE CHORION.

At the time when the false amnion is forming, the zona
pellucida, very much thinned-out, still surrounds the em-
bryonie vesicle, forming the so-called prochorion. The pro-
chorion unites with the false amnion, producing the primitive
chorion. After the allantois 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 eon-
stitute the true chorion. The chorion may then be defined as
the membrane which eneloses the germ at the stage following
the appearance of the amnion and the false amnion, and which
has resnlted from the fusion of the allantois with the primi-
tive chorion ; or, ignoring the presence of the zona pellueida,
the chorion resnlts from the fusion of the allantois and the
false amnion.* The chorion consists of an outer ectodermic
layer, an inner entodermie stratum, and an intermediate
lamella of mesodermie tissue contributed conjointly by the
allantois and the false amnion,

I “- l.l'”:' l]]‘;‘l."]l“ﬁ ]1'””!""'3‘5 Iﬁ.’ltl]l””.‘i, i]lhlﬁﬂfl 151- 1’["('{]]']5_1“: i.n]'i}ﬁl"i"imlﬂ.
urine may escape at the umbiliens, and the condition is a variety of urinary
fistula.

* Minat defines the chorion as all that part of the extra-embryonic zoma-
if:]nl{.-ur{s which is not used in Eurlrlin;_; the true amnion,
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The surface of the chorion is beset with numerous little
projections—the villi—a very early development of which is
characteristic of the human chorion (Fig. 39 and Plate 1T,
Fig. 6). At first the villi, either covering the entire surface

Fic. 39 —Human ovam of aboat twelve days (Beichert): A, side view; B, front
view. The villi are zeen to be limited in distribution, leaving the poles free,
of the chorion or leaving the two opposite poles free, are of
uniform size ; at the beginning of the third month, however,
there begins to be a differentiation into a region containing
smaller, and one having larger, projections. The difference
between the two areas becoming more marked, the relatively
smooth part of the membrane, possessed of rudimentary villi,
is designated the chorion leve, while the region provided with
well-developed villous projections iz distingnished as the
chorion frondosum (Plate III., Figs, 1 and 2); the latter
acquires a eclose relation with the mueous membrane of the
uterns and hecomes the fetal part of the placenta. The villi
in their earlier condition are somewhat club-shaped eleva-
tions, which later become branched. Each villus consistz of
a core of mesodermie tissue, covered with epithelium and
containing blood-vessels (Plates I1. and ITI.). Their micro-
scopic appearance is =o characteristie that they afford a means
of positively determining whether a mass discharged from

the uterus is or is not a produet of conception.

The blood-vessels of the chorion are derived from the allan-
tois, whoze vessels penetrate into the villi already present on
the seroza when the two struetures come in contact.

A chorion is present, as a rule, in those animals whose

t?tlihl‘_\‘n&: :h_-x'nlnp within the uterus: this would include the
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entire class Mammalia, with the exeeption of the lowest order,
the monotremes, whose eggs undergo extra-uterine develop-
ment, and the marsupials, whose embryos, though nourished
in the womb, never acquire villi on the serosa, nutriment
being absorbed by simple contact of the latter with the ute-
rine mucous membrane. The Mammalia are therefore di-
vided into two groups, one, the Achoria, comprising the
monotremes and marsupials; the other, the Choriata, in-
cluding all other mammals.
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THE DECIDUZAE. THE PLACENTA. THE UMBILICAL

CORD.

THE DECIDUAE.

THE deciduz, or the deciduous or caducous membranes, are
the hypertrophied mucosa of the uterus so developed as to

form not only a lining for the
an envelope enclosing the ovum,
and a specially thickened part
which serves as a bond of con-
nection between the ovum and the
woimb.

During the four or five days
preceding menstruation, the so-
calied constructive stage of the
mensztrual eyele, the mucous mem-
brane of the womb becomes much
thickened and unusually vaseular,
the purpose of these changes being
evidently the preparation of the
uterus for the reception of the
ovam in the event of impregna-
tion. If impregnation has not
oceurred, the thickened mucosa,
the decidua menstrualis, is in great
part cast off' as a part of the men-
strual discharge ; if, on the other
hand, econception has taken place,
the mucous membrane undergoes
still greater hypertrophy. On sec-
tion, it is seen to consist of a super-

uterine cavity, but also

.t'..?.-"f'..i?? Em-p”wg}

DYy HSuoyls

Auscalatire

Fin. 40 —Cross section through
the mueous membrane of the
uterug at the beginning of preg-
paney (after Kundrat and En-
gelmann).
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ficial compact stratum and a deeper spongy layer reposing
directly upon the muscular wall of the uterus. In the com-
pact layer arve the necks of the much enlarged uterine clands,
while in the spongy layer are their greatly branched and
often tortuous bodies (Fig. 40). The tortuosity and division
of the deeper extremities of the glands produce the char-
acteristic appearance of a section of the spongy stratum.

The alterations necessary to convert the menstrual decidua
into the deciduz of pregnaney take place while the ovum is
still in the Fallopian tube; when it reaches the uterus it
hecomes attached to the mucous membrane of the latter,
usually along the upper part of the posterior wall toward
one or other side of the median line. The mucous membrane
orows up around, or is said to be reflected over, the ovum, so
as to enclose it in a distinet envelope (g, 41).  The part of

Fie. 41 —Zeries of dingrams representing the relationship of the decidua to the
ovum at different periods.  The decidum are colored black, and the avum is shaded
transversely. In 4 and 5 the vascnlar processes of the ehorion are figured (copied
from Dalton). 1, ovom entering the congested mueous membrane of the funduz—
decidun serotina: 2, decidun reflexa growing around the ovum: &, completion ol

the deeidua around the ovum; 4, general growth of villi of the chorion; 5. special
erowth of villi at placental attachment, and atrophy of the rest.

the nterine mueonsa which is reflected around the ovum is the
decidua reflexa; the part still lining the eavity of the womb
is the decidua vera; the part that is in contact with the
chorion frondosum is the decidua serotina. The decidua
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serotina afterward becomes the maternal part of the placenta,
intimately uniting with the chorion frondosum.

The ciliated epithelinm of the uterine mucous membrane
disappears by the end of the first month of pregnaney
(Minot) ; somewhat later, that of the uterine glands is also
lost. By the end of the fifth month the fetus and its ap-
pendages have inereased in size to such an extent that they
completely fill the cavity of the womb, and the space between
the decidua vera and the decidua reflexa is obliterated.  After
the fifth month the pressure of the growing fetus induces
regressive changes in the decidua vera and the decidua
reflexa. These consist chiefly in the obliteration of the
gland-cavities, the alteration of the eells from the columnar
type to the cubical or flattened form, and a great decrease in
the thickness of the membranes as a whole, At the end of
pregnaney the vera and reflexa are closely blended with the
chorion.  After birth the membranes are cast off, separation
taking place in the spongy layver, the deeper part of which
latter remains to form a new mucosa.

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 period of gestation. In its most
highly developed form it is a discoid structure attached by
one surface to the wall of the womb and connected on its
opposite 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 blood into intimate
relation with the blood of the mother. In eges that develop
outside of the body of the mother, such as those of reptiles,
birds, and the lowest order of mammals, the Monotremata,
the growing embryo necessarily acquires no connection with
the nterine mucous membrane, but draws upon its original
dower of nutriment, the deutoplasm, until its development is
completed, when it breaks through the shell and secks its
own food ; in these groups the false amnion does not develop
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villi.  In the marsupials, a group of mammals one stage
higher than the monotremes, the ovum, although developing
in the uterus, forms no close eonnection with it, but obtains
itz nourizshment by simple imbibition from the uterine mu-
cous membrane.  On the other hand, in all mammals higher
than monotremes and marsupials, the false amnion, as pre-
viously shown, fuses with the allantois to form the chorion,
a membrane distinguished by the presence of villi upon its
surface.

The chorionie villi become highly developed in a certain
region, constituting the chorion frondosum, which, uniting
with the decidua =erotina, contributes to the formation of the
placenta. DBetween the human placenta and the smooth non-
villous false amnion of the marsupials, certain definite grada-
tions exist ; for example, in pigs, whales, and some other
groups, there is no proper placenta, the villi being evenly
distributed over the surface of the chorion ; while in rumi-
nants (the cow, sheep, deer, ete.) the villi are grouped into
little clusters or tufts ealled cotyledons, which are easily
detachable from the mueous lining of the womb. Owing to
thiz loose connection, the uterine mucous membrane is non-
deciduous—that 1=, it 15 not cast off after the birth of the
young. The foregoing classes are therefore styled Mammalia
indeciduata, in contradistinetion to the Mammalia deciduata—
comprising man, rodents, apes, bats, and Insectivores—in
which there iz a loss of the greater part of the mucous mem-
brane of the womb after the expulsion of the fetus, In the
Carnivora the placenta has the form of a zone or ring—
placenta zomaria—while in man and certain allied mammals,
as apes, rodents, and some others, it is discoid in shape—
placenta discoidea.

The human placenta is formed in the third month of
pregnancy by the union of the chorion frondesum with
the decidua serotina; it consists, therefore, of a fetal and a
maternal part. The Orean 1= diseoid in form |f]'1i;_{'. -'|'3, and
Plates III. and IV.). Its uterine surface (Fig. 42) is di-
vided into tufts or eotvledons; the fetal surface is some-
what concave and is covered by the loosely adherent am-
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nion. To some point on the latter surface, nsually not its
center, the umbilical cord is attached, by the vessels of which
the fetal blood is conveyed to and from the placenta. The
diameter of the mass is from 15 to 20 centimeters, and its
thickness is from 3 to 4 centimeters. The fetal part of the
placenta (Plate V.), constituted by the chorion frondosum,

Fig, 42.—Placenta viewed from uterine surfiice of attachment, showing divisions
into cotyledons (Bidloo),

consists of highly developed villi situated upon the membrana
chorii.  Each villus containsg a core of gelatinous connective
tissue and numerous blood-vessels and is beset with second-
ary villi. Blood is conveyed to the villi by the umbilical or
allantoie arteries and is veturned from them to the fetus
throngh the umbilical vein. The maternal part of the pla-
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centa, the decidua serotina ( Plate V.), exhibits a deeper spongy
layer and a superficial compact stratum. In the compact region
are cavities, the placental spaces, which are separated from
each other by the septa placentz, and into which {Ii];- the villi
of the placenta fetalis,. These spaces must be looked upon as
the greatly dilated capillaries of the decidua serotina (Wal-
dever, Keibel); they are lined by endothelial cells, and into
them iz poured the blood of the uterine arteries. The villi,
projecting into the spaces, are bathed in the maternal blood,
and thus the blood of the mother, containing oxygen and
nutriment, 1s brought into intimate relation with the blood
of the child (Fig. 43). It should be especially noted, how-
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Fia, 45 —Dagram of the structure of the human placenta from an embryo four
weeks old (after Kiebel): % ehorionie willi; Sp, attachment of tips of the same in
the maternal decidua (D) ) enlarged maternal blood-capillaries.

ever, that there is no intermingling of the vespeetive blood-
ewrrents, since the two fluids ave separated by the single layer
of cells forming the walls of the eapillaries of the villi.  In
the early stages of the development of the placenta, the cav-
ities resulting from the enlargement of the capillaries of the
serotina are separated from the chorionie villi by the most
superficial part of the decidua as well as by the endothelium
of the spaces themselves ; owing, however tnﬂu- COMmpression
exerted by the growth of the fetus and "r- appendages, this
intervening decidual tissue and, later, the endothelium atrophy
and disappear, so that the spaces are bounded on the side to-
ward the fetus by chorion and villi alone. At the periphery
of the maternal placenta is a venous channel, the marginal
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Dingrammatic section through the human placenta at the middle of the fifth month (after Leapold). The fetal placenta, consisting of the
chorion (m) with its villi (z), has grown into the maternal placenta; the villi present attached points (8, 42 and free processes (§7): &p is the
spongy layer of the decidua seroting, in which the separation takes place along the line 7v; €S is the compact layer forming the inner part of

the uterine placenta, which consists of the basal plate (BP)} the closing plate (SP), the arteries (a), the eavernous blood-spaces (¢}, and the mar-
ginal sinus,
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sinus or vein; this is not a vein in the proper sense of the
word, but a series of communicating spaces.

The site of attachment of the placenta to the uterus is
usually the upper part of the posterior wall, to one or other
side of the median line. Under certain cireumstances it may
become attached lower down, even extending partly or wholly
over the mouth of the womb ; the latter constitutes the con-
dition known az placenta previa.

After the birth of the child, the placenta, in common with
the decidua vera, becomes detached from the nterine wall and
is expelled from the womb. The separation takes place in
the deeper region of the deep or spongy layer of the serotina
or maternal placenta, That part of the maternal placenta
which still adheres to the placenta feetalis is the basal plate
of Winkler (Plate V.).

THE UMBILICAL CORD.

The blood-vessels throngh which the fetal blood finds its
way from the fetns to the placenta and back again to the
fetus, together with the atrophic vestiges of certain structures
associated with the development of these vessels, constitute
the structure known as the umbilical cord. In considering
the growth of the human allantois it was pointed out that the
latter structure, as it grows from the ventral wall of the gut-
tract into the so-called allantoie or abdominal stalk, becomes
the seat of development of the two allantoic arteries and of
an equal number of allantoie veins.  With the metamor-
phosis of a part of the chorion into the placenta, the abdom-
inal stalk becomes more slender and at the same time much
elongated, and the allantoic blood-vessels are henceforth the
umbilical wvessels., 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. The umbilical vein, entering the
body of the fetus through the umbiliens, passes directly to
the under surface of the liver, where it unites with the fetal
portal vein and gives off a branch of communication, the
ductus venosus, to the inferior vena eava, after which it
enters the liver through the transverse fissure. The umbilical
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arteries, whose infra-embryonic portions are called the hypo-
gastric arteries, are the direct continuations of the superior
vesical arteries of adult anatomy. They leave the body of
the fetus at the umbilicus.

The umbilical cord, while consisting essentially of the
three blood-vessels mentioned, contains al=o the remnant of
the allantoie stalk and of the umbilical vesicle, these struet-
ures being surrounded and held together by a quantity of
embryonic connective tissue, the jelly of Wharton, which
malkes up the chief part of the mass of the cord; upon the
surface is a layer of epithelium, continuous, at the distal end
of the cord, with the epithelium of the amnion.

The umbilical cord has an average length of 55 em., or 22
inches, but varies between the extremes of 15 em. (6 inches)
and 160 em. (64 inches); its thickness is about 1.5 em.
(2 inch). The cord presents the appearance of being spi-
rally twisted ; it is probable, however, that the appearance
of torsion is conferred by the spiral or coiled arrangement
of its arteries, due to their excessive growth, rather than by
a twist of its entire mass., There may be one or more true
knots in the cord, produced by the slipping of the fetus
through a loop.

The position of attachment of the cord to the placenta is
usually near, but seldom exactly in, the center of the fetal
surface of that oregan ; rarvely 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 placenta,
with whieh, in the latter ease, it is connected by its blood-
vessels,

The great length of the human umbilical cord iz thonght
to he due to the relatively large quantity of ammiotie fluid
present in the human subject.

After birth, the portions of the hypogastrie 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-abdominal part of the umbilical vein like-
wise hecomes atrophic and impervious, constituting the
so-called round ligament of the liver.
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CONDITION OF THE FETAL MEMBRANES AT BIRTH.

When the quantity of the amniotic fluid reaches its maxi-
at about the end of the sixth month—it re-
quires so much space that it presses the amniotic membrane
everywhere closely against the chorion, which latter, covered
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by the decidua reflexa, is in turn forced into intimate rela-
tion with the decidua vera (Plate IV.). By the end of ges-
tation the vera, reflexa, and chorion have become practically
one membrane, since their union is so firm that it is impos-
sible to separate them. The amnion, while adhering to the
inner surface of the chorion, is so loos=ely associated with the
latter that it may be peeled oft from it. The membranes,
which constitute a Huid-filled sac surrounding the fetus, are
ruptured by the econtractions of the uterus at some time
during parturition. Throngh this rent the child is foreed
during birth, the placenta and the membranes remaining
behind. After the expulsion of the child, the decidua vera
and the placenta detach themselves from the uterine wall,
and, with the deeidua reflexa, 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
talkes place in the deeper region of the deep or spongy layers
respectively of the decidua vera and of the uterine placenta.
The thin stratum of the spongy layer remaining serves for
the regeneration of the uterine mucosa.



CHAPTER VII.

THE FURTHER DEVELOPMENT OF THE EXTERNAL
FORM OF THE BODY.

Having traced the growth of the germ to the time when
the body of the ('!TI]}I‘}':}.IJL‘L*.L}]HL':-'u definitely differentiated from
the embryonie appendages or fetal membranes, the develop-
ment of the individual organs and tissues may be taken up.
The disenssion of this latter subject, especially of that part
of it pertaining to the struetures on the exterior of the body,
involves a consideration of the external form of the embryo
and fetus during the suecessive stages of growth.

In the preceding chapters it was pointed out that the cells
of the segmented ovum arranged themselves in such a man-
ner as to form a hollow sphere, the blastodermic vesicle
(Plate I.); that this vesicle, having at first a single-layered
wall, came to consist of two layers of cells, the ectoderm and
the entoderm; and that, finally, a third, intervening layer,
the mesoderm, made its appearance. It was shown, further,
that the thickened portion of the vesicle wall, the embryonie
area, beeame more and more differentiated from the remain-
der, and that, by certain proeesses of folding, this area was
made to aszume the definite form of the embryonic body,
while from the other parts of the vesicle-walls the fetal mem-
branes were produced (Plate T1.). It may be well to remind
the reader again that when the body of the embryo has be-
come closed off from the fetal membranes, this body is an
irregularly tubular structure whose walls are the somato-
I}l['lll.[' illH]. 'L".'IHI.';{" f'l]l:"lll!';{'i'.[ ,‘-I]:l_!'[" iH- I_Ill_’ I!T]{l}'-{,"-'l\'it:\', :I]l‘l 1]':1':.
within it are two other tubes, a larger, the gut-tract, formed
by the splanchnopleure, and a smaller ectodermic tube, the
nenral eanal.

While, as a matter of convenience, the deseription of
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the individoal organs is taken up after tracing the course
of development to this stage, it should be borne in mind
that the rudiments of some of them are already distin-
glli:-'halhii- betore the gc*l‘ltl-—hl_‘fu:]ﬁ become infolded to form
the body-wall and the gut-tract. It will facilitate a compre-
hension of the general prineiples concerned in the origin of
the different parts of the ]m:ll".‘ to refer to the tabulated state-
ment of the derivatives of the three ]ll‘fln:;!‘}.' 3L_l'l-I'nl-lu_‘r{-]'.-a. as
presented in Chapter TT1,

In considering the external form of the produet of concep-
tion, one may adopt the elassification of His, referred to in
the first chapter. This anthor divides the period of devel-
opment into three stages, of which the firsf, the stage of the
ovum, or the blastodermic stage, comprizes the first and second
weeks of intra-uterine erowth ; the second, the stage of the
embryo, extends from the second to the fifth week ; and the
hiird, or the fetal stage, includes the time between the fifth
week and the end of gestation.

THE STAGE OF THE OVUM.

During the fortnight allotted to this first stage of develop-
ment occeur the various changes by which the impregnated

Fig. #.—Human ovum of about twelve days (Reichert): A, side view; B, front
view. The villi are seen to be limited in distribution, leaving the poles free.

ovum acquires the form of a hollow sphere, designated the
embrvonie or blastodermic vesicle.  The series of transforma-
tions has been deseribed in Chapter 1. In this place it will
be sufficient to refer to the external characters of the blasto-
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dermic vesicle as depicted in Fig. 44, which represents the
ovum deseribed by Reichert. This ovum was estimated to
be about twelve days old and was probably the youngest
human ovum ever deseribed. Its form was that of a sphere
somewhat flattened, its short and long diameters measuring
respectively 3.3 mm. and 5.5 mm. The flattened surfaces
were smooth, while the equatorial zone was beset with villi.
The early appearance of villi is characteristic of the human
ovui.
THE STAGE OF THE EMBRYO.

It is during the early part of the second stage, at about
the fourteenth day, that the somatopleurie layer of the blasto-

Fic. 45.—Human embryo of abont the thirteenth day (Tis). The eaudal pole of
the embryo is connected with the blastodermic vesicle by means of the abdominal
or allantoie stall; the amnion already completely encloges the embryo, and the
large vitelline sae communieates throughout the greater part of the mitral surface
by means of the unclosed put-traet.

dermic vesicle becomes folded in to produce the walls of the
embryonic body.  Fig. 46 shows a human embryo of about
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the fifteenth day, whose form is as yet imperfectly differ-
entiated, the ventral wall of the body being incomplete,
since the gut-tract is still in communieation with the umbili-
cal vesicle thronghout almost the entire length of the embryo.
The back and sides of the embryo are enveloped by the
amnion, and the dor=al outline is concave. The candal pole

Frz, 46 —Human embryo of about the fifteenth day (His). The embryo is
attached to the wall of the blaztodermic vesiele by means of the umbilical or
allantoic stalk, and is encloged within the smnion ; the large vitelline sac freely
communicates with the still widely open gut.

is seen to be comnected by means of the allantoie stalk 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
development of the head is closely associated 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-
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brain. The oral pit, the first indication of the future mouth,
is present in the early part of this stage; it is a depression
between the prominent fore-brain vesicle and the cardiac
dilatation (Fig. 47).

o -
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Fiz, 47 —Human embryo with yolk-sac, amnion, and belly-stalk of filteen to
gighteen days (after Coste). The chorion is detached at am’ @ am, amnion ; am’, the
point of attachment of the amnion o the chorion drawn out toa tip; bet, belly-
stalk ; Sch, tail-end ; ws, primitive segment; dg, vitelline blood-vessels ; ds, volk-
g ; &, heart; ob, viscersl arch.

Between the fifteenth and the twenty-first day, the lens-
vesicles and the otic vesicles are formed by invaginations of
the surface ectoderm (Fig. 48, 7 and 8), these saes being
the rudiments respectively of the erystalline lens and of the
membranous internal ear; at this time also the visceral arches
and clefts first become distinguishable.  On the twenty-first
day, the rudiments of the limbs appear as little bud-like
processes springing from the trunk. The conspicnous pro-
jeetion on the ventral surface between the now almost eom-
pleted yolk-sac and the cephalie end of the body is produced
by the primitive heart (Iig. 48, 10, 11, and 12).

[Tntil the twenty-first day the embryonic body is erect.
Between the twenty-first and twenty-third dayvs a marked
alteration in the appearance of the germ is bronght about by
a pronounced bending of the long axis of the embryonie
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FiG. 48.—Early humaen embryos, all enlarged about two and a half times (His) :
14, from twelfth to fifteenth day; 5, 6, from eighteenth to twenty-first day ; 7, 8,
from twenty-third to twentv-fifth day; 9-12, from twenty-seventh to thirtieth day ;
13-17, from thirty-first to thirty-fourth day. oam, amnion ; e, umbilical or vitelline
vesicle; als, allantoic or abdominal stalk; ¢, o, brain-vesicles; &, heart ; va, visceral
arches; o, optic vesicle; of, otic vesiele; of, olfactory pit; L I, upper and lower
extremities ; & somites; od, candal process; «, primitive umbilical cord.
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body (Fig. 48). The degree of ecurvature is such that the
caudal and cephalic extremities overlap. The flexion reaches
its maximum degree by the twenty-third day. The curved
dorsal ountline is referable to four well-marked flexions, the
position of the most anterior, or cephalic flexure, correspond-
ing to that of the future sella tureica and being indicated by
the projection of the mid-brain vesicle (Fig. 51, 111.); at this
point the anterior part of the head is bent almost sufficiently
to form a right angle with the posterior half., A second or
cervical flexure iz found in the future neck-region, while
further caudad are seen the less pronounced dorsal and cocey-
geal curves.

The fourth week marks the period of the most active
erowth of the embryvo. After the twenty-third day, the
body as a whole uneoils somewhat, although in the latter
half” of the fourth week the individual flexures noted above
become more eonspicuous,

The Visceral Arches and Clefts.—The visceral arches,
with the intervening visceral clefts, constitute a conspicuous
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 oblignely downward and for-
ward toward the ventral surface of the embryo (Figs. 49
and 51).  The four furrows lying between the five visceral
arches are the visceral elefts. A coronal =ection of the neck-
region (Ifig, 50)—a section in a plane parallel with the ventral
surface—shows that the furrows seen on the ectodermie

surface correspond in position to a like number of deeper
grooves on the inner or entodermic surface, The inner
furrows are out-pocketings of the entoderm lining the phar-
yngeal region of the fore-gut; they are referred to as the
pharyngyeal pouches or throat-pockets to diztinguish them from
the outer elefts. At the hottom of the clefts the ectoderm is
in contact with the entoderm, the mesoderm being absent ;
these two lavers constitute the closing membrane. The vis-
ceral arches or ridges consist of thickened masses of meso-
dermic tissue eovered outwardly and inwardly respectively
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Fig. 4%.—Human embryo of ahout three weeks, showing visceral arches and fur-
rows and their relations to aortic arches (His) @ mz, sin, maxillary and mandibular
procezges of first visceral arch; o f~a TV, first to fourth aortic arches; jv, ca, primi-
tive juzular and cardinal veins: 40, duct of Cuvier; af, v, atrinum and ventricle of
primitive heart; vz, vitelline sae: va, da, ventral and dorsal aorte : ov, of, optic and
otic vesicles; uv, wa, umbilical veins and arteries; vo, vitelline vein; af, allantois,
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by the ectoderm and the entoderm. Each arch contains an
artery, the visceral-arch vessel. These five pairs of visceral-
arch vessels arize by a common stem, the truncus arteriosus,
from the primitive heart.'

The morphological significance of the wvisceral arches and
clefts may he appreciated by a ecomparison of the conditions

Frz. 50 —=Coronal sectionz of two human cmbryos, showing ventral wall of
pharyngeal end of gut-tract from behind (from Tourneux, after Hig). A, from
embryo of 3.2 mm.; B, of 425 mm. (about 25 to 30 days). 1, Ii IIF, TV, outer vis-
ceral furrows ; 1, sinus proecervicalis, compriging third and fourth outer furrows;
1, 2 & wisceral arches, each with its visceral-arch vessel; & tuberculum impar ;
7, orifice of larynx ; 8, pulmonary evagination.

obtaining in lower types.  While in birds and mammals the
number of the clefts iz four, in reptiles, amphibians, and
bony fishes, five clefts appear, and in some fishes (selachians)
the number is six. In all aguatic vertebrates, the thin
epithelial c¢losing membranes rupture, thus establishing com-
munications between the alimentary tract and the exterior,
through which openings water passes in and out. The mar-
gins of the clefts—except the first or hyomandibular cleft—
become the seat of a rich supply of capillary blood-vessels,
the blood of which obtaing oxygen from the water and yields
to the latter itz carbon dioxid ; while the wvisceral arches,
excluding the first and second, become known in these classes
as branchial arches from their producing bony arches which

1 For an acconnt of the metamorphosis of the viseeral-arch vessels into

the adult arteries of the throat and neck the reader is referred to Chapter
X.
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support the branchim or gills.  With the exceptions noted,
the visceral arches and elefts with their capillary plexuses
therefore functionate in these classes as a respiratory ap-
paratus. :

When, in the course of evolution, ecertain of the wverte-
brates assume an aerial existence, in consequence of which
they acquire a breathing mechanism adapted to such a mode
of life, the respiratory funetion of the clefts or branchiwe
ceazes, and they either disappear entirely or constitute merely
radimentary struetures of the adult. The so-called elefts in
man are never actual openings, the closing membrane always
being present (His, Kolliker, Piersol, Born). To express the
morphology of the visceral clefts briefly, they are permanent
structures in fishes and in tailed Amphibia; they are present
during the larval stage of other Amphibia, while in birds
and mammalz thev are found only in embryonie life.

The growth of the visceral arches and clefts bears an inti-
mate relation to the differentiation of the head- and the neck-
regions of the embryo. They first make their appearance af
about the twenty-third day and attain their greatest develop-
ment by the end of the fourth week. DBoth the arches and
the elefts appear earliest and are best developed at the ce-
phalic end of the series, the fifth arch being exceedingly ill-
defined. During the fifth week the obliteration of the arches
and clefts as such begins, sinee certain of them become meta-
morphosed into permanent structures while the remainder
undergo regression.

The Metamorphosis of the Visceral Arches and Clefts.—
The first visceral arch becomes divided into an upper part,
the maxillary arch, and a lower portion, the mandibular or
jaw-arch (Fig. 51). The maxillary arches or processes of
the two sides unite, at their anterior ends, with the inter-
vening nasofrontal process (Fig. 56), and in this way iz formed
the upper boundary of the mouth-cavity ; the mandibular
processes become joined with each other anteriorly and con-
stitute the inferior boundary of this eavity. The maxillary
processes become the superior maxille, while the mandibular
processes become the lower jaws. The mesodermic core of
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the mass of tissue constituting the mandibular arch divides
into three seetions, of which the two sitnated at the proximal

Fig. 5l.—Human embryo of about twenty-eight days (His): -V, brain-vesicles ;
SV SR F3 F S eephalie, cervieal, dorsal, and Iumbar flexares: op, eye: of, otie vesi-
ele; of, olfactory pit; me, wed, maxillary and mandibular processes of first visceral
arch ; ap, sinus proccervicalis; A1, 82 heart; 2V, limbs ; als, allantoic stalk ; ok, vil-
long ehorion.

end of the arch are quite small and give rise respectively to
the incus and the greater part of the malleus ; the large distal
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segment is a slender cartilaginons rod, Meckel's cartilage,
whose proximal extremity becomes the processus gracilis of
the malleus (see Chapter X'VIIL.).

The second wisceral, or anterior hyoid arch becomes obliter-
ated as such, although a bar of ecartilage which it contains—
Reichert's cartilage—gives rise by its proximal extremity to
the stapes,' while the remaining portion becomes metamor-
phosed into the styloid proecess, the stylohyoid ligament, and
the lesser cornu of the hyoid bone.

The third or posterior hyoid arch, which corresponds with
the first branchial arch of fishes, likewise loses its identity
as a surface marking, while the bar of cartilage it contains
becomes the body and greater cornu of the hyoid hone.

The fourth and fifth arches coalesce with the adjacent tis-
sues, producing no special struetures.

The first outer cleft, known as the hyomandibular cleft, suf-
fers obliteration exeept at its dorsal extremity, where the
tissues forming its margins produce the external ear. The
remaining three outer clefts dizappear in the following man-
ner : the fourth outer cleft hecomes covered and hidden by the
fourth arch, and the third and second clefts are successively
buried by the growth of the third and second arches. The
sinking-in of the lower arches and clefts (Fig, 50) results in
the formation of a fossa or fissure on the lateral surface of the
neck, the sinus praecervicalis, (Fig. 51, sp) which subsequently
is made to disappear by the coalescence of its edges. Oecea-
sionally this sinus, instead of becoming completely obliter-
ated, persists, and the thin layer of tissue forming its bottom

ruptures—npossibly spontaneously or perhaps more probably
ptur possibly spont I perhaj probabl

as the result of exploratory probing—econstituting the anom-
aly known as cervical fistula. Such a fistula establishes an
opening into the esophagns,

The first inner cleft or first pharyngeal pouch hecomes meta-
morphosed into the middle ear and the Eunstachian tube, the
closing membrane, which separates it from the outer ecleft,
forming the membrana tympani. The second pharyngeal

! Reichert, (iegenbanr, Hertwig ; or to the ring of the stapes according
to Salensky, Gradenigo, and Rabl,
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pouches produece no special structures, but the adjacent tissues
give rise to the epithelial parts of the middle lobe of the thy-
roid body and to the posterior third of the tongue, in the
manner more fully indieated on pp. 131 and 207. The third
inner cleft produces the thymus body, while from the fourth
results the lateral lobes of the thyroid body.

The configuration of the face, depending as it does =0 largely
upon the development of the boundaries of the nose and of
the mouth, is closely associated with the growth of the first
pair of visceral arches. The earliest indication of the mouth,
the oral pit, appears at about the twelfth day as a shallow de-
pression on the ventral surface of the embryonic body be-
tween the fore-brain vesicle and the prominence cansed by the
primitive heart (Fig. 48, 3 to 5). This depression is deepened
by the growth of the tissues surrounding it, as also by the
flexure of the head, which occurs at the twenty-first day. 1In
the third week, therefore, the oral pit is a five-sided fozsa,
being bounded above by the nasofrontal proeess, which has
egrown down from the elevation of the fore-brain, laterally by
the maxillary proeesses, and below by the mandibular arches
(Fig. 56, A). The pharyngeal membrane, which consists of op-
posed ectoderm and entoderm and which separates the primi-
tive oral eavity from the gut-tract ( Fig. 55, #h), ruptures at the
time of the appearance of the third branchial arch,

By the end of the third week, the communication between
the volk-sac and the gut-tract has become reduced to the
relatively small vitelline duet. At the twenty-fifth day the
embryo presents a well-developed tail. By the termination
of the fourth week the volk-sac has attained its maximum
size, and the presence of the somites is indieated by trans-
verse parallel lines on the dorsal surface of the body.

THE STAGE OF THE FETUS.

This stage comprises the time between the beginning of
the second month and the end of pregnancy.

During the second month the rate of growth is far less
apid than in the preeceding stage. The marked curvature
of the long axis of the body gradually dimizhes, the embryvo



THE STAGE OF THE FETUS. 107

assuming a more erect posture. Owing to the partial disap-
pearance of the cervical flexure, the head becomes raised.
During the fifth week the vitelline duet is seen to be
long and slender ; the umbilical cord has become longer and
more spiral, and may contain a coil of intestine ; the abdo-
men is very prominent, and in the neck-region is a charac-
teristic dorsal concavity. At this time also the nasal pits
become conspicnons as depressions situated on either side of
the nasofrontal proecess (Fig. 56). The nasofrontal process
meanwhile undergoes differentiation into the globular processes,
which constitute the inner boundaries of the nasal pits, and the
lateral frontal processes, which limit these depressions exter-

Frz. 52.—Human embryo of about six weeks, enlarged five times (His).

nally and separate them from the depressions for the eyes.
The nasal pits are still in communication below with the
primitive oral cavity. The lacrimal groove iz well-marked
at this stage, and the external anditory meatus is indicated.
The mandibles become united mesially at about the thirty-
fourth day. The third and fourth gill-clefts have by this
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time disappeared in the cervieal sinus.  The paddle-like limb-
buds have lengthened and present, at fivst, a division into two
segments, of which the distal is destined to become the hand
or foot, while the proximal portion undergoes segmentation
a little later into the arm and forcarm or thigh and leg ; by
the thirty-second day, the hand, now showing differentiation
into a thicker proximal and a thinner terminal part, exhibits
the first traces of digitation, in the form of parallel longi-
tudinal markings which soon become grooves and, later,
clefts.  The development of the upper extremities precedes
that of the lower by twelve or fourteen days,

During the sixth week the head assumes more nearly its
normal position, and for this reason the apparent length of
the fetus is considerably increased, the dorsal concavity in
the neck-region being almost obliterated ; the rudiments of
the eyelids and of the concha hecome recognizable, and the
varions parts of the face azsume more definite shape. By
the fortieth day the oral cavity has become separated from
the nasal pits by the union of the nasofrontal process with
the |]1;1xﬂl;1]‘:.' processcs, and the external boundaries of the
nostrils have become :rn:u"lmd oLt ])-:l. the ltlliulillg' nf -E}fl(!h
lateral frontal process with the corresponding maxillary
process.  As a result of these changes, the nose, although
still very broad, begins to assume characteristic form.
During this week also the fingers are seen as separate out-
orowths, while in the seventh week the rudiments of their
nails become evident,

Toward the end of the second month—about the fiftieth
to the fifty-third day—the toes are just beginning to sepa-
rate, the protrusion of the intestine at the umbilicus is at its
maximum, the palpebral conjunetiva separates from the cor-
nea, and the rudimentary tail begins to disappear.

The eighth week witnesses the total disappearance of
the free tail, the formation of the septnm that divides the
cloaca into the rectum and the genito-urinary passage, and
the presence of the projecting genital tuberele with the ae-
companying genital folds and genital ridges. The external
genitals as yet show no distinction of sex. From the end
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of the second month to the time of birth, fetal growth is, in
great measure, merely the further development of organs
already mapped out; it is held by many authorities, there-
fore, that if malformations are ever due to maternal impres-
sions, such impressions could be operative only in the event

Fic. s3.—Human embryo of about seven weeks, enlarged five times (His).

of having been received prior to the eighth week of gesta-
tion.

During the third month, the face, although definitely
formed, still presents thick lips, a pointed chin, and a rather
broad and triangular nose. At this time the limbs are well-
formed and assume a characteristic attitude, and the fingers
and toes are provided with imperfect nails. The external
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Fiz, M.—Human embryo of about eight and a half weeks, enlarged five
times (Hiz).

genitals, which, until the close of the second month, pre-
served the indifferent type, now begin to show sexual
distinetion.

In the fourth month, a growth of fine hair, the lanugo,
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appears upon the sealp and some other parts of the body ;
the anus opens ; the intestine recedes within the abdomen ;
and the external generative organs present well-marked
sexual characteristices,

The fifth month marks the inanguration of active fetal
movements and the appearance of a more plentiful growth
of colorless hair,

In the sixth month the fetal body becomes coated with
the vernix caseosa, a modified sebaceous secretion whose fune-
tion is the protection of the epidermis from maceration in the
amniotic fluid. The eyebrows and eyelashes also appear
about this time.

The seventh month witnesses the appearance of the lanugo,
or embryonal down, upon practically the entire surface of
the body ; the testes of the male fetus are in the inguinal
anal or at the internal abdominal ring; and the nails
break through their epidermal covering. Children horn at
the end of the seventh month may survive, but usnally they
do not.

In the eighth month the lanugo begins to disappear.

In the ninth month the testicles are found in the scro-
tum, while, in the case of the female, the labia majora are in
contact with each other. The contents of the intestinal canal,
the meconium, consisting of intestinal and hepatie seeretions
mingled with epidermal cells and hairs swallowed by the
fetus, is now of a dark greenish eolor. The umbilicns is
almost exactly in the middle of the body.

The weight of the fetus at full term is from
grams (from 6 to 7 pounds}, the average weight of the male

(5

3 to 3.5 kilo-

child being about ten ounces greater than that of the female.
While variations from these fisures are not uneommon, state-
ments of exeessive weight are to be received with reservation,
since it has been found, upon careful observation by compe-
tent anthorities, that the weight of a new-born infant rarely
exceeds ten pounds. The weight of the child, besides de-
pending upon the physical condition of both parents, 1= in-
fluenced by the age of the mother, young women having the
smallest, and women between the ages of thirty and thirty-
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five having the heaviest children ; by the number of previous
pregnancies, the weight being greater with each succeeding
pregnancy, provided the successive children are of the same
sex and are not born at too short intervals; and also by the
weight (Gassner) and height (Frankenhaiisen) of the mother,
the ratio being a direct one. Minot believes that these
various influences operate chiefly by prolonging or abbreviat-
ing the period of gestation, and that therefore the variations
in weight at birth are referable to two prineipal causes—
differences in the age at birth, and variations in the rate of
intra-uterine growth.

The length of the fetus at the time of birth iz about 50
centimeters (20 inches).

The approximate age of an embryo or fetus may he esti-
mated by the characters peculiar to each stage as above
noted, and also by emploving the rule formulated by Haase,
According to Haase, up to the end of the fifth month, the
square of the age in months equals the length in centimeters,
while after the fifth month, the length expressed in centi-
meters equals the age in months multiplied by five. Thus
a fetus of four months would have a length of 16 centi-
meters ; while one of six months would be 30 centimeters
long. Henece, the age in months is the square root of the
number expressing the length in centimeters; or, if the
length exceeds 30 centimeters, the age in months is one-fifth
of the length expressed in centimeters,

Reference has heen made in Chapter 1., page 37, to the
relation between conception and menstruation, and to the
manner of estimating the age of the product of gestation,
based upon this relation,



CHAPTER VIII.

THE DEVELOPMENT OF THE CONNECTIVE TISSUES
OF THE BODY AND OF THE LYMPHATIC SYSTEM.

THE CONNECTIVE TISSUES.

TaE variously modified forms of conneetive tissue distrib-
uted throughout the body, including such diversified tissues
as the blood and the lvmph, areolar tissue, fibrous and elastic
tissue, adenoid tissue, tendon, cartilage, bone, and dentine,
as well as the eonnective-tissue stroma of various organs, all
result from alterations affecting the middle germ-layer or
mesoderm. As pointed ont elsewhere (Chapter III.), the
inner and the outer germ-layvers are concerned in producing
the epithelial structuves of the body (with the exeeption of
the epithelium of the greater part of the genital apparatus
and of the kidney and ureter), the ectoderm giving rize not
only to the epithelinm of the surface of the body, but also,
by processes of infolding, to such important structures as
the eentral nervous system and the internal ear, while the
entoderm differentiates into the epithelial parts of the respira-
tory and digestive systems with their associated glandular
organs.

The proliferation of the cells of the mesoderm goes hand
in hand with the differentiations of the inner and outer germ-
layers, so that even at an early stage of development the
middle germ-layer, besides having given rize to the mesothe-
lium of the body-cavity and to the primitive segments, con-
stitutes a loose agoregation of cells that fill the spaces be-
tween the germ-layers and spread about the developing
embryonic organs. This primitive relation of the meso-
dermie tissue foreshadows its future office as the supporting
framework not only of the body, but of the functionally

& 113
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active epithelial elements of the glands. Thus, the indifferent
mesodermie tissue that comes to surround the notochord and
the neural canal specializes into the spinal column and the
brain-case ; while the parts of this tissue into which protrude
the epithelial evaginations of the primitive alimentary canal
—as, for example, the evaginations which are the beginnings
of its glandular organs, the liver and the pancreas—become
intimately associated with these epithelial sacs and tubes to
constitute the connective-tissue stroma and the vascular ap-
paratus of the completed glands.  All organs of the body,
therefore, that have a conneetive-tissue constituent obtain it
from the mesoderm. Owing to the varving degree of differ-
entiation of the mesodermic elements in different loealities
there are formed tissues of widely different character. The
most important factor in the produetion of these modifica-
tions is the alteration of the interecllular substance, as to
whether it remains soft and homogeneous, whether 1t ac-
quires a fibrillar or an elastic structurve, or whether it be-
comes dense and hard, as in the case of eartilage and bone,
The ecells undergo comparatively little change, although,
according to the kind of tissue produced, they come to be
known respectively as connective-tissue cells, tendon-cells,
cartilage-cells, or bone-cells.

The slichtest degree of specialization results in the pro-
duction of mucous tissue. In this case a reticulum is formed
by the slender processes which the cells aequire, the spaces
of the meshwork being filled with the semifluid or semi-
gelatinous intercellular substance.

A further alteration in the intercellular substance, whereby
it acquires greater density and becomes permeated by bun-
dles of fibers, some of which are highly elastic, results in the
formation of areolar tissue. Preponderance of the non-elas-
tic fibrous element produces white fibrous tissue, while elastie
tissue, such as the ligamentum nuche, is formed if the elastic
fibers are in excess, Further increase in the density of the
intercellular material, with itz accompanying conversion into
bundles of non-elastie fibers having a characteristic regular-
ity of arrangement, produces the structure of tendon.  When
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the intercellular substance gives rise to a seant amount of
fibrous material and the cells become distended with oily or
fatty matter, adipose tissue results.

A still greater degree of density of the intercellular sub-
stance gives the matrix of cartilage, the cells being enclosed
in spaces, the lacune, as the cartilage-cells. DPartial differ-
entiation into either fibrous or elastic bundles confers the
character of either fibrous or elastic cartilage upon the
pl'{]ﬂm"f.

Great condensation of the intercellular substance and its
permeation with salts of lime, the cells being fixed in small
spaces, results in the production of osseous tissue (see Chap-
ter X VIIL.).

Blood and lymph may be looked upon as forms of connee-
tive tissue in which the intercellular substance is fluid, con-
stituting the plasma, the cellular elements thus remaining
free cells, the blood- or the lymph-corpuscles. The develop-
ment of both lymph and blood from the mesodermic elements
serves to bear out the comparison,

The endothelium of the bedy is related with the connective
tissues genetically as well as anatomically. Reference has
been made elsewhere to the changes which oceur in the
mesodermic cells that bound the body-cavity—the fissure
between the two layers into which the parietal plate of the
mesoderm splits—to constitute the mesothelium of the body-
cavity. These changes consist in the flattening of the cells
and their assumption of the characters of endothelium,
Similarly, when other smaller clefts are formed in the meso-
dermic tissue, clefts which may be the beginnings of small
lymph-spaces, or of blood-vessels, or of bursal or articular
avities, the bordering cells of these cavities also assume the
endothelioid type.

The mode of development of the serous membranes and of
the closely allied synovial, bursal, and thecal sacs may he
inferred from what has heen said about the origin of the
endothelium. The connective-tissue stroma of the mem-
brane, upon which the endothelium rests, i= simply a con-
densed and differentiated lamella of connective tissue.
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THE DEVELOPMENT OF THE LYMPHATIC SYSTEM.

The solid elements of the lvmphatic system—the “ lymph-
glands,” the lymph-follicles, and the diffuse adenoid tissne—
as well as the thymus body and the spleen, result from the
specialization of mesodermie cells, while the lymph-vessels
and the various lymph-spaces of the economy—that is, the
serouis sacs, joint-cavities, bursal and theeal cavities, sub-
arachnoid and subdural spaces of the brain and spinal cord—
are developed by vacuolation or hollowing out of the meso-
derm.

Definite knowledge is wanting as to many of the details
of the genesis of the lymphatie system. The various lymph-
spaces precede the vessels and the adenoid tizssue in devel-
opment.

The lymph-spaces result from clefts in the mesoderm, the
earliest formed and most conspicnous space of this sort being
the body-cavity or ccelom. This large fissure develops, even
before the differentiation of the body of the embryo, by the
coalescence of numerous small cavities that appear within
the middle germ-layer. The body-cavity acquires more
definite boundaries by the alteration of the mesodermic
cells that border it into flattened endothelioid cells, the
mesothelium of the body-eavitv. When, in the progress of
development, the diaphragm and the pericardium are formed,
the body-cavity is divided into the peritoneal cavity, the
pleural sacs, and the pericardium. At a still later period,
a diverticulum of the peritoneum protrudes, in the male fetus,
through the ingninal canal into the serotum to constitute the
tunica wvaginalis testis. The stomata of serous membranes
are merely so many apertures of communication between
the serous eavities, which are enormous lymph-spaces, and
the lymphatic elefts contained within the stroma of the
serous membrane, the clefts themselves being the begin-
nings of lymph-vessels.

The large lymph-sacs surrounding the brain and spinal
cord, the subarachnoid and subdural spaces, as well as the
gpaces within the eapsule of Tenon and the sheath of the
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optic nerve, and the perilymphatic spaces of the internal
ear similarly develop as vacuolations of the mesodermic
tissue. The same 1s true of the joint-cavities, bursal sacs,
sheaths of tendons, and the small lymph-clefts found in the
areolar tissue and throughout most organs,

The lymphatic vessels apparently develop, after the man-
ner of blood-vessels, from anastomosing cords of cells that
are of direct mesodermic origin.  These solid cell-cords are
afterward hollowed out, and thus become tubes. The endo-
thelial cells lining the vessels are probably the metamor-
phosed descendants of the cells of the original eords. The
earliest lymphatic vesselz formed are the subeutaneous ves-
sels, which are present in a human embryo of 2-3 com.! At
a somewhat later period the deeper vessels appear.

The lymphoid or adenoid tissue is produced at a later date
than the wessels. Observations upon the human lymph
glands seem to have been confined to the inguinal and lum-
bar elands.  The first indication of an inguinal gland is seen
in a 3 cam. embryo, in the shape of little aggregations of
lymphoid cells that have migrated from the lvmphatie cords
or networks into a space hollowed out of the mesoderm.
This nodule of lvmphoid eells is isolated from the surround-
ing mesodermic elements by a fissure or space except at one
point, the future hilum of the gland, where strands of em-
bryonal connective tissue connect it with the parent meso-
derm. The reticulum of the gland appears later, as does also
the capsule, the latter of which results from the condensation
of the surrounding mesoderm.

The development of the spleen is considered with that of
the alimentary svstem becaunse of its relation to the evolu-
tion of the peritonenm, while the account of the development
of the thymus will be found in the chapter on the respiratory
system.

VO Sehultze: ““Grondriss der Entwickelungsgeschichte des Menschen
und der Siiugethiere,”” Leipzig, 1397.



CHAPTER IX.

THE DEVELOPMENT OF THE FACE AND OF THE
MOUTH=CAVITY.

THE evolution of the face depends =0 largely upon the
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 deseription of its several parts. If we
seel the principles underlying the conformation of the face,
we shall find that its apertures and chief cavities are merely
g0 many provisions for bringing the central nervous system
and the alimentary tract into relation with the outside world.
It will be seen, for example, that certain small depressions
appear upon the surface ; 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-
gions, which subsequently develop into the olfactory parts
of the nasal chambers, come into relation with outgrowths
from the brain, the olfactory bulbs; 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 iz the for-
mation of the oral plate, the earliest indieation of the future
mouth. The oral plate appears on the twelfth day, and con-
sists of a small area of ectoderm and entoderm, the meso-
derm being absent. It is situated on the ventral surface of

118
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the head-end of the embryo, which already presents the
enlargement of the cerebral vesicles. The oral plate becomes
relatively depressed by the upgrowth of the surrounding
tissues, the fossa thus produced _uun:-.:tituting the oral pit or
stomodezum (Fig. 46). The oral plate iz now the pharyngeal
membrane {Fig.. 53). Reference to the sagittal seetion will

Fri. 55, —Median section through the head of an embryo rabbit 6 mm. long
{after Mihalkovies): #f, membrane between stomodsum and fore-gut, pharvngeal
membrane (Rachenhaut;; kp, place from which the hypophysis is developed ; &,
heart; kd, Inmen of fore-gut; b, chorda; », ventricle of the cerebrom ; o3, third
ventriele, that of the between-brain (thalamencephalon); «*, fourth ventriele, that
of the hind-brain and after-brain (epencephalon and metencephalon, or medulla
oblongata); ok, central canal of the spinal cord.

show that the oral pit corresponds in position to the head-
end of the gut-tract. The formation of the pit is, in effect,
a pushing-in of the surface ectoderm to meet the alimentary
entoderm.

A second important factor in the development of the face
iz the appearance of the first and second visceral arches,
which occurs in the third week. As pointed out in a pre-
ceding section, the first visceral arch divides into the mandi-
bular arch and the maxillary process (Fig. 51), the latter
being the smaller and appearing to spring from the mandi-
bular arch. Both the maxillary processes and the mandi-
bular arches grow toward the median line of the ventral
surface of the body. Owing to the growth of these struct-
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ures and to the sharp flexion of the head and neck that
occurs between the twenty-first and the twenty-third day,
the oral pit becomes very much deeper and aequires more
definite boundaries. During the third week it is a fossa of
pentagonal outline. Its upper boundary is formed by the
unpaired nasofrontal or nasal process (IVig. 56, A), which is
essentially a thickening on the ventral wall of the fore-
brain vesicle, brought into close relation with the fossa hy
the flexion above referred to. The lower boundary is formed
by the mandibular arches, while the lateral extent of the fossa
is limited by the maxillary process of each side,

Soon after the appearance of the eral pit, the future nares are
foreshadowed by the development of the two olfactory plates,
situated one on each side of the nasofrontal process, widely
separated from each other. These epithelial areas, which
=oon become depressions, the nasal pits, are closely united
with the wall of the fore-brain vesicle from the first; they
develop subsequently into that part of the nasal mucous
membrane which is concerned especially with the sense of
=smell, This fact becomes very significant when it is remem-
bered that the olfactory bulbs, with which the olfactory epi-
thelinm assumes intimate relationship, are outgrowths from
the brain.

The nasofrontal process, during the fifth week, becomes
much thickened along its lateral margins, forming thus the
globular processes (Fig. 56, A), which constitute the inner
boundaries of the nasal pits. At the same time, there grow
downward and forward from the nasofrontal process two
ridges, one on each side, the lateral frontal processes, which
form the outer boundaries of the nasal pits (Fig. 56, A).
In this manner the pits become much inereased in depth.
The lateral frontal process projects between the nasal pit
and the maxillary process, its line of contact with the latter
structure being marked by a groove, the naso-optic furrow or
lacrimal groove. Thiz groove later completely dizsappears;
it iz of importance, however, as indicating the position of
the now developing nasal duet, which will be referred to
hereafter.  The nasal pits are widely in communieation with
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the cavity of the primitive mouth. About the fortieth day,
however, the extremities of the maxillary processes have
grown so far toward the median line that they have met

¢

Fia. 56 —Development of the face of the human embryo (Hiz): A, embryo of
about twenty-nine days. The nasofrontal plate differentiating into processus
plobulares, toward which the maxillary processes of lirst viseeral arch are extend-
ing. B, embryo of about thirty-fonr days: the globular, lateral, frontal, and max-
illary processes are in apposition ; the primitive opening is now better defined.
embryoof about the cighth week : immediate boundaries of mouth are more defi-

nite and the nasal orifices are partly formed, external ear appearing. Iy, embryo
at end of second month.

and united with the lateral frontal processes and with the
nasofrontal process (Fig. 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 oral cavity is not identical with that of the
adult mouth. The nasofrontal process is the forerunner of
the intermaxillary portion of the upper jaw, including the -
corresponding part of the upper lip and of the nasal sep-
tum and bridge of the nose.! The lateral frontal process
becomes the wing of the nose. DBy the completion of the
changes here noted the face acquires more distinetive form.
[t will be seen that the upper jaw proper results from the
metamorphosis of the maxillary processes. The manner in
which its sinus, the antrum of Highmore, is added, as well
as the ossification of the jaw, will be considercd hereafter.

The development of the eye will be described in con-
nection with that of the sense-organs. In so far as the eyes
have relation to the external form of the face, it will be suf-
ficient to say that the surface ectoderm is invaginated in the
fourth week to form the lens-vesicle, this sae, which gives
rise to the erystalline lens, being covered by two little folds
of ectoderm, the primitive eyelids; that the organ is situated
on the side of the head, in marked contrast to its position in
the mature state; and that the naso-optic furrow, pi'm'iuusl:f
referred to, passes from the inner angle of the eye toward
the wing of the nose. The development of the face having
been pointed out in a general way, the individual parts may
be considered separately.

THE MOUTH.

To review briefly, for the sake of convenience and elear-
ness, the earlier history of the development of the mouth,
we find the first step to be the appearance, at the twelfth
day, of the oral plate. By the enlargement of the anterior
end of the neural tube to form the cerebral vesicles, and by

' Have-lip is the deformity resulting from failure of union between the
nasofrontal and the maxillary processes.  Sinee the nasofrontal process is
an Llllpu'll'i:-rl structure, i which ill_'."'l'l_"l[]l! the illtL'I‘m:!x]“;tt}' h-;rl:]Eﬁ, anid
which unites on either side with the eorresponding maxillary process—the
latier I:rr‘mp; the forerunner of the upper maxilla proper—wae have an
explanation of the lateral position of have-lip. This defect may be, of
conrse, either unilateral or bilateral.
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the development of the visceral arches, this area becomes a
depression, the oral pit. The pit is at first bounded caudad
by the cardiac prominence and cephalad by the fore-brain
vesicle (Fig. 46). In the third week the oral pit becomes a
five-sided fossa, owing to the growth of several new struet-
ures. These are the unpaired nasofrontal process, which
bounds the fossa above, the mandibular arches, which bound
it below, and the maxillary processes, which form the lateral
boundaries (Fig. 56). The mandibular arches do not actually
unite with each other until the thirty-fifth day. The angle
between the maxillary process and the mandibular arch
corresponds to the angle of the future mouth. In the sixth
week—about the fortieth day—the oral fossa aequires a new
upper boundary, which separates it from the nasal pits, by
the growth of the maxillary and lateral nasal processes
toward the median line to unite with the nasofrontal
process,

The primitive oral ecavity, as before mentioned, is at first
separated from the gut-tract by the pharyngeal membrane
(Fig. 55). This structure ruptures at some time during the
fourth week, thus bringing the mouth inte communication
with the upper end of the gut-tract. The exact location of
the pharyvngeal membrane with reference to the adult pharynx
15 somewhat difficult to define ; it is certain, however, that
the primitive mouth includes more than the limits of the
adult oral ecavity, comprising, in addition to the latter, the
anterior part of the adult pharynx. Reference to a sagittal
sortion, as in Fig, 55, shows the relation of the oropharyngeal
cayity to the brain-case ; in the tissue separating the two the
floor of the cranium is subsequently formed. A little evagi-
nation from a point (hp, Fig. 55) in the back part of the
primitive oral eavity becomes the anterior portion of the
pituitary body or hypophysis, the posterior lobe of which
develops as an evagination from the floor of the primary
fore-brain vesicle. With the development of the floor of
the cranium, the hypophysis becomes entirely isolated from
the oral eavity. A little pouch or recess usnally demonstrable
in the median line of' the roof of the pharynx 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
pocket.

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 onter, which is the larger,
develops into the upper lip, while the inner smaller ridge be-
comes the gum.  The lip and gum of the lower jaw are pro-
duced similarly, at the same time or a little later. So far,
the only demareation between the mouth and the nasal
cavity is furnished by the tissue representing the united
nasofrontal, lateral nasal, and maxillary processes, the nares
opening widely into the eavity of the mouth posterior to this
partition,

The formation of the palate, however, effects a separation
between the two that gives to each space its permanent limita-
tions. On the inner or oral surface of the npper jaw two
shelf-like projections appear, one on each side, which are
the rudiments of the future palate. These gradually grow
toward ecach other, the tongue, which has meanwhile been
developing, projecting upward between them. In the eighth
week, union of these two lateral halves of the palate begins
at their anterior extremities. DBy the ninth week union has
taken place as 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, so that, when union
oceurs, that organ ocenpies 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 proeesses colleetively constitute the
hard palate of the adult. The intermaxillary bones are
formed within the primitive partition between the mouth and
the nares. The completion of the palate definitely marks
off the nasal chambers from the mouth, thus dividing the
1:;5_1‘|:,= oral t*;n‘it}' into a lower space, the true lllmlt}l, and an
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upper region, which is essentially a part of the respiratory
system.

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
caleified papille of the skin, capped by a layer of peculiarly
modified and caleified ecells of the epidermis.  Although in

man and the higher mammals the teeth arve found only upon
the gums, in certain lower types they have a much wider
distribution, oceurring upon the roof” and floor of the mouth
and in the pharynx, and also, in selachians, upon the general
skin-surface, in which latter case they are so modified as to
constitute =cales.

The dentine and cementum of the tooth, as well as its pulp,
are derived from the mesoderm ; the enamel is a direct de-
rivative of the overlying ectodermic epithelium. Mammals
are =aid to be diphyodont, since they develop two sets of
teeth ; while such groups as sharks, which continue to pro-
duce and lose new teeth throughout life, are denominated
polyphyodont,

The development of the teeth is inaugcurated in the sizth
week of embryonie life by the multiplication of the epidermal
cells covering the surface of the gums to form a linear ridge.
The growth of the ridge 1= away from the surface, so that
the new strueture projects into the underlving mesoderm.
This horseshoe-shaped ridge, which corresponds in direction
and extent to the line of the gum, subdivides into two
parallel ridges, of which the outer marks the position of the
future groove between the gum and the lip; the inner is the
dental shelf or dental ridge, which must be regarded as the
earliest indieation of the future teeth. The dental shelf
extends into the underlying mesodermic tissue, not directly

! Deficiency of union of the halves of the palate, resulting in a median
fissure, constitutes the deformity, ecleft palate. This deficiency may be
limited to the hard or to the =oft palate, or it may affect both, or it may
be seen in the uvunla, either alone—deft or bifid wvula—or in conjunction
with cleft palate,
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downward but in an oblique direction toward the inner or
lingual surface of the gum. While the dental shelf is grow-
ing, its line of conneetion with the surface ectoderm is
marked by the :-au]m'rli[:i:ll dental groove, which at one time
was looked upon as being the first evidence of tooth-forma-
tion.

Upon the side of the dental shelf opposite the free or
oral surface, individual protuberances develop, corresponding
in number to that of the teeth of the temporary set—ten for
ach jaw. Each little projection congizts of a mass of ecto-
dermic cells, which soon becomes expanded at its deep ex-
tremity, becoming thus elub-shaped and later flask-shaped,
and which is ecalled the enamel-sac or primitive enamel-germ,
since the enamel of the tooth is developed from it (Fig. 57).

FiG. 57.—Three suceessive stages in the development of 8 tooth-germ of a pig
embryo (after Frey and Thiersch): a, b, ¢, layers of thickened oral epithelinm,
ghowing dental groove on surface in 3; ¢, enamel organ; f, dental papilla; g, &
internal and external lavers of the follicle wall; 4, blood-vessel; &, maxilla; d.
epithelial ingrowth, the end of which expands into the enamel-sac,

Meanwhile the econtinuity of the original dental shelf is
broken by the dizappearance of the cells in the intervals
between the individual enamel-germs, each germ becoming
thereby isolated from its neighbors. The neck of the flask-
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shaped enamel-germ becomes reduced to a slender strand of
eells and finally dizappears, so that there is no longer any
connection between the enamel-sac and the ectodermic 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 shelt—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 enamel-germs grow downward into the mesodermie
tissue, the latter sends up a number of conical projections,
the dental papille, one for each enamel-organ. This dental
papilla, of mesodermie origin, is the parent of the dentine
and of the pulp of the tooth. When the dental papilla and
the enamel-sac meet, the sac becomes invaginated, its under
surface assuming a concave form. The enamel-sac at this
stage therefore is a double-walled cup which caps the dental
papilla. It is at about this time that the connection of the
enamel-organ with the surface ectoderm iz lost.

The further evolution of the enamel-organ consists essen-
tially in the arrangement 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. The most superficial stratum 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 characteristic epithelial elements, The cells
of the deep layer, the enamel-cells, are alone concerned 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 erown 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 eell becomes homogeneous, and a tuft develops on
the end of the cell, projecting toward the papilla, By the
caleifieation of this tuft the for-
mation of an enamel-prism is
begun (Fig. 58). The process
of ealeification continues to ad-
vance from the deep or papillary

aspect of the enamel-organ toward

the surface. From this it comes
about that the newest enamel 1s
next to the enamel-cells, or, in
other words, nearest the surface,
and also that the enamel-prisms
are arranged in a direction gen-
erally vertical to the free surtace
of the tooth. The formation of the
enamel of the milk-teeth begins in
Frg. 58, —Semi-diagrammatic fie-  the latter part of the fowrth month.
ure showing the several parts of ” X
a caleifying enamel-organ (Tour- Lhe middle layer of the enamel-
neux): 1, central cells :Jf enamel- organ hecomes gl'ﬂ'{lt]‘f H].t{‘ﬁ‘.d in
orzan : 2 and 3, cells of inner layer = Z 3 : v
of enamel-organ, 3 being the en- constitution, owing to the aceu-
amel ecells; 4, zone of young en- R R o
amel : 5, epamel prisms; 6, Young IlllI].]tll_lll “f: H"l"l '“1"1 to t]"! re
dentine traversed by the dentinal  duction of its cells to the form
fibers; 7, odontoblasts: 8, central f I . 1' tos I ;
tizsne of dental papilia, 0 thin p ates, the “I‘I‘Eﬂm“m
being rather that of connective
tissue than of an epithelial structure. The superficial layer
of eells undergoes atrophy, their exact fate not being known.

The atrophic remnant of the enamel-orean is found npon
the free surface of the tooth for a wvariable time after its
eruption, constituting the membrane of Nasmyth.

The dental papilla has been referred to as the structure
that gives rise to the dentine. Tt originates from active
multiplication of the mesodermic cells. The number of
papillie corresponds to the number of enamel-organs.  As
the papilla grows toward the enamel-organ it early acquires
raseularity.  The shape of the papilla, whether that of an
incisor, of a canine, or of a molar tooth, is determined by
the shape which the enamel-organ assumes.  The connective-
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tissue cells upon the surface of the papilla assume distinetive
character, becoming large and branched, and constitute the
so-called odontoblasts (Fig. 58). They are virtually modi-
fied osteoblasts. Forming a continuous layer, they have
been styled the membrana eboris. DBetween this layer of
odontoblasts and the enamel-organ a layer of intercellular
substance appears, the membrana praeformativa. The odon-
toblasts now send ont processes toward the enamel-organ,
which are known as the dental processes. Caleification
begins upon the surface of the papilla and progresses toward
its center, but is not complete. Small unealecified aveas, cor-
responding to the globular spaces of the completed tooth,
remain next the enamel. The dental processes likewize fail
to become caleified, and these are the adult dentinal fibers
oceupying the dentinal tubules of the finished dentine. The
odontoblasts continue the formation of dentine until the den-
tal papilla is entirely surrounded by it. What remains of
the papilla, upon the completion of the tooth, constitutes the
pulp, a highly vascular connective-tissue substance support-
ing upon its surface the odontoblasts. The deposition of
dentine begins in the latter part of the fourth month.

During the metamorphosis of the dental papilla the meso-
dermic tissue immediately surrounding it undergoes slight
condenszation to form the follicle of the developing tooth.
As the enamel-organ recedes from the surface, the follicle
inereases in extent to such a degree as to envelop the entire
rudimentary tooth. Only that part of the follicle which
covers the future root of the tooth is of subsequent import-
ance, however ; undergoing partial transformation into true
bony tissue, it gives rise to the cementum or crusta petrosa,
while the unossified external fibrous layer constitutes the
lining periosteum of the alveolus (Fig. 57).

The development of the permanent teeth is precisely analo-
gous to that of the milk-teeth. The enamel-germs for the
permanent teeth, with the exeeption of the molars, bud from
the lingual side of the dental shelf in the seventeenth week
(Fig. 59), the germ for the first permanent molar appearing
about a week earlier at the posterior extremity of the dental

9
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shelf after the manner of a milk-tooth. The germ for the
second molar buds from the neck of the first molar in
the third month after birth, while that of the third molar,
the wisdom tooth, springs from the neck of the second about
the third year. At birth, therefore, the gums contain the

Fie. 50, —Cross-section of the lower jaw of a cat embryo, showing the enamel-
germs of o milk-tooth and of a permancent tooth (from Bonnet, after Kolliker):
£, thickened oral epithelinm ; so, enamel-organ of permanent tooth, which has
grown out at & from the neck (£) of the enamel-sac of a milk-tooth; mi, lower jaw;
nt, Meckel's cartilage.

two sets of teeth except the second and third permanent
molars.

The eruption of the temporary teeth begins usnally at about
five and a half months after birth with the appearance of the
central incisors, and is complete at from eighteen to thirty-
six months, when the second molars ave eut.  The first teeth
of the permanent dentition are the first molars, which are
erupted at about the sixth year. The accompanying table
shows the time and the order of eruption of the teeth :
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Temrorary DENTITION,

Central incisors . . . = « -« « « « « . . B&to T months.
Lateral incisors . . . « « « + « « = . - T to1l0 months.
First molars. . « « o« s s =+ « + « » « 12 to 14 months.
T e e i [ B8 1 iy 110
Second molars . . . . . . . . . . . . .18 to 36 months.

Permaxext DENTITION.

el mglare Se Rt S s e s Gth rear
Bentral INcisors’ s = aiis & = oem uiis oW ofEN yEAT.
Lateral incisors . . - . . . . - . » - . 8thyear.
First premolars: - . . . . .. -t . . Oth year.
Second premolars . . . . . . . . . . .10th year.
Canines . - « « « = =s o o o« o = s« + »Llth to 12th year.
Second molars. . . . . . . . . - . 12th to 13th year.
Third molars (wisdom teeth) . . . . . .17th to 21st year.

The Salivary Glands.—The salivary glands, which in
mammals consist of three pairs, the parotid, the submaxillary,
and the sublingual, develop as outgrowths of epithelium
from the lining mucons membrane of the mouth. The
epithelial elements of the glands are therefore of ectodermic
origin. The growth of the submaxillary gland begins in the
sixth week, that of the parotid in the eighth week. ach
epithelial outgrowth is at first a solid eylinder, which under-
goes repeated branching and acquires a connective-tissue
framework and capsule from the surrounding mesoderm. It
is not until the middle of the fifth month that the lumen of
the gland appears. This is brought about by the moving
apart of the epithelial cells composing the eylinders and
their branches. The main duet of the gland first becomes
hollow, then its branches, and finally the lumina of the
alveoli make their appearance. The respective sites from
which the several glands grow correspond in a general way
to the positions at which the duets of the adult glands open
into the mouth-cavity.

The Tongue.—Although the tongue originates from
tissues belonging really to the walls of the pharynx, its de-
velopment may be conveniently considered in connection
with that of the mouth because of its relations in the mature
organism. This organ, composed chiefly of museular sub-
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stance, 15 formed from three originally separate parts, an
anterior unpaired fundament, and two posterior bilaterally
symmetrical segments, The line of union of these three
parts iz indicated approximately in the adult organ by the
V-shaped row of circumvallate papillie on the dorsum of the
tongue. The anterior part of the tongue develops from a small
unpaired tubercle, the tuberculum impar, which grows from
the median line of the floor or anterior wall of the pharynx
between the first, or mandibular, and the second, or hyoid,
arch (Fig. 60, 6). The posterior segment of the tongue results

! JI: "-..-"fm‘-a:.-' d

—
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Fis. 60.—Coronal seetions of two human embryos, showing ventral wall of
pharyngeal end of gut-tract from behind ifrom Tourneax, after His)., 4, from
embrvo of 32 mm.; B, of 4.25 mm. (about 25 to 30 days). [, Il ITI, IV, outer vis-
ceral furrows; 1V, sinus pracervicalis, comprising third and fourth outer furrows;
1,2 2 & viseeral arches, each with its visceral-arch vessel ; 6, tuberculum impar;
7, orifice of larynx ; 8, pulmonary evagination.

from the growing together of two lateral halves, which develop
from the anterolateral walls of the pharynx at the position
of the second and third visceral arches, but not from the
arches themselves. These rideges ave sometimes described as
the fused anterior (ventral) extremities of the arches just
mentioned. The unpaired tubercle inereases in size to such
an extent as to constitute the major part of the organ. In the
median line of the anterior wall of the pharynx, immediately
behind the tuberculum impar, the epithelial lining of this
cavity pouches forward and downward to develop later into
the middle lobe of the thyroid body. As the ridges which
are to form the posterior part of the tongue lie laterally and
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posteciorly to this median evagination, they completely en-
elose it in the process of fusing with each other and with the
anterior tubercle. In this manner a canal or duet is formed
leading from the surface of the tongue at the angle of junc-
tion of its three segments down to the middle lobe of the
thyroid body, the latter meanwhile having descended from
its original position. This canal is the thyroglessal duet or
canal of His. During the further progress of development,
the canal suffers obliteration, its only vestige being the orifice
which is known as the foramen ezeum of adult anatomy.

The papille of the tongue are found exclusively on the
part derived from the tuberculum impar; the line of union
between the anterior and posterior parts lies therefore behind
the row of circumvallate papille.  The papille begin to
make their appearance as early as the beginning of the third
month.

Prior to the union of the two lateral halves of the hard
palate, by which the primitive oral cavity i= divided into the
mouth proper and the nasal chambers, the tongue projects
upward between the palate-shelves, almost completely filling
the primitive mouth. As the palate-shelves approach each
other, however, the tongue gradually recedes to its subsequent
normal position.

THE DEVELOPMENT OF THE NOSE.

The nose being an organ of special sense, its development
is deseribed in eonnection with that of the other special-sense
organs in Chapter XVI. Owing, however, to its important
relation to the other parts of the face, it is desirable to refer
to its evolution in this connection. For a more detailed
account, the reader is referred to Chapter XV

The first indication of the organ of smell is in the form
of the two patches of thickened ectoderm, the nasal areas or
olfactory plates, which appear on the headward side of the
oral fossa in the third week of development. At the end of
the fourth week the areas are depressed and constitute the
nasal pits (Fig. 56, A). The nasofrontal process, a mass of
thickened mesodermic tissue, lies between them. During the
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fifth week the lateral edges of this process become thick and
rounded, forming the two globular processes, while growing
outward and downward from the sides of its base are the two
lateral nasal or lateral frontal processes. Thus the nasal pits,
which correspond with the position of the future anterior
nares, become bordered on the mesial side by the globular
processes and on the outer side by the lateral nasal processes.
Below, the pits are continuous with the oral fossa. Owing
to the continued growth of these masses the pits gradually
become deeper. The lateral nasal process is separated ex-
ternally from the maxillary process of the first visceral arch
by a groove, the naso-optic furrow. The lower extremities of
the maxillary and lateral nasal processes soon unite with each
other and advance toward the median line below the nasal
pit. In the latter part of the sixth week they unite with
the nasofrontal process and thus separate the nasal pits from
the oral fossa and furnish the basis of the upper lip. The
nasal pits are now the anterior nares, and the nose is repre-
sented by the irregnlar masses of tissue surrounding them.
While the orifices of the nares are separated from the orifice
of the primitive oral cavity, their deeper parts are continuous
with the latter, there being as yet no hard or soft palate.

In the eighth week the nose first acquires definite form,
owing to the continued growth of the masses of tissue re-
ferred to above. The nasofrontal process forms the bridge
of the nose with the nasal septum, and also the intermaxillary
part of the superior maxille and the connective-tissue parts
of the upper lip. The lateral frontal process becomes the
ala of the nose, The nose is still very broad and flat in the
third month, after which time it gradually assumes its char-
acteristic form.



CHAPTHER X.
THE DEVELOPMENT OF THE VASCULAR SYSTEM.

Tuge vascular system, including the blood, the heart, and
the blood-vessels, begins its development very early in em-
bryonie life,

While the heart is formed within the body of the embryo,
the blood and the earliest blood-vessels have their origin in
an extra-embryonic structure, the yolk-sac. It is note-
worthy that all parts of the vascular system proceed from
mesodermie tissue, the heart and the vessels originating from
clefts within this structure, and being lined, therefore, with
endothelial cells.

In correspondence with the varying velations which the
embryo sustains toward the fetal appendages at different
times, its circulatory system is distinguished sucecessively
by certain special features. Thus, during the activity of
the yolk-sae as an organ of nutrition, the vitelline circulation
is present ; following and supplanting this is the allantoic
circulation, which latter, in turn, gives place to, or, in fact,
becomes the placental system of vessels,

THE VITELLINE CIRCULATION AND THE ORIGIN
OF THE BLOOD.

The seat of the first formation of the blood-vessels and
of the blood is the wall of the yolk-sae, entirely outside of
the body of the embryo. The wall of the yolk-sae, the
reader may be reminded, consists of the extra-embryonie
splanchnopleure covered with a part of the somatopleure.
The mesodermic layer of the sae exhibits—at the end of the
first day in the chick—a network made up of cords of cells.
Interspersed throughout this network, as part of it, are
groups of mesodermic cells known as the blood-islands of

136
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Pander. Soon the cords composing the network become
hollowed out so as to constitute an anastomosing reticulum
of vessels, the cells which are to compose the walls of these
vessels meanwhile acquiring the endothelial type. The re-
maining component cells of the blood-islands coincidentally
undergo partial disintegration and liguefaction, by which
their nuclei arve set free. These nuclei, surrounded by a
very =small and inconspicuous envelope of protoplasm, are
the primitive red blood-corpuscles and are, during the first
month, the only corpuscular elements that the fetal blood
contains, They differ essentially from the adult red cor-
puscles in the fact of their being nucleated.  Their shape is
at first spherical or spheroidal. Subsequently they entirely
dizappear. Other cells are added to the blood during the
second month and afterward.  Without discussing the un-
settled question of the origin of the adult blood-cells—the
red and the white corpuscles and the blood-plagues—it may
be pointed out in passing that the liver is a very important
source of the red corpuscies during fetal life,

Limiting the first network of vessels on the surface of the
yvolk-sae is a cirenlar vessel, the sinus terminalis (P’late V1.).
Sinee the vollk-sae is relatively =o large that the body of the
embryo appears to rest upon it, and since the surrounding
somatopleure is translucent, a surface view of the ovam at
this stage shows a vascular zone encireling the embryonie
area and the later body of the embryo. This zone is the
area vasculosa, or vascular area, the seat of the earliest for-
mation of blood and of blood-vessels of the embryo.

The vessels, by a proeess of budding, grow from the vas-
cular area along the vitelline duet into the body of the
embryo. Here they take their course toward the primitive
heart, which has meanwhile been developing. From the
anterior and posterior and lateral limits of the vascular area
—using these terms with reference to the axis of the em-
bryonie body—four pairs of vitelline veins converge toward
the witelline duet and unite to form the two vitelline or
omphalomesenteric veins. These veins, after entering the
body of the embryo, pass headward along the wall of the
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intestinal tube and empty into the lower or caudal end of
the primitive heart. The trunks which are to constitute the
vitelline arteries, after entering the body with the vitelline
duet, pass upward along the dorsal body-wall, within the
dorsal mesentery, to become continuous with large arterial
trunks that have proceeded from the primitive heart,

The large trunks referred to are the visceral-arch vessels,
which unite to form the primitive aortze. The visceral-arch
vessels (see Fig. 49) are a series of five pairs of arteries that
arise by a common stem, the truncus arteriosus, from the
upper end of the primitive heart. They pass along the
respective visceral arches toward the dorsal surface of the
body where all the vessels of one side unite into a common
trunk, the primitive aorta. The two primitive aorte, pass-
ing caudalward in the dorsal mesentery, give off] as their
largest branches, the two omphalomesenteric or vitelline
arteriezs above referred to, The development and the re-
gression of the visceral-arch vessels correspond with the
growth and the decadence respectively of the visceral arches,
Not all the vessels are present in a fully-developed eondition
at any one time, the first pair having begun to atrophy before
the fifth pair makes its appearance. The metamorphosis
into certain adult vessels of such of them as persist will be
considered in a later section.

This system of' vessels constitutes the wvitelline circulation,
the manifest function of which is to convey nutritive mate-
rial from the yolk-sac to the embryo. While the vitelline
eirculation is of great importance in any ovum provided
with abundant nutritive yolk, such as that of the bird, it is
of comparatively slight consequence in man and the other
higher mammals, and it must be regarded as a vestige of the
avian or reptilian ancestry of the mammalian ovum, or, at
least, as a reminder that the mammalian ovum was originally
provided with an abundant yolk. It must be borne in mind,
however, that the mammalian blastodermic vesiele imbibes
from the walls of the uterus a richly nutritive albuminous
Huid, which may be taken up later and carried to the em-
bryo by the vitelline cireulation. This system of volk-sac
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vessels disappears with the regression and disappearance of
the yolk-sac—in the human embryo at about the fifth week.
To render the comprehension of the later phases of the
vascular syvstem more simple, their consideration is deferred
until the development of the heart shall have been deseribed.

THE DEVELOPMENT OF THE HEART.

The heart, when studied in the lower-type animals, is
seen to be morphologically a dilated and specialized part of
a vascular trunk embedded in the ventral mesentery. In
man, the first fundament of the heart appears at a very early
period—namely, before the splanchnopleure has folded in to
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Fre. Gl.—Schematic cross-section of rabhit-embryo to show development of
heart: A, embryonic area with the germ-membranes still spread out; B, more
advanced stage, the splanchnoplenre partly folded in; €, splanchnoplenre folded
in to form gut-tract, the two heart-tubes Msed into one (after Strahl).

form the gut-tract, or, in other words, before the end of the
cecond week. This fundament, in all higher vertebrates, is
bilateral, having the form of two tubes produced by vacuola-
tion of the splanchnic mesoderm and lying widely separated,
one in each half of the still spread out splanchnoplenre
(Fig. 61, A). A transverse section through the future neck-
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region of a sheep- or rabbit-embryo shows the tubes cut
across, since their long axes are parallel with that of the
body (Fig. 62). With the folding in of the splanchnopleure
and the union of the edges of its folds, the tubes are carried
toward each other, and subsequently, by the disappearance
of the tissue intervening between them, their eavities become
one (Fig. 61, B and ). After the formation of the gut-
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F15. 62 —Transverse section of a sixteen-and-a-half-day sheep-embryvo (Bonnet).

tract, therefore, and the simultaneous appearance of the
ventral body-wall, the heart-fundament iz a 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 heart-tube is separated from the body-cavity (or ecelom)
on each side by a layver 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 mesocardium posterius. These folds
temporarily divide the upper portion of the body-cavity into
two lateral parts.
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The disappearance of the stratum of mesoderm imme-
diately surrounding the heart-tube and the differentiation
of the tissue limiting peripherally the space thus formed,
results in the production of a second larger tube enclosing
the first. The eells of the outer tube become specialized
into muscle-cells, which are to constitute the future heart-
musele, while those of the inner eylinder flatten and assume
the endothelioid type to become the endocardium. The growth
of centrally projecting processes from the muscular wall and
the outpocketing of the endothelial tube to cover these
processes and line the spaces enclosed by them foreshadow
the spongy character of the inner surface of the adult heart,
with its columnz carnez and musculi pectinati. It is signifi-
cant, as showing the contractility of undifferentiated proto-

Fig. 63 —Diagrams illustrating arrangement of primitive heart and aortie
arches (modified from Allen Thomson: 1, vitelline veing returning blood from
vasenlar area: 2 venous seement of heart-tube: 3, primitive ventricle ; 4, truncuas
arteriognus; 5, 5, upper and lower primitive aorte; 5, 5, continuation of dounble
anrtoe a5 vessels to eandal pole of embreyo; 6, vitellineg arteries returning blood to
vascnlar area.

plasmic cells, that the heart begins to pulsate even before
the appearance of any muscular tissue in its walls.

The upper end of the heart-tube tapers away into the
truncus arteriosus (Ifig. 63, 4), a vessel which bifureates into
the first pair of visceral-arch vessels, while its lower ex-
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tremity receives the vitelline veins above referred to. Ex-
cessive growth in length, each end of the tube being more
or less fixed in position, necessitates flexion or folding, the
form which the heart-tube assumes in consequence being that
of the letter S placed obliquely (Fig. 64, A). The venous

FiG. 6.—A, heart of human embryo of 215 mm. (His): a, lruneus arteriosns;
b, primitive ventriele; ¢, venous segment. B, heart of human embryo of about
S mn. (Hig): a, truncus arteriosus ; b, venous segment (behnind); ¢, primitive ven-
tricle (in front).

limb of the S lies caudad and toward the left, the arterial seg-
ment being directed headward and toward the right, =o that
the two lie almost in the same coronal plane. These rela-
tions are soon altered by such a rotation around a longitudinal
axis that the venous part of the heart comes to lie nearer
the dorsal wall of the body, with the arterial portion ventral
to it, hoth being brought at the same time into practically
one transverse plane by the headward migration of the
venous, and the tailward migration of the arterial, moiety.
At this time the heart iz relatively so large, and the ventral
body-wall covering it so thin, that the organ appears as if
situated outside of the embryo’s body (Fig. 51, p. 104).
Simultaneously with these alterations in position, the ar-
terial part of the heart is being marked off from the venous
segment by a transverse constriction, the former becoming the
ventricle, the latter the auricle or atrinm (IFig. 64, A). The
narrow communication between the two is the auricular or
atrioventricular canal, which soon acquires the primitive
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atrioventricular valves. 'T'he truncus arteriosus becomes de-
limited from the ventricle by a ecircular eonstrietion, the
fretum Halleri, the proximal part of the truncus arteriosus
dilating somewhat to constitute the bulbus arteriosus. The
truncus arteriosus divides into the visceral-arch vessels, as
pointed out in the last section,

The Metamorphosis of the Single into the Double
Heart.—The heart with but one ventricle and one auricle or
atrinm i= found not only during the early periods of develop-
ment in all air-breathing vertebrates, but is the permanent
condition in fishes. In the development of the individual,
as in the evolution of the higher vertehrate type, the appear-
ance of the lungs, which replace the branchize of fishes as an
aérating apparatus, is accompanied by a division of the heart

d
S
_ ¥ '

Fiz, 65.—A, heart of human embryoe of about 4.3 mm. (His): a, atrium ; b, por-
tion of atrinm corresponding with auricular appendage; ¢, truncus arteriosus; ,
auricular canal ; e, primitive ventricle. B, heart of human embryoe of about the
fifth week (His): a, left auricle; b, right auricle ; ¢, truncus arteriosus; o, inter-
ventrieular groove; e right ventriele; f, left ventricle.

into right and left halves for the pulmonary and the general
systemie cirenlation respectively,

The division of the human atrium begins in the fourth weel:
with the growth of a perpendicular ridge from its dorsal and
cephalic walls (Fig. 66, B), which extends toward the cavity
and ultimately divides it into right and left auricles (I'ig. 65).
The atrioventricular eanal, with its anterior and posterior
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ridges or valves, shares in this partition, becoming thereby
the right and the left auriculoventricular orifices. The
separation of the atrium, however, is not complete, since
there remains in the septum an aperture, the foramen ovale,
which persists until birth or shortly after.’

The division of the wventricle, which follows that of the
auricle and which iz completed by the seventh week, is first
indicated by a vertieal groove, the sulcus interventricularis,
seen on both the dorsal and the ventral surface (Fig. 65).

Fiz. 66.—A, section of heart of human embryo of 10 mm. (Hizs): a, septum
spurinm ; & interaurienlar septum ; ¢, mouth of sinus reuniens; o, right auriele;
¢, left auricle ; f, auricular canal; g, right ventricle ; k&, interventricular septum ;
i, left ventricle. B, section of heart of human embryo of about the fifth week
(His): o, septum spurium: b, auricalar septum; e, opening of sinus reuniens
(leader pag=es through foramen ovale); o, right atrium ; e, left atrinom; f, septum
intermedium ; g, right ventricle ; &, ventricular septam ; ¢, left ventricle,

From the internal surface, corresponding to the position of
the suleus, a median centrally projecting ridge appears and
develops into a septum, thus producing the right and the left
ventricles (Ifigs. 66 and 67).

The truncus arteriosus, after having become somewhat flat-
tened by the growth of a vertical septum, or partition (Fig.

! Oecasionally the foramen ovale remains patulous for several weeks or
months after birth or even throughout life. As this condition allows the

venous blood to mingle with the arterial, the surface of the body is bluish
or eyanotie, and a child thus affected is said to be a ** blue baby."’
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67, ), is divided into the aorta and the pulmonary artery.
Though the three septa referred to develop independently of
each other there is such correspondence between them, as to
position, that the effect is as if’ they constituted one contin-
uous structure,

Before the division of the atrium into the auricles, its
walls pouch out on each side to form 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 veins.  Subsequently this
particular part of the atrium is distinguished as the sinus
venosus or sinus reuniens, this being a 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 composed of two leaflets.  In
the division of the atrium the sinus venosus falls to the right
auricle, while emptying into the left auricle is the single pul-
monary vein, which is formed by the union of the four pul-
monary veins,  Still later, the sinus venosus is merged into
the wall of the right auricle, and hence the venons trunks
above mentioned empty by separate orifices into its cavity.

The left leaflet of the walve at the mouth of the sinus
venosus hecomes atrophie ; the right divides into two parts,
one of which becomes the Bustachian valve at the orifice of
the inferior vena cava, while the other forms the valve of
Thebesius, or the coronary wvalve, at the opening of the coro-
nary sinus (the latter being the persistent lower end of the
left duect of Cuvier). The Enstachian valve serves to direct
the blood from the inferior cava through the foramen ovale
so long as that aperture is present. The single pulmonary
vein is in like manner incorporated in the wall of the left
anricle, the four pulmonary veins in consequence acquiring
separate openings into that cavity.

The Valves of the Heart.—Before the division of the
atrinm and the ventricle into right and left halves, the atrio-
ventricular eanal has the form of a transverse fissure, each
JiEr of which is thickened into a l'i(]lu;v I:I"'i;_{:,l 67, ). These
ridges or endocardial eushions are the primitive valves.



THE DEVELOPMENT OF THE HEART. 145

When the atrial partition grows down and the ventrieular
septum grows up, their free edges meet and unite with the
ridges, each ridge being thereby divided, on its atrial surface
by the atrial or interauricular septum, and on its ventrieular
aspect by the ventricular septum, into a right and a left half
(Fig. 67, B). BSince the ridges, at their points of union with

Fig. 67.—Two diagrams {after Born) to elucidate the changes in the mutual
relations of the interventrieular orifice and the ostium interventriculare as well
as the division of the ventricle and larse arteries. The ventricles are imagined to
have been divided into halves; one looks into the posterior (dorsal) halves, in
which, moreover, the cardiac trabeculms, ete., have been omitted for the sake of
simplifying the view. A, heart of an embryo rabbit, in which the head iz 3.5-5.8
mm. long. The ventricle is divided by the ventricolar partition (ks) into a left
and a right half as far as the interventrieular orifice (). The right end of the
foramen atrioventricnlare commune (F. av. o) extends into the right ventricle; the
endocardial eushions (o, ek, . ek} are developed. E, heart of an cmbryo rabhbit,
head 7.5 mm. long. The endocardial eushions (o. ¢k, w, k) of the foramen atrioven-
triculare commune are fused, and thereby the foramen atricventriculare commune
is mow separated into a foramen atrioventriculare dextrom (F aw. d) and sinistrom
(F. o, 8). The ventricular partition (k=) has likewise fuscd with the endocardial
cushions, and haz grown forward as far az the partition (2) of the truncus arterio-
sus. DBy the elosure of the remnant of the ostinm  interventriculare () the sep-
tum membranacenm is formed; ok, right, &, left ventricle; ks ventricular parti-
tion ; Po, arteria pulmonalis; Ao, aorta; = partition of the trunens arteriosns: 08,
ostinm interventriculare ; F av. o, foramen atrioventriculare commune; Moav. o
and F. av. s, foramen atrioventriculare dextruom and ziniztrum; o, ek, . ok, upper
and lower endothelial or endocardial enshions.

the septa, fuse likewise with each other, the original orifice

i= bisected into the right and left auriculoventricular aper-

tures, the only valves of which are the ridges or cushions in
question.

To trace the further development of the fully formed

valves, it will be necessary to consider the changes which
10
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now take place in the walls of the heart. It has been seen
that the inner surface of the heart acquires a spongy or
trabecular structure at a very early stage h_}' the inward pro-
jection of museunlar processes from the outer tube and the
pouching out of the inner endothelial tube to cover these.
The wall of the ventricle in consequence is relatively very
thick and is made up largely of a network of fleshy columns,
the spaces of which network arve lined with the endoecardinm
(Fig. 68, A). While the outer stratum of the ventricular

Fii. 68 —Diagrammatic representation of the formation of the atrioventricular
valves: 4. earli-r, B, later condition (after Gegenbaur): wk, membranons valve:

.
mk’, the primitive part of the same ; chf, chorde tendines ; o, eavity of the ventri-
ele: b, trabeeular network of cardiae musculature ; pre, papillary muscles ; fe, tra-
beenl®E carmnes.

wall now becomes more compact by the thickening of the
trabeculie—and, to some extent, by their coalescence—the
trabeculee in the wvieinity of the atrioventricular valves di-
minish in thickness and lose their museular character, being
replaced by thin connective-tissue cords (Fig. 68, £). That
part of the ventricular wall which surrounds the atrioven-
tricular ovifice and to which the endoeardial cushions or
primitive valves are attached, likewise becomes deprived
of musecle-cells, the remaining connective tissne assuming
the form of thin plates. These plates, with the former
endocardial eushions attached to their edges, constitute the
permanent auriculoventricular valve-leaflets. The strands of
connective tissne mentioned above as remaining after the
degeneration of certain of the muscle-trabeenls are the
chordz tendinez of the adult heart. Attached at one end
to the walve-leaflets, their other extremity is continuous
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with trabecule that have remained musecular, the adult mus-
culi papillares.

The semilunar valves of the aorta and pulmonary artery
appear when the truncus arteriosns divides to form those
vessels.  The orifice of the truncus arteriosus is provided
with a valve having four leaflets (Fig. 69, 4). By the di-
vision of this vessel into the pulmonary artery and the aorta
(Fig. 69, B and ), the lateral leaflets are bisected, the ante-
rior half of each, with the anterior leaflet, going to the ante-
the pulmonary artery—while each posterior or
dorsal half, with the dorsal leaflet, falls within the orifice of
the aorta. The resulting disposition of the segments of the

rior vessel

aortic and pulmonary valves is such that, in the aorta, two
leaflets are situated anteriorly and one posteriorly, while in
the case of the pulmonary artery these conditions are reversed
(Fig. 69, C). In the fully developed heart, however, it is
found that the aorta has two posterior leaflets and one ante-
rior, and that the pulmonary artery presents one posterior

Fic, 62.—=5cheme showing division of truncus arteriosus and its valve-leaflets
into aorta and pulmonary artery with their leaflets. The divizion beging in B, the
lateral leaflets dividing respectively into a, e and ¢, /. Rotation from right to left
shown in D,

and two anterior segments. In the division of the truncus
arteriosus, the anterior half, or the pulmonary artery, falls
to the right ventricle, and the posterior trunk, the aorta, to
the left ventricle, the two ventricles lying side by side. In
order, therefore, that the ventrieles may acquire the relative
positions which they hold in the adult there must be such 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 aorta, but in front and to the left.
If one conceives of a rotation of the two vessels from right
to left through an are of 60 degrees around a vertieal axis,
the altered relation of the pulmonary and aortic leaflets be-
comes at onece intelligible (Fig. 69, €'and D).

THE ALLANTOIC AND THE PLACENTAL CIRCULATION.

The development of the allantois and itz accompanying
system of blood-vessels is simultancons with the decline of
the yolk-sac and the vitelline ecirculation. Since the allan-
tois is an evagination from the gut-tract (see p. 80), it is a
splanchopleurie sae, its walls consisting therefore of an ento-
dermic and a mesodermic layer. DBlood-vessels develop
within the mesodermic stratum as extensions or branches
of previously existing intra-embryonic trunks, These ves-
gels are the allantoic arteries and veins. The two allantoic
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 capillary 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 TT1.).

The two allantoic veins develop pari passu 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 tube
to the septum transversum—which structure may be regarded
as the primitive diaphragm—to the region of the heart,
where they open into the ducts of Cuvier. Each duct of
Cuvier (Fig. 72, A) is formed by the union of the primitive
jugular vein with the cardinal vein of its own side, the car-
dinal and the jugular veins returning the blood respectively
from the lower and upper parts of the trunk. This system
of blood-vessels constitutes the allantoic eirculation; it is of
oreat importance in any ovum that is developed outside of
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the body of the mother, as in the case of birds, reptiles, and
fishes, in which classes the allantois is the organ of nutrition
from the time that the yolk-sae ceases to perform that fune-
tion until development is complete. In man, however, as in
all other mammals except the monotremes and marsupials,
the allantoie cireulation may be looked upon as, in a measure,
rudimentary, since it serves to convey nutriment from the
chorion to the fetus only until the formation of the placenta.
The placental system of blood-vessels, appearing
in the third month with the development of the placenta,
includes the principal trunks of the former allantoic system,
the allantoie arteries and veins having become the umbilical
vessels. The two umbilical arteries convey impure blood
from the fetus to the placenta, where it cireulates through
the capillaries of that organ and receives oxygen and nutriment
from the blood of the mother. Az before stated, there is no
intermingling of the fetal and the maternal blood, the two
currents being separated by the very thin walls of the capil-
laries, through which osmosis oceurs. The purified bhlood
returns to the fetus through the umbilical veins and reaches
the right auricle through the inferior vena cava, a portion of
it having passed through the liver. The two umbilical veins
which are present for a time fuse subsequently to form a
single vein. The complicated details of the arterial and the
venous trunks, and the relation of the latter to the develop-
ment of the liver and its special system of vessels, may be
advantageously considered in separate sections,

THE FETAL ARTERIAL SYSTEM.

The truncus arteriosus, the large artery which arises from
the, as yet, undivided ventriele of the heart, bifurcates into
two trunks, the first pair of visceral-arch vessels (Fig. 70, 4).
These first visceral-arch wvessels, also sometimes called the
first aortic arches, run from the ventral surtace of the body
along the first visceral arches, toward the dorsum, where
they eurve downward and pass candalward, one on each side
of the median line, in front of the primitive vertebral column.
Very soon there arize from the truncus arteriosus below 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 visceral arches, and which unite with the
dorsal part of the first pair to form the primitive aorta of
each side. Each primitive aorta results, therefore, from the
confluence of all the visceral-arch vessels of its own side

Fic. T.—Diagrams illustrating arrangement of primitive hearl and aortic
arches (modified from Allem Thomson: 1, vitelline veins returning blood from
vasenlar area: 2 venous gegment of heart-tube ; 3, primitive ventricle: 4, truneus
arteriosus; 5, 5, upper and lower primitive aorte: 5, 5, continuation of double
aortm as vessels to eandal pole of embryo; 6, vitelline arteries returning blood to
vascular ared.

(Fig. 70). The two aorte afterward become merged into a
single trunk. At first the principal branches of the aorta
are the vitelline arteries. As these latter vessels become
inconspicuons, the allantoie or umbilical arteries come into
prominence as the chief branches. Indeed, the umbilieal
arteries may be said to be the continuation of the aorta, since
the largest part of the blood-stream is diverted into them.
The aorta proper continues in the median line as the caudal
aorta, which latter is represented in the adult by the middle
sacral artery.

So far the arterial system of the fetns presents an abso-
lutely svmmetrical arrangement (Fig. 70). Changes very
soon oceur, however, which lead to the asymmetrieal condition
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found in the adult. These changes are due to the atrophy
of some trunks and the preponderance of otherzs. From the
point where the dorsal extremity of the fourth arch joins
the fifth, a branch passes to the rudimentary arm (Fig. 71),

Vagus werve.

External carofid,

o Imternal carolid.

= Ferlebral ariery
' -~ i g
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Fic. 71.—Diagram illustrating the fate of the acrtic arches in mammals and man
(modified from Rathke).

The first and second arches, except their ventral and dorsal
limbs, undergo atrophy. The ventral limbs of the first and
second arches persist and become the external carotid artery,
while their dorsal extremities, with the third visceral-arch
vessel, become the internal carotid artery. The ventral stem
of the third arch constitutes the common carotid. The right
fourth-arch vessel becomes the right subclavian, its stream of
blood being conveyved to the arm by the branch which has
taken its origin from the point of junction of the dorsal 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 would be represented in the
vadult by the innominate artery. The fourth arch of the left
side assumes a lower position ; sinking into the thorax, it be-
comes the arch of the aorta. Since the right fifth arch becomes
atrophic, the dorsal end of the right fourth-arch vessel—
the future richt subelavian artery—Iloses its connection with
the primitive aorta, and the latter now appears as the con-
tinuation of the /eft fourth arch. The ventral stem of the
left third arch, which becomes the future left common carotid,
and also the left subclavian, which arizes from the posterior
or dorsal end of the left fourth arch, are now branches of
the arch of the aorta.  When the truncus arteriosus becomes
divided into the aorta and the pulmonary artery, the left
fifth-arch vessel is the only one of the branches of the truneus
that falls to the pulmonary artery, all the other visceral-arch
vessels being connected with the aorta. The left fifth vis-
ceral-arch vessel therefore is represented in the adult by the
pulmonary artery. The fetal lungs being impervions, 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, which becomes impervious after
birth with the establishment of the proper pulmonary cireu-
lation.

These transformations afford an explanation of the different
relations of the recurrent laryngeal nerves of the two sides.
At first they are symmetrically arranged. The pneumo-
gastric nerve, as it crosses the fourth visceral-arch vessel,
gives off the recurrent laryngeal nerve, the latter winding
around the artery from before backward on its way to the
larynx. When the left fourth arch becomes the arch of the
aorta and sinks into the chest, the nerve is carried with it ;
hence after this time, the left nerve is found winding around
the arch of the aorta. .

Anomalous arrangements of the branches of the aortie
arch, as well as of the arch itself, are referable to anomalous
development of the original system of visceral-arch vessels.
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For example, if the right fourth arch, which usually becomes
the right subelavian artery, be suppressed from its origin to
the point where the artery for the right upper extremity is
given off, the blood must find its way into the latter vessel
through the dorzal stem of the fourth arch, and this dorzal
stem will then become the right subelavian artery. In such
case, the right subelavian of the adult will be found to arise
from the left extremity of the arch of the aorta and to pass
obliquely upward to the right side of the neck behind the
trachea and the esophagus.

THE FETAL YENOUS SYSTEM.

The venous system of the embryo presents several sue-
cessive phases, corresponding in part with the various stages
in the evolution of the arterial system. The first trunks to
appear are the vitelline veins. These vessels have their origin
in the vascular area on the wall of the yolk-sac in the manner
already described in connection with the vitelline eireulation.
The two vitelline or omphalomesenterie veins, which result
from the convergence of all the venous trunks of the vas-
eular arvea, follow the vitelline duet into the body of the
embryo through the still widely open umbilical aperture and
take their convse headward along the intestinal canal to open
into the caudal end of the primitive heart-tube (IFig. 70, 1, 1).
At a later period they open into the sinus venosus of the heart,
and still later, when the sinus venosus becomes a part of the
general atrial eavity, into the atrium itself. Near their termi-
nation these veins communicate with each other by anastomos-
ing trunks that encirele the future duodenal vegion of the in-
testinal tube.  As the volk-sac diminishes in size and impor-
tance, the vitelline veins decrease in caliber, and the umbilical
veins, conveying blood from the allantois and subsequently
from the placenta, functionally replace them. The proximal
parts of the vitelline veins have an important conneetion
with the eireulation of the liver, as will be seen hereafter.

The umbilical veins, which are developed in the mesodermie
tissue of the. allantois, pass from the placenta along the
umbilical cord and, entering the fetal body at the numbilicus,
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run at firsg along the lateral, and later along the ventral,
wall of the abdomen toward the heart. Meanwhile there
have been established a pair of venous trunks, the primitive
jugular wveins (IMig. 72, A), to return the blood from the head
and the upper part of the trunk ; and a second pair, the car-
dinal wveins, 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 vein of its own side and
unites with it near the heart, the short thick trunk thus
formed being the duct of Cuvier. The right and left duets
of Cuvier converge and open together into the sinus venosus
(sinug reuniens) of the heart, which also now receives the vitel-
line veins and the umbilical veins. Upon the development of
the upper and the lower limbs, the cardinal vein appears as
if’ formed by the confluence of the internal and external iliac
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 not exactly symmetrical, since the
left passes aronnd the dorsal or posterior wall of the atrium,
owing to the rotation of the heart from right to left.

The lower venous trunks likewise present a symmetrical
arrangement. The bilateral symmetry of this stage of the
venous system, while permanent in fishes, becomes modified
in man to produee the familiar asvmmetrical condition of the
adult venons trunks by two factors principally—first, the
development of an unpaired vessel which is to constitute a
part of the inferior vena eava, and second, the atrophy of
certain vessels and parts of vessels with a consequent diver-
sion of the major part of their hlood-stream into other chan-
nels,  Associated with these alterations is the evolution of a
special set of blood-vessels, the portal venous system, for the
supply of the developing liver. The development of the
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portal system, however, may be deferred for separate con-
sideration (see page 161).

When the sinus venosus becomes a part of the atrinm—
constituting that part of the wall of the adult auricle which
is destitute of musculi pectinati—the two duets of Cuvier, or
the superior cavee, as well as the veins from the abdominal
viscera, open by separate orifices into the atrial cavity. An
unpaired vessel now develops below the heart in the tissue be-

Frc. 72 —E8chematic representation of the human venous system, with three
snecessive stages of development (after Hertwig): 1, vena cava inferior: 2, cardi-
nal veins; 3, vena azygos major; 4, vena azveos minor; 5, repal veing; 6, external
iliae wein; 7, internal iliaec vein; 8 and 9, common iliac veins; 10, early superior
venm cavae; 11, ducts of Covier; 12, primitive jugular vein; 18, internal jugular;
14, subelavian vein ; 15 and 16, right and left innominate veins: 17, véena cava su-
perior; 18, coronary vein; 19, duct of Arantins; 20, hepatic veins.

tween the primitive kidneys (Fig. 72, 4,1). This constitutes
the upper or cardiac segment of the inferior vena cava. The
lower extremity of this trunk anastomoses by two transverse
branches with the right and the left cardinal veins (Fig. 72,
B). The ecardinal veins of the two sides are further con-
nected by a transverse trunk at their lower extremities and
by one that passes across the vertebral column just below the
heart. In like manner the two superior venwe cave commu-
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nicate with each other by a transverse vessel, the transverse
jugular vein, at the upper part of the thorax, above the arch
of the aorta. With the exception of the unpaired trunk
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 apparently meaningless asymmetry
of the adult venous trunks is easily accounted for if one
notes the alterations in the course of the blood-eurrent which
now oceur.,

The blood-stream of the left superior vena cava gradually
becomes entirely diverted into the right cava through the
transverse jugular vein, and the part of the left cava below
this point, being now functionless, shrivels to an impervious
cord (Fig. 72, ). This cord or strand of tissue, the rem-
nant of the left superior cava, is found in postnatal life, in
front of the root of the left lung, embedded in a fold of the
serous layer of the pericardium, the so-called vestigial fold
of Marshall. Since the left superior vena cava receives, near
its termination in the auriele, the large coronary vein, which
returns the greater part of the blood from the heart-wall,
this proximal extremity of the left cava persists as the
coronary sinus of the heart. The transverse communicating
trunk—the transverse jugular vein—and the part of the left
wava 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 fetus iz represented in the adult,
therefore, by the sinus coronarius, by the atrophic impervious
cord lying in Marshall’s vestigial fold, by the vertical part
of 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 iliac veins (Iig. 72), in

consequence of which the part of the left cardinal wvein
below the kidney undergoes atrophy and, finally, complete
obliteration. The newly-formed transverse trunk is the left
common iliac vein. The part of each cardinal vein above
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 anastomosing branches before mentioned as con-
necting the respective cardinal veins with the lower end
of the unpaired caval trunk (Fig. 72, B and €] 5). As
a result, the lower halt’ of the right cardinal vein, now
receiving at its distal end the two common iliac veins, be-
comes directly eontinuons with the unpaired eaval trunk, and
with it constitutes the inferior vena cava. The inferior vena
ava, therefore, is partly an independently formed structure
and is partly the greatly developed lower half of the right
cardinal vein. The upper half of the right cardinal vein,
conveving now a relatively small part of the blood-stream,
becomes the vena azygos major, the termination of which in
the superior vena cava is explicable when it is borne in mind
that the eardinal and the primitive jugular veins, by their
confluence, form the duet of Cuvier.

While no part of the right cardinal vein soffers complete
effacement, the left one, in a part of its course, entirely dis-
appears.  All the blood of the left external and internal iliac
veins being transported to the right side of the body through
the lowest transverse trunk—that is, the newly-formed left
common iliac vein—the part of the left cardinal vein below
the kidney retrogrades and disappears. The part of the left
cardinal above the renal region lagging behind in growth,
the blood from the left kidney is conveyed to the inferior
vena cava by the transverse trunk that conneets the eardinal
veins in the renal region ; this transverse trunk becomes, there-
fore, the left renal vein. Since the spermatic veins originally
emptied into the eardinal veins, it is found, after these trans-
formations, that the right spermatic opens into the inferior
vena cava, while the left spermatie is a tributary of the left
renal vein. Some anatomists, indeed, regard the left sper-
matic vein as the representative of the lower part of the left
cardinal vein of the fetus.

As the left renal vein develops into the channel for the
major part of the blood from the left kidney, the portion of
the left cardinal vein above thiz point remains an incon-
spicuons vessel, and that part of it intervening between the
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duct of Cuvier and the eross branch (Fig. 72, €} 4) situated
immediately below the heart undergoes total obliteration. The
blood ascending through the persisting part of the left cardi-
nal vein must therefore pass across to the upper part of the
right cardinal vein, now the vena azygos major; and the
pervious portion of the left eardinal vein, with the trans-
verse trunk referred to, constitutes the vena azygos minor.

THE FORMATION OF THE PERICARDIUM, THE PLEURZE,
AND THE DIAPHRAGM.

The development of the pericardium is so intimately re-
lated with that of the pleurse and of the diaphragm that an
account of it involves a deseription of the evolution of those
structures. By way of facilitating a comprehension of the
rather complicated details of the process, the reader is re-
minded that the tube which constitutes the primitive heart
is formed by the coalescence of the two tubes produced
within the splanchniec mesoderm, and that this tube and also,
for a time, the heart resulting from it, are embedded within
the ventral mesentery ; and, further, that the part of the
ventral mesentery connecting the heart with the wventral

Fis. Ti.—lMagrammatic cross-sections of the body of the embryo in the region
of the heart at level of future diaphragm : o, esophagzeal segment of gut-tract ; &,
dorsal mesentery ; ¢, mesocardinm posterius; o, mesocardinum anteriveg; e, begin-
ning of septum transversum, containing vitelline and allantoic veins: f, septum
transversum ; ¢, thoracic prolongation of abdominal eavity; ne, neural canal.

body-wall is the mesocardium anterius, while the fold passing
from the heart to the gut-tract is the mesocardium posterius
(Fig. 73, 4, and Fig. 61, (). The space between the heart
and the body-wall iz a part of the body-cavity or celom
(throat-cavity of Killiker, parietal cavity of His). The
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first indication of the separation of this space from the future
abdominal cavity is furnished by the appearance of a trans-
verse ridge of tissue growing from the ventral and lateral
aspects of the body-wall.  This mass is the septum trans-
versum. [t bears an important relation to the eourse of the
vitelline and the umbilieal veins. As the veins diverge
from the body-wall to reach the heart, they carry with them,
as it were, the parietal layer of the mesoderm in which they
are embedded, forming on each side a fold that projects me-
sially and dorsally (Fig. 73, B and ('), the two folds ap-
proaching and finally meeting with the ventral mesentery
in the median plane. The septum transversum thus formed
contains in the region nearer the intestine a mass of em-
bryonal connective tizsue which is called the liver-ridge or
prehepaticus from the fact that the developing liver grows
into it. Since the septum transversum, exclusive of the
so-called liver-ridge, is the primitive diaphragm, it will be
seen that the liver, in the early stages of its growth, is inti-
mately associated with the anlage® of the diaphragm. The
septum transversum partially divides the body-cavity into a
pericardiothoracie and an ahdominal part, as shown in Fig,
73, B and €. Near the dorsal wall of the trunk, on each
side of the intestine and its mesentery, the septum is want-
ing, and thus the two spaces communicate with each other
hy openings that are known as the thoracic prolongations of
the abdominal cavity. At this stage, then, the four great
serous saes of the body, the two pleural, the pericardial, and
the abdominal, are indicated, but are still in free communi-
eation with each other.

The pericardial cavity iz the first one of these to be closed
off ; subzequently the pleural sacs are delimited from the
abdominal space. Just as the transverse septum, which
partly forms the floor of the thoracie cavity, holds an 1m-
portant relation to the eourse of the vitelline and the nmbili-
cal veins on their way to the heart, so is a vertical septum

! Anlage, a German word signifying groundwork, or, in embryology, the

first erude outline of an organ or part, has come into use in English writ-
ings upon the subject becanse there is no exact English equivalent for it.
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(Fig. 74, A, b) which separates the pericardial space from the
pleural spaces associated with the position of a large vein,
Thiz vein, the duet of Cuvier, formed in the upper part of
the thorax by the confluence of the eardinal and the jugular
veins, lies at first near the dorsal body-wall and then along
its lateral aspect. In the latter position it encroaches upon
the pleuropericardial space and iz covered by the somatic or
parietal mesoderm (Fig. 74, A). It is this inwardly project-

Fi1z. 74.—Diagrammatic eross-sections of the body of the embryo in the region
of the heart entirely above the level of the diaphragm: a, esophagus; b, pleuro-
pericardial fold containing duct of Cuvier; ¢ plenropericardial space; o, meso-
ecardinm posteriug; e, mesocardium anteriug; f, lung; g, pleural eavity; &, peri-
cardial cavity.

ing vertical fold of serous membrane containing the duet of
Cuvier which constitutes the pleuropericardial fold and the
appearance of which initiates the division of the thoracie cav-
ity into two spaces, one for the heart and one for the lungs,
The pleuropericardial fold continues to grow toward the me-
dian plane of the body until it meets the mesocardinm pos-
terius (Fig. 74, B), with which it fuses, thus completing the
puri:.-:u-di:ul' sae (h) and isolating it from the pleural space (g).

The heart is still relatively very large and oceupies the
greater part of the thoracie cavity, leaving only a compara-
tively small space, situated dorsally, for the accommaodation
of the developing lungs. This latter space, as previously
mentioned, remains for a long time in communication with
the abdominal eavity by the two thoracie prolongations of
the latter, which lie one on each side of the intestinal tube
and its mesentery (Fig. 73, () and Fig. 74, 4, B). Refer-
ence to Fig. 74, B, will show that these tube-like spaces are
enclosed completely by serous membrane and that they are
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entirely distinct from each other. It is evident also, that the
mesial wall of each space is constituted by the mesocardium
posterius and the dorsal mesentery. The lungs first appear
as two little sacs, connected by a common pedicle, the future
trachea, with the upper end of the esophagus. As they grow
downward in front of the esophagus and in contact with it,
they push the serous membrane before them carrying it away
from the esophagus (Fig. 74, B), and thus they acquire an
investment of serons membrane, which is the wvisceral layer
of the pleura. The layer of serous membrane in contact
with the body-wall is the parietal layer of the pleura. The
lower extremities of the lungs at length come into relation
with the upper surface of the liver, from which organ they
are finally separated by the growth of two folds, the pillars
of Uskow, from the dorsolateral region of the body-wall.
These folds or ridges project forward and unite with the
earlier formed septum transversum to complete the dia-
phragm. So far, however, the diaphragm is merely connective
tissue, the musenlar condition being acquired later by the
ingrowth of muscular substance from the trunk. Oececasion-
ally the dorsal or vounger part of the diaphragm fails to
unite with the ventral or older fundament on one side of the
body, leaving an aperture through which a portion of the
intestine may pass into the thoracie cavity. Such a eondition
constitutes a congenital diaphragmatic hernia.

The heart and its pericardial sac occupy the greater part
of the thoracic cavity, while the lungs are merely narrow
elongated organs lving in the dorsal part of this space as
shown in Fig. 74, B. As the lungs increase in diameter,
they spread out ventrally and gradually displace the parietal
layer of the pericardium (Fig. 74, B) from the lateral wall
of the chest, crowding the pericardinm forward and toward
the median plane of the body (see Fig. 74, () until finally
the adult relationship of these structures is established.

THE PORTAL CIRCULATION.

The eireulation of the adult liver is '|1L*N1|i:‘|l‘ in that the
organ is supplie{] not only with arterial blood for its nutrition
11
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but receives alzo venous blood laden with certain produets of
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 funetions.
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Fii. 75 —Four successive stages in the development of the portal Yenous sys-
tem (from Tourneux, after His): 1, outline of liver; 2, duodennum ; 3, sinus vend-
aus: 4, 4, umbilieal veing; &, 5, A, vitelline veins, which in B and € are connected
by the annular sinus; &, superior vena cava; 6, coronary vein; 7, portal vein; 8,
ductuz venozus ; 9, 9, vene hepaties: revehentes; 10, 10, vengs hepatiem advehentes.

As might be expected from the fact that the liver is an
appendage of, and a direet outgrowth from, the intestinal
canal, it receives itz blood-supply, in the early stages of its
development, from the vessels that supply the primitive
intestine, 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 the region of the future
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duodenum by trunks that encircle the bowel, these connect-
ing vessels collectively constituting the annular sinus Iiil"ig‘-
75, B and ). The liver originates from a small diver-
tieulum which is evaginated from the ventral wall of the in-
testinal canal. Growing forward between the folds of the
ventral mesentery, this little tubular sac divides and sub-
divides so as to produce a gland of the compound tubular
type. The developing liver is from the first in close relation
with the wvitelline veins and their ring-like anastomosing
branches, and receives its blood-supply from the latter through
vessels that are known as the venm hepatice advehentes
(Fig. 75, 10, 10). These afferent vessels break up within
the liver into a system of capillaries, from which the blood
passes through the efferent vessels, the venz hepaticz reve-
hentes, into the terminal parts of the vitelline veins. Thus
a part of the blood of the vitelline veins is diverted to the
liver and, after circulating through that organ, is returned to
them further on to be conveyed to the heart.  As the liver,
with its inereasing development, requires more and more
blood, the entire blood-stream of the vitelline veins passes to
it, and the parts of these veins between the venm hepatice
advehentes and the venm hepatiere revehentes become obliter-
ated (Fig. 75, B and €'). The vitelline veins, therefore,
leave the intestinal canal at the duodenal region and traverse
the liver on their way to the heart. In fthis early stage of
the development of the liver, then, it receives its nufrition from
the yolk-sac, through the vitelline veins.

When the yolk-sack undergoes retrogression, as it does
about the fifth week, the liver must draw upon the allantoic
and the placental vessels for its nutrition. To do this it
must acquire connection with the umbilieal veins.  The latter
vessels pass upward from the umbilicus along the ventral
wall of the body and empty into the sinus venosus of the
heart above the site of the liver (Fig. 75, A, 4, 4). The two
umbilical veinsg fuse to form one, and this one effects commu-
nications beneath the liver with the vens hepatice advehentes
from the vitelline veins. As the needs of the liver exceed the
apacity of the vitelline veins, more and more of the blood 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 terminal part of the left vitelline vein. (The left vitel-
line vein very early begins to predominate over the right.)
The part of the umbilical vein above the liver undergoes
atrophy and disappears. Although, meanwhile, the yolk-sac
has dwindled, the vitelline veins persist, in part, since they
receive blood from the walls of the alimentary tract. The
liver now, in this second stage nf its f.r.r{’r.'rffﬂjmu’rlf, recetves blood
from two souwrees, the abdominal viscera and the placenta,

As previonsly indieated, the proximal half of the inferior
vena cava develops as an unpaired vessel connected with the
primitive heart. It opens above into the left vitelline vein.
In a short time it far outstrips the latter in growth and, with
itz extension downward, the point of union of the two ves-
sels iz carried downward toward the liver, the vitelline vein
becoming larger and econstituting now the hepatic wvein.
Meanwhile the volume of blood flowing through the umbili-
eal vein has inereased to such an extent that the liver is no
longer able to transmit it to the inferior vena cava, and con-
sequently a communiecation is established between these two
vesselz on the under surface of the liver. The connecting
branch is the ductus venosus or ductus Arantii. The blood
of the umbilical vein is divided, therefore, into two streams—
one that enters the inferior vena cava directly through the
duectus venosus and one that traverses the liver on its way to
the cava.

The portal vein results from the persistence of a part of
the vitelline veins. The vitelline veins, as we have seen,
anaetomose with each other by two ring-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 its way to the liver through the
left half of the lower ring and the right half of the upper
one (Fig, 75, D). This single vessel constitutes the portal
vein, and its course, therefore, is backward around the left
side of the duodenum and then to the right. So long as the
yolk-sac is present, the vein receives blood both from it and
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from the walls of the intestine. After the disappearance of
the yolk-sae, the intestinal and the visceral veins are the =ole
tributaries of the portal vein.

THE FINAL STAGE OF THE FETAL VASCULAR SYSTEM.

The circulation of the fetus at birth and the changes ensu-
ing immediately thereafter may now be easily understood.
The fetal blood being sent to the placenta through the hypo-
gastric or umbilical arteries, receives oxygen there and is
returned to the body of the fetus throngh the umbilical vein,
The latter vessel takes its course upward along the ventral
wall of the abdomen to the under surface of the liver, lying
here in the anterior part of the longitudinal fissure. In this
position the blood-stream of the umbilical vein is divided
into two parts, one of which unites with the fetal portal
vein to enter the liver, while the other passes through the
ductus venosus directly to the inferior vena cava. The
blood which enters the liver, after traversing that organ,
reaches the inferior vena cava through the hepatic veins.
Thus, in the one case directly, in the other case by passing
through the liver, all the placental blood reaches the inferior
vena cava and passes on to the right auricle of the heart.

From the right auricle the blood passes through the for-
amen ovale to the left auvicle, and thence, through the mitral
orifice, to the left ventricle. Being driven from the left ven-
tricle into the aorta, it is conveyed through the branches of
the aortic arch to the head and the upper extremities. Find-
ing itz way into the veins of these parts, it iz returned,
throngh the superior vena cava, to the right auriele, from
which cavity it passes, through the trieuspid orifice, into
the right ventricle. From the right ventricle it goes into
the pulmonary artery. Since the lungs are not as yet per-
vious, or but very slightly so, the current is deflected almost
entirely through the ductus arteriosus to the descending aorta
instead of going to the lungs. Some of the blood of the
descending aorta is distributed to the wvarious parts of the
body below the position of the heart, while some of it is
sent through the hypogastric or umbilical 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 arterial blood being always more or less
mixed,

With the detachment of the placenta at birth, several
marked alterations oceur. The cirenlation through the
umbilieal vein ceases, that part of this vessel which inter-
venes between the umbilicus and the portal fissure of the
liver hecoming, in consequence, an impervious fibrous cord,
the round ligament of the liver. The ductuz venosus like-
wise suffers obliteration. Sinece the lungs now assume their
proper function of respiration, the communication hetween
the right and the left sides of the heart and also that between
the pulmonary artery and the aorta cease. Hence, the re-
spective avenues for these communications, the foramen ovale
and the ductus arteriosus, become obsolete. There being no
further need for the hypogastric (umbilical) arteries, the cir-
enlation through them ceases, and they become mere cords
of fibrous tissue, whose presence iz evidenced by two ridges
in the peritoneum on the inner surface of the anterior wall
of the abdomen. The proximal parts of these arteries persist,
however, as the superior vesical arteries,



CHAPTER XI.
THE DEVELOPMENT OF THE DIGESTIVE SYSTEM.

THE adult digestive system consizts of the mouth with its
accessory organs, the teeth, the tongue, and the salivary glands;
of the pharynx, the esophagus, the stomach, and the small and
the large intestine, including also the important glandular
organs, the liver and the pancreas. Notwithstanding the
apparent complexity of its structure, the alimentary tract
may be regarded as a tube, certain regions of which have
become specialized in order to adapt them to the perform-
ance of their respective functions, the salivary glands, the
liver, and the panereas being highly differentiated evagina-
tions of its walls. While in man and in the higher verte-
brates the tube iz thrown into coils by reason of its excessive
length, in the lower-type animals it i= much more simple in
its arrangement.  For example, in certain fishes and in some
amphibians the alimentary tract has the form of a slightly
flexuous tube, the deviations from the simple straight eanal
being few and insignificant, and the stomach being repre-
sented by a local dilatation of the tube.

The simple eondition obtaining in the representatives of
the animal kingdom referred to above suggesis the likewise
simple fundamental plan of the human embryoniec gnt-tract.
There is, in fact, a period in development when the gut-tract
of the human embryo has the form of a simple straight tube.
The processes incident to the formation of this tube mark
the earliest stages of the development of the alimentary sys-
tem, the tube itself acquiring definite form simultaneously
with the production of the body of the embryo.

The first indication of the alimentary canal appears at a
very early period of development, being inaugurated in fact
by those important alterations that serve to differentiate the

168
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blastodermic vesicle into the body of the embryo and the
embryonic appendages. It will be remembered that, after
the splitting of the parietal plate of the mesoderm into its
two lamelle, and the union of the outer of the layers with
the ectoderm and of the inner with the entoderm to form
respectively the somatopleure and the splanchnopleure, these
two double-layered sheets undergo folding in different diree-
tions. Before the folding occurs, the germ is a hollow
gphere whose cavity is the archenteron and whose walls
are the somatopleure and the splanchnopleure.  While the
somatopleure in a zone corresponding with the margin of the
embryonic area becomes depressed and is earried under that
area to form the lateral and ventral body-wall of the embryo
(Plate II., Figs. 2, 3, and 4), and also more distally folds
up over the area to produce the amnion and the false amnion,
the splanchnopleure, likewise in a line corresponding with
the periphery of the embryonie area, is depressed and carried
inward from all sides toward the position of the future
umbilicus.  This folding in of the splanchnopleure effects
the division of the archenteron into two parts, a smaller
cavity falling within the body of the embryo, which latter
is forming at the same time, and a larger extra-embryonie
compartment, which is the yolk-sac or umbilical vesicle. The
intra-embryonie eavity is the gut-tract. The constricted
communieation between the two is the vitelline duct. While
the vitelline duet is still a rather wide aperture, the anterior
and posterior parts of its intestinal orifice are designated
respectively the anterior and the posterior intestinal portals.
As the somatoplenre closes in around the vitelline duet, it
forms the wall of the abdomen, the opening 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 germ-layer, the entoderm, and
that all its epithelial elements are consequently of entodermie
origin.  The folding in of the splanchnopleure begins at
about the end of the second week, and is so far advanced

! Strictly speaking, the somatopleure and the splanchnopleure are not
formed before the folding occurs, but the processes go on at the same time.
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Fi1s. 78, —Reconstructions of human embryo of about seventeen days (His) : ow,
optie and of, otic vesieles: ne, ne’, notochord ; Adg, head-gut; g, mid-gut ; kg, hind-
gut: vz, vitelline sac; £, liver: », la, primitive ventricle and truncug arteriosus;
va, e, ventral and dorsal aorts; aa, gortic arches; je, primitive jugular vein; o,
eardinal vein: ¢, duet of Cuvier; e, ue, nmbilical vein and artery ; al, allantois
we, umbilieal cord.

hefore the end of the third week that the archenteron is defi-
nitely divided into the gut-tract and the yolk-sae.
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In its earliest definite form, then, the gut-tract is a tube
extending from one end of the embryonic body to the other,
which opens widely at the middle of its ventral aspect into
the vitelline duct, but which is closed at both ends. It is
usual to speak of the primitive gut-tract as consisting mor-
phologically of three parts, the head-gut, which is the region
on the headward side of the orifice of the wvitelline duct;
the hind-gut, which is the part near the tail-end of the
embryo; and the mid-gut or intervening third portion
(Fig. 78).

The closed head-end of the gut-tube corresponds with the
floor of the primitive mouth-cavity, the two spaces being
separated by a thin veil of tissue, which consists of the
entoderm and the ectoderm and is ecalled the pharyngeal
membrane (Fig. 79). A considerable proportion of the so-

Fis. 79.—Median section through the head of an embryo rabbit 6§ mm. long
{after Mibhalkovics): vk, membrane between stomod@um and fore-gut, pharyngeal
membrane (Rachenhaut); Ap, place from which the hypophysis iz developed; &,
heart; Ed, lumen of fore-out: of, chorda: », ventricle of the cerehrum ; v3% third
ventricle, that of the between-brain (thalamencephalon); #4, fourth ventriele, that
of the hind-brain and after-brain (epencephalon and metencephalon, or medulla
oblongata): ok, central canal of the gpinal cord.

alled head-gut constitutes the primitive pharynx.  This
region of the tube has a relatively large caliber, and pre-
sents on its lateral and ventral walls the series of recesses
or evaginations known as the throat-pockets or pharyngeal
pouches (Iig. 60).
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While the inner, entodermic layer of the gut-tube becomes
the intestinal mucosa, the outer, mesodermic stratum produces
the muscular and the connective-tissue parts of the bowel-
wall, the most superficial layer of the latter with its meso-
thelial or endothelial cells forming the visceral layer of the
peritoneum. Since the mesodermic layer of the splanchno-
pleure of each side is continuous with the corresponding
mesodermic layer of the somatopleure on either side of the
embryonie axis, the primitive intestinal canal has a broad
area of attachment with the dorsal wall of the body-cavity
(Iig. 80). The ventral wall is likewise connected with the
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Fra. 8 —Transverse section of a sixteen-and-a-half-day sheep-cmbryo (Bonnet).

ventral body-wall throughout the anterior or upper part of
its extent by the continunity of the splanchnopleuric meso-
derm of each side with the somatopleurie mesoderm of the
same side.  As development advances, the body-cavity in-
ereases in caliber more rapidly than does the intestinal tube,
so that the interval between the two is angmented, in conse-
quence of which the masses of connective tissue uniting the
dorsal and the ventral surfaces of the gut with the corre-
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sponding walls of the body-cavity become drawn out so as to
constitute in each case a median vertical fold consisting of
two closely approximated layers of serous membrane with a
little connective tissue between them. These folds are the
dorsal and the ventral mesenteries (Fig. 81). While the

FiG. 8l.—Diagrammatic cross-sections of the body of the embryo in the region
of the heart at level of future diaphragm : a, esophageal segment of gut-tract ; b,
dorsal mesentery; ¢, mesocardinm posterius; o, mesocardiom anterius; ¢, begin-
ning of septum transgversum, containing vitelline and allantoie veins; 1, septum
transversum ; g, thoraecic prolongation of abdominal cavity ; ne, neural canal.

dorsal mesentery extends throughout the entire length of the
eanal, the ventral fold is present only at its anterior or upper
part, corresponding in the extent of its attachment to the
digestive tube to that portion representing the future stomach
and upper part of the duodenum (Fig. 82). The ventral
mesentery at first is present throughout the entire extent of
the canal, but very early undergoes obliteration except in the
sitnation above noted. Coneerning the reason and the method
of its disappearance nothing is definitely known,

The intestinal tube, at a comparatively early stage, pre-
sents on its ventral surface near the posterior or caudal end a
small evagination that enlarges to form the allantois (see p.
80). While a part of the intra-embryonie portion of the
allantois dilates and develops into the bladder, the part be-
tween this latter and the intestine 13 known as the urogenital
sinus. The part of the gut-tube posterior to, caudad of, the
origin of the allantois, is a blind pouch known as the cloaca.
The latter is, therefore, the common termination of the urinary
and the intestinal tracts.

To repeat, we have now, in the third week of development,
the alimentary canal represented by a single straight tube
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(compare Fig. 78), closed at each end, but with mouth-cavity
and anus both indicated, the tube lying within a larger tube,
the body-cavity, with the walls of which latter it is connected
by the dorsal and ventral mesenteries. Along the dorsal wall

Fig. 52, —Reconstruction of human embryo of about seventeen days (after His):
ov, optie and of, otie vesieles; ne, notochord : hdg, head-gut; g, mid-gut: kg, hind-
gut; vs, vitelline sac; !, liver; v, primitive ventricle; ra, da, ventral and dorsal
aortm: jr, primitive jugular vein; ecp, cardinal vein; 40, duct of Cavier; wy, ud,
umbilical vein and artery ; af, allantois ; w2, umbil il eord.

of the body-ecavity, dorsad to the parietal peritoneum, pass
the two primitive aorte, and later, the single aorta which
results from the fusion of these two.  Between the two folds
of the dorsal mesentery pass the blood-vessels that nounrish
the walls of the gut. Within the ventral mesentery are the
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vitelline veins, which bring the blood from the yolk-sac and
eonvey it to the primitive heart. On the ventral wall of the
gut is the wide aperture of the vitelline duet. Farther
caudad, also on the ventral surface of the bowel, is the orifice
of the allantois. These conditions may be better understood
by reference to Figs. 78 and 82. Before tracing the further
development of the abdominal part of the alimentary system,
it will be proper to note certain very important processes
pertaining to its anterior or head-extremity, and also to con-
sider the formation of the anus.

THE MOUTH.

The development of the mouth, the tongue, the teeth, and
the salivary glands has been fully deseribed on pages 122—
131. In this connection, therefore, it will be necessary to
call attention to only a few of the salient features of their
evolution.

The oral cavity is produced by a fu]l_'lillg in of the surface-
ectodlerm, the fossa thus formed becoming deeper until it
meets the head-end of the gut-tract. From the walls of this
fossa the salivary glands are developed as evaginations, in the
manner already deseribed, while the teeth are =specialized
erowths of its ectodermal lining and of the underlying me=o-
derm (vide p. 125). The first intimation of this infolding
is apparent at the twelfth day in the form of a localized
thickening of the surface-cells on the ventral surface of the
body of the embrvo near the head-end. The thickened area
is the oral plate, which speedily becomes depressed, produe-
ing the oral pit or fossa. DBy the third week, the oral fossa
or stomodeum iz a well-marked pit of pentagonal outline, its
boundaries being the nasofrontal process above, the maxillary
processes laterally, and the mandibular arches below. The
original oral plate, having receded farther and farther from
the surface and forming the posterior limit of the mouth-
cavity, now separates that cavity from the pharyngeal region
of the gut-tube and comes into eontact with the anterior wall
of the latter. It is called the pharyngeal membrane (Iig. 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 pharyngeal membrane is not
easily definable. It iz certain, however, that it falls farther
back than the posterior limit of the adult oral cavity,
since the primitive mouth includes the anterior part of the
adult pharynx. IFor example, the diverticulum that gives
rise to the anterior lobe of the pituitary body belongs to
the primitive mouth, yet its vestige, the pharyngeal bursa
or Rathké’s pocket, is found in the pharynx of the adult.
The primitive oral cavity, by the growth of the palate, be-
comes divided into the adult mouth and the nasal cavities,
The hard palate is completed in the ninth week and the soft
palate in the eleventh week.

THE PHARYNX.

The pharynx is represented in the embryo by the expanded
cephalic end of the primitive gut-tract. It is of greater rela-
tive length in the earlier stages of development than later,
including as it does, almost half’ the length of the gut-tube
in the fourth and fifth weeks. The primitive pharyngeal
cavity is widest at its anterior or cephalic extremity and
narrowest at the opposite end, tapering here into the esoph-
agus. Until the breaking down of the pharyngeal mem-
brane, which takes place in the fonrth week, this structure
marks the anterior limit of the pharynx and separates it
from the oral cavity.

The pharyngeal pouches or throat-pockets have heen re-
ferred to in connection with the visceral arches on page 100,
They are out-pocketings or evaginations of the entodermal
lining of the pharynx, there being four furrows on each
lateral wall, and they pass from the ventral toward the
dorsal wall of the cavity, each pouch lying between two
adjacent visceral arches. The entoderm of the pouches
comes into close relation with the ectoderm of the outer
visceral furrows (Fig. 60). The mesodermic stratum being
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absent from the pharyngeal pouches, the ectoderm and the
entoderm are in contact, and constitute the closing membrane.
As previously mentioned, this closing membrane ruptures in
aquatic vertebrates, in eonsequence ot which the pharyngeal
cavity in such animals acquires a number of openings. In
man, as in other mammals, and in birds, such rupture prob-
ably never occurs. Since the visceral arches and clefts are
fully considered in Chapter VIL., it will be necessary in this
connection to refer only to such derivatives of them as per-
tain directly to the pharynx.

The first inner cleft or pharyngeal pouch becomes closed off
from the pharyngeal eavity, its dorsal end giving rise to the
tympanic cavity or middle ear, while the remaining part con-
stitutes the Eustachian tube. Hence, the tympanum and the
Eustachian tube are to be regarded as differentiated portions
of the primitive pharyngeal cavity. The dorsal part of the
elosing membrane of this cleft persists as the tympanic mem-
brane.

The third pharyngeal pocket or third inner visceral cleft,
by an evagination of its entodermal epithelium, gives rise to
the epithelial parts of the thymus body, the connective-
tissue elements of this “gland ™ heing furnished by the meso-
dermic cells which surround the epithelial diverticulum and
ultimately enclose and isolate its branching processes. In a
similar manner, the fourth pocket produces the lateral lobes
of the thyroid body.

The ventral wall of the pharynx, between the anterior
extremities of the second throat-pockets, evaginates into an
entodermic tube which extends eaudalward to develop sub-
sequently into the median lobe of the thyroid bedy.

The tongue (p. 131) also is developed from the walls
of the pharynx, the anterior unpaired segment, the tuberculum
impar, growing from the median line of the ventral wall, just
below the level of the first visceral arch, while the two sym-
metrical segments that form the posterior third of the organ
proceed from the ventrolateral walls at the ventral extremi-
ties of the second and third viseeral arches.

The tonsil develops as masses of lymphoid tissue about

12
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an evagination of the lateral wall of the pharynx. In the
third month the lateral pharyngeal wall pouches out to form
a little fossa (Iig. 83, 1)
which is situated between the
second and  third  viseceral
arches, the fossa being lined
with stratified squamous epi-
thelinm continunous with that
of the pharyngeal eavity.
Little solid epithelial buds
(Fig. 83) proceed from this
diverticulum into the sur-
rounding connective tissue,
the buds subsequently be-

Fii. 8%—Section through anlage of ’ . I li : "1 i "-"'."'4
tonsil of & human fetus (Tournenx): 1, COMINg hollowed out. an-

tonsillar pit, eontinuous with mouth-  Jepine leukoeytes from the
cavity : 2, secondary divertieuln ; 3, solid R o -
epithelial buds ; 4, striped muscular fiber. [lﬂlg]lhul'lﬂf_{' blood-vessels in-

filtrate the connective tissue
around the young ecrvpts, and these cells becoming aggre-
gated into condensed and isolated groups give rise to the
lymphoid follicles peculiar to the tonsil. The separate and
well-differentiated condition of the follicles is not attained
until some months after birth. The place of origin of the
tonzil between the second and third visceral arches explains
the position of the adult organ between the anterior and pos-
terior palatine arches, since 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 ectoderm and the
entoderm, the mesoderm being erowded aside. The site of
the anal membrane, or anal plate, is in the median line of the
dorsal surface of the embryonie body, at its posterior or
candal extremity. It makes its appearance in the third
week. Since the tissue immediately in front—that is, head-
ward, of the anal plate projects and develops into the primi-
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tive tail, and since the axis of the body becomes ventrally
curved, the anal plate is carried around somewhat toward
the ventral aspeet of the body. During the following fort-
night the anal plate becomes depressed so as to form a small
fossa, which is often designated the anal pit or proctodeum.
The position of the anal pit does not correspond, in any
vertebrate, to the end of the intestine, but to a point short
of it; the gut, therefore, extends beyond the position of the
anus. This portion of the bowel is the postanal gut of ver-
tebrate morphology.  Ultimately it entirely dizsappears.
While the anal pit is forming, the allantois is growing
forth as a diverticulum from the ventral wall of the gut
(Fig. 84). The intra-embryonic part of the allantois is

Fic. 84.—Sagittal section of candal extremity of eat embryo of 6 mm. ; 1, cloaen;
8 cloncal membrane; 3, intestine ; 4, post-anal gut; 5, allantoic canal; 6, chorda
dorsalis: 7, medullary eanal (Tourneux).

transformed chiefly into the urinary bladder, but it gives
rise also, by itz proximal extremity, to a short wide duet,
the urogenital sinus, which is an avenue of communication
with the bowel. The part of the gut on the caudal side of
the aperture of the urogenital sinus iz the cloaca, which is
the common termination, therefore, of the genito-urinary
system and of the intestinal canal.

The surface depression referred to above as the anal pit is
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often called the cloacal depression during the time that the
cloaca is present. In the lowest mammals, the monotremes,
as also in the Amphibia, in reptiles, and in birds, the eloace
is a permanent strueture. By the breaking down of the mem-
brane between it and the cloacal depression, it acquires an out-
let, through which the feces, the urine, and the genital produets
find egress.  In all higher mammals, however, including man,
the cloaca suffers division into an anterior or ventral pass-
age-way, the urogenital sinus, and a posterior canal, the rec-
tum and canal of the anus. This division is effected by the
growth of three ridges or folds, of which one grows from the
point of union of the urogenital sinus and the gut, while the
other two proceed, one from each lateral wall of the eloaca.
The three folds coalesce to form a perfect septum. The
divizsion i1z complete at about the end of the second month
(or, according 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 the orifice of the urogenital
sinus. The newly-formed septum continues to thicken,
especially near the surface of the body, until it constitutes
the pyramidal mass of tissue known as the perineal bedy, or
perineum.

The anal pit deepens, the anal membrane being thereby
approximated to the end of the bowel, and in the fourth
month the anal membrane breaks down and disappears.
Persistence of the anal membrane after birth constitutes the
anomaly known as imperforate anus.

THE DIFFERENTIATION OF THE ALIMENTARY CANAL
INTO SEPARATE REGIONS.

The fourth week marks the beginning of eertain impor-
tant changes in the simple straight alimentary tube. The
reader is acain reminded that this tube 15 connected with
the dorzal body-wall by the dorsal mesentery and with the
ventral wall, for a part of its extent, by the ventral mesen-
tery ; that the canal iz, as yet, without communication with
the exterior ; and alzo that the vitelline duet and the allan-
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tois are connected with its ventral surface (Fig. 82). The
nmbilical vesiele 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 neaver the head-end
begins to bulge toward the dorsal body-wall, forming a some-
what spindle-shaped enlargement (IFigs. 85, 86). This di-
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Fia. 85.—Scheme of the alimentary canal and its accessory organs (Bonnet).

latation is the beginning of the future stomach. The part
of the canal on the cephalic side of the stomach lags behind
somewhat in growth, corresponding in this respect with the
relatively smaller size of the adult esophagus. The esoph-
agus begins to lengthen in the fourth week., At this time,
alzo, the beginning of the liver is indicated by a small diver-
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ticulum which ponches 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

Fra. g6.—0ntline of alimentary canal of human embrys of twenty-eight davs
(Hiz) : pb, pituitary fosea ; by, tongue ; L, primitive larynx ; o, esophagus ; {7, trachea ;
{g, lung; z, stomach ; p, pancreas ; kd, hepatic duct ; of, vitelline duet ; of, allantois ;
hag, hind-gut; Wd, Wolflian duet ; &, kidney,

the future 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 face of its ventral wall. This groove inereases in
depth and caliber and finally becomes constricted off from
the esophagus, with which it retains connection only at its
pharyngeal end.  The tube or tubular sac thus formed is the
first step in the development of the lungs and the trachea.
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It may be said then that the gut-tract has now, in the
fourth weel, reached the stage of ditferentiation into the phar-
ynx, the esophagus, the stomach, and the intestine, with the
liver, the pancreas, the respiratory system, and the allantois
fairly begun.

As heretofore pointed out (p. 81), the allantois—which
grows directly from the primitive gut-tract, and which con-

FiG. 87.—0ntline of alimentary eanal of human embryo of thirtyv-five days
(His): pb, pituitary fossa; ig, tongue; {r, primitive larynx; o, esophagus; fr,
trachea; g, lung; & stomach; p, pancreas ; Ad, hepatie duet; e, cwenm ; of, cloaca;
k, kidney ; a, anus ; gp, genital eminence ; §, candal process.

sists therefore of the entoderm and the visceral mesoderm—
although destined to produce in part the permanent bladder,
functionates for a time, after its union with the false amnion
to form the chorion, as an organ of respiration ; while the
permanent respiratory system, as we have seen, likewise
develops from the entodermal epithelium of the gnt-
tract. The entoderm, therefore, sustains an i1mportant re-
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lation to the nutrition of both the embryonic and the adult
organism.

Increase in Length and Further Subdivision.—
The intestinal canal grows in length much more rapidly than
does the embryonie body. It is in consequence of this dis-
proportionate growth that the tube becomes bent and thrown
into coils or eonvolutions.  During the fifth and sixth weeks
a conspicuous flexure appears at some distance below the
stomach. Here the bowel assumes the form of a U-shaped
tube, the closed end of the U projecting toward the ventral
body-wall (Fig. 88). In other words, the redundant portion
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Fia. 88.—Intestinal canal of human embrye of gix weeks (Toldt).

of the gut is pulled away, as it were, from the dorsal wall of
the body-cavity and, as a consequence, the dorsal mesentery
i lengthened in this region to a corresponding extent (Fig. 88).
The vitelline duet is attached to the part of the bend near-
est the ventral wall (Fig. 86). At a point on the lower limb
of the U the bowel abruptly acquires inereased ealiber. This
dilated part is the beginning of the cmeum or head of the
colon, and its appearance initiates the distinetion between the
large and the small intestipe, sinee the part of the bowel on
the distal side of the point in question becomes also of larger
caliber and forms the eolon.

During the suceeeding week or fortnight, the character of
the colon and of the e;ecum becomes better established.  The
remaining part of the lower limb of the U-loop, with all of
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the tube included between the loop and the stomach, is the
small intestine, which presents a slight dorsal flexure at its
proximal extremity. The stomach meanwhile has inereased
in size and has almost attained its characteristic shape. By
the end of the sixth week, then, the alimentary canal has not
only increased in length but has so far differentiated as to
have aequired stomach, duodenum, small intestine, czzeum, and
rectum.

Alteration in the Relative Position of Parts, and
Further Development.—The most important modification
of the alimentary tube as it exists at the end of the sixth
week is effected by certain changes of position of some of its
parts. The stomach and the large intestine are the portions
of the tract most conspicuounsly affected.  The lower limb of
the U-segment of bowel, which consizts chiefly of the rudi-
mentary ceeum and a part of the eolon, is lifted, as it were,
over the upper limb and comes to occupy a position above it
(Fig. 89, A4), the ececum assuming a position in the right

F1a. 80.—Three successive stages showing the development of the digestive
tube and the mesenteries in the human fetus (modified from Tournenx): 1, stom-
ach; 2, duodenum; 3, small intestine : 4, colon : 5, vitelline duct : 6, cecnm: 7, great
omentum ; 8, messduodenum ; %, mesentery ; 10, mesocolon. The arrow points to
the orifice of the omental bursa. The ventral mezentery is not shown.

hypochondriac region, and the eolon passing thence trans-
versely across the abdomen ventrad to the duodenum.
This shifting of position on the part of the colon brings
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about important complications in the arrangement of’ the mes-
entery, since the part of the dorsal mesentery that pertains to
the upper part of the colon correspondingly alters its position
and line of attachment, becoming adherent to the peritonenm
on the ventral surface of the duodenum. The part of the
mesentery in question becomes the transverse mesocolon
(Fig. 89, B). The large intestine, after this change of posi-
tion, presents ezcum, transverse colon, descending colon, and
rectum, the asecending colon being still absent.

The vermiform appendix in the third month has already
acquired the form of a slender curved tube projecting from
the ceeenm. At the time of its first appearance and for some
weeks afterward, the appendix has the same caliber as the
cecum.  Subszequently the cwenum ountstrips the appendix in
growth, the latter appearing in the adult state as a relatively
very small tube attached to the much larger caecum.

The emenm =oon begins again to change its position, gradu-
ally moving downward toward the right iliac fossa (Fig. 89).
The downward migration of the ciecum is due to the growth
of the colon in the same direction. In this manner the ascend-
ing colon is gradually produced, it having developed to such an
extent in the seventh month that the ceecum lies below the
right kidney, while in the eighth month it passes the erest of
the ilium.  Corresponding with the growth of the ascending
colon, the mesentery shifts its parietal attachment and in-
ereazes in extent until the ascending mesocolon iz produnced ;
and with the descent of the ezeeum, the terminal part of the
small intestine neces=arily alters its position to a like degree.

The stomach, up to the third month, is a localized dilata-
tion of the intestinal tube, bulging most in the dorsal direc-
tion and having its long axis parallel with that of the body
(Fig. 88). In the third month, however, it undergoes an
important alteration in position, rotating about two axes.
First, it turns about a longitndinal axis, whereby the left
side comes to face toward the ventral surface of the body
(anteriorly) and the right surface looks toward the spinal
column. In addition to the longitudinal rotation, the stom-
ach also rotates upon a dorsoventral (anteroposterior) axis,
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by which the lower or pyloric extremity moves somewhat
upward and to the right, and the cardiac end goes tailward
(downward) and to the left (Fig. 89). By this double rota-
tion the stomach is made to assume approximately its adult
position. The longitudinal rotation of the stomach, in which
the lower portion of the esophagus takes part, explains the
relation of the vagus nerves in the adult. The nerves, hefore
the rotation, lie one on each side of the esophagus and stom-
ach, but since the left surfaces of both turn forward and the
right surfaces turn backward, the left vagus lies on the
anterior surface of the esophagus and of the stomach, while
the right nerve iz in relation with their posterior surfaces.

The relations of the mesogastrium are influenced in an im-
portant manner by the rotation of the stomach. As long as
the stomach retains its original position and relations, with
its greater curvature facing dorsad (or posteriorly), the meso-
gastrium is a vertical mesial fold of peritoneum (Fig. 88),
while the ventral mesentery similarly connects the future
lesser curvature or ventral surface of the stomach with the
ventral body-wall. At the very beginning of the process of
rotation, the mesogaster becomes somewhat redundant and
sags toward the left (Fig. 89, A4). As this inereases in
extent, there iz formed, between the stomach and the dorsal
body-wall, a pouch or pocket, the omental bursa, whose open-
ing is toward the right (Fig. 89). In the third and fourth
months the original mesogaster, lengthening more and more,
and being affected by the inereasing torsion of the stomach,
projects in the form of a sac considerably below the level of
the stomach, in front of (ventral to) the small intestine and
the transverse ecolon. It ultimately becomes the great omen-
tum. The mesogastrium, from having been a vertical mesial
fold, 1s now become a transverse fold, so redundant as to be
folded upon itself and to constitute a bag.

In like manner the ventral mesentery (Figs. 82 and 90),
which connects the anterior or ventral surface of the stomach
with the ventral body-wall, and in which the liver develops,
is altered from a mesial fold to a transverse fold by the rota-
tion of the stomach. As the liver migrates to a position
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above the stomach, the part of the ventral mesentery which
connects the liver with the body-wall becomes itz faleiform
ligament and coronary ligament, while that portion of this
mesentery that connects the originally ventral surface of the
stomach, now its lesser eurvature, with the liver is the lesser
or gastrohepatic omentum. The lesser omentum, therefore, is
the anterior or ventral boundary of the orifice of the omental
bursa referred to above.

The small intestine begins to exhibit flexures as early as
the fifth week, and by the end of the sixth week the duo-
denum is well indicated as a segment of the gut-tube passing
from the pylorie end of the stomach toward the dorsal body-
wall.  From this time the development of the small intes-
tine, aside from itz histological characters, consizts chiefly in
increaze in length with consequent modification of its mesen-
tery. A striking feature of human development is that,
with the growth in length of the small bowel, it is gradually
extruded from the abdominal eavity into the tissues of the
umbilical cord. The extent to which extrusion takes place
increases until the tenth week, after which period the intes-
tine is gradually withdrawn into the abdomen. In the
fourth month it lies entirely within the abdominal eavity.
Failure of complete restoration of the gut to the cavity of
the abdomen constitutes congenital umbilical hernia.

The histological alterations incident to the develop-
ment of the alimentary tube, from the beginning of the
esophagus to the end of the rectum, consist in the differen-
tintion of the constituent elements of itz walls from the two
strata, the entoderm and the vizeeral mesoderm, which com-
pose the walls of the early gut-tube. As an initial step in
the process, the cells of the mesodermic stratum nndergo mul-
tiplication and arrange themselves in a narrow loose inner
zone and a thicker outer lamella. The inner layer subse-
quently becomes the submucosa of the fully formed state,
while the eells of the outer layer undergo differentiation into
unstriped musenlar tissue, and constitute the muscular coat
of the canal.  In the case of the esophagus and stomach, at
least, this muscular tunie, in the fourth month, exhibits the
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distinction between inner ecireular, and outer longitndinal,
layers. The surface-cells of the mes=odermic stratum of the
primitive stomach and bowel become the endothelium of the
serous coat.

The glands of the entire canal are products of the inner,
entodermic stratum, and therefore they are intimately related
eenetically, as well as histologically, with the mucous mem-
brane.

The glands of the stomach, both the peptic and the pylorie,
originate from small eylindrical cell-masses that have been
produced by local multiplication and aggregation of ento-
dermal cells. By the hollowing out of the eylinders and the
branching of the tubes thereby formed, the two varieties of
castric glands are evolved. Both sets make their appearance
in the tenth week., Until the fourth month the peptic glands
contain cells of but one type; at this period, however, cer-
tain cellz of these glands become altered by the gradual
accumulation of granules within their protoplasm, by which
they ave transformed into the characteristic acid or parietal
cells of these glands,

The glands and villi of the intestine are likewise produets
of the entodermal lining of the gut. Their evolution begins
in the second month, and they are fairly well formed by the
tenth week. As in the case of the gastrie glands, the glands
of the bowel develop from cylindrical masses of entodermal
cells which are at first solid, but which later beeome hollowed
out to form tubular depressions or follicles. In the region
corresponding to the npper part of the small intestine many
of these follicles branch to give rise to the glands of Brunmer,
while unbranched, simple, tubular depressions distributed
throughout the entire length of the bowel hecome the glands
of Lieberkithn. While the surface entoderm is thus growing
into the underlying mesodermie tissue to form the glands, it
becomes elevated into minute projections hetween the mouths
of the gland-ducts, forming the villi of the intestinal mucosa.
The connective-tizssue core of the villus is derived from the
underlying mesodermic tissue, the cells of which, proliferat-
ing, grow forth into the entoderm. The villi at first are
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present throughout the large and the small intestine alike,
being well developed by the fourth month. While the villi
of the small bowel continue their development, those of the
laree intestine, after the fourth month, begin to retrograde.
At the time of birth they are still discernible, but at the end
of the first month after birth they are completely obliterated.

Meckel’s Diverticulum.—The vitelline duet, it will
be remembered, is the avenue of communication between
the early gut-tube and the umbilical vesicle. In the sixth
week the umbilical vesicle has already begun to retrograde,
and the vitelline duet is attached to the ventral extremity
of the U-loop of the bowel present at this stage. The vitel-
line duct in most cases sulfers complete obliteration in the
later stages of fetal life. In some instances, however, its
proximal extremity persists in the form of a small blind tube
varying in length from one to several inches, which is known
as Meckel's diverticulum. Since the site of attachment of the
vitelline duct is not far from the termination of the small
intestine, Meckel’s diverticulum, when present, is eonnected
with the lower part of the ileum, at a point from one to three
feet from its termination. Should this tube remain attached
to the umbilical aperture and retain a patulous orifice, there
would result a congenital fecal fistula.'

THE DEVELOPMENT OF THE LIVER.

The essential features of the development of the liver will
be more easily apprehended if the reader will not lose sight
of the fact that the organ is a compound tubular gland, and
if, further, he will recall the method by which glands in
eeneral are developed—that is, as evaginations of the wall
of the cavity or organ to which they pertain.

The first step in the evolution of the liver is the growth
of a diverticulum from the ventral wall of the gut-tube at a
point corresponding to the vegion of the future duodenum.
This oceurs in the third week, since His found the diver-

! Meckel's diverticulum is of. interest clinically, since by contracting

adhesions to adjacent eoils of intestine or by entanglement, it may produce
acute obsiruetion of the bowel.



THE DEVELOPMENT OF THE LIVER. 191

ticulum in a human embryo of 3 mm. The single diver-
ticulum' very speedily bifureates at its distal extremity (Fig.
85). The very short time that elapses between the first
appearance of the evagination and its division into two
branches explains the statement made in some text-books
that two diverticula are present from the first, The hepatic
diverticulum is =aid to grow into the septum transversum
(vide Development of the Diaphragm, p. 158). The dorsal
part of the septum transversum or primitive diaphragm, the
region just ventral to the bowel, contains a mass of young
connective tissue, rich in cells and blood-vessels, which has
been designated the prehepaticus, and the liver-ridge, by His
and Kaolliker respeetively (Fig, 78). It is into this vascular
and cellular mass that the liver
diverticulum inserts itzelf. The
septum transversum is united in
the median piane of the body with
the ventral mesentery, and since
the ventral mesentery is connected
withtheregion of theintestine from
which the hepatic diverticulum
is evaginated, the latter passes
between the two layers of the
mesentery to reach the liver-
ridge (Fig. 90). This fact con-  yis. 90— Diagram to show the
B e e e
gl‘ap}l‘llm] 'I'{"lﬂtiﬂ'l'l:-'u of the liver gpleen, and the lignmentous appa-
ratus pertaining to them. The

organs are seen in longitudinal
as will appear hereatter, section : [, liver: m. spleen; p, pan-

The tw '| - I‘t" la resultine creas ; dd, small intestine ; dg, vitel-
1¢ Two diverucula resultiig line duct ; bd, cecnm : md, rectum :

from the division of the original #e lesser curvature; ge, greater
s . - | curvature of the stomach; wmes,
5"1g]c 9“'“2"“'“”“ embrace be- mesentery;  kn, lesser omentum
tween them the two witelline (lig. hepatogastricum and hepato-
3 dundenale); s ligamentum sus-
veins, and IJ}' WI]E‘ME({ branch- jensorium hepatis (Hertwig).
ing produce the right and the
left lobes of the liver. Before branching, the diverticula

become greatly thickened at their distal extremities by

and its peritoneal “ligaments,”

1 Single, according to His, Killiker, Hertwig, Minot, and Piersol.
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abundant cell-proliferation. The numerous branches into
which they divide are mnot tubes, but solid cylinders of
cells, the hepatic cylinders. The secondary branches of
these eylinders unite with corresponding branches of
adjacent systems, producing thereby a network of inoscu-
lating cell-cords, the meshes of which are oceupied by
}-'unnﬁ connective-tissue cells and the developing blood-
vessels, The econnective and vascular tissue of the liver-
ridge, thus surrounding and permeating the epithelial cell-
cords, produces all the connective-tissue parts of the liver,
while the liver parenchyma—the proper hepatic cells—and
the epithelinm of the bile-ducts originate from the primitive
entodermic evagination. The cords of cells are in part hol-
lowed out to form the bile-ducts and bile-capillaries, and in
part become the cells of the lobules. The eylinders that are
to produce the bile-duets acquire their lumen by the fourth
weelk.

Until the middle of the fourth month, the right and left
lobes of the liver are of equal size, but after this period
the right lobe outstrips the left in growth. The liver grows
very rapidly and is relatively of much greater size in the
fetus than in the adult, almost filling the body-cavity at the
third month. In 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 develops as an evagination from the
original diverticulum. It is present in the second month.
The pedicle of this evagination lengthens somewhat and
becomes the cystic duct. The stalk of the hepatic evagina-
tion itself becomes the ductus communis choledochus.

The ligaments of the liver, save the round ligament,
are simply folds of the peritonenm which conneet the organ
with the abdominal wall. Falling into the same eategory,
though not nsually designated a ligament, is the gastrohepatic
omentum, which connects the liver with the stomach. These
varions peritoneal folds may be looked upon as parts of the
ventral mesentery. Sinee the liver evagination grows be-
tween the two layers of the ventral mesentery to reach the
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septum transversum, the liver will be found, in the early
stages of its development, embedded between the lamelle
of this mesentery, which is a median vertical fold of peri-
toneum (Fig. 90). The liver is therefore enclosed in the
peritoneum and is eonnected below, by a part of the ventral
mesentery, with the lesser curvature of the stomach, which
still lies in the median plane of the body, and above and in
front, with the diaphragm and the ventral body-wall by the
upper and anterior part of the same structure. The latter
fold is somewhat modified by the intimate association of the
arly stage of the liver with the primitive diaphragm, the
liver having developed within a portion of the septum trans-
versum, the liver ridge. As development advances, a par-
tial separation of the liver and the diaphragm is effected, the
peritonenm, as it were, growing between the two from both
the ventral and the dorsal edges of the liver. The region
which is not invaded by the peritoneum represents the non-
peritoneal surface of the adult liver between the lines of re-
flection of the two layers of the coronary ligament. Since the
peritoneum on the under surface of the diaphragm is reflected
from that muscle, both in front of and behind this arvea of
contact, to become continuous with the peritoneum on the
convex surface of the liver, there are formed two transverse,
parallel, but separated, folds which constitute the coronary
ligament of adult anatomy. The lateral prolongations of
these folds to the lateral 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 conneets its lesser
curvature with the liver, bringing this fold into a plane par-
allel, approximately, with the ventral wall of the abdomen.
This fold 1s now the lesser or gastrohepatic omentum.

The round ligament of the adult represents the impervions
vestige of the umbilical vein. This vessel, entering the fetal
body at the umbilicus and passing to the under surface of the
liver, diverges from the abdominal wall to reach that orean
and, in doing so, carries with it the parietal peritoneum.
The fold thus formed is the faleiform or suspensory ligament.

14
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The special system of blood-vessels helonging to the liver
is described in the chapter on the Vaseular System, p. 161.

THE DEVELOPMENT OF THE PANCREAS.

Just as the liver is produced by an evagination from the
ventral wall of the future duodenum, so is the pancreas
originated by an evagination from the dorsal wall of the
same region of the gut-tube (Fig. 86). The diverticulum
grows between the two layers of the dorsal mesentery (Figs.
86, 88, and 90), where it encounters embryonic connective
tissue, the cells and the blood-vessels of which, becoming
associated with the epithelial entodermie evagination, give
rise to all the wascular and connective-tissue parts of the
gland.  The details of development correspond closely with
those of the salivary glands, with which the pancreas is prac-
tically identical in structure. The stalk of the diverticulum
becomes the duet of the mature gland.  Although the orifice
of the duet, in early stages, is on the opposite side of the
bowel from that of the common bile-duet, the two apertures
are made to approach each other and are finally, in most
cases, merged into one by the unequal growth of the lateral
walls of the intestine. In the adult, therefore, the duect of
the panereas and that of the liver and gall-bladder open into
the duodenum by a common orifice.

Since the pancreas develops between the folds of the dorsal
mesentery, it has a complete investment of peritoneum in the
early stages of fetal life. The alterations by which this con-
dition is changed, making the panereas a retroperitoneal
organ, will be noted in the account of the peritoneum.

THE DEVELOPMENT OF THE SPLEEN.

Although the spleen does not belong to the digestive sys-
tem, it may conveniently be considered here beeause of its
position and relations,

This organ is differentiated from the mesodermic tissue
found between the layers of the mesogastrium in close
proximity to the developing pancreas (Fig. 90). Prim-
itively, therefore, it is situated behind the stomach. The
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first step in its development, recognizable at about the
end of the second month, is the accumulation of numerous
lymphoid cells with large granular nuclei. The mass is ang-
mented by the addition of ecells immediately beneath the
peritoneal surfaces of the mesogastrinm, which cells elongate
until they are spindle-shaped and then become aggregated
into fusiform masses. DBlood-vessels penetrate the fundament
in the third month and become surrounded by cells of the
same spindle-shaped type.  From both the cells surrounding
the blood-vessels and from those of the fusiform aggrega-
tions, processes grow out and unite with each other, and from
the network thus formed the trabecular framework of the
organ is ultimately evolved.  Aceumulations of small nuele-
ated cells, forming dense masses along the arteries, furnish
the chiet' constituent of the pulp. The delicate intercellular
substance which makes up the remainder of the pulp is filled
with blood-corpuscles.  The Malpighian corpuscles appear
before the end of the fourth month. By the sixth month,
the spleen attains its characteristic shape and the fibrous cap-
sule is clearly indicated.

The spleen undergoes a change of location coincident with
the rotation of the stomach and the alteration of the meso-
gastrium. The organ being from the first embedded within
the mesogastrium, it follows that peritoneal fold to the left
side of the abdominal eavity. Here it lies close to the
cardiac end of the stomach, between the two layers of the
mesogastrinm, but projecting toward the left. The part of
the mesogastrium which intervenes between the spleen and
the stomach 1= the gastrosplenic omentum; while the part that
passes from the spleen to the posterior wall of the abdomen,
representing the parietal attachment of the mesogastrium,
constitutes the phrenicosplenic omentum.

THE EVOLUTION OF THE PERITONEUM.

The arrangement of the peritoneum being subordinate to
the position and relations of the viscera contained within the
abdomen, the development of this complex membrane can be
properly described only by tracing the growth of the digestive
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system. As the formation of the early gut-tube by the in-
folding of the splanchnopleure has been pointed out (pp.
169 and 171), we may begin at once with the period when the
tract has the form of a straigcht tube connected with the

Fra. 91, —Reconstruction of human embryo of about seventeen davs (after His):
ov, optic and of, otic vesicles; ne, notochord ; hdg, head-gut ; g, mid-gut; Ay, hind-
gut; vs, vitelline gac; §, liver; », primitive ventricle; va, da, ventral and dorsal
aorte: ; g, primitive jupular vein; cr, eardinal vein; &¢, duct of Cuvier; v, wa,
umbilical vein and artery ; af, allantois ; s, umbilical cord.

dorsal and the ventral body-wall respectively by the dorsal
and the ventral mesentery (Fig. 91). Covering the tube as a
constituent part of its wall, is the splanchnie or visceral layer
of the mesoderm, while the somatopleurie or parietal layer
of the latter lines the wall of the body. Obviously these
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two lamelle of the mesoderm are continuous with each other
through the medium of the mesenteries mentioned above
(Fig. 92, A and B). The space thus enclosed by the meso-
dermic strata is the body-cavity or ceelom or pleuroperitoneal
eavity. The surface-cells of both strata flatten and assume
the character of mesothelial, the later endothelial, cells. If,

Fra. 92.— 4, B, two transverse sections, 4 through thoracie, E through abdom-
inal region; C, sagittal section (Tourneux): 1, dorsal mesentery ; 2, ventral mesen-
tery ; 3 mesocardinm posterius; 4, mesocardinm anterius; 3, lesser omentum ; 6,

suspensory ligament of liver; 7, esophagus; 8, Iungse; 9, heart; 10, pancreas; 11,
stomach; 12, liver; 13, spleen; 14, loop of intestine with vitelline duet ; 15, cxecum ;
16, trachea.

at this stage, one begins at any point to trace the mesothelial
lining of the body-cavity, that lining is found to form prac-
tically one continnous sheet,

Thiz simple arrangement of the primitive peritoneum is
transformed into the complicated membrane of the adult,
primarily, by the increase in length and consequent tortuosity
of the alimentary tube; and, secondarily, by the fact that
certain opposed portions of the serons membrane, which have
been brought into contact by the altered relations of the
bowel and the stomach, undergo concrescence or fusion
with each other. Simultaneously with these alterations, the
original pleuroperitoneal cavity suffers division into the ab-
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dominal or peritoneal cavity and the thoracic part of the
body-cavity by the development of the diaphragm. This is
deseribed on p. 158.

The first modification of the original arrangement is effected
by the development of the stomach as a spindle-shaped dila-
tation of the gut-tube, differentiating the tube into the
stomach and the intestine, and the common dorsal mesentery
into the mesogastrium and the intestinal mesentery. The
drawing out of the U-shaped loop of the intestine from the
dorsal body-wall, which is the preliminary step to the dis-
tinetion between the small intestine and the colon, inereases
the length of the intestinal mesentery to a corresponding
extent (Fig. 92, ('). As heretofore indicated, the lower
limb of the loop presents an enlargement which is the begin-
ning of the development of the large intestine.

An important stage in the evolution of the peritonenm is
marked by the rotation of the stomach and by the migration
of the proximal part of the large intestine to a new loeation.
The change of position on the part of the colon may perhaps
be best expressed by saying that the U-loop of intestine
rotates upon an oblique dorsoventral axis, whereby the lower
limb of the loop, in other words, the termination of the small
bowel and the beginning of the colon, is carried to a position
above, eephalad to, the upper limb (Fig, 89, A). This rota-
tion brings the beginning of the colon into the right hypo-
chondriac region of the abdomen, from which point the
transverse colon passes across the abdominal eavity, ventrad
to the proximal end of the small intestine or duodenum. As
a consequence of the altered situation of the transverse part
of the colon, its mesentery shifts its area of attachment by
fusing with the peritoneum of the dorszal wall along a hori-
zontal line and also with that of the ventral surface of the
duodenum.  The descending colon having meanwhile moved
to the left, its mesentery likewise acquires a new area of
attachment by concrescence with the parietal peritoneum of
the dorsal wall of the abdomen on the left zside. During the
progress of these alterations, the small intestine increases in
length, and its mesentery becomes correspondingly more
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voluminous both in the extent of its intestinal border and
in length. The convolutions of the small intestine now
oceupy the space below the transverse colon and its mesen-
tery.

The duodenum, which in the early stage shares with the
gastro-intestinal tube in the possession of the common dorsal
mesentery, loses its mesenterial connection with the abdomi-
nal wall and becomes thereby a fixed part of the intestine,
Mention was made above of the fusion of the transverse
mesocolon with the peritoneum of’ the ventral surface of the
duodenum. At about the same time, the duodenal mesentery
(Fig. 89, A) fuses with the parietal peritoneum of the poste-
rior abdominal wall, the result being that the lower layer of

Fre, 93.—d, B. Twosuccessive stages of the development of the mesenteries
(schematic representation showing sagittal axial section of trunk, after Gegenbaur
and Hertwig): 1, stiomach ; 2, duodenum ; &, trangverse colon; 4, small intestine;
5, pancreas; 6, liver; 7, lesser omentum ; 8, 10, different stages of great omentum ;
9, transverse mesoeolon; 11, mesentery ; 12, suspensory ligament of liver; 13, cav-
ity of omental bursa or lesser peritoneal sac; 14, dinphragm.

the transverse mesocolon, as it passes downward, is now con-
tinuous with the parietal peritoneum, there heing no longer
any serous membrane between the transverse part of the
duodenum and the abdominal wall (Fig. 93, B). This part
of the duodenum therefore becomes retroperitoneal, there
being an investment of serous membrane only on its anterior
or ventral surface.
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The second modifying factor in the complication of the
peritoneum, the rotation of the stomach, initiates alterations
in its mesogastrium. The latter membrane, it will be re-
membered, is a vertical median fold of peritoneum con-
tinuous with the mesentery of the duodenum (Fig. 92, ©).
As the stomach moves about its two axes of rotation, the
mesogastrium begins to sag toward the left (Fig. 89), so that
now it constitutes a pouch or fossa, the omental bursa, situ-

Orifice of emental bursa.  Spinal cord. Aorta,

Adrewal Adrenal

— Mesomasirinm,

" .\_ Spleen,
| % H|- "F"-'—';‘ lode r'_f fuer,

—— Crreal omerten.

Belly-wall, —

Right lobe of liver. 4 :
j o s E:

Lesser omentoum. Slomeach.
FiG. M.—Echematic cross-section through body of mammalian embryo in region
of stomach, to show development of omental bursa.

ated between the stomach and the dorsal body-wall, the
opening of which looks toward the right side of the body
(Figs. 93, 4 and 94). With the rapidly increasing re-
dundaney of the mesogastrium, the omental bursa becomes
more and more capacious. In correspondence with the pro-
gressive rotation of the stomach, what was at first the left
surface of the mesogastrium comes into contact with the
peritoneum of the dorsal abdominal wall and fuses with it,
thus changing its area of parietal attachment from a median
vertical line to a transverse one, This change is completed
by the time the stomach has attained its normal adult posi-
tion. The omental bursa now has the position and relations
shown in Fig, 93, A, 8. A still further increase in the size
of the bursa results in its protrusion downward in front of,
ventrad to, the transverse colon and the small intestine. Ref-
erence to Fig. 93, B will show that the dependent part of
the bursa very nearly corresponds with the fully formed
great omentum, It will be seen, however, that the deeper
layer of the bursa, the layer nearer the intestines, may be
traced above the transverse colon and its mesentery to the
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dorsal wall of the abdomen, where its two lamellie separate
to enclose the pancreas, one lamina passing over the ventral
surface of the panereas to become continuous with the parietal
peritoneum, while the other layer passes between the pancreas
and the abdominal wall. The latter layer is in continuity
here with the parietal peritoneum, which almost immediately
leaves the abdominal wall to form the upper layer of the
transverse mesocolon.

The further alterations necessary for the attainment of
the completed condition eonsist in the concrescence of
certain opposed peritoneal surfaces. As a conspicuous ex-
ample of such conerescence, the deeper lamella of the layer
of the omental bursa just described fuses with the ventral
peritoneal surface of the transverse eolon and with the
upper layer of the transverse mesocolon (Fig. 93, A), after
which event this deeper lamella is practically continuous
with the lower layer of the mesocolon, while the superficial
lamella is in continuity with the upper laver of the meso-
colon (Fig. 93, B). Thus the transverse colon appears as if
enclosed between the two lamelle of the deeper layer of the
great omentum, while its mesocolon is constituted by a part
of the same structure. In other words, the adult transverse
mesocolon includes not only the primitive membrane of that
name but also a part of the early mesogastrium. Similarly,
the opposed surfaces of peritonenm between the panereas and
the dorsal abdominal wall undergo fusion (Fig. 93), the effect
of which, after the conerescence of the mesocolon with the
deeper layer of the omental bursa, is to make the lower layer
of the mesocolon continuous, over the transverse part of the
duodenum, with the parietal peritoneum.

The great omentum of descriptive anatomy, resulting from
the downwardly projecting process of the omental bursa,
consists originally of two layers of membrane, each one
having two serous surfices. At the time of birth these
two layers arve still separate—the permanent condition in
some mammals—but during the first year or two after birth
they become adherent, the great omentum thus coming to
comprise 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 a vertical
median fold connecting the lesser eurvature of that wviscus
with the ventral abdominal wall. Since the evagination of
the gut-tube that gives rize to the liver grows between the
layers of the ventral mesentery to reach the septum trans-
versum, the liver is not only enclosed by the mesentery, but
is connected by it with the stomach and with the ventral
wall of the abdomen and also with the primitive diaphragm
(Fig. 92). By the rotation of the stomach, the vertical
median fold which connects that organ with the liver becomes
co altered in position as to lie in a plane approximately par-
allel with the ventral surface of the body. This fold iz now
the gastrohepatic or lesser omentum. As reference to Fig,
93 will show, it is the anterior boundary, above the position
of the stomach, of the sae deseribed above as the omental
bursa.

That part of the ventral mesentery that connects the liver
with the abdominal wall and with the diaphragm, while
originally occupying the median plane, is modified by the
relation of the developing liver to the primitive diaphragm.
These organs are intimately united with each other (p. 159)
in the early stage of their growth, but with their completion
a separation takes place. Upon the two separated surfaces,
except in a region near the dorsal wall, the cells assume the
endothelial tyvpe, the opposed surfaces thus aequiring the
characters of serous membrane. The peritoneum on  the
under surface of the diaphragm is continuous with that on
the upper surface of the liver, both in front of and behind
the non-peritoneal area of contact. Therefore, in the com-
pleted condition of the liver and the diaphragm, these two
strnetures are conneeted by two layers of peritoneum sepa-
rated from each other by a region containing only areolar
tissue.  These lavers constitnte the coronary ligament of the
liver. If now Fig. 93 is inspected, it will be seen that the
posterior layer of the lesser omentum, and the upper layer
of the transverse mesoeolon, together with that part of the
peritoneum with which they are in direet continuity, enclose
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a sac which i1z the so-called lesser bag of the peritoneum or
the lesser peritoneal cavity. All other parts of the perito-
neum taken together constitute the greater peritoneal cavity.
The communication between the two, the foramen of Winslow,
situated behind the free right border of the lesser omentum,
is the constricted orifice of the early omental bursa.

The position of the kidneys and the ureters as retroperi-
toneal structures and the relations of the bladder and of the
uterus to the peritoneum, encroaching as they do upon the
parietal layer of this membrane, and being, therefore, in-
vested by it to a greater or less extent, are easily accounted
for when it is recalled that all these organs develop from the
somatic or outer layer of the mesoderm.

The peritoneum does not acquire all the characteristic
features of a serous membrane until about the third month.
The histological alterations hegin in the fourth week, from
which time until the sixth week the superficial ecells, the
mesothelium, pass through wvarious phases of transition to
reach the condition of somewhat flattened elements. By the
eichth week they have acquired the form of true endothe-
linm., It is not, however, until the third month that the
subjacent tissue has attained to the condition of a fully-
formed basement membrane.



CGHAPTER XII.

THE DEVELOPMENT OF THE RESPIRATORY
SYSTEM.

AvrrnovcH the nasal chambers and the pharyngeal cavity
contribute to the formation of the respiratory system, these
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Fi. 95, —Scheme of the alimentary canal and its accessory organs (Bonnet).

parts will not be considered here, since they are deseribed
clsewhere.
204
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Anatomically and according to their mode of development,
the lungs might be looked upon as a pair of glands having a
common duct, the trachea, which latter, through the medinm
of its dilated proximal extrem- i
ity, the larynx, opens info the
pharyngeal cavity. In point
of fact, these organs are devel-
oped as an outgrowth from the
entodermal alimentary canal in
a manner similar to the devel-
opment of the liver and the
pancreas.

The first step in the devel-

opment of the lungs is the ont-
pouching of the ventral wall
of the esophagus throughout
its entire length. The lon-
gitudinal median groove thus
formed is the pulmeonary groove.

Fig. 86.—Transverse section to show
outgrowth of pulmonary anlage from
gut-tube (after Tourneax): 1, dorzal
mesentery ; 2, ventral mesentery in-
cluding 3, mesocardium posterins : 4,
mesccardinm anterius; 7, esophagus;
%, diverticulum which becomes the
lungs, the trachea, and the larynx;
4, heart.

It makes its appearance when

the embryo has a length of 3.2 mm. (0.128 inch) or prob-
ably early in the third week.
nounced at its lower or gastric extremity.
deepens, its edges approach and finally meet and fuse
with each other.

The groove is more pro-
As the groove

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 and
progressing toward the pharvnx.
1 not complete, stopping short of the upper end of the
groove, so that the tube retains communication with the

The separation, however,

pharyngeal end of the esophagus. Ewven before the con-
stricting oft’ of this tube or pulmonary diverticulum is com-
pleted, its free end bifurcates,
sists, then, at this stage, of two short wide pouches connected
by a common pedicle with the primitive pharynx (Figs. 95
and 96), and this condition is present in the fourth week.

Very soon after the end of the first month each of the
pouches undergoes division, the right one into three branches,

The pulmonary anlage con-
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the left one into two, while at the same time they increase
in size (Fig. 97). The further steps toward the attainment

e amr Ll

Fic. 99.—View of a reconstruction of the fundament of the lungs of 4 human
embryo (Pr.of His) 10 mm, long, neck messurement (after His): fr, trachea ; br, right
bronchus; sp, esophagus; o, eonnectivetissne envelope and serous membrane
{pleura) into which the epithelial fundament of the lung grows; O, M, [, funda-
ments of the upper, middle, and lower lobes of the right lung; A, ¥ fundaments
of the upper and lower lobes of the left Inng.

of the completed condition consist largely in the continued
repetition of this process of dichotomous division (Fig. 98),

Fii. 8. —View of reconstruction of the fundament of the lungs of a human
embryo (N, of His) older than that of Fig, 97 (after His, magnified 50 dinmeters):
Ap, arteria pulmonalis ; &r, trachea ; s, esophagus 3 b, pulmonary vesicle in process
of division; ¢, upper lobe of the right Iung with an eparterial bronehus leading
toit; A I, middle and lower lobes of the right lung : @, upper lobe of the lef long
with hyparterial bronehus leading to it; 07, lower lobe of the left lung.

which latter goes on until the sixth month. The original
evagination, consisting of entodermal epithelium, gives rise
only to the epithelial parts of the lungs and air-passages,
All the other econstituents, the connective tissue, the mus-
cular, vaseular, and eartilaginons elements, are products of
the mesodermic tissue into which the diverticuluom grows,
Upon their first appearance the “tubes” are always solid
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epithelial cylinders, the lumina being acquired later. At
first, the lining entodermal cells of the primitive tubes are
tall and eylindrical, the tubes themselves having a relatively
small lumen. In the fourth month the cells acquire cilia.
From the anatomiecal standpoint, the lungs now present the
characters of compound =saccular glands.

From the sixth month to the end of gestation oceur the
changes which give to the organs their essential character-
istics. Upon the dilated extremity of each terminal tube
numerous little evaginations develop. These are the air-sacs,
or pulmonary alveoli, the terminal tubes from which they are
evaginated being the alveolar passages and the infundibula.
Their walls remain very thin and their lining epithelium
flattens to such a degree as to closely resemble endothelium.
The trachea is simply the elongated stalk of the pulmonary
diverticulum,.

The larynx is the dilated proximal extremity of the pedicle,
specially developed to serve as an organ of phonation.  One
of the earliest changes is the appearance of two ridges at
the junetion of the primitive trachea with the esophagus.
These are close together in front, ventrally, but separated
behind.  They are the first indication of the vocal cords.
The arytenoid cartilages are indicated in the sixth week and
the other cartilages soon after, These are not actually car-
tilaginous, however, until the eighth or ninth week.

The development of the pleurm has been deseribed in eon-
nection with that of the pericardium and of the diaphragm
(p. 158).

THE THYROID AND THE THYMUS BODIES.

These organs may be considered in this conneetion, as a
matter of convenience and becanse of their embryological
relationship to the respiratory system, being developed, like
the latter, from the epithelinm of the gut-tract.

The thyroid body, an organ common to all vertebrates,
genetically consists of two parts, a median lobe and two lateral
lobes.

The median portion originates from an evagination of the ven-
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tral wall of the pharynx, in the median line, posterior, candad,
to the tuberculum impar, and between the ventral extremities
of the first and second visceral arches.  This median divert-
iculum is present in the human embryo of 5 mm. It soon
pouches out on either side, assuming thereby the form of an
epithelial vesicle connected by the constricted pedicle of the
diverticulum with the ventral wall of the pharynx (Fig. 99, 3).

o
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Fii. 99.—Diagrammatic représentation of pharynx of human embryvo geen from
in front (after Tournenx): I, I, first and second pharyngeal pouches ; 1, tuberculum
impar; 2, course of thyroglossal duet leading from 3, median lobe of thyroid gland ;
4, laryngotracheal tube; 5, esophagus; 6, thymus; 7, accessory thymus; 8, lateral
lobe of thyroid ; 9, accessory thyroid.

From the situation of the original point of evagination be-
hind the tuberculum impar and ventromesial to the two
halves of the posterior segment of the tongue, the orifice of
the pedicle corresponds to the line of junction of the three
parts of the tongue. As a consequence, when these parts
unite, the pedicle or ducet is prolonged upward and comes to
open upon the surface of the tongue. The canal is known
as the thyroglossal duct or canal of His. In the fifth week
it begins to atrophy, and usually by the eighth week has be-
come obliterated. Oeeasionally it persists throughout life.
The foramen cmeum on the dorsum of the tongue i= the
vestige of the orifice of the duet. Other vestiges of the
t}._u,frn.glu;-;;;il duet are sometimes present. For example, the
lower part of the duct may persist as a short tube, the
thyroid duct, leading upward from the median lobe to the
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hyoid bone ; and again, according to His, isolated persistent
segments of the duct constitute the little vesicles in the
neighborhood of the hyoid bone which are known respect-
ively as the accessory thyroid, and the suprahyoid and pre-
hyoid glands.

The lateral lobes of the thyroid body begin their develop-
ment somewhat later than does the median lobe, In the
embryo of 10 mm., the fourth inner visceral furrow or throat-
pocket of each side pouches out to form a vesicle (Fig. 99,
8).  As the vesicle grows, its pedicle becomes attenuated and
finally disappears. After their icolation from the throat-
pockets, the vesicles give out small bud-like processes after
the usual manner of the development of glands and gradu-
ally approach the median lobe (Fig. 100, B). The three parts
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Fis, 100, —Semi-diagrammatie illustrations to show the nltimate position of the
thymus, thyroid gland and aceessory thyroid gland on the neck of the chick (4)
and the calf (B, after de Meuron ; &d, thyroid gland ; ned, accesgory thyroid gland ;
fh, thymus; th', necessory thymus; fr, trachea; &, heart; @, vena jugularis; ca,
carotid vein.

unite probably in the seventh week. In the vertebrates
below mammals the lateral parts of the thyroid do not unite
with the median segment, and in certain animals they remain
widely separated from it as the suprapericardial bodies.

After the union of the three portions of the gland, the latter
consists of a network of cords of cells, the meshes of which
reticulum are oceupied by embryonal connective tissue. Sub-

sequently the cords of cells become hollowed out and exhibit
11
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alternating enlargements and constrictions. By the increase
of the constrictions the continuity of the cell-cords is inter-
rupted at short intervals, and so the network is converted
into numerous closed follicles lined with epithelium, the forma-
tion of follicles beginning in the eighth week. The follicles
later undergo considerable inerease in size on account of the
secretion by their epithelial cells of a peculiar colloid material,
characteristic of the thyroid body. The embryonal connective
tissue, made up necessarily of mesodermic elements, furnizhes
the connective-tissue framework and the blood-vessels of the
organ, while the epithelium originates in the manner indicated
from the entoderm of the gut-tract.

The Thymus.—What remains of the thymus after the
second year of life is made up chiefly of lymphoid and con-
nective tissue, embedded in which are characteristic little
epithelial bodies, the corpuscles of Hassall.

The epithelial parts of the thymus, in all vertebrate ani-
mals, are derived from the entodermal lining of the pharyn-
geal region of the gut-tract. In the lower groups, such as
reptiles, amphibians, and bony fishes, the epithelium of all
the inner visceral clefts or throat-pouches sharves in the de-
velopment ; while in birds, only two or three clefts take
part. In mammals, however, inclnding man, the thymus
body is derived probably from but one throat-pocket, the
third.

The entodermal epithelinm of the third inner pouch be-
comes evaginated (Fig. 99) to form an epithelial sac whose
connection with the pharyngeal cavity is subsequently lost.
The isolated and elongated sac =oon gives ont small lateral
buds or processes at the distal extremity. While the original
sac has from the first a cavity, the bud-like branches are
solid masses of epithelium. The branching continues and
affeets not only the lower or distal extremity of the thymus
sac but also the proximal end, the structure now resembling
an acinous gland (Fig. 101).  While this growth is taking
|1]:||r-n: the {_rpit]ur]i:t] mass 13 hving imnvaded h}' Ij'!]]p}l{ﬁd cells
and young connective tissue with developing blood-vessels.
The encroachment by these elements continues to such an
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extent that lymphoid tissue becomes the predominant con-
stituent of the thymus, the epithelial parts suffering reduc-
tion, relatively, and becoming finally broken up into isolated

masses which are the ecorpuseles of
Hassall of the mature gland. The
breaking down of the epithelial cords
is probably responsible also for the
irregular cavities of the thymus.
Not until after birth do the glands
of the two sides of the body unite to
form a single unpaired structure, and
the development of the fhymus is
not completed until the end of the
second year of life. Having attained
its full development, the organ begins
to retrograde, and at the time of pu-
berty has almost disappeared. Al-
though sometimes persiztent through-
out life, it usually suffers complete
obliteration, or at most, is repre-
sented by an insignificant vestige.
While the epithelial parts of the thy-
mus body, represented in the fully
developed organ by the corpuscles
of Hassall, are derived from the ento-
dermal epithelium of the third inner
visceral furrow, all other parts, the

Frz. 101.—Thymus of an
emhbryo rabbit of sixtesn
days (after Kdlliker), magni-
fied : a, canal of the thymus;
b, npper, ¢, lower end of the
OTEan.

lymphoid tissue, connective tissue, and blood-vessels, are pro-

duets of the surruumling mesoderm.



CHAPTER XIII.

THE DEVELOPMENT OF THE GENITO-URINARY
SYSTEM.

OwiNG to the intimate anatomical and funetional assoecia-
tion of the generative organs with the urinary apparatus, it
is necessary to discuss the develdpment of these two systems
together.

THE DEVELOPMENT OF THE KIDNEY AND URETER.

The origin of the kidney and ureter of the higher verte-
brates is associated with the development of certain fetal
structures, the pronephros and the mesonephros, which represent
respectively the kidney of larval amphibians and the perma-
nent kidney of fishes, In man and other allied types, the
former structure iz of little or no importance funeticnally,
while the latter functionates during a part of fetal life as the
organ of urinary excretion, prior to the development of the
permanent kidney.

The pronephros or head-kidney constitutes the most primi-
tive vertebrate type of a mechanism for the exeretion of urine.
This strueture has its origin in the mesothelinm of the hody-
cavity, and in the following manner: When the paraxial
mesoderm, which subsequently divides into the somites, is
about to separate from the parietal plate of mesoderm, the
two parts are connected for a time by an intervening thin
band of tissue, the middle plate (17ig. 102, mp). On the
outer side of this middle plate, the mesothelial cells of the
parietal layer of the mesoderm become invaginated in a line
parallel with the axis of the body to form a cord of cells
which at several points retains its connection with the surface
cells.  Further changes bring about the hollowing out of the
cell-cords go that there results a long tube, the pronephric or

212
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segmental duct, which has several short transverse tubules
opening into it and communicating by their opposite ex-
tremities with the body-cavity (Fig. 105).  The mesothelium
in immediate proximity to the free end of each short tube
is invaginated by a tuft of capillary blood-vessels from a
branch of the adjacent aorta to constitute a glomerulus (Fig.
103, bb). The pronephric duct passes tailward and opens
into the cloaca, a receptacle which receives, in common, the
terminal orifice of the primitive bladder and that of the
primitive intestine. It is apparent, therefore, that the pro-
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F1g. 102.—=Tranverse section of a seventeen-and-a-half-day sheep embryo (Bonnet)-

nephros or head-kidney is anatomieally adapted to the fune-
tion of removing certain substances from the blood by virtue
of the action of the cells surrounding the glomeruli or tufts
of ecapillary blood-vessels, and that these substances may be
conveved away through the duct into the cloaca and thence
evacnated from the body. This organ is functionally active,
however, only in certain lower classes of vertebrates, as in
the Amphibia during the larval stage and in bony fishes. In
mammals it is exceedingly rudimentary and very soon gives
place to a more important organ, the mesonephros.

The Mesonephros or Wolffian Body.—As in the ease of the
pronephros, the origin of the mesonephros is to be found in
the parietal mesothelium of the body-cavity or eclom. Ret=
erence has been made, in treating of the primitive segments,
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page 69, 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 to
form the somites, the middle plate likewise undergoes seg-
mentation, each segment being designated a nephrotome.
Each nephrotome, in the lower vertebrates, contains a cavity
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Fiz, 108.—Diagram of pro- F1G. 104, —Diagram of Wolfian
nephros (% and pronephric duct body and duct: Af, allantois; &,
(Fd): Al, allantois; &, gut; CF, gut; o, cloaca; K. kidney evagi-
cloaca ; W, glomeruli. naticn.

which communicates with the general body-cavity and which
is therefore, in effect, an evagination of the mesothelium of
this space. In mammals, however, as well as in reptiles and
birds, the nephrotome is a solid cord of cells. By the hol-
lowing out of these cell-cords or nephrotomes, a series of
transversely directed tubnles is formed, each nephrotome, in
fact, becoming converted into a short canal. These tubes
acquire connection by their deeper ends with the previously
formed pronephrie duect (Fig. 103), which is known here-
after, therefore, as the mesonephric or Wolffian duct (I7ig. 104).
The latter duct and the short transverse tubules which open
into it eonstitute the Wolffian body or mesonephros (Ifigs. 105
and 106, 1).  Hence, in its fully developed condition, which
iz attained by the seventh week of fetal life in man, the
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F1z. 10.—Transverse section of seventeen-day sheep embryo (Bonnet): am,
ampion ; az, amniotic sac; n, neural eanal; 2 somite differentiated into muscle-
plate; Wd, Woltlian duet; #°h, Wolffian body; pm, parietal mesoderm ; vm, vis-
ceral mesoderm; a, o, fusing primitive aort®; {, intestine.

Wolffian body consists of a tube or duet lying behind the
parietal layer of the mesoderm, parallel with, and lateral to,

Fic. 106, —Digposition of the genito-urinary organg in the embryo of the hop—
5.0 cm (2.2 in.) long (Tourneux): 1, Wolflian body ; 2, ovary : 3, inguinal ligament
4, diaphragmatic ligament; 5, stomach ; 6, intestine ; 7, bladder; 8, umbilieal artery.

the primitive vertebral eolumn, and opening at the eaudal end
of the embryo into the cloaca ; and of a series of transverse



216 TEXT-BOOK OF EMBRYOLOGY.

Wolffian tubules opening into the duct and abutting by their
opposite ends upon the body-cavity. At the head-end of the
Wolffian duet, the now atrophie pronephric tubes are still in
connection with it.

It is usual for writers upon embryology to compare the
general form of the Wolllian body to a comb, the short
tubules representing the teeth, and the duet corresponding to
the back of the comb.

As a further step in the development of an organ adapted
to the funetion of the seeretion of urine, each Wolffian tubule
becomes somewhat saceular midway between its two extremi-
ties, and this dilated part of the tubule is invaginated by the
capillary branches of an artery from the aorta. In this
manner the cells that line the tubules are brought into rela-
tion with the blood of the fetus and aequire at the same time
the characters of secreting epithelium. Such an invaginating
tuft of capillaries, known as a glomerulus, with its enveloping
capsule of Bowman, which latter is the invaginated saceular
part of the tubule, constitutes a primitive Malpighian cor-
puscle, a structure analogous to the Malpighian corpusele of
the permanent kidney. The complexity of the organ is in-
ereased by the development of secondary tubules and Mal-
pighian eorpuscles connected with those first formed.

The horizontal or transverse tubules of the Wolftian body
are divizible into an anterior or upper series, distinguished as
the sexual segment, and a lower set of atrophic tubules—
atrophic for reasons that will appear hereafter. In certain
vertebrates that are of higher type than those in which the
pronephros funetionates, such as adult amphibians and fishes,
the Wolffian body persists throughout life as an organ of
urinary secretion. In birds and mammals, however, its
funetional activity iz but temporary, since it is supplanted,
before the end of fetal life, by the permanent kidney. In
man it disappears relatively early, retrogression beginning in
the 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 is a permanent structure in certain lower
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members of the vertebrate series, exemplifies the embryo-
logical prineiple elsewhere 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 scale of
evolution.

The Metanephros or Permanent Kidney.— W hile the Wolffian
body is temporarily performing the office of a kidney, a
structure is evolving from its caudal extremity which is
to form the permanent organ. It has been stated that
the duct of the Wollfian body opens into the cloaca.
From this cloacal end of the duet, a little diverticulum or
evagination (Fig. 104) grows forth and soon lengthens
into a tube which extends head-
ward toward the position of
the Wolffian body. The upper
or anterior end of the tube
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branches to form a number of k.
smaller tubes (Fig. 107). At \ﬁ .
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indifferent mesodermic  tissue
(Fig. 108) is altered in charac-
ter, becoming condensed and vas- g

: 7 Frg. 107.—Diagram to show exten-
cular. The blind end of each sjonand branchingof kidney evagi-
little tube, becoming dilated and }‘F‘:‘:;:’?l:-‘::h]}‘llm:’fﬁ::‘:" :tfl‘r[]““m::
saceular, is invaginated by capil-  ureter; p, pelvis of ureter; Wi,
lary blood-vessels. This trang- Molin et 3. bddoe s -
formation produces the Mal- '
pighian corpuscles. The sacculated end of each tubule is now
a capsule of Bowman, while the tuft of capillaries enveloped
by it is the glomerulus. It should be borne in mind that the
glomerulus 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 capillaries, enclosing it within a two-
layvered wall.

The tubules, assuming tortuous and convoluted form,
owing to excessive growth in length, constitute the urin-
iferous tubules of the adult kidney. According to Minot,
the capsule of the kidney, which is produced by the sur-
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rounding mesodermic tissue, exercises an important influence
upon the form of the developing tubules, the resistance it
offers to their centrifugal extension being the determining
factor in producing the foldings and convolutions of the
tubules, The progress of these metamorphoses iz such that
the kidney acquires its characteristic features by the end of
the second month of fetal life. The original canal—that 15,
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Frc. 108 =Diagrammatic representation of the development of the kidney (after
Gegenbaur),

the stalk of the diverticulum—is now the excretory duet of
the kidney, the ureter, while the dilated and branched upper
part of the latter is the pelvis of the kidney with its calyces
and infundibula. The connective-tissue stroma and capsule
of the organ, in common with its blood-vessels and lymphatics,
are products of the surronnding mesodermic tissue. It is
apparent, therefore, that all parts of the kidney and its duct,
the epithelium as well as the connective tissue, are derived
from the mesoderm, since the Wolffian duct, from which the
tubules and the ureter with their epithelinm develop, is itself
a product of the mesodermic cells, or mesothelium, lining
the body-cavity.

THE SUPRARENAL BODIES.

The development of these structures is still involved in
some obscurity. Most observers agree that they are geneti-
cally connected with the mesonephros or primitive kidney,
but whether the organs, as represented in the adult condition,
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are derived solely from this source is not as yet definitely
made out.

The origin of the suprarenal body is variously aseribed by
different investigators—I1, to a group of connective-tissue
cells found at the upper end of the primitive kidney; 2, to
the germinal epithelium of the anterior or head-end of the
genital ridge ; and 3, to epithelial outgrowths from the
mesonephros or primitive kidney. The last named is re-
garded by Hertwig and by Minot as being the most probable
source. The epithelial ontgrowths referred to bud forth from
the glomeruli of the primitive kidney and divide, each into
two branches, one of which grows into the indifferent sexual
eland to produce a part of its structure (as described in the
sections on the ovary and on the testis), while the other turns
dorsad and spreads out to form eventually the cortical part
of the suprarenal body.

The origin of the medullary part of the organ is also a
disputed point. On the dorsal side of the primitive kidney
chains of small cells grow forth from the embryonic ganglia
of the sympathetic system. These latter become surrounded
by the cells derived from the mesonephros, as well as by
embryvonic conneetive-tissue eells, and are divided into small
groups. According to Hertwig,' who follows Balfour, Braun,
and Killiker, the cells budding from the sympathetic ganglia
produce the medullary part of the organ. Minot, on the
contrary, believes that these cells later entirely disappear and
take no part in the formation of the medulla.

In the early stages of fetal life, the suprarenal body is rela-
tively mueh larger than in the adult condition, and is situated
chiefly on the ventral surface of the kidnev. At abount the
third month it begins to assume more nearly its normal
position, -

The account of the development of the bladder and of the
urethra may be deferred until the evolution of the internal
sexual system shall have heen considered.

! Entwickelungsgeschichte, fifth edition, Jena, 1806,
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THE DEVELOPMENT OF THE INTERNAL GENERATIVE
ORGANS.

The Indifferent Type.—The internal generative organs of
both sexes, in the course of their development, pass through a
stage in which there is to be found no distinction of sex.
This stage is designated, therefore, the indifferent type of
sexual apparatus.

While the Wolffian body is attaining its full development,
there appears in its vicinity a tube, the duct of Miiller (Plate
VII., Fig. 1), which lies parallel with, and to the outer side
of, the Wolffian duct., The exact mode of origin of the duet
of Miiller has not as vet been definitely made out. Accord-
ing to one view, its upper or cephalie portion is produced
by an invagination of the mesothelium of the body-cavity,
while the remaining lower segment results from a fission
or longitudinal division of the Wolffian duct. In what-
ever way the duct may be formed, its lower or caudal
end opens into the cloaca, which receptacle receives also
the termination of the Wolffian duet. The upper end
of the duct maintains a communication with the body-

cavity or celom by means of an expanded funnel-shaped
mouth. Tts lower segment is closely associated with its fel-
low and with the Wolffian duets, forming thus the genital
cord. The funetion of this ecanal in lowly organized ani-
mals—that of receiving from the body-cavity the female
genital products, the ova, and evacuating them from the
body—foreshadows its subsequent metamorphosis in most
vertebrates.

While the duet of Miiller is forming, the mesothelial
cells overlying that part of the free surface of the Wolf-
fian body which looks toward the median plane and
somewhat forward, its ventro-mesial aspeet, undergo multi-
plication and thickening (Fig. 109, a), forming an elongated
swelling or ridge.  This is known as the genital ridge, which
produces a projection upon the wall of the body-cavity. The
genital ridge is still further thickened by the proliferation of
the mesodermic tissue () beneath the mesothelial eells. The
genital ridges of the human fetus appear in the fifth week.
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Further differentiation of the genital ridge results in its
transformation into the so-called indifferent sexual gland (Plate
VII., Fig. 1), a structure common to both sexes at this stage,
The essential feature of this process is that the thickened
mesothelial cells overlying the genital ridge become modified *
in character and penetrate the ridge in the form of cords or
strands of cells. These mesothelial elements were called by

Fi1c. 100.—Cross-section through the mesonephros, the fundament of the Miil-
lerian duct, and the gsexual gland of & chick of the fourth day (after Waldeyer),
magnified 100 diameters: m, mesentery; L, somatopleure; af, the region of the
germinal epithelinm from which the Millerian duct (z) has been invaginated; a,
thickened part of the germinal epithelium, in which the primary sexual cells, ©
and o, lie; E, modified mesenchyme out of which the stroma of the sexual gland
is formed ; WA, mesonephros; ¥, mesonephric duet.

Waldeyer the germinal epithelium, beeause, after their exten-
sion into the interior of the ridge or gland, they give rise to
the germ-cells, namely, the ova or the spermatozoa as the case
may be. The cell-cords include two kinds of elements, the
smaller mesothelial cells and the primitive sexual cells, which
latter are larger and less numerous than the mesothelial cells
and have large nucleolated nuclei. The primitive sexual
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or seminal cells, or primitive ova, are so called because it has
been assumed that they develop either into the ova or the
seminal filaments according to the sex of the embryo. The
cell-cords have been seen in the indifferent gland of the
human embryo as early as the fifth week. At this time,
although there are no gross sexual distinetions recognizable,
it is possible to determine from the histological characters of
the organ whether it is to be a testis or an ovary, the large
sexual cells being far less numerous relatively in the former
case than in the latter (Nagel).

The indifferent sexual gland comes into an especially close
relation with the upper or sexual series of the mesonephros
or Wolflian body (Plate VII., Fig. 1), the significance of which
fact will appear later.

The elements of the indifferent stage of the sexual ap-
paratus are, therefore, the indifferent sexual gland, the Wolffian
duct, and the duct of Miiller (Plate VII., Figs. 1, 2). From
this asexual stage, either the male or the female type is pro-
duced by the metamorphosis of the indifferent glands into
the testicles or the ovaries and the formation of ducts to
provide for the eseape of the sexnal elements, the spermatozoa,
or the ova, produced by them.

The Male Type of Sexual System.—The differentiation of
the indifferent sexual system into the male type is effected
by the further development of some parts and the atrophy
or the arrested growth of others,

The testicle has a double origin, since the proper secretory
part of the organ iz produced by the metamorphosis of the
indifferent sexual gland, while its system of efferent ducts is
furnished by the Wolffian bodv. Mention has been made
of the cell-cords of the indifferent sexual glands and of their
origin from the mesothelium of the body-eavity, and also of
the fact that thev consist of the smaller mesothelial eells
and the larger and less numerous primitive sexual eells.

The mesothelial cells inerease in number and become so
oronped as to form f,-.:.'limlriu-:tl masses known as sexual cords,
each of which ineludes some of the primitive seminal or
sexual eells, By the ingrowth of connective tissue from the
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surrounding mesoderm, the sexual cords are divided into
roundish masses, each of which is made up of many of the
smaller elements and a less number of the large seminal
cells. These follicle-like masses become hollowed ont to
form the seminal ampulle, which afterward, by undergoing
great increase in length, are transformed into the seminiferous
tubules. During fetal life, however, and even to the period
of puberty, the * tubules” remain solid cords of cells. The
exact relation of the two kinds of cells to the produection of
the spermatozoa, whether or not the small ecells give rise to
Sertolli’s columns, and the primitive seminal cells to the
spermatozoa, is still involved in obscurity.

Spermatogenesis, or the development of the spermatozoa
from the cells that line the seminiferous tubules of' the func-
tionating testicle, has been considered in Chapter I.

While the sexual cords are being transformed into the
evlinders that become the seminiferous tubules, the surround-
ing mesodermic tissue penetrates the genital gland and forms
the connective-tissue septa that constitute the stroma of the
organ and divide it into lobules. At the same time, also,
marked changes oceur in the Wolffian body. From that part
of this strueture which has been referred to as the sexual
series of transverse Wolflian tubules, cords of cells grow
forth and penetrate the genital gland, their ends fusing with
the primitive seminiferous tubules. The conversion of these
cell-cords into tubes furnishes the initial part of the system
of excretory ducts of the testicle, namely, the vasa recta, and
the rete testis. Somewhat later, in the twelfth week, the
rete testis 12 extended to form the vasa efferentia, and still
later, in the fourth and fifth months, the efferent vessels
lengthen and become tortuous, producing thereby the coni vas-
culosi or head of the epididymis (Plate VI1I., Fig. 3 ; Fig. 110),
The upper part of the Wolffian duet develops into a econ-
voluted tube which constitutes the body and tail of the epididy-
mis, while the lower portion becomes the vas deferens, thus
completing the system of eanals provided for the escape of
the spermatozoa. Near the caudal end of the Wolllian duet,
a little pouch-like evagination grows from its wall and becomes
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the seminal vesicle, the lower end of the duct, below the orifice
of the seminal vesicle, being the ejaculatory duct. Since the
Wolffian duet terminates in the
cloaca, and since the anterior
part of the cloaca corresponds
to a portion of the later ure-
thra, the termination of the
ejaculatory duet in the pros-
tatic part of the urethra is
accounted for. Thus it will
be seen that while the seeret-
ing part of the testicle results

w0,

Fic. 110.—Internal generative or- from the transformation of the
rans of o male fetuz of about fourfeen
weeks (Waldeyer): &, testicle; £ epi-

didymis; w’, Wolffian duet; w, lower sSecretory cells l]ﬂ‘u'i[]g their

indifferent genital gland, the

part of Wolifian body: o, gubernacu-
lum testis,

origin in the germinal epithe-
lium, the complicated system
of ducts with which it is provided is furnished by the meso-
nephros or Wolffian body.

The series of tubules connected with the upper extremity
of the Wolthan duet, the remnant of the pronephros or head-
kidney, frequently persists as a little peduneunlated sae at-
tached to the upper part of the epididymis; it is known as
the stalked hydatid and sometimes also as the hydatid of
Morgagni. The posterior or lower set of Wolflian tubules
likewise give rise to an atrophie structure, the paradidymis or
organ of Giraldes, which consists of a series of short tubes
closed at both ends, lying among the convolutions of the tail
of the adult epididymis (Plate VII., Fig. 3).

The duct of Miiller remains atrophie, in the male, through-
out its entire extent, and in fact, with the exeception of its
two extremities, it usually Illl'l[ll;';_’,‘l'fh!!l' disappears. Its upper
extremity persists as a small vesicle, the unstalked or sessile
hydatid, attached to the upper aspect of the testicie. The
lower extremity of the duet, uniting with its fellow, becomes
converted into the sinus pocularis or uterus masculinus of the
prostate gland (Plate VIL., Fig. 3). If the intervening part
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of the tube persists to post-natal life and remains patulous,
it is known as the duct of Rathke.

The change of location which the testicle undergoes is a
conspicuous feature of its development. To understand this
elearly, it is necessary to recall the relation of the meso-
nephros and the genital gland to the peritoneum. Since
both of these bodies originate from the cells of the outer
wall of the body-cavity, or, in other words, from what be-
ecomes the parietal peritonenm, necessarily they lie between
the body-wall and the parietal peritoneum—that is, behind
the peritoneal cavity. With the increase in size of these
structures, they project toward the peritoneal cavity, the
peritoneum passing over them and i':}rming a2 “ mesentery,”
which anchors them to the posterior wall of the abdomen.
In the case of the testicle, this peritoneal fold or “ mesentery ”
is called the mesorchium; in the case of the ovary, the meso-
varium. It is prolonged upward to the diaphragm as the
diaphragmatic ligament of the primitive kidney, and down-
ward to the inguinal region as the inguninal ligament of the
primitive kidney (Fig. 106), since this latter organ is the
largest constituent of the projecting mass.  When the primi-
tive kidney has disappeared as such, the inguinal ligament
mentioned seems to connect the ovary or testicle with the
inguinal region of the abdominal wall.

The inguinal ligament containz between itz folds eonnee-
tive tissue and unstriped museular fibers,  These become the
gubernaculum testis in the male or the round ligament of the
uterns in the female. Az the body of the fetus continues to
grow while the tissues of the ligament remain stationary or
grow less rapidly, the testicle is gradunally displaced from its
position at the side of the lumbar spine, and by the third
month reaches the false pelvis. In the fifth and sixth months
it iz in contact with the anterior abdominal wall, near the
inner abdominal ring. In the eighth month it enters the
inguinal canal, and near the end of the ninth month, shortly
before birth, it leaves the inguinal canal and enters the
serotum.

! Non-descent of the testicles, with consequent emptiness and flabbiness
15
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Before the testicle leaves the abdominal cavity, the parietal
peritoneum  pouches through the inguinal canal into the
serotum, the protruded part being the processus vaginalis.
Since the testicle is from the first behind the parietal peri-
toneum, it passes into the serotum behind the vaginal process,
the latter then folding around it as a shut sac of two layers.
Subsequently the connection of the sae, now the tunica vagi-
nalis testis, with the abdominal peritoneum is reduced to a
slender strand of’ tissue lying in front of the spermatic cord.!

The testicle necessarily earries with it, in its descent, its
blood-vessels, the spermatic artery and vein; its duet, the
vas deferens; as well as its nerves and lymphatic vessels;
and these structures collectively constitute the spermatic cord.

The Female Type of Sexual System.—While the indifferent
sexnal gland, in the development of the male generative sys-
tem, undergoes metamorphosis into the testicle, it becomes,
in the evolution of the female type, so altered as to consti-
tute the ovary; and while the Wolthian tubules and the
Wolffian body become in the male the system of exeretory
duets of the testicle, they produce in the female merely
atrophie struetures.  On the other hand, the duct of Miiller,
which gives rise in the male to atrophie appendages, forms in
the female type the Fallopian tube and, by fusing with its
fellow of the opposite side, the uterus and the vagina.

The ovary results from alterations in the strueture of’ the
genital gland analogous to those that eceur in the evolution
of the testicle. The special features of these changes arve
better understood, however, than are those of the testicle,
Az in the case of the development of the testicle, the meso-
thelial cells on the peritoneal surface of the genital ridge
become thickened, these altered cells eonstituting the germinal

of the serotum, is designated eryplorehism (hidden testes). The presence
of hut one testicle in the serotum i= ealled monorchizm.

1{h'1_':'|:-:imt:|]1_1.‘ it happens that the funicalas process of the tunica vagsi-
nalis—that is, the stalk of the sac, remains patulous throughouot its entire
extent, a condition which- allows of the easy and sudden protrusion of a
segment of the bowel into the eavity of the tunica vaginalis, constitnting
the so-called eongenital hernin.  Or the funicular process may close only
at one or the other end, giving rise to other varieties of hernia.
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epithelium (Fig. 109). Coincidentally, the primitive connee-
underlying the germinal
epithelium proliferates, contributing to the thickness of the
genifal ridge. By the sixth
or seventh week, the ger-

tive tissue—mesodermic tissue

minal epithelium conzists of
several strata of cells, groups
of which begin to penetrate
the underlying mesodermic
tissue in the form of cord-
like processes (Fig. 112,
¢, sch). The indifferent
mesodermie tissue at the
same time increases in guan-
tity, in turn penetrating
between the groups of ad-
vaneing cells, so that what

& ] 5 ]_ £ ’ ] I ; I ; Fic. 111.—=Internal organs of a female
aiess Juace . mig It be de-  pyysofabout fourteen weeks (Waldeyer) :

geribed as a mutnal inter- o ovary; e epodphoron or parovarium;
. 3 w', Wolflian duet; =, Millerian duct; w

erowth. The presence of  jower part of the Wolflian body.

the growing connective tis-

sue accentuates the erouping of the eells into eyvlindrical

masses.  These latter are the sexual cords or egg-columns

(Pfliiger’s egg-tubes). They contain two speecial kinds of

cells, the large sexual cells or primitive ova (Fig. 112, ue),

and the smaller but more numerons mesothelial cells,

The econnection of the sexual cords with the germinal epi-

thelinm is much more obvious in this ease than in the
case of the developing testicle, and the primitive sexual cells
are much more abundant. The egg-columns, surrounded by
voung connective tissue, constitute the nucleus of the cortieal
part of the future ovary. This mass is later sharply marked
oft' from the free or peritoneal aspect of the gland, the region
of the germinal epithelium, by a zone of proliferating meso-
dermic cells which become the tunica albuginea of the ovary.

An important change now takes place in the egg-columns ;
the primitive ova, or large sexnal cells, inerease in size, their
nuclei becoming especially well developed, while the small
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mesothelial cells become smaller and less conspicuous,  Sev-
eral of the large cells fuse into a single mass of protoplasm,
while one of the nuclei outstrips the others in erowth 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 connective tissue, each group (Fig.
112, ¢, sch’) containing a single ovam but many of the smaller

Frg. 112.—FPart of sagittal section of an ovary of a child just born (after Wal-
deyer). Highly magnified: ke, germinal epithelium; e, sch, PAliger's egg-tubes;
ue, primitive ova lying on the germinal epithelinum; ¢, sck’, long Pliger's tubes, in
process of being converted into follieles ; of, & ege-balls (nests), likewise in process
of being resolved into follicles; f, youngest follicle already isolated: gg, blood-
vessels, In the tubes and egp-nests the primordial epps are distingnizhable from
the smaller epithelial cells, the future follicular epithelium.

cells.  These groups are the young Graafian follicles of the
ovary (f). The enveloping zone of connective tissue becomes
the theca of the follicle, while the single large cell constitutes
the ovum, and the smaller cells are the membrana granulosa.
At first the granulosa cells surround the ovum as a single
layer of flattened cells which gradually assume the eolomnar
type and become 20 numerons as to form many layers. They
seerete a fluid, the liguor folliculi, which erowds the ovum to
one side of the folliele where it is enveloped by a speecial
group of granulosa-cells, the discus proligerus (Iig. 113).
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The question of the origin of the follicular cells is still an
unsettled one, though it seems probable that they are derived
from the cells of the egg-columns, and Minot believes that
they are probably descended from the primitive ova.

The formation of new Graafian follicles, and consequently
of ova, beging in the deeper part of the ovary and advances
toward the surface. The production of ova and follicles is

Frs. 113.—8Bection of human ovary, including eortex : a, germinal epithelinm
of free surface; b, tunica albuginea; ¢, peripheral stroma containing immature
Graafian follicles (d); ¢, well-advanced folliele from whose wall membrana granu-
losa has partially separated ; f, cavity of liguor folliculi; g, ovum surrounded by
cell-mass constituting discus proligerus (Piersol).

limited to the fetal stage and to the early part of post-natal
life, their formation not oceurring, according to Waldeyer,
after the second year.

What has been said above refers to the development of the
cortex of the ovary. The medulla is produced by the growth
toward the egg-columns of cord-like processes, the medullary
cords, from the epithelial walls of the Malpighian corpuscles
of the primitive kidney or Wolffian body, the cords 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 between the bundles 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 and the
means of nourishing them and evacuating the produet of
gestation from the body in the event of impregnation—
namely, the Fallopian tubes, the uterus, 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-eavity,
separated from it by the parietal peritoneum, and parallel
with the primitive spinal eolumn (Plate VII.). The probable
method of their formation has been pointed out (p. 220),
Near the lower (caudal) end of the body they approach each
other, and finally unite about the second month to form a
single duct for the rest of their extent (Plate VIL., Fig. 4). The
upper, ununited parts of the duects become the Fallopian tubes
or oviduets, while the lower portions, now fused into one,
become 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 uterns, the two being represented by a
single sac-like structure. The development of a cirenlar
ridge in the wall of the saec marks the division between the
two organs, the part above the ridge aecquiring thick
musenlar walls, while the part below it, the future vagina,
remains thin-walled and more eapacious. In the third
month the uterus is bifid at its upper extremity, a condition
which is permanent in some animals and oecasionally in the
human subject.!

The Wolfian duct, which, in the male, becomes metamor-
phosed into a part of the epididymis and the vas deferens,
remaing undeveloped in the female, producing merely atrophic
or vestigial struetures (Plate VII., Fig. 4). The upper series of
Wolffian tubules, the remnant of the pronephros, frequently

! The formation of the uterus and of the vagina by the coalescence of two
parallel tubes affords an explanation of the slerus bicornis or bifid wterus and
of the condition of double wterus sometimes met with, as also of the presence
of a medinon plici in the vagina, sinee by the failure of union of the two
tubes in greater or less degree one or other of these anomalies would result.
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persists, as in the male, in the form of a small pedunculated =ac,
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
geries of the Wolltian tubules with the adjacent part of’ the
Wolffian duet, which, in the male type, develop into the
epididymis, become in the female, an atrophic strutture
known as the epodiphoron or parovarium, or organ of Rosen-
miiller (Fig. 111). This structure, which is almost con-
stantly found between the layers of the broad ligament in
close proximity to the ovary, consists of a larger horizontal
tube representing a segment of the Wolllian duct, and of
shorter vertical tubes joining this at a right angle and rep-
resenting the transverse Wolffian tubules. The lower set
of small Wolffian tubules, those which, in the male become
the paradidymis, give rise in this case to a similar atrophie
body, the paroophoron. This is also situated in the broad
ligament, usually to the inner side of the ovary. The
Wolffian duct, with the exception of that puﬁiun of it that
assists in the formation of the parovarinm, usnally entirely
dizappears. Oececasionally, however, it persists as a small
canal traversing the broad ligament close to the uterus and
passing on the dorsal side of the upper part of the vagina to
be lost upon the wall of the latter or, more rarely, to open
near the urinary meatns. When thus persistent, it is known
as the duct of Gartner.

The change of position of the ovaries is similar to, though
less marked than, that of the testes, The inguinal ligament in
the female (Plate VII.) extends from the primitive position
of the ovaries in the lumbar region of the abdominal eavity
to the groin, where it passes through the abdominal wall,
traversing the inguinal canal, to terminate in the labium
majus.  The upper part of this ligament, containing invol-
untary muscular substance, firmly unites with the ovary. In
the third month the ovary descends to the lower part of the
abdominal eavity and iz now connected, by the succeeding
portion of the inguinal ligament, with the uterus. This con-
nection may be a factor in the final change of pozition of the
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ovary—that is, its descent into the true pelvis. The part of
the inguinal ligament that passes 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-
nal canal to the labium majus of the vulva, is the round liga-
ment of the uterns.  As the inguinal lignment perforates the
abdominal wall, a small diverticulum of peritoneum goes
with it. Normally this peritoneal pouch subsequently be-
comes obliterated. Oceasionally, however, it persists and
then constitutes the canal of Nuek. Should the eanal of
Nuck be present, the ovary may pass into or through it,
thus reaching the labium majus. A patulous eanal of Nuek,
as in the case of a patulons funicular process of the tunica
vaginalis of the male, may permit the sudden oceurrence of
an inguinal hernia in the female.

The account 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 originatez from the same embryonie strueture.

THE BLADDER AND THE PROSTATE GLAND.

As stated in Chapter V., the urinary bladder and a part of
the urethra are derived from the intra-embryonic portion of
the allantois. In the same chapter the allantois was deseribed
as a sac which developed as a pouching-out of the ventral
wall of the gunt-tract near its caudal end (Plate 1L,
5 and 6). The sac protrudes from the still widely open
abdominal eavity, enters the extra-embryonic part of the
body-cavity, and reaches the inner surface of the false
amnion, with which structure it intimately unites to form
the true chorion (Plate TT1.). As the walls of the abdomen
oradually close, leaving only the umbilieal aperture, it is,
necessarily, through this aperture that the allantois pro-
trudes.

We have seen (p. 82) what becomes of the extra-abdom-
inal part of the allantois—in what degree it contributes to
the formation of the placenta and of the umbilieal cord,
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Obviously, with the severing of the umbilical cord after
birth, all this extra-embryonic part of the allantois disap-
pears, giving rise to no Adult organ.

I'ts intra-embryonie portion consists of a tube extending
from the caudal end of the intestine to the umbilicus (Plate
II., 5 and 6). As early as the second month, the middle
segment of this tube dilates and assumes the form of a spindle-
shaped sae, which becomes the urinary bladder (Plate VII.).
The part of the tube connecting the summit of this sac with
the umbilicus remains small, graduoally lozes its lumen, and
constitutes in the adult the (nsually) impervious eord known
as the urachus. Should the cavity of the urachus persist in
its entirety, and should there be at the same time an external
opening at the umbilieus, the condition would constitute an
umbilical urinary fistula. The proximal part of the allantois
—that is, the portion intervening between the bladder and
the intestine—is designated the sinus urogenitalis, while the
caudal end of the intestine, which is, in effeet, 2 pouch in
which both the allantois and the intestine terminate, is known
as the cloaca (Fig. 84). The urogenital sinus receives the
terminations of both the Miillerian and the Wolffian duets
(Plate VII.).

In the sixth week or slightly earlier, there appears upon the
surface of the body, in the region corresponding to the position
of the eloaca, a depression, the cloacal depression ([Fig. 84),
which later, except in man and the higher mammals, meets
the cloaca, and thus establishes a ecommunication between it
and the exterior. In the Amphibia, in reptiles, and in birds,
as also in the lowest mammals, the monotremes, the ecloaca
is a permanent structure, and through it, in these groups of
animals, not only the fecal matters and the urine, but also
the genital produets, the spermatozoa and the ova, are evacu-
ated from the body. In all mammals, however, with the
exception of the monotremes, the cloaca undergoes division
into a posterior part or anal canal and an anterior urogenital
aperture. This division iz brought about by the growth of
three ridges or folds, of which one springs from each side
of the cloaca and one from the point of union of the uro-
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genital sinus and the intestine. These folds coalesce about
the eighth ' week to form a complete septum, which continues
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 Wolftian or mesonephric duets
(Fig. 104).  Owing to alterations brought about by processes
of unequal growth, the orifices of the ureters subsequently
change their position so as to open into the urogenital sinus
(Fig. 107), and still later, by the further operation of the
same agency, they come to open into the bladder on its dor-
sal wall, thus gradually assuming their permanent relations
(PL. VIL.). After the division of the cloaca the urogenital
sinus, as stated above, opens independently upon the surface
of the body. In the female it is transformed into a short
tube, the urethra, and an expanded terminal recess or fossa,
the westibule of the wulva (Pl. VIL.). In the male it be-
comes the first or prostatic part of the urethra.

In the twelfth or thirteenth week, the future prostatic ure-
thra acquires very thick muscular walls, and the m'igillai
epithelial tube pouches out into the muscular tissue in the
form of little sacs, the lining cells of which assume the char-
acters of secreting epithelium. In this way is produced the
ageregation of museular and glandular tissue 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 urethra, the sinus pocularis or uterus mas-
culinus, has been previously referred to as the homologue of
the uterus, being the persistent eaudal extremities of the
ducts of Miller (Plate VIIL.).

THE EXTERNAL ORGANS OF GENERATION.

In the early stages of the development of the external
genital organs no sexual distinetions arve apparent.

teference has been made to the cloacal depression as a
superficial fosza which makes its appearance at the candal end
of the body of the embryo in the sixth week (Fig. 84). At

I Togrteenth week, according to Minot.
' B
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about the same period an encireling elevation, the genital ridge
(Fig. 114, 4, 4), is seen to surround this depression. Within
the genital ridge, at the anterior part of the cloacal fossa, a
small tubercle, the genital eminence, appears at the same time.

Fig. 114.—Four successive stages of development of the external genital organs
(indifferent type) of the human fetus of 24 to 34 mm. (0.9 to 135 inch) (Tourneux)
1, genital eminence or tubercle; 2, glans; 3, genital groove: 4, genital ridge; 5,
cloacal depression; 6, coceygeal eminence,

On the under aspect of the genital eminence there is soon
distinguishable the genital groove (Iig. 114, 3), which appears
as if a continuation of the fissure-like cloacal depression (5),
and the groove very shortly becomes flanked by two ridges,
the genital folds, one on each side.

" The genital eminence becomes the penis or the clitoris,
according to the sex of the fetus, It wvery early acquires a
knob-like extremity (2) which is the beginning of’ the glans
penis or of the glans clitoridis, as the case may be.  Further
development of the glans is brought about by the appearance
of a partially encireling groove which serves to differentiate
it from the body of the urg__r;:m.'

At this stage of development, the rudimentary organs, as
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deseribed above, are precisely alike in the two sexes. Early
in the third month—about the ninth week—sexual distine-
tions begin to become manifest. Since the female organs
exhibit the less degree of deviation from the early indifferent
form, they will be first considered.

The External Genital Organs of the Female.—The sexually
indifferent genital eminence which, as we have seen, presents

Fii:. 115 —Four successive stages of development of the external genital organa
of the human female fetus (Tourneux): 1, elitoris; 2, glans elitoridis; 3, urino-
penital fissure; 4, labin majora; 5 anus; 6, coccygeal eminenee; 7, labia minora,

even by the end of the second month a rudimentary glans and
an indieation of a prepuce, elongates somewhat and becomes

the clitoris. The genital folds bounding the genital groove
on the under surface of the genital eminence (Figs. 114 and
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115, A) never unite with each other as they do in the male,
but become prolonged in the direction of the future anus and
constitute, by the fourth month, the lateral boundaries of the
orifice of the urogenital sinns, or, in other words, of the ves-
tibule of the vagina (Fig. 115, 3). These folds, continuous
over the dorsum of the clitoris with its rudimentary prepuce,
are the nympha or labia minora (Fig. 115, 1), T) of the fully-
formed state, The masses of erectile tissue in close
relation with each labium minus, the pars intermedialis
and the bulbus vestibuli, are the homologues respectively
of a lateral half of the male corpus spongiosum and its
bulb. The genital ridge, which, from the first, encircles
the genital eminence and the eloacal depression, and, con-
sequently, the later clitoris and the aperture of the sinus
urogenitalis, increases greatly in thickness. The part of it
situated on the ventral side of the clitoris becomes the mons
veneris, while the lateral parts of the ridge become the labia
majora of the vulva. The several parts of the female geni-
alia develop to such a degree during the fourth month that
their sexual characters at this time are well marked.

The reader is again reminded that in the stage when the
cloaca is present, the Miillerian duets terminate in the sinus
urogenitalis (Plate VIL.). As previously stated, the sinus uro-
genitalis becomes the female urethra, its terminal portion
expanding into the vestibulum vaginz. The openings of the
Miillerian duets fall within this latter vestibular region of
the sinus.  The lower portion of the two ducts by this time,
however, have fused to form the uterus and the vagina, and
henee is established the permanent relationship of these parts
—that is, the opening of the vagina and the urethra by sepa-
rate orifices into the vestibule.

The formation of the hymen begins in the fifth month as a
little erescentic fold at the posterior margin of the aperture
of the vagina.

The glands of Bartholin develop as evaginations of the
wall of the vestibular region of the urogenital sinus.

The Male External Genitals.—The male external organs
represent a farther stage of development than the corre-
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sponding female parts. The genital eminence elongates rather
apidly, 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
encireles the latter assumes more distinetive character as the
prepuce. This fold gradually advances 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, becomes the corpora cavernosa of
the adult organ. The characteristic structure of the corpora

Fii, 116.—Four suceessive stages of development of the human male fetus
(Tourneux): 1, penis; 2, glans; 3, genital groove; 4, serotum; 5, anus; G, coceygeal
eminence ; 7, perineoscrotal raphe.

avernosa is foreshadowed as early as the third month by the
appearance in the penis of capillary blood-vessels, which, in
the sixth month, undergo marked dilatation.
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The groove on the under surface of the penis becomes
deeper, and the genital folds, which bound the groove laterally,
inerease in size, This groove extends from the orifice of the
urogenital sinus to the glans penis.  The genital folds, which
in the female, remain distinet and become the nymph:z, unite
with each other in the male and convert the groove into a
canal, which latter is practically an extension of the uro-
genital sinus along the entire length of the penis to the
glans, The canal thus formed is the anterior part of the
male urethra, or, in other words, it includes all of the urethra
except its prostatic portion, which represents the nrogenital
ginus. The orifice of this newly-formed canal, situated in
the glans, is the meatus urinarius. Failure of union of the
genital folds, either wholly or in part, results in total or in
partial deficiency of the floor of the urethra, this anomaly
being known as hypospadias. If the defective closure in-
volves only the glans, the condition is denominated glandular
hypospadias.

The genital folds form not only the sides and the floor of
the penile urethra, but by an extension of their growth, also
its roof, thus completely surrounding it.  Upon the acquisi-
tion, by the now united genital folds, of blood-vessels and
cavernous spaces, they become the corpus spongiosum of the
penis, and thus is established the permanent or adult relation
of these parts,

The genital ridge becomes differentiated into two promi-
nent folds or pouches placed one on either side of the root of
the penis.  In the fourth month these unite to form the
scrotum, the line of union being indicated by the raphe.
Failure of union of the two halves of the scrotum is one of
the features of certain forms of so-called hermaphroditism.

The glands of Cowper, which correspond to the glands of
Bartholin of the female, are developed, like the latter, as
evaginations of the terminal part of the urogenital sinus.

The accompanying tabulation exhibits a comparison of the
organs of the two sexes on the basis of their common origin.
Male and female parts that develop from the same feral
structure are said to be fomolagous with each other.
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HOMOLOGIES OF THE SEXUAL SYSTEM.
FETAL STRUCTURE. FEMaALE URGANS. MAaLE URGANS
Indifferent sexual gland. Ovary, Testis.
Wolthan body—
Itz middle series of tu- Short tubules of par- Vasaefferentia, rete testis

bules and ovarinm and and coni vasenlosi.

Corresponding part of Horizontal or long tube Tuabe of epididymis.
Wolffian duet. of pavovarium.

Remainder of Wolffian Usually altogether dis- Vas deferens, seminal
duet. appears ; if In:r.-:i:-alrl?rfllj vesicle, and ejacula-

Gartner's duet. tory duet.

Upper  series of short Stalked hydatid of Mor- Stalked hydatid of Mor-
tubules (pronephros). gagni. agni.

Lower seriez of tubules. Parotphoron. Paradidymis (organ of

Giraldes).
Duet of Miller—

Its upper extremity. Fimbria of oviduet. Sessile hydatid.

Succeeding portion. Oviducet. Uszunally disappears; if
persistent, duct  of
Rathke.

Remaining portion, by Uterus and vagina. Uterus maseulinus.

fusion with its fellow.,

ExTERNAL ORGANS.

FETAL BTRUCTURE. FrmALE OrGANS, MaLE Orcaxs.
Genital eminence, Clitoris. Penis.
GGenital folds, :‘C}'mpll:l‘ and bulbi ves- Corpus spongiosum, en-
tibnli. closing spongy part of
urethra,
Genital ridge. Labia majora, Serotum.
Urogenital sinus. Urethra and vestibule, Prostatic urethra, mem-
Glands of Bartholin, branous urethra, pros-

tate, Cowper's glands.

SUMMARY.

1. The male and the female internal generative organs, as
well as the kidney and the ureter, originate from the meso-
thelial lining of the body-cavity, being directly produeced
from the Wolflian body and the duct 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 allantois, and ave therefore
to be regarded as of entodermic origin.

3. Before the establishment of the permanent kidney, a
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temporarily functionating organ, the mesonephros, performs
the office of a kidney during a part of fetal life, and this
latter is preceded by the pronephros, an organ which, thongh
represented in the higher vertebrates by a vestigial remnant,
is functionally active only in larval Amphibia and in bony
fizhes.

4. The Pronephros.—The meszothelial eells of the outer or

parietal wall of the body-cavity become invaginated in a line
parallel with the axis of the body, and the cord of cells thus
formed becomes hollowed out to constitute the pronephrie or
segmental duet. At several points this duet retains its con-
nection with the surface-cells by means of cell-cords, which
latter become tubes and acquire glomeruli. The long tube
and the shorter tubules with their glomeruli constitute the
pronephros.
5. The Mesonephros.—The transverse segmentation of the
middle plate, which connects the paraxial meszoderm with
the parietal plate, results in the formation of a series of
cell-masses, the nephrotomes. KEach nephrotome becomes
a tube and aequires one or more glomeruli. The deeper
ends of the tubes become connected with the pronephrie
or segmental duet, which latter iz known henceforth as
the I'l'l[‘:-'(lllll['r}_}}'ll'i(‘ or Woltlian duet. These tubes, with the
adjacent part of the Wolffian duet, constitute the mesoneph-
ros, which funetionates, for a time, even in the human fetus,
as an organ of urinary excretion. The entire Wolffian duet,
with the pronephrie tubules and the mesonephrie tubules,
constitutes the Wolflian body. The Wolthan duet opens at
its lower or caudal extremity into the cloaca.

6. The metanephros or permanent kidney develops from
a small diverticulom that pouches out from the lower or
audal end of the Wolflian duet. The uriniferous tubules and
the pelvis of the kidney eorrespond to the dilated and sub-
divided fundus of this diverticulum, while the ureter repre-
sents itz stalk. The surronnding mesodermie tizssue furnizhes
all the component elements of the ureter-walls and of the
kidney except the epithelial parts, which latter, as noted
above, proceed from the Wollfian body.

16
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7. The suprarenal bodies probably are derived, in part,
from epithelial outgrowths which proceed from the meso-
nephros to form the cortical part of the organ, and, in part,
from chains of small cells that bud forth from the embryonie
sympathetic ganglia to form its medulla. The surrounding
mesodermic tissue contributes the connective-tissue parts of
the suprarenal body.

8. The sexual apparatus in its earlier stages presents no
distinetions of sex. The elements of this early indifferent
type are the indifferent genital gland, the Wolffian duet, and
the duct of Miiller,

9. The indifferent genital gland originates in the meso-
thelium of the body-cavity, The mesothelial cells overlying
the ventromesial aspeet of the Wolflian body undergo mul-
tiplication in the fifth week and thereby produce an elongated
elevation, the genital ridge. Further multiplication of its
cells and the addition of other elements bring about the
transformation of this ridge into the well-defined genital
gland, which now lies in elose relation with the Wolffian
tubules. The mesothelial cells are the “germinal epithe-
linm” of Waldeyer, the cells that produce the ova or the
spermatozoa, according to the future sex.

10. The duct of Miiller makes its appearance soon after
the Wolffian duet. It lies parallel with and to the outer
side of the Wolflian duet and also terminates in the cloaca.
It iz of mesodermie origin, being produced either by evagi-
nation of the mesothelial cells of the body-cavity, or by a
splitting oft’ from the Wolflian duet.

11. The generative systems of both sexes result trom the
metamorphosis of the three structures making up the early
indifferent zexual apparatus—namely, the indifferent sexual
#:]:_uuh the Wolflian I,Hn]}', and the duct of Miiller.

12, The male sexual system is produced by the transfor-
mation of the indifferent gland into the testicle, and the con-
version of the Wolffian tubules and the Wolffian duct into
the system of exeretory duets for that gland, the short tubules
hecoming the vasa efferentia and coni vaseulosi, while the
Wolffian duet itself furnishes the hody and the globus minor
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of the epididymis, the vas deferens, the vesicula seminalis,
and the ejaculatory duet. The duct of Miiller remains un-
developed and is represented in the adult by the atrophie
sessile hydatid and the uterus masculinus.

13. The female sexual apparatus iz brought about by the
development of the indifferent gland into the ovary, and by
the metamorphosis of the upper segments of the duets of
Miiller into the Fallopian tubes, and the fusion of the re-
maining portions of the two duects to form the uterus and
the vagina, The Wolffian duect and tubules give rise to
atrophie structures in the female, the most conspicuous of
which is the parovarium or epoophoron.

14. Both the male and the female external genitalia are
developed from fetal structures common to the two sexes,
the genital eminence, the genital ridge, and the genital folds.
The genital eminence is situated at the anterior or ventral
part of the cloacal depression. The genital ridge is an eleva-
tion surrounding this pit and the genital eminenece, while the
oenital folds are on the under surface of the genital eminence,
one on each side of a longitudinal groove.

15. The Wolffian duets and the duets of Miiller open into
the cloaca, but when that aperture becomes differentiated into
the anus and the urogenital sinus, as it does at the fourteenth
week, these duets fall to the latter apartment. The orifice
of the urogenital sinus being at the base of the genital emi-
nence, the sinus comes into continuity with the groove on the
under surface of the eminence.

16. The female external genitalia are produced by the
further development of the three structures mentioned above,
The genital eminence becomes the elitoris. The genital folds
on the under surface of the clitoris become somewhat pro-
longed to constitute the labia minora. The genital ridge
becomes, anteriorly, the mons veneris and laterally the labia
majora. The orifice of the urogenital sinus is represented by
the vestibule, and sinee the Miillerian duetz near their ter-
mination in the urogenital sinus fuse to form the vagina, the
latter passage opens in the adult into the vestibule. Since,
also, the urogenital sinus receives the termination of the



244 TEXT-BOOK OF EMBRYOLOGY.

allantois, which becomes the female urethra, the latter eanal
likewise opens into the adult vestibule,

17. The male external genitals vepresent a further de-
velopment of the embryonic genital eminence, genital folds,
and genital ridge than do the female organs. The geni-
tal eminence becomes the penis, the genital folds, uniting
with each other so as to surround the groove, producing
the corpus spongiosum. The groove itself, being thus
converted into a eanal which extends the now closed uro-
genital sinus to the end of the penis, constitutes all of
the male urethra except the first or prostatic portion. The
prostatic urethra represents the proximal extremity of the
allantois. Since the Wolffian duets open into the urogenital
sinus after the division of the cloaea, the terminations of those
ducts, represented now by the ejaculatory duets, open into
the prostatic urethra; and since the Miillerian ducts also
open into the urogenital sinus, the uterus masculinus, which
is the representative in the male of the terminal parts of the
Miillerian duets, is found likewise in the prostatic urethra,
The lateral parts of the genital ridge, which, in the female,
become the labia majora, fuse with each other in the male to
form the serotum.

18, The eondition of so-called hermaphroditism may be
produced either by an unusual degree of development of the
female external genitals, resulting in a clitoris resembling a
penis and in labia majora which simulate a eleft serotum ; or
by the arrested development of male organs, whereby the
genital folds and the genital ridees fail to unite, the urethra
in consequence opening at the base of the penis.



CHAPTER

bo & e

THE DEVELOPMENT OF THE SKIN AND ITS
APPENDAGES.

Tue appendages of the skin include the sebaceous and
sweat glands, the mammary glands, the nails, and the hairs.

THE SKIN.

The skin, consisting of the epidermis or euticle and of the
true skin, or derm, or corium, iz derived from two sources,

the epithelial epidermis being a
product of the ectoderm, and the
corium originating from the meso-
derm. The nails and hairs are
outgrowths of the epithelial
layer, while the various glands
are derived from infoldings or
invaginations of the same
stratum.

The ecorium, the connective-
tissue component of the skin, is
an outgrowth of the cutis plates
of the primitive segments or
somites (Fig, 117). It first ap-
pears in the
second month as a layver of
spindle-cells beneath the ecto-
In the third month, the

crude form in

derm.
more superficial part of this
layer acquires more definite and
distinctive character, the rather
loose ageregation of cells having
differentiated into a tissue which
is a mesh-work of bundles of

Frz. 117.—Crogs-section through
the region of the pronephros of a
selachian embryo in which the myo-
tomes are in process of being con-
gtricted off (Hertwig): nr, neural
tube: ch, chorda; ao, aoTtA; mp,
mugcle-plate; cop, cutis plate; oh,
middle plate: sk, skeletogenous tis-
gue; vn, pronephros; mi', mi=, pari-
etal and wvizsceral mesoderm; [A,
body-cavity; ik, intestinal ecto-
derm; &, cavity of somite.
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white fibrous connective tissue with some intermingled elastie
and muscular fibers ; this constitutes the corium proper. The
deeper layer of cells becomes a loose, subeutaneous areolar
tissue containing a few seattered fat-cells.  About a month
later the external surface of the primitive corium loses its
smooth character and presents numerous little elevations, the
villi, which project into the overlying epidermis, The villi,
being highly vaseular, play an important part in the nutrition
of the epidermis and being also freely supplied with nerves
they sustain an equally important relation to the sensitiveness
of the skin.

From the middle of fetal life onward, the fat-cells in the
subentaneous tissue increase in number to such extent that
there is formed a continuons and well-marked subeutaneous
laver of fat, the panniculus adiposus.

Certain of the cells of the primitive corium differentiate
into unstriated muscular tissue, forming thus the muscles
of the hair-follicles, the arrectores pilorum, as well as the
subcutaneous muscular tissue of the dartos of the serotum
and penis, and that of the nipple and of the perinenm,

The epidermis, consisting of the superficial horny layer
and the deeper mucous layer or stratum Malpighii, is entirely
an epithelial structure. Its elements are simply the descend-
ants of the early ectodermic cells specially modified to afford
the necessary protection to the more sensitive and delicate
corium.

The division into the two strata of the epidermis is indi-
cated ag early as the latter part of the first month, at which
time the eells of the ectoderm have become arranged into
two single layers, a superficial layer of rather large flattened
cells and an underlying stratum of smaller elements. The
eells of the onter layer, or epitrichium, which pru'lmh]:.‘ rep-
resents the future stratum cornenm, suecessively undergo
degeneration and desquamation, the places of those lost
being supplied by the formation of new ones from the deeper
laver.  As time goes on, both layers inerease in thickness
and the hairs and the glands of the skin are gradually
formed. With inecreased proliferation there is inereasingly
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active desquamation of superficial cells, and as the degenerate
and cast-off' cells become mixed with the products of the
sebaceous glands, there is formed a sort of cheesy coating
of the skin, the vernix caseosa or smegma embryonum. This
is first easily recognizable in the sixth month, and first covers
the entire surface of the body in the eighth month. It serves
to protect the epidermis of the fetus from maceration in the
amniotic fluid.

The eompletion of the epidermis, aside from the develop-
ment of its accessory parts, consists simply in further inerease
in thickness and in the modification of the superficial cells
to produce the characteristic scale-like elements of the cor-
neous layer of the s=kin, accompanied by the differentiation
of the deeper cells into tho=e of the rete mucosum or stratum
Malpighii. The extent to which these modifications are ear-
ried varies in different regions of the body.

THE DEVELOPMENT OF THE APPENDAGES OF THE SKIN.

The Nails.—The nails have their beginning in little claw-
like projections, the primitive mails, that appear upon the
tips of the still imperfeet fingers and toes in the seventh
week.,! Thes=e result from localized proliferation of the cells
of the epidermis, being entirely epithelial structures. The
rudimentary nails project from the tips of the digits, instead
of ocenpying the dorsal position of the completed struetures,

The claw-like primitive nail, between the ninth and twelfth
weeks, becomes surrounded by a groove, which serves to sepa-
rate it from the general ectodermice
surface. These claw-like rudiments
of the human nails are quite similar

to the primitive elaws of many mam-
mals, the primitive nail in each ease F16. 118 —Longitudinal sec-
R aliis i : : E tion through the toe of a Cer-
LI 1"{-“"-‘El i ‘ll"h‘ll ]'I':H'T, thL nail- copithecus® (after Gegenbaur) :
plate, and a portion which belongs #p, nail-plate; sh, plantar horn
o (Bohlenhorn) ; nwe, nail-wall,

to the ventral surface of the digit,

called the plantar horn (Fig. 118). The striking difference
between the nails of the human adult and the elaws and

! Or ninth week, Minot. * A genus of long-tailed African monkeys,
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hoofs of many animals is due in great measure to the
degree of development to which this ventrally situated
plantar horn attains.  In the hoofed mammals (Ungulata)
and the clawed mammals (Unguiculata), the plantar horn
undergoes very great development, whereas in man it retro-
grades and leaves no trace except the nail-welt, or the narrow
line of' thickened epidermis where the distal end of the nail-
bed merges into the ordinary skin.  After the atrophy of the
plantar horn, the dorsally situated nail-plate being alone
present, the rudimentary nail bears a greater resemblance
to the adult condition.

As the nail-plate gradually acquires more distinetive char-
acter, the deeper layers of the skin specialize into a structure
adapted to its nutrition. This is the nail-bed, a highly vas-
cular and sensitive cushion consisting of the corium and of
the stratum Malpighii of the epidermis, It is especially
from the proximal part of the nail-bed, representing the
matrix of the fully-formed condition, that the nail grows,
The rate of growth is such that the ends of the nails pro-
trude beyond the tips of the digits in the eighth month.

The tissne of the fully-formed nail r-ni'rﬂs]mnllﬂ to the
stratum lucidum of the typical epidermis, developed to an
unusnal degree. The epitrichium or future stratum corneum,
the most superficial layer of the epidermis, does not form a
part of the nail, but eonstitutes a thin covering, the epony-
chium ; this is lost in the seventh month, with the exception
of a small band over the root of the nail, which persists for
a short time as the perionyx.

The nails of the toes are always somewhat behind those of
the fingers in development.

To repeat, the elaw-like rudimentary nails appear in the
seventh week, the nails are perfeetly formed about the twelfth
week, and break through their epidermal covering in the
seventh month, reaching to or beyond the finger-tips in the
{rE};'hTh month.

The Hair.— Each hair consists of the projecting shaft and
the embedded root, with its expanded deep extremity, the
hair-bulb, the root being embraced by the hair-follicle. The



THE ROOT AND THE SHAFT. 249

hair is entirely of ectodermic origin, being derived from the
epidermal layer of the skin, while the hair-follicle is partly
derived from the epidermiz and in part is a produet of the
corium, The hairs are homologous with the feathers and
scales of the lower animals.

The development of the hair is initiated in the third fetal
month by the appearance of small solid masses of epithelium
in the stratum Malpighii of the epidermis. The epithelial
plugs or hair-germs grow into the underlying corium and
are met by outgrowths or papille of the latter, which develop
almost simultaneously. The papille are very vascular and
serve for the nutrition of the developing hair.

The root and the shaft of the rudimentary hair result from
the specialization of the axial or central cells of the hair-
germ. These cells lengthen in the direction of the long axis
of the hair-germ and become hard and corneous, thus con-
stituting the root and the shaft, the cells of the deepest part
of the hair-germ forming the bulb. The growth of the hair

Fiz, 119.=Two disgrams of the development of the hair (Hertwig): 4 and B,
two differcnt stages of the development of the hair in human embryos: ko, cor-
neous layer of the epidermis; scbf, mucous layer: pa, hair-papilla: & germ of
hair; &z, bulb of hair; &, voung hair; aw, dw, outer and inner sheaths of the root
of the hair; &b, hair-follicle ; &, sebaceous gland,

in length is due to the proliferation and specialization of the
cells of the bulb. The papilla of the underlying corinm
indents the deep surface of the hair-bulb, this close relation
of the two struetures enabling the papilla the better to fulfil
its funetion of providing nourishment to the bulb.
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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, is partly of mesodermic and
partly of ectodermic origin. The inner and outer root-
sheaths are produced by the peripheral cells of the hair-
germ augmented by cells contributed directly by the stratum
Malpighii of the epidermis. The outer fibrous constituent
of the follicle results from the mesodermie cells of the corium
that immediately surround the hair-germ.

Gradually inereasing in length by the addition of new
cells from the hair-bulb, the primitive hair at length pro-
trudes from the follicle as free hair. This first growth of
hair is unpigmented and is extremely fine and soft, being
known as the lanugo or embryonal down. This appears upon
the sealp and some other parts of the body in the fourth
month, gradually extending over the entire surface in the
succeeding months.  In the eighth month the lanugo begins
to disappear, but is not lost as a whole until after birth, when
the permanent growth of hair takes its place. Upon the face,
in fact, the lanugo persists throughout life.

The development of the secondary hair is still a disputed
point. Tt is elaimed by some authorities (Stieda, Feiertag)
that they develop from entirely new hair-germs, while others
(¢.q., Hertwig) hold that the bulb for the new hair buds off
from the atrophie bulb of the hair just lost.

The Sebaceous and Sweat-glands.—The sweat-glands, in-
cluding not only the sweat-glands proper but the ceruminous
glands of the external auditory meatus and the glands of Moll
of the eyelids, are derived from the ectodermic epithelium,
The glands are of the simple tubular type. Each gland
develops from a small accumulation of epidermal cells that
erows, in the fifth month, from the Malpighian or muecous
layer of the epidermis into the underlying corium. The
solid epithelial plugs become tubes in the seventh month by
the degeneration and final dizappearance of the central cells,
The deeper part of the tube hecomes coiled and its lining
[-]Jill]i-]i|1|1| takes on the characteristics of ::L-{tl'n-fillg cells.
Some of the cells of the original epithelial plug undergo
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specialization into muscular tissue, thus producing the involun-
tary muscles of the sweat-glands.

The sebaceous glands are developed from solid epithelial
processes that originate from the deep layer or rete mucosum
of the epidermis in a manner similar to that of the develop-
ment of the sweat-glands., There is the difference, however,
that the epithelial plugs acquire lateral branches and thus
usually produce glands of the compound saceular or acinous
variety. There is the further difference that the epithelial
outgrowths generally develop from the ectodermic cells of
the outer sheath of the root of the hair near the orifice of
the follicle (Fig. 119, #d), in consequence of which the duets
of the finished glands usually open into the hair-follicles. In
gome regions, however—regions devoid of hair, as the prepuce
and the glans penis, the labia minora, and the lips—the
erowth is directly from the stratum Malpighii, as in the case
of the sweat-glands.

The Mammary Gland.—The mammary gland represents a
number of highly specialized sebaceous glands =o associated
as to constitute the single adult structure. Its origin, there-
fore, is to be sought in the cells of the epidermis in common
with that of the ordinary sebaceous glands.

The development of the milk-glands is begun as early as
the second month. At this time the deep layer of the
epidermis, in the sites of the future glands, becomes thick-
ened by the multiplication of its cells, the thickened patch
encroaching upon the underlying corium (Fig. 120, A, b4).
This thickened area enlarges somewhat peripherally and its
margins become elevated, owing to which latter cireumstance
the patch appears relatively depressed (B). The depression is
known as the glandular area, and it corresponds with the
foture areola and nipple.

From the bottom of the glandular area, numerous small
masses or bud-like processes of cells grow down into the
corium. Some of the buds acquire lateral branches. By
the hollowing out of these cell-buds the latter are transtormed
into tubés{_r-), which open apon the glandular area. The branch-
ing of the cords beginz in the seventh month and is carried
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on to such a degree that each original cell-cord gives rise
to a tubo-racemose gland. The hollowing out of the solid
processes begins shortly before birth, but is not completed
until after that event. Each eell-cord becomes, in the striet
sense, a complete gland, each such individual strueture form-
ing a lobe of the mature organ.

This stage of the human mammary gland—that is, a de-
pressed gland-area upon which open individual glands, the

S I'-'In" o

anfma

Fi. 12 —Zections representing three successive stages of development of the
human mamma (Tourneux): A, fetus of 3240 mm. (1.3 in.); K, of 1016 cm. (4in.);
O, of 2435 cm. (9.6 in.); o, epidermis: b, ageregation of epidermal eells forming
anlage of gland; e, galuctophorous duets; d, groove limiting glandular area; e,
great pectoral muscle; f, unstriated muscular tissue of areola; g, subentaneons
adipose tissue.

nipple being absent—is the permanent condition in some of
the lowest mammals, as in the echidna, one of the mono-
tremes, In all higher mammals, however, further meta-
morphoses oceur in the tissnes of the glandular area, and in
the human fetus these tissues become the nipple and the sur-
rounding areola.

The nipple iz partly formed before birth, but does not
beecome protuberant until post-fetal life. The depressed
glandular area rises to the level of the surrounding parts,
and its central region, which includes the orifices of the
already formed or just forming duets, swells out into a little
prominence, the nipple.  This prominence is a protrusion of
the epidermis and includes the terminal extremities of the
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milk-ducts as well as the blood-vessels and connective-tissue
elements which surround the duets. In the dermal con-
stituent of the rudimentary nipple unstriated muscular tissue
develops. The region of the glandular area not concerned
in the formation of the nipple becomes the areola.

At birth, as above intimated, the mammary gland is still
rudimentary, since many of the duects have not yet acquired
their lumina nor their full degree of complexity. Shortly
after birth a small quantity of milky secretion, the so-called
witches’ milk, may be expressed from the glands—in the male
and female infant alike. This is true milk according to
Rein and Barfruth, but according to Kolliker, it is merely a
milky fluid containing the débris of the degenerated ecentral
cells of those rudimentary duets that were still solid at birth.

So far, the milk-glands are alike in the two sexes, but
while in the male they remain rudimentary structures, they
eontinue to increase both in size and in complexity in the
temale. The increase affects not only the glandular tissue
proper but the connective-tissue stroma as well. At the time
of puberty the growth of the glands receives a new impetus,
which is very materially angmented upon the oecurrence of
pregnancy. There may be said, therefore, to be several dis-
tinct phases in the development of the milk-glands, first, the
embryonic stage; =econd, the infantile stage; third, the stage
of maturity beginning at the time of puberty ; and finally,
the stage of full functional maturity consequent upon preg-
pancy and parturition.



CHAPTER XYV.
THE DEVELOPMENT OF THE NERVOUS SYSTEM.

THE nervous system of the adult, including the cerebro-
spinal axis and nerves, and the sympathetic system of ganglia
and nerves, is made up of the essential neural elements, the
neurons, together with the supporting framework or stroma.'

The neurons and a part of the stroma result from the
specialization of the ectodermic layer of the embryo. The
ectodermic origin of the nervous system aecquires certain
interest 1n view of the eonditions that obtain in some of the
lowest and simplest organisms.  For example, in the ameba,
the single protoplasmie eell which constitutes the entire indi-
vidual possesses the several fundamental vital properties of
protoplasm, such as respiration, metabolism, contractility,
motility, ete., in equal degree, no single property being more
highly developed than the others, and no partieular part of
the eell exhibiting greater specialization than the other parts,
In other words, the protoplasmic substance of the animal is
at once a respiratory mechanism, a nervous apparatus, and
an organ for the execution of the various other vital fune-
tions.

In somewhat more highly developed ereatures, as the
infusoria, although there is no differentiation into separate
tissues and probably not even into separate cells, there is seen
some progress toward the specialization of certain parts of
the organism for the performance respectively of the different
funetions of life. For example, the central part of the ani-

! The sewrons are the units of which the nervous svstem is made np
Each neuron consists of a nerve-cell with everything belonging to it—that
is, with its various processes, including the axie-eylinder process or neuri,
which becomes the axis-cylinder of a nerve-fiber.

254
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mal has digestive funections, while it is by the superficial
portion alone that the ereature is brought into relation with
the outside world, the sensitiveness or irritability of the
surface, by which the animal is made responsive to external
impressions, being the nearest approach to the function of a
nervous system that it possesses,

This primitive function of the surface of the organism
is suggestive as to the origin of the nervous system of
higher type creatures. It will be seen, indeed, that not only
is the nervous system proper derived from the ectodermic
cells of the embryo but that the peripheral parts of the
organs of special sense, as the olfactory epithelium, the organ
of Corti, and the retina, have the same origin,

The alteration of those cells of the ectodermic stratum
that are to specialize into nervous elements begins prior to
the fourteenth day in the human embryo, in the stage of
the blastodermic vesicle. The change consists in a gradual
modification of the form of the cells, the ecells commaon
to the general surface of the germ assuming the col-
umnar type. The process affeets the cells of the median
line of the embryonic area in advance of the primitive streak,
resulting in the produetion of a thickened longitudinal median
zone. This thickened area iz the medullary plate (Fig. 32,
p- 62). On each side of the plate—which is apparent at the
fourteenth day—the adjoining ectodermic cells become heaped
up to form the medullary folds, which latter therefore bound
the medullary plate laterally. The medullary plate becomes
concave on the surface, forming the medullary groove (Fig.
121). By the deepening of the groove, the lateral edges of
the plate approach each other (Fig. 122), and finally they meet
and unite, thus producing a tube, the neural tube or canal.

Since the medullary folds similarly meet and unite with
each other—their union slightly preceding that of the edges
of the plate—the neural tube comes to lie entirely beneath
the surface-ectoderm and soon loses all connection with it.
The closing of the tube and the union of the medullary folds
occur first near the anterior end of the embrvonic area, in a
position that corresponds with the region of the future neck,
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and from this point it proceeds both ecephalad and caudad.
Since the medullary folds at their caudal extremity embrace
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Fi6. 121.—Transverse section of a sixteen-and-a-half-day sheep embryo possessing
six somites (Bonnet).

the. primitive streak (Fig. 32, p. 62), the latter structure is

included within the caudal end of the neural tube by the
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Fit, 122 —Transverse section of a fifteen-and-a-half-day sheep embryo possessing
geven somites (Bonnet).

coming together of the folds, and thus the blastopore, which
was previously the external aperture of the archenteron,
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comes to constitute the neurenteric canal, or an avenue of
communication between the neural canal and the primitive
intestine.

The neural canal then is a tube composed of colummar
eells, which is formed by the folding in of the ectoderm and
which oceupies the median longitudinal axis of the embryonie
area and consequently of the future embryonic body.  Firoin
this simple epithelial canal the entire adult nervous system is
evolved.

The evolution of the highly complex eerebrospinal axis
from such a simple structure as the neural canal is referable
both to the principle of unequal growth—the walls of the
tube becoming thickened by the multiplication of the cells—
and to the formation of jolds,

The portion of the neural canal
that is devoted to the formation of the brain iz delimited
from the part that produces the spinal cord by the dilatation
of the anterior or head-end of the tube, and the subsetuent
division of this dilated sac-like portion into three communi-
cating sacs called respectively the fore-brain, mid-brain, and
hind-brain vesicles (Fig. 126). These three vesicles give
rise to the brain, while the remaining part of the neural canal
forms the spinal cord.

:1]11n'{}xi|1mt{:13.' one-half—

THE DEVELOPMENT OF THE SPINAL CORD.

In the growth of the spinal cord from the spinal portion
of the neural ecanal we have to consider the evolution of a
evlindrical mass of nerve-cells and nerve-fibers with the
supporting stroma from a simple epithelial tube,

The wall of the neural tube, although consisting at first
of a single layer of epithelial cells, is not of uniform thick-
ness throughout its eircumference. While the external out-
line i= oval, the: lumen of the tube is a narrow dorsoventral
fissure (Fig. 36, p. 65). The cavity is therefore bounded on
the sides by thickened lateral columns, while the dor=al and
ventral walls, which connect the lateral columns with each
other, are thinner and are called respectively the roof-plate
and the floor-plate.

1T
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After a short time, the walls of the tube having thickened
' £
by the multiplication of the cells, the shape of the lumen
h I » I
alters, two laterally projecting
angles being added (Fig. 123).
The effect of this change is to
partially divide each lateral half
into a dorsal and a wventral
recion. The nearal ecanal at
this stage may be =zaid to con-
sist of six columns of cells, the
two dorsal zones connected with
each other by the roof-plate, and
the two ventral zones united by
Fig. 125.—Transverse scetion of  the floor-plate. These l'Eg'iﬂﬂS
the cervical part of the spinal eord e ] o ..
of a human embryo of six weeks, « are also distinguishable, with
36 (from Hirlliktrljl:l{‘. central eanal:  oaptain characteristic modifica-
¢ Qs epltlm!i:ll lining; at & (superi- 5 _ 2 -
orly), the original place of closure  tions, in the head-region of the
of the l.::llI!LL_: i, the white substanos tlll!ﬂ. '[‘]““. are il'ﬂ]‘lﬂl'tﬂ“t n
of the anterior columns; g, zray sub- =

stance of anterolateral horn; p, pos-  their bearing upon the further

terior column ; ar, anterior roots :
; welopment of the struetur
T e developme the stru e,

since the dorsal and wventral
zones are related respectively to the dorsal or sensory and
the ventral or motor roots of the spinal nerves.

The differentiation of the cells of the neural tube into two
kinds of elements, one of which gives rise to sustentative
tissue or neuroglia while the other produces the nerve-cells, is
observed at about the end of the third week, The single
layer of columnar cells which at first composes the wall of
the tube, the long axes of the cells being radially arranged,
soon exhibits near the lumen a row of round cells, probably
the first offspring of the columnar ecells. The round cells
are the germ-cells or germinating cells, from which are devel-
oped the neuroblasts or young nerve-cells.  All the other
cells, known as the spongioblasts, are concerned in producing
sustentative tissue.

The stroma of the central nervous system includes two
constituents—a connective-tissue element, and a part, the
neuroglia, which is of epithelial origin, and which is not to
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be regarded, therefore, as connective tissue. The connective-
tissne portion of the stroma is produced by the ingrowth of
the pial processes from the pia mater, and is hence of meso-
dermic origin.

The neuroglia is derived from the spongioblasts, which
result from the specialization of the large columnar cells of
which the wall of the neural canal is composed. These cells,
whose length comprises the entire thickness of the wall of
the tube in the earliest stages, undergo partial absorption and
disintegration, each eell being transformed into an elongated
system of slender processes or trabeculse, and each such system
being a completed spongioblast (Fig. 124). The inner ends of

Fili i

FiG. 124 —Croge-2ection through the spinal cord of a vertebrate embryo (after
Hig): a, onter limiting membrane ; &, onter nenroelia layer, region of future white
matter; ¢, germ-cells; d, central canal; e, inner limiting membrane or ependymal
layer; f, spongioblasts ; g, neurcblasts (mantle layer) ; 4, anterior root-fibers.

the spongioblasts coalesce with each other, forming thus the
internal limiting membrane, while the peripheral extremities
interlace with each other to form a close network. As the
walls of the nenral tube increase in thickness, the spongio-
blasts become more and more broken up to form the delicate
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nenrogliar network with interspersed nucleated glia cells.
Such of the spongioblasts as border the cavity of the neural
tube become the cells of the later ependyma of the central
canal of the spinal cord and of the ventricles of the brain.
The eells of the ependyma become ciliated in the human
fetus in the fifth weelk.

The nerve-cells of the spinal cord—as also of the brain—
are the specialized descendants of the germ-cells referred to
above. The proliferation of the germ-cells produces the
neuroblasts, or young nerve-cells (Fig, 124). The latter ele-
ments move away from the primitive position of the germ-
cells near the lumen of the tube and develop into the nerve-
cells.  The transition is effected by the accumulation of the
cell’s protoplasm on the distal side of the nuclens and its
elongation into a process. This process iz a neurit or axis-
cylinder process and is the beginning of a nerve-fiber. The
dentrits or protoplasmic processes appear r.:'m'l.*'illl:l‘zﬂ;l}}' later.
Some of the fibers thus produced grow out from the neural
tube to constitute the efferent fibers of the peripheral nerves,
while others contribute to the formation of the fiber-tracts
of the cord.

After the appearance of the neuroblasts and developing
nerve-cells, the wall of the neural tube is divisible into three
lavers (Iig. 124); an inner or ependymal layer, next the
lumen of the tube; adjoining this, the mantle layer, made
up of neuroblasts ; and a peripherally situated neuroglia layer,
which oceupies the position of the future tracts of white
fibers of the cord.

The alterations in the form and size of the spinal cord go
hand in hand with the histological changes noted above.
While those areas that have 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—remain thin (Fig. 1253). They are never invaded by
the nerve-cells but consist of thin layers of neuroglia which
later become penetrated by nerve-fibers that grow from one
side to the other.  They thus represent the anterior and pos-
terior white commissures of the cord. These plates remain
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relatively fixed in position because 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 longitudinal cleft is produced on the
ventral wall of the spinal cord and a similar one on the
dorsal wall. These are the anterior and posterior median
fissures. Since the so-called posterior median fissure is not a
true fissure but merely a septum, it differs from the anterior
fissure, and it is held by some authorities that this septum is

I hde Dorsal Doveal
Fotoderm, arratier., CUMEA ISR, ropk.

Shinal pangiion.

Darsal rood.

Fentral rool.

Spinal nerve, =

Outer medullary zome.  Central canal, Nofockord.  Vewtval commizsure,

Fi1i. 125.—Transverse section of developing spinal cord of a twenty-two-day sheep-
embryo (Bonnet).

formed by the growing together of the walls of the dorsal
part of the central canal.

The fiber-tracts or white matter of the spinal cord develop
in the outer or neuroglia layer, each fiber being the elongated
neurit of a nerve-cell. Some of the fibers originate from the
nerve-cells of the cord while others grow into the cord from
the ganglia of the posterior roots of the spinal nerves. The
latter method of origin applies especially to the fibers of the
tracts of Burdach and of Goll.

As the walls of the neural eanal thicken through the mul-
tiplieation of the cells, the eavity of the tube is gradually
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encroached upon almost to obliteration.  When development
is complete, all that remains of the cavity is the small central
canal of the spinal cord.

The length of the spinal cord 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, so that at birth, the cord terminates at the
last lumbar vertebra, and in adult life at the second lumbar
vertebra,  This gradually acquired disproportion in the
length of the two structures explains the more obligue
direction of the lower spinal nerves as compared with those
higher up. In the early condition of the cord, each pair of
nerves passes almost horizontally ontward to the correspond-
ing intervertebral foramina, but as the spinal eolumn gradu-
ally outstrips the cord in growth, the lower nerves necessarily
pursue a successively more oblique ecourse to reach their
foramina, the lower nerves being almost vertical in direction
and constituting, collectively, the cauda equina.

THE DEVELOPMENT OF THE BRAIN.

The encephalic portion of the neural tube—that part
devoted to the produection of the brain—after undergoing
dilatation, becomes marked off' into the three primary brain-
vesicles, the fore-brain, the mid-brain and the hind-brain, by
constrictions in the lateral walls of the tube (Fig. 126).
This divizion ocenrs at an early stage, before the closure of
the tube is everywhere complete. The vesicles communicate
with each other by rather wide openings.  As in the spinal
part of the neural eanal, the walls of the primary brain-vesi-
cles eonsist of epithelial cells, and if is by the multiplication
of these cells in wnequal degree in different vegions, and by the
Sformation of folds in eerfain localities that the various parts
of the adult brain are developed from these simple epithelial
SACs,

The stage of three vesicles is soon succeeded by the five-
vesicle stage, the primary fore-brain vesicle undergoing divi-
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sion into two, the secondary fore-brain and the inter-brain,

and the primary hind-brain vesicle likewise dividing, a little

later, into the secondary hind-

brain I?LIH] tl‘il&! after-brain. Amierior brafn-wesicle.
The division of the primary

¥ Midifte brafn-vesicls.
fore-brain is preceded by the Pesterior branvesicte
appearance upon each of its
lateral walls of a small bulged- Siemairary

Primary afilic vesicle.
Stalk af aptic vesicle.

out area which soon assumes the

form of a distinet divertienlum. Tt b
This is the optic vesicle, the ear- Mid-drain —
Fimd-frein.

liest indication of the develop-
ment of the eye (Fig, 126), In
the further process of growth
the base of attachment of the
optic vesicle becomes lengthened Inter-brain.
out into a relatively slender ped- Mid-brain.

After=firain.

Fove-brais

Frimary ofitic vesicle

icle, which remains in eonnec-

Hind-brain.
tion with the lower part of the

-, - . After-brain.
lateral wall of the brain-vesicle.

°/

. Fre., 126, —IMagrams illustrating
Following the appearance of the the primary and secondary seg.
mentation of the brain-tube (Bon-

optic vesicle, the anterior wall of =

the primary fore-brain vesicle

projects as a small evagination, which latter is then distinetly
marked off’ from the parent vesicle by a groove on either side.
This anterior diverticulum is the secondary fore-brain vesicle
or the vesicle of the cerebrum, and the orignal or primary
fore-brain vesicle i= now the vesicle of the inter-brain.

The division of the primary hind-brain is effected by the
development of a constriction of its lateral wall, this resulting
in the production of the secondary hind-brain or the vesicle
of the cerebellum, and the after-brain or the vesicle of the
medulla oblongata.

While the three primary vesicles at first lie in the same
straight line, they begin to alter their relative positions
shortly before division. The change of position is coincident
with the flexures of the body of the embryo that oceur at this
time. Three well-marked flexures 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 to develop,
is the so-called cephalic flexure (Fig. 127), the primary fore-
brain, in the advanced state of the curvature, being bent

futer-brain, Cephalic fexure,

Fore-brain,
Mid-brain,

(..i'ejﬁ:.-,‘.lﬂ:-:‘ v fofe. Hina=frarn.

After-drain,
Opeic stalk.

|

Cerebral porfion of Pontine
pituitary fody. Hexnre,

Fig. 127, —Diagram showing relations of brain-vesicles and flexures (Bonnet).

around the termination of the chorda dorszalis so as to form a
right angle, and later, after its division, an acute angle with the
floor of the mid-brain.  This curvature makes the mid-brain
very prominent as regards the surface of the embryonie 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-brain, is a second well-
marked angularity. This is the pontal flexure. Its con-
vexity projects forward.

A third bend, the nuchal flexure, is a less pronounced
curvature at the juncture of the after-brain with the spinal
part of the neural tube.

The Metamorphosis of the Fifth Brain-vesicle.—
The fifth brain-vesicle, the candal division of the primary
hind-brain, differentiates into the structures which surround
the lower half of the fourth ventricle, these structures con-
stituting the metencephalon ( Fig. 128). The histological
changes correspond essentially with those that oceur in the
spinal segment of the neural tube, the nerve-cells and fibers
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and the neuroglia resulting from the differentiation of the
original ectodermic epithelium of which the wall of the tube
is composed, and the connective-tissue stroma growing into
these from the surrounding mesoderm.

There is a marked disproportion between the rate of growth
of the tube in different parts of its circumference. The
great thickening of the ventral and lateral walls produces the
several parts of the medulla oblongata. In the dorsal wall

IT Ventrecle

Fia. 128 —Diagram of a sagittal section of the brain of a mammal, showing
the type of structure and the parts that develop from the several brain-vesicles
{maodified from Edinger).

growth oceurs to such slight extent that the wall in this
region remains a thin layer of epithelium. As a consequence,
the cavity of the neural tube is not encroached upon on its
dorsal side and the central canal of the spinal cord therefore
expands in the metencephalon into a much larger space, the
lower half of the future fourth ventricle. This relative ex-
pansion of the eentral eanal begins to be apparent in the third
week in the human embrvo, from which period it continues
to inerease. A cross-section through the lower part of the
developing medulla shows a eavity which is narrow laterally
but which has a considerable anteroposterior extent. A sec-
tion at a higher level discloses a triangular space, the base of
the triangle being the dorsal wall of the cavity.
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At the time when the cavity of the after-brain acquires a
distinetly triangular shape—about the third week—each thick-
ened lateral half of the tube is divisible into a ventral and a
dorsal segment, these being known respectively as the basal
lamina and the alar lamina (17ig. 129).

The first indication of the longitudinal fiber-tracts of the
medulla is presented by two bands of fibers which appear upon

Fra. 1¥M. —Section
through upper part (cere-
bellar region) of the
fourth wventricle of an
embryo (His): r, roof of
neural ecanal: af, alar
lanmina; &, bazal lamina ;
v, ventral border.

the surfuce of the alar lamina and which
constitute the ascending root of the
fifth nerve and the ascending root (funi-
culus solitariug) of the vagus and glosso-
pharyngeal nerves. T'hese are later cov-
ered in by the folding over of the dor-
sal part of the alar lamina (Fig. 130) and
thus come to oceupy their permanent
position in the interior of the medulla,

The parts of the alar laminge that are
folded over in the manner referred
to differentiate for the most part
into  the restiform bodies or inferior

peduncles. These are distingnishable in the third month,
The anterior pyramidal tracts develop from the ventral parts
of the basal lamine and are recognizable in the fifth month,

Fro. 130 —Seetion across the lower hall of the fourth ventricle of an embryo,
showing pradual opening out of the nearal canal, and the commencing folding
over of the alar lamina at f (His) : o, ventral border; ¢, tenia; of, otic vesicle ; »f,

recessus labyrinthi.

Coincidentally with the formation of the fibers, the gray
matter of the medulla assumes its permanent form and arrange-
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ment, This gray matter, although in part peculiar to the
medulla, is in great measure but the continuation of the gray
matter of the spinal cord rearranged and ditferently related
because of the motor and sensory decussations and ot the dor-
sal expansion of the central eanal. A notable feature of this
rearrangement is the presence of masses of gray matter im-
mediately beneath the floor or ventral wall of the now ex-
panded cavity or fourth ventricle.

As stated above, the dorsai wall of the after-brain vesicle
remains an extremely thin epithelial lamina, and the cavity
in consequence expands toward the dorsal surface. Owing
to the excessive delicacy of this dorsal wall of the cavity,
1z easily destroved in disse wotion, with the effeet of dis [‘]G-Illg
a triangular fossa (Fig. 135) on the dorsal surface of the
medulla, which in connection with a similar depression on
the dorsal surface of the pons, constitutes the rhombeidal fossa,
or the fourth ventricle of the brain.

It is often stated in descriptions of the medulla and fourth
ventricle that the latter is produced by the opening out of
the central canal of the cord to the dorsal surface. It should
be borne in mind, however, that the central canal does not,
in reality, open out to the :_-urﬁw.e, although it may appear to
do s0 because of the atténuated condition of its dorsal bound-
ary. The thin epithelial roof or dorsal wall of the after-
brain becomes adherent to the investing layer of pia mater,
thus forming the tela choroidea inferior, which roofs over
the lower half of the fourth ventricle (Fig. 128). The pia
mater invaginates the epithelial layer to form the choroid
plexuses of the fourth wventricle. Although apparently
within the ecavity of the ventricle, the choroid plexuses
are excluded from it by the layer of epithelium, the mor-
phological roof of the after-brain, which they have pushed
before them.

While, for the most part, the roof of the after-brain eon-
sists of the thin epithelial layer referred to above, there are
slight linear thickenings, the ligul®, along its lateral margins,
and at its lower :mgle, the obex. At the upper margin of the
roof, at the place of junction with the hind-brain, there is
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also a thickened area, the inferior medullary velum. These
regions of thicker tissue serve to effect the transition from
the thin epithelial layer that helps to form the inferior
choroidal tela to the more massive boundaries of the rhom-
boidal fossa,

The Hind-brain Vesicle or Epencephalon.—The
epencephalon consists of the pons, the cerebellum with its
superior and middle peduncles, and the valve (valve of
Vieussens). These structures ave produced by the thicken-
ing of the walls of the fourth or hind-brain wvesicle,

The pons is formed by the thickening of the wventral wall
of the wesicle. Its transverse fibers become recognizable
during the fourth month.

The cerebellum grows from the posterior part of the roof
or dorsal wall of the vesicle (Fig. 128).  The first indication
of its development is seen as a thick transverse ridge or
fold on the posterior extremity of the dorsal wall (Figs.
151, 132). In the third month the central part of this
ridge, now grown larger, presents four deep transverse
orooves with the result of dividing the original eminence
into five transverse ridges, The grooved part of the ridge
is the portion that subsequently becomes the vermiform
process or median lobe of the cerebellum, while the smooth
lateral portions become the lateral hemispheres. As the
vermiform process increases in bulk, two of the ridges come
to lie upon its upper surface and three on the inferior aspect.
These ridges and furrows persist throughout life as the
principal convolutions and fissures of the vermiform proc-
ess (Figs. 133, 134).

The lateral parts of the primary ridge inerease in size and
eventually, in the human brain, outstrip the median lobe in
growth. They acquire their chief transverse fissures in the
fourth or fifth month, and the smaller sulei later,

The thickened ecerebellar ridge on the roof of the hind-
brain vesicle being continuous with the lateral walls, the
continuity of the cerebellar hemispheres with the pons
I_||1':;||f_-']| the middle and :-:tl|u*|‘iul' cerchellar j':{*{illll(’]l.':-l 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 cerebellum, all the remaining
part of this roof remains relatively thin and becomes the

A

of B ‘,r!-: F

Fig. 131.—Briing of human embryos, from reconstroctions by His: A, brain
L]

from fifteen-day embryo; B, from three-and-a-half-week embryo; €, from sevens

and-a-half-week fetus: £, b, mb, hb, ab, fore-, inter-, mid-, hind-, and after-brain

vesicles; o, optie vesicle ; ov, otic vesicle; in, infundibunlum ; m, mammillary proe-

esz; of, pontine flexure; I'1%, fourth ventricle; =k, cervieal flexure; of, olfactory

lobe; b, basilar artery ; p, pituitary recess.

anterior medullary velum or the valve of Vieussens (Fig. 128),
The relations of this strueture in the mature brain, stretching
~across, as it does, from one superior cerebellar peduncle to -
the other and being continuous posteriorly with the white
matter of the cerebellum, are easily explained in the light of
the fact that all these parts arve but the specialized dorsal and
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lateral walls of the hind-brain vesicle. Sinece the roof of the
hind-brain vesicle is continnons with that of the after-brain
or fifth vesicle, it will be seen that the cerebellum must be in
continuity with the roof of the medullary part of the fourth
ventricle. The transition from the cerebellum to the epi-
thelinm of the tela choroidea inferior is effected by a pair of
thin erescent-shaped bands of white nerve-matter which pass
downward from the central white-matter of the cerebellum,
and which are collectively known as the inferior or posterior
medullary velum. Thus, as the result of unegual growth,
there are produced from the continuous dorsal walls of the
fourth and fifth vesicles the thin laminar medullary velum
or valve, the massive cerebellar lobes, the thin bands known
as the inferior medullary velum, and the single layer of epi-
thelium which, with a layer of pia mater, constitutes the
inferior choroidal tela.

Although the fourth and fifth brain-vesicles are at first
delimited from each other by a constrietion, this constriction,
as development goes on, disappears, the cavity of the fourth
vesicle and that of the fifth together constituting the fourth
ventricle of the brain.

The walls of the fourth or hind-brain vesicle then give
rise ventrally to the pons, laterally to the superior and mid-
dle cerebellar peduncles, and dorsally to the valve and the
cerebellum, while its eavity becomes the anterior half of the
fourth ventricle.

The Mid-brain Vesicle.—The third brain-vesicle or
the vesicle of the mid-brain or mesencephalon gives rise to
the structures surrounding the aqueduet of Sylvius, the per-
sistent part of the cavity constituting the aqueduet itself.

The thickening of the ventral wall of the vesicle results in
the formation of the erura cerebri and the posterior perforated
lamina or space included between them.,  The erura first
become apparent in the third month as a pair of rounded
longitudinal ridges on the ventral surface 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 ocenrrvence their inerease in gize is comparatively
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rapid, their ventral parts or crusta becoming separated from
each other and including 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-
tudinal ridge appears npon the dorsal wall, which in the third
month is replaced by a furrow. The expansion of the wall
on each side of the furrow produees a pair of rounded emi-
nences (Figs. 132-135), whieh, in birds, attain to a much

Fi
Fr1i. 132.—Brain of human fetnz of about eight weeks: A, enlarged ; B, actual
gize; Fb, fore-brain; b, inter-brain: X6, mid-brain : Bb, hind-brain: 4Ab, after-
brain ; P folds of pia mater.,

greater development than in mammals and constitute the
corpora bigemina or optic lobes. In the human I."]I]h'[‘:o.'{}l.r each
of these elevations is divided into two by an oblique groove,
and thus are formed the corpora gquadrigemina, which are
peculiar to man and other mammals.

The part of the dorsal wall of the vesicle that underlies
the corpora quadrigemina is the lamina quadrigemina.

The thickening which the walls of the vesicle undergo to
produce the several parts of the mid-brain encroaches so
much upon its cavity that an exceedingly small canal, the
aqueduct of Sylvius, remains. [t is scarcely necessary to
point out that this canal is a part of the ventricular system
of the brain, establishing a communication hetween 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, comprising what is left of the latter
after the ontgrowth from it of the diverticnlum that becomes
the secondary fore-brain. The thickening of the walls of
the inter-brain vesicle produees the structures which surronnd
the third ventricle in the mature condition, and which consti-
tute collectively the thalamencephalon or inter-brain, the cavity
of the vesicle perzisting as the adult third ventricle. These
structures are the optic thalami, which are formed from the
lateral walls; the velum interpositum and the pineal body,
which develop from the roof; and the lamina cinerea, the

e

ma P edf sl el
Frc.15%.—A, mesial section through brain of o human fetus of two-and-a-half
months (Hig): ch, cerebral hemisphere ; o, optic thalamus; fis, foramen of Monro ;
olf, olfactory lobe; p, pituitary body ; me, medulla oblongata; eq. eorpora quadri-
gpemina; ob, cerebellum. B, brain of human fetus of three months (Hisp: off,
olfactory lobe; csf, eorpus striatum; eg, corpora gquadrigeming ; ob, cerebellum ;
ma, medulla oblongata,

tuber cinereum, the infundibulum, the posterior lobe of tle
pituitary body and the corpora albicantia, which are differ-
entiated from the floor of the vesicle.

The lateral walls of the vesicle undergo the most marked
thickening.  The cell-multiplication here is so rapid that
each lateral wall is converted into a large ovoid mass of cells
with intermingled bands of fibers, the optic thalamus.

The roof of the inter-brain vesicle, in notable contrast
with the lateral walls, remains extremely thin throughout
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the greater part of its extent (Fig. 128). I'rom 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
this exception, the roof of the vesicle remains a single layer
of epithelium, just as in the ease of the roof of the after-
brain. This epithelial layer adheres closely to the pia mater,
which covers it in ecommon with the other parts of the brain,
As the fore-brain expands, it covers the inter-brain, the
under surface of the cerebral hemispheres of the former
being closely applied to the roof of the latter. As a con-
sequence, the pia mater on the under surface of the fore-
brain is brought into contact with and adheres to the pia
covering the roof of the inter-brain. Thus the thin epithelial
roof of the inter-brain becomes closely united with the two
layers of the pia mater to form the velum interpositum or
tela choroidea anterior or superior of adult anatomy. Ob-
viously, the edges of the velum interpositum rest upon the
optic thalami, and its piamatral layers are continued into the
cavities of' the lateral ventricles (Fig. 134). The space occu-

Fie. 13.—Brain of fetus of three months. The outer wall of the right hemi-
sphere has been removed: LH, left hemisphere; 8, part of corpus striatum:
Fg, site of fosza of Sylvius; ¥, vaseular fold of pia mater which has been invag-
inated through the mezial wall of the hemisphere; Wb, mid-brain; ¢, cerebellum
A, medulla oblongata,

pied by the velum is designated the transverse fissure of the
brain, and it is often stated that the pia mater is pushed in
from behind, between the optic thalami and the cerebral hemi-

e
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spheres.  As will be seen from the above deseription, how-
ever, its development really begins in front.

The pineal gland or conarium develops from the back part
of the roof of the inter-brain at its point of junetion with
the mid-brain (Fig. 128). This body is found in all ver-
tebrate animals except the amphioxus, but its form varies
oreatly in different groups. In all cases it begins as a small
pouch-like evagination from the roof of the inter-brain, the
diverticulum being directed forward. In the human brain
alone the structure is subsequently directed backward, so
that it comes to oceupy a position just over the corpora
quadrigemina. This peculiarity of location is due probably
to the greater development of the human corpus callosum,
by which the conarium is crowded backward.

[n selachians (sharks and dog-fish), the enlarged vesicular
end of the diverticulum, whiech is lined with eciliated eolumnar
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 conarium 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 cranium and which is
covered by a transparent patch of skin. The stalk in this
ease is partly a =olid cord and partly a hollow eanal, which
latter opens into the eavity of the inter-brain. The solid
portion lies within a foramen in the parietal bone, the parietal
foramen. A further modification of the conarium iz 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 erystalline lens of the eye, while the opposite
deeper wall comes to consist of several layers of cells—some

of which become pigmented—and aequires a striking resem-
blance to the retina. 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 optic nerve, being solid
and compozed of fibers and elongated cells,  The presence
of the transparent epidermal plate which covers the vesicle
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serves 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 vision.

In man and other mammals and in birds the pineal diver-
ticulum does not reach the degree of development that is
attained “in certain of the Reptilia. 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 masses of cells project from it into the
surrounding mesodermic tissue. These cellular outgrowths,
giving off secondary projections, become converted into small
eloged follicles lined with columnar ciliated cells. The folli-
cles in the case of mammals very soon become solid or nearly
so by the accumulation of eells in their interior. Solid con-
cretions of caleareons matter, the so-called brain-sand (acer-
vulus cerebri) are found in the follicles in the adult. By
these alterations the pineal body of birds and mammals
acquires a structure resembling that of a glandular organ.
Sinee it is only the end of the divertieulum that beecomes
thus altered, the remaining part constitutes the relatively
slender stalk of the pineal body, the stalk being solid at
maturity except at its point of attachment to the inter-brain,
where a portion of the cavity persists 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 series, Its true significance is
still a matter of conjecture. Although resembling the eye in
its structure, and although regarded by some 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
organ of heat perception.

The floor of the inter-brain vesiele presentsseveral interesting
metamorphoses. The anterior part of the floor remains quite
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 ponches out, this evagination developing into a slender
tube, the infundibulum. Behind the point of origin of the
infundibulum a second protuberance indieates the beginning
of the tuber cinerenm. By subsequent alterations, the tuber
einereum enlarging in cireumference so as to include the
point of origin of the infundibulum, the base of attachment
of the infundibulum comes to be the center of the tuber
einereum, so that the cavity of the former is a eontinnation of
the cavity of the latter. The end of the infundibulum
becomes the posterior lobe of the pituitary body or hypo-
physis (Figs. 128 and 133). Posterior to the tuber cine-
reum a small evagination of the floor of the vesicle
appears and beeomes divided in the early part of the fourth
month into two lateral halves by a median furrow. The
two little bodies thus formed become, after further develop-
ment, the corpora albicantia.

The hypophysis or pituitary body briefly referred to above
requires more extended consideration because of its mor-
phological importance. The posterior lobe of this body is the
enlarged end of the infundibulum, which is an evagination of
the floor of the inter-brain. The cells 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 ecavity of this part of the
infundibulum suffers obliteration.  The branched pigment-
cells sometimes recognizable in the posterior lobe of the
human pitoitary body are the only remnant of the early
nerve-cells,

The anterior lobe of the hypophysis is essentially different
in origin as well as in structure from the posterior lobe, It
is produced by an evagination from the posterior wall of the
primitive pharynx, but from that region of the pharynx which
is anterior to the pharyngeal membrane and which therefore
belongs to the primitive mouth-eavity (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 membrane.
The little pouch is the pocket of Rathke. The pouch grows
upward and backward toward the floor of the inter-brain and
meets the end of the infundibulum. As the pharyngeal
diverticulum lengthens, its stalk becomes a slender duet,
which for some time retains its connection with the pharynx.
Az the membranous base of the skull becomes cartilaginous,
the duct begins to atrophy, and finally entirely disappears.
In selachians, however, it is retained permanently, establish-
ing thus a conneection between the hypophysis and the pharyn-
geal cavity. With the disappearance of the duct the enlarged
extremity of the diverticulum becomes a closed vesicle lying
now within the cavity of the brain-case, in contact with the
end of the infundibulum. IFrom the wall of the vesicle nu-
merous little tubular projeetions grow out into the enveloping
mesodermic tissue, and these, by detachment from the parent
vesicle, become closed tubes or follicles. The entire structure
becomes converted in this manner into a mass of closed fol-
licles held together by connective 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 ectoderm of
the primitive pharyngeal or bueeal cavity, and the posterior
lobe from the ectoderm of the central nervous system. The
posterior lobe, developing as it does as an evagination from
the floor of the inter-brain, is to be regarded as a small out-
Iying lobe of the brain.

What remains of the ecavity of the inter-brain, after its
walls have thus developed into the several structures de-
seribed, is the third ventricle of the adult brain, and the
aperture of communication with the secondary fore-brain
vesicles becomes the foramen of Monro. Sinee the lateral
walls become the massive optic thalami, while the dorsal and
ventral walls give rise to much thinner structures, the ecavity
of the vesiele is encroached upon to a greater extent on the
sides than from above and below, and hence the form of the
third ventricle in the mature condition is that of a narrow
vertical fissure between the thalami.
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The Metamorphosis of the Fore-brain Vesicle.—
The secondary fore-brain vesicle gives rize to the prosen-
cephalon, which includes the cerebral hemizspherez and the
structures belonging divectly to them. As above indieated,
this vesicle grows from the anterior wall of the primary fore-
brain vesicle as a diverticulum which is at first single, but
which soon becomes divided into two lateral halves by the
formation of a cleft in the median plane (Fig. 131, fb). This
cleft or interpallial fissure is the early representative of the
longitudinal fissure of the adult cerebrum. The two vesicles
remain attached at their bases or stalks with the parent vesicle
and communicate by a common orifice with its cavity. The
vesicles of the secondary fore-brain grow in an upward and
backward direction as well as laterally, and their develop-
ment is =0 much more rapid than that of the other vesicles
that they soon spread over them and partially hide them
from view. It is for this reazon that the mass resulting
from the fore-brain vesieles, except their basal ganglia, is
known in comparative anatomy as the pallium or mantle
(Fig. 128).

The relative rate of growth of the cerebral hemispheres is
such that in the third month they completely overlie the
inter-brain and by the sixth month they have extended so
far back as to hide the corpora quadrigemina,

The mesodermic tissue surrounding the developing brain
hecomes differentiated into the three brain-membranes, which
penetrate into the fissure and therefore invest the vesicles
on their mesial surfaces as well as elsewhere. The invag-
inating layers of the dura mater constitute the primitive
falx cerebri.

The metamorphosis of this pair of sacs into the cerebral
hemispheres is brought about by three important processes :
first, the multiplication of the cells which compose its walls
to form the masses of nerve-cells and fibers of the hemi-
spheres ; second, the formation of folds in the wall wherehy
are produced the fissures which divide the hemispheres into
lobes and eonvolutions ; and third, the development of adhe-
gions 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,
consisting merely of several layers of spindle-shaped eells,
By the rapid multiplication of these cells, the walls are thick-
ened and the cavity of the vesicle is gradually encroached
upon until the mature condition of the brain is attained,
when the cavity is relatively very much smaller than in the
fetus and constitutes the ventricle of the hemisphere or the
lateral ventricle. The nerve-cells develop proeesses or polar
prolongations, of which the most conspicuons, the axis-cylin-
der processes, lengthen out to form the axis eylinders of
nerve-fibers. The fibers thus formed are directed away from
the surface and make up the white medullary matter of the
hemispheres, while the more superficially placed layers of
cells constitute the gray matter of the cortex of the brain.

In addition to the cortical or superficial gray matter there
are masses of gray matter within the hemisphere, the basal
ganglia, which are likewise eollections of nerve-cells. Within
a limited area on the lateral wall of each cerebral vesicle,
near the lower margin, the cells undergo excessive prolifera-
tion resulting in the production of a large ganglionie mass,
the corpus striatum, and of two smaller ageregations of cells,
the claustrum and the nucleus amygdale. These basal ganglia
are in reality an infolded part of the cortex. .

Inasmuch as the cortical matter develops more rapidly, as
regards superficial extent, than does the medullary substance,
the cortex becomes thrown into folds, forming thus the con-
volutions and fissures of the hemispheres,

Some of the fissures of the brain are produeed by an in-
folding of the entire thickness of the vesicle-wall so that
their presence is indicated by eorresponding projections in
the walls of the ventricles. Such fissures are distinguished
as total fissures. Included in this category are the fissure
of Sylvius, which is represented in the wall of the lateral
ventricle by the corpus striatum ; the calcarine fissure, the
dentate fissure, and the collateral fissure, which are responsible
respectively for the calcar avis, the hippocampus major, and
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the eollateral 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 fissure of Sylvius is the earliest fissure formed and one
of the most important. At an early period in the history
of the secondary fore-brain, there is a region in the lower
part of the lateral wall of the vesicle where expansion is
less rapid than elsewhere, this area, as it were, remaining
fixed. As the vesicle-wall immediately surrounding this

Fic. 135.—Posterior view of brain shown in Fig. 136: A, actual size; B, en-
Targed : b, mid-brain ; ¢, cerebellum ; £F, thomboidal fossa (its dorsal wall having
been removed) ; M, medulls oblongata.
spot continues to expand, a dimpling of the wall is produced,
the depression being designated the fossa of Sylvius (IMig. 136,
S).  The part of the vesicle-wall behind the fossa advances
forward and downward to form the future temporal lobe, and
thus the fossa comes to be surrounded by a convolution
having the form of an incomplete ring, open in front—the
ring lobe. The floor of the fossa undergoes very consider-
able thickening to form the basal ganglia—that iz, the corpus
striatum, the amygdaloid nuelens, and the clanstrum. These
structures, mosgt eonspienously the corpus strintum, encroach
upon the cavity of the vesicle, the nucleus eaudatus of the
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corpus striatum bulging into the floor and outer wall of the
adult lateral ventricle.

Fic. 136.—Brain of human fetus of approximately three months; A, enlarged ;
B, actual size; H, hemisphere; Mb, mid-brain; ¢, cerebellum; M, medulla ob.
longata ; 5, fossa of Sylvius.

The ecortical matter of the floor of the fossa of Sylvius,
being ecircumseribed by a groove or suleus, constitutes the

Fiz. 1537.—EBrain of human fetus of three months, with right half of fore-brain,
inter-brain, and mid-brain removed: 1b, cavity of inter-brain; Hy, site of hyp-
ophyeis; Mbr, mid-brain roof; Mbe, mid-brain eavity; € cerebellum; M, medulla
oblongata,

central lobe or island of Reil, which is subsequently broken
up, by secondary fissures, into from five to seven small con-
volutions,
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By the extension of the fosza of Sylvius backward, and by
the increased growth of the vesicle-wall above and below it,
the fossa is converted into the fissure of Sylvius (Fig. 140, BB),
and the island of Reil is hidden from view. Subszequently
the ascending and anterior limbs are added to the chief or
horizontal part of the fissure.

The anterior part of the ring lobe corresponds with the
future frontal lobe, the posterior part represents the parietal
lobe while the lower part of the ring becomes the temporal
lobe. A backward extension of the ring lobe produces the
occipital lobe.

The cavity of the wesicle 1= modified in form and extent co-
incidentally with the formation of the ecorpus striatum and
the alterations in the ring lobe. Just as the ring lobe par-
tially encireles the fossa of Sylvius, so does the cavity of
the ventricle partially encircle the corpus striatum. An
anterior prolongation of the cavity extends into the com-
pleted frontal lobe as the anterior cornu of the ventricle, and
an extension downward and forward into the apex of the
temporal lobe constitutes the descending cornu, while the
posterior horn is gradually protruded into the occipital lobe as
the latter develops.  From the earliest stage, therefore, until
the completed condition is attained, the eavity of the ventri-
cle conforms in a general way to the shape of the hemi-
sphere.  The apertures of communication between the vesi-
cles of the eerebrum and the cavity of the inter-brain are the
later Y-shaped foramen commune anterius or the foramen of
Monro.

The mesial surfaces of the hemispheres are much modified
in character by the development here of two total fissures,
the arcuate fissure and the choroid fissure. Theze appear in
the fifth week while the vesieles are still separate from each
other down to their stalks of attachment to the inter-brain,
prior to the development, therefore, of the eorpus callosum
and the fornix. The two fissures lie close together, parallel
with each other and with the margin of the ring lobe, their
course conforming to that of the {u'i_'-.‘H_u' of the ventricle, DBe-
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 subsequently develop between the two
hemispheres, or in other words, above the position of the
future corpus callosum (Fig. 138, a.f.). This part of the arcu-

Fic. 188.—Mesial surface of left fore-brain vegicle of brain shown in Fig, 132 ( F6) :
S, foramen of Monro, or opening into inter-brain; a.f, arcuate fissure: ob,f cho-

roid fissure ; r* randbogen,’’ corresponding to future corpus callosum and fornix ;
olf, olfactory lobe,

ate fissure is the sulcus 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 hippo-
campal or dentate fissure. The hippocampal fissure is repre-
sented upon the mesial wall of the descending horn of the
lateral ventricle by the prominence known as the hippocampus
major.

The choroid fissure or fissure of the choroid plexus, forming
an incomplete ring within, and parallel with, that deseribed
by the arcuate fissure, encircles the corpns striatum more
closely (Figs. 138, 139). It begins at the foramen of Monro,
and its anterior part lies under the position of the body of
the future fornix. It then sweeps around into the temporal
lobe and terminates near the anterior part of the latter. The
fissure of the choroid plexus, like other total fissures, iz an
infolding of the wall of the cerebral vesicle. It presents the
peeuliarity, however, that the infolded part of the wall is
extremely thin, consisting of but a single layer of epithelial
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cells, The pia mater, which everywhere closely invests the
surface of the brain, is infolded with the vesicle-wall, the in-
folded part becoming very vaseular and constituting the
choroid plexus of the lateral ventricle. The choroid plexus,
although within the limits of the ventricle, is excluded,
strictly speaking, from its cavity by the layer of epithelium
which still covers it and which has been simply pushed before
it into that cavity. Since the epithelial layer is very thin
and easily ruptured, the choroid fissure is apparently an
opening into the cavity of the ventricle through which the
pia enters ; in the adult it is called the great transverse fissure
of the brain.

The calcarine fissure, another of the total fissures, develops
in the latter part of the third month as a branch of the
arcuate fissure. It bulges into the mesial wall of the poste-
rior horn of the ventricle, producing the elevation known as
the calear avis or hippocampus minor. Since the posterior
horn of the ventricle is developed as an extension of the cav-
ity into the backward prolongation of the ring lobe which
forms the oceipital lobe, the calcarine fissure necessarily is
later in appearing than the fissures above described.

The parieto-occipital fissure iz added in the fourth month
as a branch of the calearine, effecting the definite demarca-
tion between the parietal and occipital lobes,

The fissure of Rolando develops in the latter part of the
fifth month in two parts. The two furrows are at first
entively separated from each other by an intervening area of
cortex. Subsequently this part of the cortex sinks be-
neath the surface, as it were, since it expands less rapidly
than the adjacent regions, and in this way the upper and
lower limhs of the fissure become continuons. The sunken
cortical avea is to be found even in the adult brain as a deep
annectant gyrus embedded in the Rolandie fissure at the po-
sition of its superior genu. The development of the fissure
of Rolando effects the division between the frontal and l'.l'Ell‘i-
etal lobes.

The collateral fissure appears in the sixth month as a
longitudinal infolding of the mesial wall of the hemisphere
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below and parallel with the hippocampal fissure. DBeing a
total fissure, its presence affects the wall of the cavity of the
vesicle, producing the eminentia collateralis. At about the
same time the calloso-marginal fissure malkes its appearance,
and this is morphologieally continuous, through the medium
of the post-limbic suleus, with the collateral fissure (Fig. 141).
These three fissures constitute the peripheral boundary of a
region of the mesial wall which is known in morphology
as the faleiform or limbic lobe.

The longitudinal fissure in the early stage of the growth of
the cerebrum separates the two vesicles from each other ex-
cept at the place where they are attached to the inter-brain ;
here the two sacs are united by that part of their common
anterior wall which is immediately in front of the apertures
of communiecation with the inter-brain and which is called
the lamina terminalis.

The development of adhesions between the mesial surfaces
of the hemisphere vesicles throughout certain definite areas
marks the beginning of the corpus callosum and the fornix.
The fusion of these areas begins in the third month in the
region corresponding to the anterior pillars of the fornix, the
septum lucidum and the genu of the corpus callosum ; in
the fifth and sixth months adhesion oceurs in the position of
the body of the fornix and of the body and splenium of the .
corpus callosum,

Although the central white medullary matter of the cere-
bral hemisphere is covered almost universally by the cortical
gray matter, there is a limited area of the mesial surface from
which the gray matter is absent, leaving the white matter
exposed. The area of uncovered white matter has the form
of a narrow band, which begins at the base of the hemisphere,
in front of the opening into the inter-brain, extends upward
along the anterior wall of the inter-brain, then passes back-
ward along itz roof and eurves downward and outward behind,
and then forward under it, to terminate at the front part of
the temporal lobe.  Thus this white band, which is known asz
the fimbria, and which represents the lower mesial edge of
the hemisphere, almost encireles the inter-brain. The fimbria
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runs between the arcoate fissure and the fissure of the choroid
plexus (Fig. 139, f). It holds such a close relation to the lat-

gt

Fri. 180, —<Mesial surface of left hemisphere, brain of fetus of three months
{enlarged); 7, fornix; ee, beginning of corpus callogum; c.af, part of corpus stri-
atum arching around fossa of Sylvius ; a.f, anterior, and afp., posterior parts of
arcuate fissure ; ch ., choroid fissure, the concavity between which and the corpus
striatum aceommaodates the inter-brain, which has been removed. The fissure is
o¢cupied by the pia mater.

ter fissure, being placed on its peripheral side, that it consti-
tutes the edge of the apparent opening into the cavity of the
vesicle through which the pia mater, bearing blood-vessels, is
reflected into the interior, and which, as pointed out above,
is the transverse fissure of the brain. The opening is only
apparent, however, since the wall is still unbroken, although
reduced to a single layer of epithelium. The pia mater, form-
ing

f=F)

ventricle, pushes the layer of epithelinm before it, and al-

with its blood-vessels, the choroid plexus of the lateral

though the plexus is said to be within the cavity of the ven-
tricle, it is still covered by the layer of epithelium, the epen-
dyma, which lines that eavity.

The part of the fimbria that immediately overlies the roof
of the inter-brain becomes intimately united, as noted above,
with the corresponding part of the fimbria of the other hemi-
sphere, these fused portions of the two fimbrie forming a flat
trinneular sheet, the body of the fornix. The anterior and
posterior portions of the fimbria, which diverge from the
median plane, represent respectively the anterior and poste-
rior limbs of the fornix.

Noting the rvelation of the anterior part of the fimbria to
the aperture of communication between the inter-brain and
the cerebral vesicles, it becomes apparent that the anterior
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 fimbria to the apparent opening into the ven-
tricle, through 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 ventricular cavity, but also in a mesial section of

the brain (Fig. 140, C).

pre f P
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Fiz. 140.—Fetal brain at the beginning of the eighth month (Mihalkovies) :
A, superior, B, lateral, €, mesial surface : R, fissure of Rolando; pre, precentral
fissure ; Sy, Bylvian fissure ; infp, interparietal fissure; poe, paricto-cccipital fissure :
pii, parallel fissure; caffm, callosomarginal fissure; une, uncus; cale, calearine
fissure,

Another important region of fusion of the opposed mesial
surfaces of the hemispheres is that corresponding to the
future corpus callosum. Throughout this area the hemispheres
closely unite with each other. The line of fusion begins.
at the bases of the vesicles, some little distance in front
of the anterior parts of the fimbrie (Fig, 139, e.c.), and after
passing upward and forward, curves horizontally backward
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in elose relation with the fused portions of the fimbrie, now
the body of the fornix. The adhesion begins at the anterior
part in the third month, and affects the region of the body
and splenium of the future corpus eallosum in the fifth and
sixth months.  Fibers penetrate from one hemisphere to the
other thronghout this zone of contact, intimately uniting the
cerebral hemispheres. The corpus eallosum is therefore :
great commissure between the two halves of’ the cerebrum,
and is necessarily composed of fibers having a transverse
direction.

While the back part of the corpus callosum lies over the
body of the fornix and is in close contact with it, the front
part of the body of the corpus-collusum, as also its genu or
curve and its rostrum or ascending part are at some distance
from the front parts of the fimbrie. In other words, while the
ereat longitudinal fissure extends at first to the bases of the
cerebral vesieles, this fissure is made relatively less deep by
the adhesions which oceur between the mesial walls and which
result in the development of the corpns callosum ; and the
space below the anterior part of the corpus callosnum, between
it and the anterior parts of the fimbriee (Fig. 140, C), is an
tsolated part of the great longitudinal fissure.  This space is
bounded on either side by that part of the wall of the corres-
ponding cerebral vesiele or hemisphere which is limited above
and in front by the corpus eollusum, and behind by the ante-
rior part of the fimbria or anterior limb of the fornix. The
space is the so-called fifth ventricle of the adult brain. The
circumseribed parts of the mesial walls of the hemispheres,
which form the lateral walls of the space, together constitute
the septum Iucidum. The parts of the hemizphere walls that
become the septum lueidum do not participate in the process
of fusion mentioned above. Their surfaces are in contaect,
however, and do not develop the typical gray cortical matter,
snch as appears elsewhere upon the surface of the cerebrum.
Cortical gray matter is produced here, but only in rudi-
mentary form.

From what has been said, it will be seen that the two
layers of the septum Ilucidum are circumseribed and opposed
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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
svstem of ventricular cavities ; and that this so-called ventri-
cle is not, like the true ventricles of the brain, lined with
ependyma, but with atrophic gray cortical matter.

The limbic lobe has been referred to as that part of the
mesial surface of the hemisphere which is circumseribed by
the ecalloso-marginal fissure, the post-limbic suleus, and the
collateral fissure. It is limited centrally by the fizsure of the
corpus callosum and the hippocampal fissure, which are
represented in the fetal brain by the single uninterrupted
arcuate fissure. Hence the limbic lobe would include the
gvrus fornicatus, the isthmus, and the gyrus uneinatus, which
constitute morphologically a single ring-like convolution.
Schwalbe, however, includes with this so-called limbie lobe
all the surface of the mesial wall of the hemisphere included
between the arvcuate fissure and the fissure of the choroid
plexus (Fig. 138), designating it the falciform lobe (Fig. 141).

: b rues Fitra odiesus
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F1c. 141.—DMagram of the limbic lobe (after Quain).

The faleiform lobe therefore consists of two ring-like convo-

lutions, one within the other, the two being separated from

each other by the arcunate fissure (the adult eallosal and den-

tate fissures) and being limited centrally by the fissure of the

choroid plexus (the great transverse fissure of the adult
19
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brain). While the outer of these concentric convolutions—

develops into the fornicate or eal-
losal, the isthmian, and the uncinate gyri, the inner ring
differentiates but slightly, its cortical matter remaining
atrophic.  The atrophic condition of the cortex here is asso-

the limbie lobe of Broea

ciated with those adhesions between the mesial walls of the
hemispheres that result in the formation of the corpus cal-
losum and the septum lucidum. By these adhesions the
continuity of the inner concentrie convolution is broken, and
it is therefore represented, after the development of the corpus
callosum, by the atrophic gray matter of the septum Iucidum,
by the gyrus dentatus, and by the lateral longitudinal strize
on the free surface of the corpus eallosum, the latter being an
atrophic or rudimentary convolution. Since the transverse
fissure of the brain is the centric boundary of the ring, the
fornix is also a part of the faleiform lobe. To sum up, the
falciform lobe includes the gyrus fornicatus, the isthmus, the
gyrus unecinatus, the lateral longitudinal strize or tenia tecta
of the corpus callosum, the gyrus dentatus, the laminze of the
geptum lucidum and the fornix.

The olfactory lobe or rhinencephalon is an outgrowth from
the vesicle of the cerebral hemisphere. Its development he-
oins in the fifth week by the pouching-out of the wall of the
vezicle near the anterior part of its floor (Figs. 131 and 133).
Thiz diverticulum, which contains a cavity continuous with
that of the wvesicle, prows forward and soon beeomes some-
what club-shaped. In the selachians (sharks and dog-fish)
the projection attainz a great relative size, the olfactory lohes
in these animals being one of the most conspicnous parts of
the brain.  In all mammals except man it is well developed,
and in the horse its eavity persists throughout life. In man
the ecavity soon becomes obliterated and the lobe itself in
part aborts. The protruded portion, becoming more dis-
tinctly elub-shaped, differentiates inte the olfactory bulb and
the olfactory tract, the position of the original eavity being
indicated by a more or less central mass of neuroglia con-
gpicnons in eross-seetions of those struetures.  The proximal
portion of the n”'.'u'llrrl'_'l.' lobe is I‘L‘.Ill‘f!:.i["'ﬂl['l] in the adult
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human brain by the gray matter of the anterior perforated
lamina (or spaee), and by the triconum olfactorium and the
area of Broea, as well as by the inner and outer roots of the
olfactory tract (note olfactory lobe of dog’s brain, Fig. 142),

Fr. 142 —Base of dog's brain : of,, olfactory lobe ; a.p.s, region eorresponding to
anterior perforated space, which is included in the olfictory lobe; .5, fissure of
=ylvius; gk, hippoeampal gyrus, developed to a greater degree than in human
brain; s, sectional surface of olfactory lobe; oz, olfactory suleus.

Because of the relation of the place of evagination of the
olfactory lobe to the fossa of Sylvius, it happens that a part
of this lobe, the anterior perforated lamina, is situated at the
ecommencement of the fissure of Sylvius and that it is in con-
tinuity with both extremities of the ring lobe; hence, the
olfactory lobe is connected with both extremities of the falei-
form lobe. To express it in the language of human anatomy,
the outer or lateral root of the olfactory tract is connected
with the gyrus uncinatus, while the inner or mesial root may
be traced to the fore part of the gyrus fornicatus.

After what has been said, the reader need scarcely be re-
minded that the olfactory bulb and tract, often erroneously
referred to as 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 Résumé of the Derivatives of the Brain-vesieles.

BRAIN: Frook. | RooF. LATERAL WALLS, I CaviTy.
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1
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vesicle, nereum, infun- | =are,  Epithe- tricle.
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hrain Corpus  stria- | nix. Septum lueidunm. tricles. |
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THE DEVELOPMENT OF THE PERIPHERAL NERVYOUS
SYSTEM.

The development of the peripheral nervous system is still
involved in some degree of obscurity. In general terms it
may be stated that the peripheral nervous apparatus is de-
rived as an extension of the central cerebro-spinal axis.

In the ease of the spinal nerves, each nerve-trunk is com-
posed of both motor and sensory fibers, the former being in
continuity with the spinal cord through the medium of the
anterior or motor roots, and the latter through the posterior
or sensory roots, each sensory root possessing a ganglion,
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 correspond in rela-
tive pozition and in mode of development to the ventral or
motor roots of the spinal nerves, and still others are equiva-
lent to the sensory spinal roots,



ORIGIN OF THE GANGLIA. 203

The development of the sensory nerve-fibers is dependent
upon and is preceded by that of the ganglia of the posterior
roots of the spinal nerves, and of several ganglia of the head
region which are related to the development of certain of the
cranial nerves, Hence the consideration of the genesis of

spg
Vg

HLF

Fig, 143.— A, cross-section through an embryo of Pristiurus (after Rabl). The
primitive segments are still connected with the remaining portion of the middle
germ-layer. At the region of transition there is to be seen an outfolding (sk) from
which the skeletogenonus tissue is developed ; ch, chorda; spg, spinal ganglion: mp,
muscle-plate of the primitive segment ; zch, subchordal rod; ae, aorta: ik inner
germ-layer; pmb, parietal, vmb, viseeral middle layer. B, cross-section through a
lizard embryo (after SBazemehl): rm, 1:.|'r1'.n:|| cord; spg, lower thickened part of the
neural ridge ; spg’, its upper attenuated part, which is continuous with the roof of
the neural tube ; ws, primitive segment.

the ganglia must precede the account of the growth of the
sensory nerve-fibers.

The origin of the ganglia is connected with the early
history of the evolution of the neural tube. Just after the
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sides of the medullary plate (vide p. 255) 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 side
of the raphe or line of union of the sides of the tube. These
ridges are the neural crests (I'ig. 143). They first appear in
the region of the hind-brain and advance from this point
both headward and tailward. The ganglia develop from
these neural crests.  The cells of the neural erest are usnally
dezeribed as growing out from the neural tube, though ac-
cording to His it is probable that they originate singly from
the ectoderm.

The mass of cells composing the neural erest grows out-
ward and then ventrad along the wall of the neural tube, and
very soon undergoes segmentation into a number of cell-
masses which are the rudimentary ganglia. In the spinal
region the number of segments corresponds to the num-
ber of future spinal nerves. In the head region there are
four seoments. These latter, the cephalic ganglia, will be
referred to subsequently.

The segmentation of the neural crest corresponds in the
main with the segmentation of the paraxial plate of the
mesoderm, whereby the myotomes are produced, and each
segment lies upon the inner side of a myvotome. The con-
nection of the segments with the neural tube becomes re-
dueed in each case to a slender strand, the point of continuity
of which with the tube is shifted farther away from the
median line, as development progresses, to correspond with
the dorzolateral position of the =ensory nerve-roots in the
mature condition.

The eells of the ganglia acquire axis-eylinder processes,
each such process, upon further elongation, becoming the
axiz cylinder of a future nerve-fiber. The cells being hi-
polar, each one gives origin to two nerve-fibers, one passing
to the spinal cord and one going to the periphery of the
hody as a sensory nerve-fiber. Thus the ganglia are made
up of cells which are interpolated in the course of the sen-
sory nerve-fibers, and these eells may be regarded as having
migrated from the developing ecrebrospinal axis, or, if the
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view of His be accepted, from the region of the ectoderm
from which the tube originates, their connection with the
axis being maintained by the gradually lengthening out axis-
cylinder 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

L
=]
the spinal cord and brain, The neuroblasts of the thickened
neural tube, as they become fully differentiated nerve-cells,
migrate from their central position into the mantel layer, or
superficial stratum (Fig. 124).  On the distal side of the nu-
cleus of the ecell, the protoplasm first becomes massed and
then lengthens out to form an axis-cylinder process or neurit,
which in all vertebrate animals grows out from the cerebro-
spinal axis to form a motor nerve-fiber.

Although, in the case of' the spinal nerves, the motor and
sensory fibers are separated from each other at their origin
from the cord, they soon intermingle to constitute a spinal
nerve-trunk. In certain lower types, as eyelostomes and
amphioxnsg, the motor and the sensory fibers permanently
pursue separate routes to their peripheral distribution.

The envelopes of the nerve-fiber are acquired at a rela-
tively late period. The appearance of the neurilemma pre-
cedes that of the white substance of Schwann. DBoth these
investments are derived from the mesoderm. The cells of
the latter apply themselves to the nerve and, penetrating
between the fibers, become arranged as an enveloping layer
upon each axis eylinder, ultimately forming a complete
sheath, the neurilemma. The persistent nuelei of these eells,
seantily surrounded with protoplasm, constitute the nerve-
corpuscles of the neurilemma. The medulla, or white sub-
stance of Schwann, iz formed at a considerably later period
within the neurilemma. The deposit of the medullary sheath
varies as to time for different groups of fibers
time is constant for each group—and proceeds always in a
direction away from the cell from which the fiber originates,

although the

or, differently expressed, in the direction in which the fiber
conveys impulses. Thus, in the spinal cord, groups 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 eranial nerve-fibers in their development follow in the
main the same general prineiples 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 part of the neural tube and the sensory fibers
proceed from the eells of outlying ganglia, or in the ease of
at least one nerve, the olfactory, from infolded and highly
specialized cells of the ectoderm.

The cephalic ganglia, four in number, have been referred
to as resulting from the segmentation of the head-region of
the neural crest. As previously stated, the neural crest
begins to grow first in the region of the hind-brain and
extends from this point both forward and backward, oceupy-
ing‘ a l].n:-:_iti:m Lpon the roof or dorsal wall of the hind-brain.
The part of the neural erest belonging to the head-region
then divides into the four masses or head-ganglia which are
designated respectively the first or trigeminal, the second or
acusticofacial, the third or glossopharyngeal, and the fourth
or vagal, sangha.

The trigeminal ganglion, which is very large, becomes di-
vided into a smaller anterior portion, the ophthalmie or ciliary
ganglion, and a larger posterior segment, the trigeminal
ganglion proper. These two become widely separated during
the progres= of development, since they constitute respec-
tively the later ciliary and Gasserian ganglia, the eciliary
canglion belonging to the ophthalmie division of the fifth
nerve, while the trigeminal belongs to the superior maxillary
division and the sensory part of the inferior maxillary divi-
sion of the fifth, Their nerve-cells give rise to the sensory
fibers of these trunks in the same manner that the cells of
the spinal ganglia produce the sensory fibers of the spinal
nerves. By some observers, the sphenopalatine (Meckel’s)
ganglion and the otie, and possibly the submaxillary ganglia,
are to be regarded as offshoots from the Gasserian ganglion.
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The acusticofacial ganglion, after its migration from its
original position on the dorsum of the hind-brain, lies just
in front of the otic vesicle. This ganglion subszequently
divides into the facial and the acounstic ganglia. The facial
ganglion, the geniculate ganglion or intumescentia ganglio-
formis of the facial nerve, situated in the faeial canal of
the temporal bone, although deseribed as a ganglion upon
a motor nerve, the facial, is, in reality, connected mainly
with the pars intermedia, a bundle of sensory fibers issuing
from the nuclens of origin of the glossopharyngeal nerve.
It is equivalent therefore to a spinal ganglion.

The acoustic portion of the acusticofacial ganglion divides
still further to become the ganglion on the vestibular part of
the auditory nerve, and the ganglion spirale of the cochlear
division of the auditory, which latter is situated in the spiral
canal of the modiolus. It is considered probable that the
lateral accessory auditory nucleus, which 1s conneeted with
the cochlear fibers of the auditory nerve and lies on the outer
side of the restiform body, is also a part of the acoustic
ganglion. From the cells of the vestibular ganglion, which
is situated in the internal meatus, centrifugal fibers develop
to form the vestibular nerve, while other centripetally growing
fibers become the ventral or mesial (vestibular) roof of the
auditory nerve. The cochlear ganglion in the same way gives
rise to the cochlear branch of the nerve and to its dorsal or
lateral root. Thus the aunditory nerve and itz ganglia corre-
spond respectively to the sensory root of a spinal nerve and
to a spinal ganglion.

The third cephalic ganglion becomes the ganglion of the
glossopharyngeal nerve, undergoing seementation to form
the upper or jugular and the lower or petrous ganglia of this
nerve, while the axis-eylinder processes of its cells lengthen
out to become the sensory fibers,

The fourth cephalic ganglion similarly becomes the two
eganglia of the pneumogastric nerve and gives rise to its
sensory fibers,

While the motor fibers of the eranial nerves develop by
the outgrowth of the axis-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 modifica-
tion as fto their point of emergence from the central wawis.
Instead of i=suing in line with the spinal motor roots, there
are two sets of eranial motor roots, the wentral and the
lateral. Both arise from the cells of the ventral zone of the
neural tube and thus correspond in point of origin with the
spinal motor fibers, but the cells from which proceed the
fibers of the ventral roots are situated in the ventral part of
this zone, whereas the parent cells of the lateral roots lie
near its dorsal edge, elose to the deep conneections of the
sensory fibers, It happens therefore that the lateral roots
emerge in close proximity to the dorsal or sensory bundles,
the two apparently constituting one nerve-trunk. The motor
fibers of the fifth, seventh, ninth, and tenth nerves have this
lateral position, and are so closely identified with the sensory
fibers that the two sets form one trunk in each case.

The wventral motor nerve-roots emerge in line with the
ventral or motor roots of the spinal nerves.  The only eranial
nerves which represent persistent ventral motor roots arve the
abducens and the hypoglossal.

A sfill _'i'.fl',r'r‘f.rl'":‘ HUH!I.EJI'IEII‘EH;UH in the eranial nerrves is ]il.ri"f‘.w‘i'tfe"if
by their velation to the seqmentation of the head.  As pointed
ont above, the seementation of the spinal part of the neural
crest is in correspondence with the segmentation of the trank,
and each spinal nerve therefore may be regarded as belonging
to a Emrli[-ulm' segment of the trunk. In the ease of the era-
nial nerves, however, there is no such regular correspondence,
since in some instances, several nerves are referred to one
head-segment, while in others, one nerve belongs to several
seements,  An example of the latter is furnished by the
hypoglossal, which arises from the side of the medulla by a
series of bundles of fibers which are referable to several
serments,

As will be seen later, in the account of the development
of the noze and of the eye, the olfactory and optic nerves
exhibit certain peenliarities which set them apart from the
other eranial nerves,
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From what has been said, it will be apparent that the
eranial nerves develop in a far less regular manner than the
spinal nerves, and that consequently their trunks eonsizt in
some cases of only sensory fibers, in other cases of only
motor fibers, and in still others, of both varieties, Typically,
each eranial nerve would have a dorsal sensory root with a
ganglion, and two motor roots, one lateral and the other ven-
tral. But by the suppression of one or two of these typical
roots there will be produced a nerve, for example, represent-
ing only the ventral root, as the sixth and twelfth nerves, or
a trunk containing sensory and lateral motor fibers, as the
vagus, or a nerve consisting solely of sensory fibers, as the
anditory. .

By way of recapitulation the cranial nerves may be briefly
conszidered seriatim :

First Pair.—The olfactory nerve-filaments grow centri-
petally from the olfactory epithelium of the nasal mucous
membrane,

Second Pair.—The optic nerve is not a true nerve (see
Chapter XV1.).

Third Pair.—The oenlomotor nerve represents a persistent
Jateral motor root of the first head-segment (the ophthalmie
division of the fifth nerve being the sensory root of the same
segment),

Fourth Pair.—The trochlear nerve represents a lateral
motor root and belongs to the second head-segment.

Fifth Pair.—The trifacial or trigeminal nerve, containing
sensory and motor fibers, represents a persistent lateral motor
root and a dorsal sensory root. The ophthalmic portion of
the sensory root belongs to the first head-segment, while all
the remaining fibers, with the fourth nerve, are assigned to
the second segment.

Sixth Pair—The abducens develops as a ventral motor
root and belongs to the third and possibly to the fourth
segments,

Seventh and Kighth Pairs.—The acusticofacialis nerve, or
the facial and anditory nerves, develop as a single nerve with
several roots. The auditory nerve and the sensory fibers of
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the facial—that is, the pars intermedia—ecorrespond to a dor-
zal sensory root, the division of the acusticofacial ganglion into
the several ganglia of the auditory nerve and the geniculate
eanglion of the facial accounting for the divizion of the root
into the auditory trunk and the pars intermedia. (The sen-
sory fibers of the facial pass off’ through the chorda tympani
to go to the tongue as special-sense fr]lttl‘:-.-._j The motor fibers
of the facial develop as a lateral motor root, originating
from cells in the ventral zone. These two nerves, with the
sixth, belong to the third and possibly to the fourth head-
seoments.

Ninth Pair.—The glossopharyngeal nerve, made up largely
of sensory fibers, represents a dorsal sensory root and a lateral
motor root, the fibers of which latter grow out from cells in
the dorsal part of the ventral zone of His, the later nuelens
ambignus. It belongs to the fifth head-segment.

Tenth Pair.—The vagus develops in the same manner as
the glossopharyngeal.

Eleventh Pair.—The spinal accessory represents in part
motor spinal roots and in part probably the lateral motor and
dorsal senzory roots of the cranial nerves,

Twelfth Pair—"The hypoglossal develops as the ventral
motor roots of several segments, being identical in mode of
origin with the anterior roots of the spinal nerves, This

nerve and the vagus belong to the head-segments from the
sixth to the tenth inclusive.

THE DEVELOPMENT OF THE SYMPATHETIC SYSTEM.

There are two views as to the origin of the sympathetie
system.  One theory, based upon the investigations of Pater-
zom, is that the gangliated cord of the sympathetic is differ-
i'llil:t’r{!{]. from meszsodermie cellz, the ecell-cord thus formed
acquiring, secondarily, connections with the spinal nerves,
and presenting still later the enlargements which constitute
the canglia.

The more generally accepted view, based upon the re-
zearches 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. Iach 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. Fach 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
meeting and uniting and thus secondarily establishing the
connection between the different ganglia of one side of the
body and forming the gangliated cord of the sympathetic.
From these ganglia migrating cells probably pass out to
develop into the secondary ganglia of certain viscera, as His
has shown to be the mode of origin of the ganglia of the
heart.



CHAPTER XVI.
THE DEVELOPMENT OF THE SENSE ORGANS.

IN the organs of the senses we have to do with peripheral
nervous mechanisms of greater or less degrees of complexity,
the essential elements of which are elaborately modified or
specialized neuro-epithelial cells, These neuro-epithelial
structures are specialized cells of the ectoderm, derived from
it either directly, by the infolding of patches of ectodermie
epithelium, as in the case of the olfactory cells, or indirectly,
by growth outward from the central nervous system, as in
the case of the retina. The organs of the sense of touch, the

actile corpuscles of the skin and mueous membranes, are
distributed somewhat irregularly, while such highly special-
ized structures as the organs of the special senses of vision,
hearing, smell, and taste are provided with special protective
and accessory apparatuses.

THE DEVELOPMENT OF THE EYE.

It will perhaps facilitate the comprehension of the general
principles involved in the development of the eye if its
funetion as the organ of vision is kept in mind, and if]
therefore, the retina and the optic nerve are recognized as
the essential parts of the organ, and the other structures as
aceeszories,  The retina and the optic nerve are an out-
erowth from the brain, the rod- and cone-visual eells of the
former being epithelial eells so specialized as to serve as
percipient elements, while the optic nerve-fibers are the con-
ducting medinm. To allow of the penetration and refraction
of the rays of light, the overlying epidermis differentiates
into a transparent and refractive medium, the crystalline
lens, and the necessary protection and means of nourishment
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are provided by the other constituents of the eyeball. Fur-
ther protection is furnished by two folds of modified skin
and subeutaneous tissne, the eyelids, and lastly for the
lubrication and still further protection of the exposed part
of the eyeball, there is formed still another set of accessory
organg, the lacrimal apparatus.

The first step in the development of the eye is the growth
of a diverticulum from the side of the primary fore-brain
vesicle (Fig. 144). These optic evaginations are quite large

o
S

Fii. 144.—A, brain of two-day ehick-embryo: B, brain of human embryo of
three weeks (His), Shows the development of the optic vesicles and brain-vesi-
cles; /b, fore-brain ; b, inter-brain; ov, optic vesicles.

as compared with the brain-vesicle. They begin to be evi-
dent even before the neural tube iz completely closed.  As
the attached part of the diverticulum expands less rapidly
than the distal portion, the evagination soon assumes the
form of a sac or vesicle, the optic vesicle, connected by a hol-
low stalk with the primary fore-brain. When the secondary
fore-brain vesicles grow out anteriorly from the primary ves-
icle, the region of the latter that becomes in consequence the
inter-brain is the part to which the stalk of the optic vesicle
is attached.  Hence the optie vesicle is an appendage of the
inter-brain or thalamencephalon and itz point of attachment
to the latter is at the lateral part of the base, in front of the
region of the infundibulum (Fig. 131, A and C).

The optie vesicle expands laterally and dorsally until it
lies immediately heneath the epidermis, forming a promi-
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nence on the side of the head (Fig. 51). The ectoderm
at the point of contact with the optic vesicle becomes thick-
ened and depressed, the differentiation of thiz lens-area being
the starting point of the erystalline lens. The depressed
patch of ectoderm, sinking more deeply, 1= converted into a
sac, the lens-vesicle, the connection of which with the surface-
cells is soon lost,  The distal wall of the optie vesiele, upon
coming into contaet with the lens-vesicle, undergoes invagi-
nation, this wall sinking in until the cavity of the vesiele is
almost obliterated. Thus the vesicle is converted into the
double-walled optie cup, the opening of which looks laterally
toward the surface of the head, and is oceupied 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-laver, the latter resulting from the outer layer of
the cup. The stalk of the eup becomes the optic nerve.
The surrounding mesodermie tissue grows into the openings
referred to above, and gives rise to the vitreous humor,
while the mesodermie cells that elosely envelop the optie eup
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 struet-
ures, as stated above, are directly derived from the optie
vesicle and its stalk.

To repeat, for the sake of continuity, some points already
mentioned, the optic vesicle grows forth as a divertieulum
from the side of the primary fore-brain wvesicle, its appear-
ance being foreshadowed by a lateral bulging of this vesicle
even before the neural eanal is eompletely closed.  When
the primary fore-brain vesicle divides into the secondary
fore-hrain vesieles and the wvesicle of the inter-brain, the
recion of origin of the optic vesicle falls to the latter, the
point of attachment being at the outer edge of the base of
the vesicle in front of the infundibular evagination. The
optic nerve is to be regarded therefore as springing from the

inter-brain or Ih.'!.[.'IIIH'IH*:'|I|1;|]UH+
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The outer extremity of the divertieculum expanding more
rapidly than its base of attachment assumes the form of a
vesicle with a narrow stalk (Fig. 145), the stalked condition

B i

Fic. 145.—Part of a gection through the head of an early human embryo, show-
ing the connection of the primary optic vesicles with the fore-brain (His): off,
olfactory area of epiblast; ¢k, part of fore-brain which gives rise to cerebral hem-

ispheres; th, thalamencephalon’ p.o.v., primary optic vesicles,

being present in the fourth week. The vesicles grow in the
outward direction and form a prominence on each side of the
head. There being no brain-case at this time, they lie imme-

Fii. 146.—Three suceessive stages of development of the eve, showing forma-
tion of secondary optic cup and crystalline lens in human embryos of 4 mm. (4},
6 mm. (B, and 8 mm. (7, (Tourneux): a, a, primitive optic vesicles; &, external
layer of 2econdary optic cup (future pigment-layer of retina) ; ¢, inner layer of cup
{retina proper) ; d, lens-pit (thickened and depressed ectoderm) ; e, lens-vesicle.

diately under the epidermis, separated from it by only a thin

layer of embryonal connective tissue. This lateral position

of the optic vesicles is characteristic of the early stages of

development. After the end of the first month the eyes
20
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gradually move forward and downward toward their perma-
nent position, which is approximately attained probably
early in the third month.

Eﬁilﬂl‘il}' after the fourth week the distal or lateral wall and
the under surface of the optic vesicle become invaginated.
The invagination begins when the vesicle comes into contact
with the lens-vesicle (Fig. 146). When the infolding is
complete, the vesicle has become the secondary optic cup,
which latter consists therefore of two layers, an inner and
an outer. The mouth of the eup, which faces away from
the median plane of the head, is oceupied by the lens-vesicle,
Since the under surface of the vesicle participates in the in-
vaginating process (Fig. 147) there is also in this wall of the
cup an aperture, which is known as the choroidal fissure.
The invagination likewise affects the under surface of the
tubular stalk of the vesicle so that it is converted into an in-
verted double-layered trough.
important relation not only to the
further metamorphosis of the optie

These invaginations bear an

iy vesicle and its stalk into the retina
4 ——— i and the optic nerve, but also to the
3 i development of the vitreous body
:L' i .r and of the central artery of the re-

‘:‘; h | 5 tina. Thus, the vitreous body is

: produced by the mesodermic tis-

« sue that finds aceess to the cup

Fig. 147.—Plastic representn-  through the choroidal fissure, and

tion of the optic cup with lens
and vitreous body (Hertwig): ab,
guter wall of the cup; @, its inner
wall; &, cavity between the two
walls, which later disappears an-
tirely : Sa, fundament of the optic
nerve (stalk of the optic vesicle
with & furrow on g lower sar-
face); aws, optic (choroid) fis-
gure ; o, vitreous body ; L lens,

the arteria centralis retinge is de-
veloped in the vaseular mesoder-
mic tissue that invaginates the
under surface of the stalk of the
vesicle.

The ehoroidal fissure gradually

contracts after the entrance of the
mesoderm, and in the last month of fetal life 1t entirely closes.
The mouth of the optie eup embraces the lens, its rim being
always on the distal side of, or superficial to, that structure,
This opening represents the pupil of later stages,
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The further metamorphosiz of the optie eup includes alter-
ations peculiar to each of the two layers and also to the
different regions of the eup. The mouth of the cup contracts
somewhat by inereased 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 second zone corresponds with the periphery
of the lens, while a third region, the fundus of the cup,
includes all the remaining part of its wall.

The fundus of the cup undergoes much greater specialization
than the other regions. The outer layer of the cup remains
thin, consisting of a single layer of cells which assume the
cuboidal form and become infiltrated with pigment-granules.
This forms the pigment-layer of the retina. The inner
lamina of the cup thickens, by the multiplication of its cells,
and soon consists of numerons spindle-shaped cells. The
thickened fundus is marked off from the zone that surrounds
the periphery of the lens by a slight groove which corres-
ponds in position with the future ora serrata. These early
spindle-cells give rise to two kinds of elements, the stroma
of the retina, or Miiller's fibers, and the wvarious 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
arranged and extend throughout the entire thickness of the
retina. Their inner expanded extremities, in elose contact
with each other, form 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 mesodermic tissue, which grows into it through
the choroidal fissure to furnish the vaseular 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
separates them from the pigment-layer.  After a time, how-
ever, processes grow out—that is, away from the center of



S03 TEXT-BOOK OF EMBRYOLOGY.

the eyeball—and perforate the external limiting membrane
to penetrate between the cells of the pigment-layer. These
processes are the rods and cones, and collectively constitute
the layer of rods and cones of the adult. The bodies of the
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F1G, 148 —Section through the optic fundament of an embryo mouse (after
Kessler): pi, pigmented epithelivm of the eve (onter Ilamella of the optic cap, or
secondary optic vesicle) ; v, retina (inner lamella of the optic eup); vz, marginal zone
of the optic cup, which forms the pars ciliaris et iridis retinme; g, vitreous body
with blood-vessels ; f, tuniea vasculosa lentis; b, blood-corpuseles; ek, chorgides ;
I lens-fibers: fe, lens-epithelinm ; !, zone of the lens-fiber nuclei; b, Mndament
of the cornen: fe, external corneal epithelinm.

rod- and cone-visunal eells, situated on the inner side of the
membrana limitans externa, are elongated into narrow ele-
ments, the position of the nuelei being indicated by slight
enlargements, They constitute the outer nuclear layer of
the mature retina.  The outer nuelear layer and the layer of
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rods and cones are to be regarded, therefore, as one layer of
highly specialized neuro-epithelium, made up of the rod-
vizual cells and the cone-visual cells, the inner segments or
bodies of the cells being only apparently isolated from the
outer segments, the rods and cones respectively, by the fact
that the latter project through minute apertures in the
external limiting membrane. The axis-eylinder processes of
these cells pass toward the center of the eyeball.

The neuro-epithelium of the retina is the last of its elements
to develop. In man and in many mammals, it is present at
birth. In the eat and the rabbit, the rod- and cone-visual
cells develop after birth, and hence the new-born of thesze
gpecies are blind. The macula lutea is developed after birth.

The cells of the inner part of the retina differentiate into
the remaining nervous elements, some becoming the bipolar
and other cells of the inner nuclear layer—the ganglion
retinie—while others form the large ganglion ecells of the
ganglion-cell layer. The axis-eylinder processes of the
ganglion cells are directed inward to form the nerve-fiber
layer, the fibers of this layer converging from all parts of
the inner surface of the retina toward the optic disk or

papilla.  Here they perforate the retina, as well as the cho-
roid and selera, to pass, as optic nerve-fibers, to the brain.

This part of the optic cup, the fundus, produces then, in
the manner deseribed above, the functionating portion of the
retina, or the pars optica retinz, the anterior termination of
which is indicated by the orra serrata.

The lenticular zone of the optic cup, which iz in relation
with the periphery of the lens, undergoes comparatively
slight specialization. Its outer lamella is pigmented, as in
the fundus of the cup. Its inner layer remains very thin
and consists of cells which at first are cuboidal, but which
later become eylindrical. At the end of the second month,
or the beginning of the third, the two layers of the lenticular
zone become plicated, owing to excessive growth in super-
ficial extent. The folds are nearly parallel and are arranged
radially with reference to the lens, the margin of which they
surround, These folds are the first indication of the ciliary
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processes. The mesodermic tissue immediately external to
the optic cup differentiates into the uveal tract, the part cor-
responding with the lenticular zone of the eup furnishing the
ciliary body. The young growing connective tissue pene-
trates between the folds of the lenticular zone of the cup,
acquiring intimate union with the pigment-layer, and thus
provides the connective-tissue basis of the ciliary processes.
This lenticular zone of the two layers of the optic eup,
therefore, constitutes the lining, or internal covering, of the
ciliary body, and must necessarily be regarded as the contin-
uation of the retina. It is known as the pars ciliaris retinz
of the fully developed eye.

The marginal zone of the optic cup, or the region border-
ing its orifice, is also related in its further growth with the
uveal tract. Although in the earlier stages of development
the lens lies in the mounth of the cup, as time goes on the
relation is so altered that the aperture and the zone which
borders it occupy a position in front of the lens. In this
marginal zone both lamelle of the cup become pigmented
and .:u-.{luiru union with the layer of mesodermic tissue which
is differentiating into the iris, and they therefore contribute
to the formation of that structure, constituting its pigment-
layer. The pigment-layer of the posterier surface of the
irig is, therefore, an extended but rudimentary part of the
retina. It iz ealled the pars iridica retinz.

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 consizts of the funetionally active part,
or retina proper, the pars optica retinz; of the pars ciliaris
reting, marked off from the latter by the ora serrata; and
of the pars iridica retinz, which terminates at the margin
of the pupil.

The evolution of the optic cup or secondary optic vesicle
may be thus summarized

I. Marginal or most anterior The thin atrophic pars iridica re-
region of cup. tinie, or pigment-layer of the iris.
I1. Lenticular zone of cup, Park ciliaris retine, covering inner

surface of ciliary body.
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I1I. Fundus of cup. Functionating part of retina, or pars
optica retinz, including :
A. Outer layer. A. Pigment-layer of retina.
B. Inner layer. B. 1. Neuro-epithelial layer, made

up of layer of rods and cones (the pro-
cesses of the rod- and cone-visual cells) ;
membrana limitans externa; outer
nuclear layer (the bodies of the rod-
and cone-cells).

2. Cerebral layer (representing an
interpolated ganglion with connecting
fibers), consisting of :

COuter reticnlar layer;
Inner nuclear layer;
Inner reticalar layer;
Ganglion-cell layer;
Nerve-fiber layer.

The optic nerve is the metamorphosed stalk of the optic ves-
icle. When the distal and under surfaces of the vesicle suffer
invagination, the stalk participates in the process, its under
surface being marked by a groove which isa prolongation of
the choroidal fissure of the optic eup (Fig. 147). By this in-
folding, the eavity of the stalk i= obliterated and the stalk is
converted into a double-walled tube enclosing mesodermic
tissue which follows the invaginating ventral wall. In this
mezodermic tissue is developed the arteria centralis retinz.
In mammals the invagination affects only the distal part of
the stalk, the segment included between the eveball and the
point corresponding in the adult to the place of entrance into
the nerve of the central artery. It must be appavent that
the outer layer of the tube thus formed is direetly continunous
with the outer layer of the optie eup, while the invaginated
lamina is the prolongation of the inner wall of the cup or
of the part that becomes the retina proper, since not only
the distal wall of the optic vesicle is invaginated, but its
under or ventral wall as well.

The primitive optiec nerve at this stage consists of layers
of spindle-shaped cells; with a eentral core of vaseular con-
neetive tissue.

The manner in which the nerve-fibers are developed is
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still a matter of controversy. According to His and Kalli-
ker, the fibers grow out from the ganglion-cells of the optie
thalami and the anterior corpora quadrigemina, while Miiller
believes that they are the prolonged axis-cylinder processes
of the ganglion-cells of the retina. In either,case the cells
of the optie stalk would furnish only the sustentative tissue
of the nerve. There is also a contribution of sustentative
tissue or stroma from the mesoderm, as in the case of the
central nervous H}'Etl{!]l’l.

The Crystalline Lens.—The lens, exclusive of its cap-
sule, is, like the retina, of ectodermic origin. The first step
in its development is the formation of a thickened and de-
pressed pateh of the ectoderm on the lateral surface of the
head, this area being situated at the place where the optic
vesicle iz nearest the surface (Fig. 146, B, d). The de-
pression is the lens-pit. It soon becomes converted into a
closed sac, the lens-vesicle, by the gradual approximation and
union of its edges. The pit receding from the surface as its
lips come together, the completed vesicle lies under the sur-
face ectoderm, with which it is for a time connected by the
slender stalk of the invagination. Upon the disappear-
ance of the strand of cells constituting the stalk, the lens-
vesicle is completely isolated from the outer germ-layer
(Fig. 146, C, e).

The lens-vesicle in birds is a hollow epithelial sac several
layvers thick, but in mammals the central cavity containg a
mass of eells, which latter disappear in the later stages of
development.

Upon the invagination of the optie vesicle to form the
secondary optie cup, the lens-vesicle is embraced by the lips
of the cup and still later comes to lie within the cup, near its
orifice (Fig. 148),

The further alterations in the vesicle are dependent pri-
marily npon changes in its deep and superficial walls re-
spectively, each of which consists of several layers of eylin-
drical eells. The cells of the superficial wall alter their
form, becoming cuboidal, while the posterior or deeper cells
lengthen =0 as to become fibers. Thus the deeper wall of
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the vesicle thickens at the expense of the central cavity—the
eentral mass of cells at the same time disappearing—while
the superficial layer remains thin. The two strata are con-
tinuonus with each other at the equator of the lens, one form
gradually merging into the other at this region, which is a
zome of transition (IMig. 148).

The lens at this stage is composed, therefore, of a thin
superficial or anterior stratum of cuboidal epithelial cells and
a much thicker posterior or deep layer of so-called fibers, the
latter being simply the greatly elongated eells of the posterior
wall of the vesicle. DBetween the two lamine is a small
remnant of the cavity of the vesicle. The epithelial layer
persizts throughout life as the epithelium of the lems, while
the fibrous layer is the basis of the lens-fibers of the mature
condition. The ecavity sometimes persists as a small space
containing a few drops of fluid, the liquor of Morgagni.

The next important stage in the development of the lens
1= the formation of additional lens-fibers. These result from
the proliferation of the cells of the epithelial or anterior
layer. The lens-fibers are formed in successive layers, as
may be made evident by the maceration of a lens. Each
fiber extends from the anterior to the posterior surface of the
lens. The ends of the fibers meet each other along regular
lines, producing thus the charaeteristic three-rayed figures or
stars of the lens, one of which belongs to each surface,
Hence, while the lens-fibers first formed are the elongated
cells of the posterior laver of the lens-vesicle, the fibers of
later growth originate from the cellz of the anterior wall.
The epithelial character of the lens-fibers is evineed by the
presence of a nueleus in each fiber of a young lens.

The lens-capsule resulis from the differentiation of the
mesodermie tissue which surrounds the lens. It is from this
enveloping vaseular lamina, the tunica vasculosa lentis, that
the growing lens derives its natrition.  The eapsule is well
marked in the second month. Its blood-vessels are derived
from thosze of the vitreons body. At the end of the seventh
month this well-developed, highly vascular membrane begins
to undergo retrograde alterations, the final result of which is
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its transformation into the thin, non-vascular, transparent
:apsule of the mature lens.! The most active growth of the lens
itzelt oceurs prior to the degeneration of the tuniea vasculosa
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 iz but 190 milligrammes (Huschke),

Hence the crystalline lens has a double origin, the lens-sub-
stance or lens proper being derived from the ectoderm, while
the capsule originates from the mesoderm.,

The Vitreous Body.—The vitreous body, representing a
comparatively slichtly differentiated form of connective tissue,
15 derived from the middle germ-layer. The mesodermic
tissue, already in the stage of embryonal connective tissue,
oains access to the optie cup through the choroidal fissure
(Fig, 147), its ingrowth in fact accompanying the invagina-
tion of the under surface of the optie vesicle, Since the
inferior surface of the stalk of the vesicle—the future optie
nerve—participates in the invagination, the mass of meso-
dermic tissue which gives rise to the vitreous iz continuons
with that which invaginates the primitive optic nerve to
produce the central artery of the retina.  As a consequence,
the blood-vessels which soon develop so plentifully in the
vitreous body are extensions from the central artery of the
retina, the latter itself being continned forward as the hyaloid
artery. The terminal branches of the hyaloid artery pass on
through the vitreous body to terminate in the vaseular eap-
sule of the growing lens, constituting the blood-supply of
that strueture.

The intercellular substance of the young tissue undergoes
but little differentiation, while the cells become gradually
reduced to a few stellate elements which ultimately entirely
disappear. The peripheral part of the tissue develops into

't sometimes happens that parts of the fetal lens-eapsule persist. The
most Common f_-x:lrn}rhr of such ]H..'I':-ii#ti.'lll:l.’ is the so-called membrana ]'Jll].'!it-
laris sometimes present at birth, producing congenital atresia of the pupil.
This results from the persistence of that part of the fetal capsule which is
situated on the anterior surface of the lens, behind the pupil.
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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 life. The hyaloid artery per-
gists, although in reduced form, for a longer time than the
smaller vessels. Upon its final degeneration it is replaced
by a canal, 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.—The outer fibrous coat of the eye, in-
cluding the sclera and the cornea, and the middle tunic or
uveal tract, comprizing the choroid, the ciliary body, and the
iris, are structures of mesodermic origin, being directly pro-
duced by the mesodermic tissue surrounding the optie cup.
The richly cellnlar mezoderm applies itselt to the exterior of
the cup and differentiates into the two layers in question, the
changes involving on the one hand the metamorphosis of the
mesodermic eells chiefly into museular and vascular elements,
and on the other hand the evolution of a tissue essentially
fibrous in strueture. These two tunies are distingnishable
in the sixth week.

The cornea is formed from the thin layer of mesoderm that
penetrates between the lens-vesicle and the surface ectoderm.
The lens-vezicle lies very near the surface, and the thin
stratum of mesoderm that is interposed between the two is
the anterior layer of the lens-capsule (Fig. 148). This ante-
rior layer thickens by the immigration of other cells and =ub-
sequently splits into two laminse, a superficial one which pro-
duces the cornea (Fig. 148, i), and a deeper, which is now the
proper anterior wall of the lens-capsule. Thus a space filled
with fluid appears between the primitive cornea and the lens,
which ecorresponds with the future anterior and posterior
chambers of the eve, the division of the space into these two
chambers heing effected subsequently by the development of
the iris. The further development of the cornea consists
simply in the differentiation of the mesodermie cells and the
intercellular substance into the several charaeteristie elements
of the adult structure,
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The uveal tract closely corresponds in extent with the two
layers of the optie eup. The choroid is differentiated from
that portion of this primitive uveal tract which envelops the
pars optica of the retina. In this region the enveloping
layer of mesodermie cells develops into the several elements
of the choroid, the most eonspicuous of which are an inner
layer of capillary vessels, 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 the
choroidal fissure of the optic cup.  This fissure has been re-
ferred to as a gap in the under surface of the cup corre-
sponding with the line of invagination through which the
mesodermie tissue, of which the developing choroid i= a
part, grows into the cup to produce the vitreous. Although
normally this fissure in the retina entively disappears, its site
becomes pigmented later than other regions of the pigment-
layer of the retina, and hence there is, for a time, a clear
ztreak in this part of the retina which has the appearance of
a fissure in that membrane. As the pigment-layer of the
retina was formerly assigned to the choroid, this streak ap-
peared to be a breach of continuity of the choroid ; hence the
term choroidal fissure. In some cases, however, the choroidal
fissure fails to close, and as the development of the choroid
is largely dependent upon or is governed by that of the
retina there remains a corresponding gap in the choroid.
Thiz defeet enables the selera to be seen from the interior in
a line extending forward from the optic nerve entrance. It
i known as coloboma of the choroid.

The ciliary body is developed immediately in advance of
the choroid and from the same layer of mesodermic tissue.
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 of the
two layers of the optic enp, with which latter the highly
vasenlar mesodermic tissue acquires firm union. This results
in the formation of the ciliary processes. Some of the cells
of the more peripheral part of this zone are converted into
nnstriated muscular tissue, thus producing the ciliary muscle.
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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 surface, representing an
undeveloped part of the optie cup, the pars ciliaris, is of ecto-
dermic origin.

The iris, the most anterior zone of the uveal tunic, is pro-
duced from the same mesodermic tract that gives rise to the

Frz. 140.—Eagittal section through the eye of an embryo rabhit of cighteen
days < 30 (Killiker): o, optic nerve; p, hexagonal pigment-layer; r, retina; re,
ciliary part of the retina; pf, forepart of the optic cup (rudiment of the iris-pig-
ment); g, vitreous, shrunk away from the reting, exeept where the vessels from
the arteria centralis refin® enter it; 4, iris; mp, membrana pupillaris; ¢, cornea
with epithelinm e; pp, pa, palpebrie; [, lens; I, lens-epithelium; f, sclerotic; m,
recti museles.

choroid and to the ciliary body. As stated above, soon after
the lens-vesicle becomes constricted off’ from the surface ecto-
derm, it is enveloped by a mass of mesodermic eells which
constitute its primitive capsule, and the layer of these cells
lying between the lens-vesicle and the surface ectoderm splits
into an anterior layer, which becomes the cornea, and a 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 cornea. The
lens now recedes farther from the surface, and the margins
of the optic cup advance, so that the lens now lies within
the cup, the marginal zone of the eup being in front of the
lens, between it and the eornea, while its equator is in close
relation with the ciliary regions of the cup and of the uveal
tract. Thus the space between the lens and the cornea is
divided into an anterior compartment, the anterior chamber,
and a posterior space, the posterior chamber, the orifice of
the cup being a means of communication between the two
and representing the pupil of a later stage. The marginal
zone of the cup furnishes the guiding line for the develop-
ment of the iris. The mesodermic tissue in relation with
the outer surface of the marginal zone of the cup differen-
tiates into the vaseular, musenlar, and connective-tissue ele-
ments of the iris proper, while its posterior pigment-layer is
constituted by the slightly specialized layers of the most
anterior part of the optic cup, the part that is known as the
pars iridica retine,

Since the anterior and posterior chambers of the eye are
spaces hollowed out of the mesoderm, they represent a
Iymph-space and are, as such, lined with endothelial cells.

The cleft in the inferior wall of the optic eup referred to
above as the choroidal fissure necessarily affects the mar-
ginal zone of the cup as well as the region posterior to it,
If this part of the fissure persists, as it sometimes does, it
may be accompanied by a corresponding deficiency in the
tissnes of the iriz proper.  Such a congenital defect, appear-
ing as a radial eleft in the lower half of the iris, is known as
coloboma of the iris.

The Eyelids and the Lacrimal Apparatus.—The
eyelids are developed from folds of the primitive epi-
dermis that form over the superficial 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 little transverse folds for the upper and lower
lids respectively.  Iach fold includes a certain quantity of
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mesodermie tizsue, from which are produced the connective-
tissue elements of the lids, as the tarsal plages, ete. After
the folds attain to a certain degree of development their
edges 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 characteristic features of mucous membrane and
constitute the epithelium of the comjunctiva, the part of this
membrane that covers the cornea adhering closely to that
structure as its anterior epithelial layer. The union of the
edges of the lids begins in the third month and lasts until
near the close of fetal life. A short time before birth the
permanent palpebral fissure begins to form by the breaking
down of the adhezions.

A part of the mesodermic tissue of the lids undergoes con-
version into fibrous connective tissue, thus producing the
tarsal plates of the upper and lower lids, with the palpebral
fascie and tarsal ligaments by which the plates are attached
to the margins of the orbit.

During the period when the edges of the lids are adherent,
the Meibomian glands and the eye-lashes are formed. The
glands develop from =olid cords of epithelial cells that grow
from the deepest or Malpighian layer of the primitive epi-
dermis into the tarsal plates. The cords become hollow
tubes by degeneration of their central eells.

In addition to the two principal folds that produce the
lids, a third, vertical fold appears at the inner, nasal side of
the eonjunetival space, beneath the lids, This fold remains
quite small in man and forms the plica semilunaris, but in
most other vertebrates it attains much greater size as the
third eyelid or nictitating membrane. A =mall part of this
third fold develops sebaceous glands and a few hair-follicles
and becomes the lacrimal caruncle.

The lacrimal gland is developed in the same manner as
the Meibomian glands, by the growth of solid epithelial
cords from the conjunctiva. The eords grow into the under-
lving mesoderm at the outer part of the line of reflection of
the conjunctiva from the inner surtace of the upper lid to the
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front of the eyeball. 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 mesodermie tissue.
The orifices of the adult efferent duets in the upper outer
part of the conjunctival sac correspond with the points from
which the primitive cell-cords first grow forth.

The efferent lacrimal apparatus, consisting of the mnasal
or lacrimal duet and the canaliculi, is related genetically
to the growth of the nose and the upper jaw. Soon after
the appearance of the nasofrontal process, a lateral projec-
tion, the lateral nasal process, grows from its side near the
baze and advances downward so as to form the outer bound-
ary of the nasal pit and consequently of the future nostril
(Fig. 56, A, B). This lateral nazal process is separated from
the maxillary process of the first visceral arch by an oblique
furrow, the naso-optic groove, which extends from the inner
angle of the orbit to the outer side of the nostril, or, before
the separation of the nasal pit from the primitive mouth, to
the upper boundary of the latter orifice. The naso-optie
groove indicates the situation of the lacrimal duet. By
some authoritiecs—Coste and Killiker—it iz believed that
the duet results from the union of the edges of the groove,
Later investigations seem to indicate, however, that the
duct is formed by the hollowing out of a solid cord of epi-
thelial eells that appears at the bottom of the furrow. In
either ease the epithelial lining of the duet is an ectodermie
involution,.  When the nostrils are separated from the oral
aperture by the union of the nasofrontal, the lateral nasal,
and the maxillary processes (p. 121), the lower end of the
furrow i= obliterated, and the partially formed duet is made
to terminate in the nasal cavity.

The ecanaliculi, representing the bifurcated upper extrem-
ity of the duet, result, according to one view, from the
division of the upper end of the epithelial cord into two
limbs, one for each lid, and their subsequent hollowing-ont ;
accordine to another, from the continuation of the eell-cord
into the upper lid and the later addition of a limb 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 ORGAN OF HEARING.

As in the ecase of the other sense-organs, the auditory
apparatus consists of highly specialized neuro-epithelium,
connected by nerve-fibers and interpolated ganglia with the
central nervous system, and of protective and auxiliary
structures. The neuro-epithelial struectures, including the
organ of Corti and the ecells of the eristee and macule
acusticee, result from the specialization of certain of the
epithelial cells which line the membranous labyrinth. The
perilymphatic space, which iz a lymph-space, together with
its bony walls, the osseous labyrinth, serve for the protec-

Fiz. 160,—Three transverse sections showing development of otic vesicle of
human embryo (Toarneux): 4, from embryo of & mm., showing anditory pit; ®,
from embryo of 4 mm., showing the transformation of the pit into the otie vesicle;
, from embryo of 6 mm., showing otic vezicle detached from sgurface cctoderm,
and presenting a posterior diverticulum, the reeessus vestibuli.

tion of the delicate neural elements, while the middle ear
and the external ear aet as media for the conduetion of
sonorous vibrations,

The internal ear being the essential part of the organ of
hearing and being also the part first formed may properly
receive first consideration,

The Internal Ear.—The membranous labyrinth of the

a1
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internal ear is the oldest part of the organ of hearing. Its
origin is from a thickened civeular patch of ectoderm on the
dorsolateral surface of the head-region of the embryo near
the dorsal termination of the first outer visceral furrow. The
thickened area sinks below the surface, forming thus the
auditory pit, which iz present in the third week (Fig. 150, A).
The pit becomes decper, its edges approach each other and
finally meet and unite to form the otic vesicle or otocyst.
This little epithelial sac gradually recedes from the surface
ectoderm. At this stage of development there is no eranial
capsule other than the indifferent mesodermic tissue which
surrounds the brain-vesicles ; hence, the otie vesicle, em-

il e,

Fic. 151.—Development of the membranous labyrinth of the human ear (W,
His, Jr.y: A, left labyrinth of embryo of about four weeks, outer side; v, vesti-
bular and eochlear portions; #f, recessus labyrinthi. &, left labyrinth with parts
of facial and auditory nerves of embryo of about four and a half weeks ; rl, reces-
sus labyrinthi;: sse, pee, ese, superior, posterior, and external semicireular canals;
g, saeenle: e cochlen: o, fr, vestibular and fMmeial nerves; wg, og, o9, vestibular,
enchlear, and genienlate ganglin. o lent labyrinth of embryo of about five weeks,
from without and below ; labelling as in preceding figure.

bedded in this tissue, lies in elose proximity to the after-
brain, and comes into relation with the aensticofacial gan-
glion (p. 297). The vesicle, at first spherical, soon becomes
pear-shaped owing to the protrusion of its dorsal wall. This
dorsal projection, the recessus vestibuli or labyrinthi (Fig.
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150, ("), 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 occupying
the agqueduetus vestibuli of the temporal bone.

The opposite, anterior or ventral extremity of the otie
vesicle also bulges out into a small evagination, which grad-
nally elongates until it is a tapering tube, slightly curved
inward toward the median plane.  This lengthens still more
and becomes spirally coiled, forming the cochlear duct or
scala media of the future cochlea (Fig. 152). The vesicle
itself beecomes constricted in snch manner by an inward pro-
jection of its wall as to indicate its division into an upper
larger and a lower smaller sae, the terms upper and lower
referring respectively to the head-end and the tail-end of the
embryonic body. Before the constriction oceurs, the wall
of that part of the wvesicle which is to become the future
upper or utricular division presents two pouched-out areas
(Fig. 151, B). One of these gives rize to the external semi-
circular ecanal, while from the other are formed the superior
and posterior canals. The pouch that produces the external

Fi1i. 152 —Diagram to illustrate the nltimate condition of the membranous laby-
rinth {(after Waldeyer): o, utriculos; & sacculus; cr, canalis renniens; r, ductus
endolymphatiens ; ¢, cochlea; & blind zac of the cupola; v, vestibular blind sac
of the ductus cochlearis,

canal is semicircular in form and flat, Iving in the horizon-
tal plane, its upper and lower walls being if contact with
each other. The opposed walls fuse, except at the periphery
of the pocket, and hence all that remains of its cavity is a
small marginal tube or channel, corresponding with its bor-
der and opening at each end into the ecavity of the vesicle.
Throughout the region of fusion of the walls, the latter be-
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come thin and finally disappear, being replaced by eonnec-
tive tissue. Thus a zemicireular epithelial tube is formed,
which is the horizontal or external semicircular canal. One
end of the tube being dilated, the ampulla of the ecanal is
1 lueed.

The superior and posterior semicircular canals are formed
in a somewhat similar manner by the other evaginated
pouch or pocket, which is irregularly globular. To pro-
duce this result, the walls of the pocket contract adhe-
sions throughout two regions, which correspond with the
respective spaces enclosed by each of the two future canals
in question. The fusion of the walls takes place in such
manner as to leave two narrow channels or tubes, one of
which almost encircles the inner or mesial aspect of the
pocket, while the other bears the same relation to its poste-
rior wall, the inner limb of the latter semicirele coineiding
with the posterior limb of the former. The result of this
arrangement 12 that two vertical semicireular canals are
formed with their planes at right angles to each other, the
two communicating with the otie vesicle by three openings,
one of which is common to both canals. The other two
apertures, being dilated, are the ampullated individual ori-
fices of the posterior and superior canals.

The constrietion in the otie vesicle referred to above in-
ereases until this sae is divided into two parts, a larger,
which includes the region from which the semicirenlar
canals have developed and which is now the utricle, and a
smaller vesicle, the saccule, comprizing the part from which
the cochlear duct was evaginated (Fig. 152). The line of
divizion eoincides with the middle of the orifice of the ductus
endolymphatiens, the proximal end of which participates in
the division. Thns the duoetus endolymphaticus becomes a
Y-shaped tube, and affords the only bond of connection be-
tween the saceule and the utriele (Fie, 152),

The beginning of the cochlear duect, failing to keep pace
in growth with the other parts, appears as a smaller tube
relatively, and is known as the canalis reuniens (Fig. 152,

I',l‘j,
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The structures so far considered—the utricle, the saccule,
the semicircular canals, and the cochlear duct—heing the prod-
uct of the ectodermic otie vesiele, represent simply the adult
epithelial linings of those eavities. The fibrous layer of the
membranous labyrinth, in common with the walls of the bony
labyrinth, is a product of the enveloping mesodermie tissue,
While the cells of the otie vesicle thus for the most part con-
stitute the walls of the several saes and eanals of the primi-
tive internal ear, s=ome of the cells specialize into neuro-epi-
thelium. The most marked specialization of this sort oceurs
in the cochlear duet, where most of' the cells on that wall of
the duet which may be called its floor—the part correspond-
ing to the fature membrana basilaris—undergo such profound
modification in form as to produce the most highly special-
ized neuro-epithelial cells anywhere to be found, the elements
that constitute the organ of Corti.

In the utricle and the saceule, as well as in the ampulle
of the semicircular canals, there 1s a similar but less marked
specialization of epithelial eells to produce in the former case
the maculz acustice, and in the latter, the criste acustica of
the ampulle.  While, therefore, the cells of the otie vesicle
which are to serve as the lining mucous membrane of the
membranous labyrinth become flattened polyvhedral cells
arranged as a single layer, those cells which are to funetion-
ate as the peripheral part.of the acoustic mechanism become
the specially modified columnar cells, many of them with
cilium-like appendages, of the macule, the eriste, and of the
organ of Corti,

From the first the otie vesicle lies in close relation with
the acusticofacial ganglion (Fig. 151, B). As pointed out
in a preceding chapter (p. 297), this ganglion subsequently
divides into two parts, corresponding with the two divisions
of the auditory nerve. This division of the ganglion and of
the nerve is correlated with the separation of' the otic vesicle
into a cochlear part, the cochlear duct, and the two vestibular
vesicles, the saceule and the utricle. While the cochlear duet
is still a short, slightly curved tube, the cochlear part of the
ganglion lies in close proximity to the tube, in the concavity
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on its inner side. As the duet lengthens and becomes more
coiled, the ganglion likewize lengthens into a band which
follows the spiral course of the duet, lying parallel with the
latter and on the side toward the axis about which it is
coiled.  After the formation of the bony parts of the cochlea,
this ganglion oceupies the spiral canal of the modiolus and
15 known as the ganglion spirale. It belongs to the cochlear
division of the anditory nerve, which is distributed to the
cochlea.

The remaining part of the acoustic ganglion becomes rather
widely separated from the spiral ganglion, coming to oceupy
a position in the internal auditory meatus, and the part of the
auditory nerve with which it is connected acquires relation
with the macular regions of the utricle and saceule as well as
with the eristee of the ampulle of the semicireular canals.
These nerve-fibers constitute the vestibular division of the
aunditory nerve, while the ganglion is the vestibular ganglion
or intumescentia ganglioformis of Searpa.

The development of the bony labyrinth of the internal ear,
az well as of the connective-tissne parts of the membranous
labyrinth, is effected solely by the differentiation of the meso-
dermic tissue which surrounds the epithelial struetures above
considered.  As previounsly stated, at the time when the otic
vesicle is first formed there is no indieation of a cranial cap-
sule, the brain-vesicles being surrounded and separated from
the cctoderm by indifferent mesodermic cells.  During the
progress of the alterations in the otic vesicle, thiz tissue
undergoes condensation and alteration to form the mem-
branous primordial eraninm, and shortly thereafter the
petrous portion of the temporal bone is ontlined in eartilage
by the further specialization of a portion of this primitive
connective tissue,  The formation of cartilage does not affect
all of the tissne which is afterward represented by the
petrosa, the region that borders the semicireular canals,
the cochlear duet, the saccule, and the utricle remaining soft
embryonal conneetive tizssne.  There is thus a cartilaginous
ear-capsule produced which is more than large enough to
contain the primitive epithelial labyrinth, and the walls of
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which are separated from the latter by embryonal eonnective
tissue.

The bony semicircular canals are almost exaet reprodue-
tions, on a larger scale, of the epithelial canals, and they are
formed by the ossification of the cartilaginous petrosa. Ewven
bhefore this ossification occurs the soft connective tissue
between the eartilage and the epithelial semicireular canals
differentiates into three layers. The inner layer, becoming
more condensed, is eonverted into fibrous tissue, and, adher-
ing to the epithelial wallz of the canals, furnizhes the con-
nective-tizsue component of the completed membranous
canals. Its blood-vessels serve for the nutrition of the
canals. The outer layer also undergoes condensation and
forms a fibrovaseular membrane, the perichondrium, which
later becomes the internal periosteum of the hony canals
The middle layer, on the contrary, becomes softer—by the
liquefaction of the intercellular substance and the degenera-
tion of the cells—so that gradually inereasing, fluid-filled
cavities make their appearance, and these latter becoming
larger and many of them coalescing, a space is formed
around the membranous canals which is filled with fluid, the
perilymph. This perilymphatic space is brideed across at
intervals by connective-tissue processes that serve for the
conveyvance of blood-veszels to the membranous eanals.

The vestibule of the internal ear is formed in practically
the same manner as the bony semicircular canals, the epi-
thelial saccule and utricle acquiring their connective-tizsue
eonstituents in the same way. There is the difference, how-
ever, that the bony vestibule does not conform to the shape
of the vestibular parts of the membranous labyrinth, since
it is a single undivided cavity enclosing the two little ves-
icles, the saceule and the utricle.

The bony cochlea, while developed upon the same general
plan as the other parts of the hony labyrinth, presents cer-
tain conspicuous modifications. The epithelial cochlear duet,
as stated above, in its early stage is a short, tapering, and
glightly eurved tube. While it is still in this condition,
chondrification of the petrous bone occurs, whereby the
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duct acquires its cartilaginous capsule (Fig. 153, k). This
capsule is open at the proximal end of the duet and
through this opening the cochlear branches of the audi-
tory nerve gain access to the capsule, being connected with
the cochlear division of the auditory ganglion, which, owing
to its previously having assumed a position beside the duet,
comes to be enclosed by the eapsule as the latter is formed
(Fig. 153, ne, gsp). It is only after the chondrification
that the cochlear duct lengthens out and becomes spirally

Fri. 153 —Part of a section through the cochlea of an embryo cat, 9 cm. (3.6 in.)
long (after Boetteher): Fe eartilaginons eapsule, in which the cochlear duct
dezeribes aseending spirnl turns; de, ductus cochlearis; ¢, organ of Corti; i,
lamina vestibularis; z, outer wall of the membranons duetus cochlearis with liga-
mentum spirale; ST, seala vestibuli; ST, 87, seala tympani; ¢, gelatinons tissne,
which still fills the seala vestibuli () in its last torns; ¢, remnant of the gela-
timous tissue, which iz not yet liguefied @ AF firm eonnective tissne surrounding
the eochilear nerve (ne) s gep, sanglion spirale; N, nerve which rans to Corti's
organ in the fulnre laminag spiralis ossea; ¥, compact connective-tissiue layer, which
heeomes ogaified and shares in bounding the bony cochlear duct; P, perichon-
drium.

coiled.  The coiling is in such manner that the cochlear
nerve i= surrounded by the duet—that is, it lies in the axis
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about which the duet is spirally wound. Within the carti-
laginous capsule, filling all the space not occupied by the
spirally coiled duet and the cochlear nerve with its length-
ened-out ganglion, iz the embryonic conneetive tissue of
which formerly the entire ecartilaginous petrosa consisted.
The eochlea congists now of a spirally coiled epithelial tube
lying within an elongated cavity in the cartilaginous petrosa,
a cavity, the walls of which are, therefore, ecartilaginons,
The peripheral wall of the coiled tube is in contaet with the
inner surface of the wall of the eartilaginous eapsule (Fig.
153, ), a fact which has an important bearing upon the
further stages of growth.

The embryonal eonnective tissue within the capsule now
undergoes important modifications, which vary greatly in dif-
ferent regions. That portion of this tissue which immediately
envelopes the cochlear nerve becomes first dense connective
tissue, which is afterward directly converted into bone, con-
stituting the modiolus, or axis, of the cochlea. The proc-
esses of condensation and subsequent ossification extend
outward from the modiolus in a spiral line, which corresponds
with the intervals between the suceessive turns of the coch-
lear duct, until they meet the wall of the original capsule,
thus producing the bony cochlea. That is, by the develop-
ment of this spiral plate and its connection internally with
the modioluz and externally with the wall of the capsule, :
tube at first partly membranous and partly eartilaginons,
and at a later stage osseous, is produced, which encloses the
much smaller cochlear duct, and like it is wound spirally
around the modiolus. To repeat, the original simple cavity
of the eartilaginous capsule is subdivided by the growth of
the modiolus and of the spiral shelf’ in such manner as to
become a spirally coiled tube.

The cochlear merve, enclosed within the coil of the coch-
lear duct, sends branches (Fig. 153, N) in a continuous
spiral line to the duet, and the soft tissue surrounding and
supporting these branches condenses to form a connective-
tissue plate which extends outward from the modiolus to
the cochlear duet and which, therefore, has a spiral course
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about the modiolus, itz entire inner edge being attached
to that central axis, while itz onter border is, throughout
its entire extent, in continuity with the inner wall of the
duct. At a later stage this spiral plate undergoes direet os-
sifieation to form the two lamellse of the bony lamina spiralis.
Thus it is that the ganglion spirale and the suceessive ter-
minal branches of the cochlear nerve come to be enclosed
within the spiral lamina, Reecalling the condition of the
cochlea before the growth of the spiral lamina, it will be seen
that the latter, in connection with the epithelial cochlear duet,
divides the tube into two parts (Fig. 153, SV, ST). It
will be evident, too, that the epithelial cochlear duet now
holds a relation to the larger tube of the future bony eochlea
which iz similar in principle to the relation of the mem-
branous semicireular eanals to the bony eanals, but with
the difference that the outer wall of the epithelial duet is in
close contact with the outer wall of the future bony canal
at x, and that the inner walls of the two are connected by a
spiral plate, the lamina spiralis.

The cochlear duct, then, iz surrounded by undifferentiated
mezodermic tizsue, except on the side farthest from the
modiolus, where its wall is in contact with and finally
adheres to the wall of the cartilaginous eapsule. The lamina
spiralis divides this tissue into two parts which respectively
oceupy the positions of the future scala vestibuli and seala
tympani. This soft embryonal tissue, as in the case of the
corresponding tissue of the semicirenlar canals, develops dif-
ferently in different regions. The innermost stratum, which is
in relation with the epithelial cochlear duet, becomes fibrous
connective tissue and constitutes the fibrous layer of the adult
cochlear duet ; that is, on the zide of the duct toward the
scala tympani, it becomes the connective-tissue layver of the
membrana basilaris, while on the side toward the secala ves-
tibuli it forms the fibrous stratum of the membrane of Reiss-
ner (Fig. 153). The peripheral zone of indifferent tissue,
that in contact with the now cartilaginous wall of the future
hony eochlea, as well as that which lies against the lamina
spiralis, also undergoes condensation and forms a fibrous,
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or fibrovascular, membrane, the internal perichondrium or
future periosteam. The tissue intervening between these
two layers retrogrades, the cells degenerating and the inter-
eellular substance liquefying, until finally the spaces known as
the secala westibuli and the seala tympani are hollowed out.
These channels are lymph-spaces and the fluid they contain
is the perilymph. This perilymphatic space is in communi-
eation with that of the vestibule. Therefore, while the coch-
lear duet or seala media encloses an epithelium-lined space,
as do the =accule, the utricle, and the membranous semi-
cireular canals, and in ecommon with those structures con-
tains the so-called endolymph, the scala vestibuli and the
scala tympani are in the same category with the perilym-
phatie spaces of the other parts of the internal ear.

The Middle and the External Ear.—The middle ear,
consisting of the tympanic cavity and the Eustachian tube,
is developed from the back part or dorsal end of the first
inner visceral furrow. The external ear, comprising the ex-
ternal anditory meatus and the auricle, comes from the dor-
sal extremity of the first outer furrow and the tissue about
its marging, the tympanic membrane representing in part the
closing membrane which separates the inner furrow from the
outer,

The first inner wvisceral furrow, in common with the
other inner furrows, iz an evagination of the lateral wall
of the primitive pharyngeal cavity, or head-end of the gut-
tract. The ventral end of this groove suffers obliteration,
but the dorsal segment, designated the tubotympanic sul-
cus, becomes converted into a tube by the growing together
of its edges. The tube is composed therefore of entodermic
epithelial cells. It elongates in the dorsal and outward
direction, and its dorsal extremity becomes enlarged to pro-
duce the cavity of the tympanum, the remaining part of the
canal becoming the epithelial lining of the Eustachian tube.
The canal being formed before the development of the
eranium, and approximately its posterior half being sur-
rounded by the mesodermic embryonal connective tissue
that afterward becomes the petrosa of the temporal bone, the
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tympanie cavity and a part of the Eustachian tube come to
he enclosed within that bone, while the conneetive tissue
encasing the anterior part of' the tube differentiates into the
curved plate of cartilage that forms the cartilaginous part of
the Eustachian tube.

Since the posterior end of the primitive epithelial tube
insinuates itself between the otic vesicle and the surface,
the tympanum comes to oceupy its normal position on the
outer side of the internal ear, The tympanum, being de-
rived from the back part of the first visceral ecleft, is in
close relation with the first and second visceral arches, and
the ossicles of the middle ear are derived from the dorsal
extremities of the cartilaginous bars of these arches in the
manner deseribed in Chapter XVIII.  Necessarily the
primitive ossicles arve exterior to the primitive epithelial
tvmpanie sae, as is also the chorda tympani nerve, which
passes along its outer side. After the ossification of the
temporal bone, these structures are embedded within the
abundant =oft connective tissue which is between the epi-
thelial sae, now the mucous membrane, and the bony walls
of the tympanum. This mass of soft tissue undergoes very
considerable diminution, owing to which the mucons mem-
brane comes into contact with the bony walls, and as a result
the ossicles and the chorda tympani are enclosed in folds of
the mucous membrane and seem to lie within the tympanie
cavily, They are excluded, however, from the true cavity
of the tympanum, since they are exterior to the epithelial or
mucons-membrane laver,

The external auditory meatus is simply the persistent pos-
terior part of the first onter visceral furrow or hyoman-
dibular eleft (see pp. 101, 105), this cleft closing completely
i-rt-]':.'wlwrv but in this ]*vginn_ 'J,"hu ﬂlosing pla,te of the first
cleft beeomes the tympanic membrane. Hence the outer
layer of this membrane is of ectodermie origin, while the
inner layer iz entodermie, being continuons with the epi-
thelial tympanie lining, and the middle fibrous layer is
derived from the mesoderm.  The relation of the malleus to
the membrane and of the lattergto the bony tympanie plate
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which forms part of the wall of the meatus s dealt with in
the chapter on the development of the skeleton.

The auricle is derived from the tissue around the margin
of the unclosed back part of the first onter eleft (Fig. 155, C),
Six little elevations make their appearance here, the projections
being mesodermie tissue covered with ectoderm. The meso-
dermic component of the elevations differentiates into the
cartilaginous and other connective-tissue parts of the auricle,
The nodules marked 2 and 3 in Fig. 154 becoming a continu-

Fi¢. 18.—Showing the graduoal development of the parts of the external ear
from prominences upon the mandibular and byoidean visceral arches (His), vari-
ously magnified : 1, 2, prominences on mandibular arch; 3, prominenee between
the twao arches, prolonged posteriorly in second figure to 3¢y 4, 5, and 6, promi-
nences on hyoidean or second visceral arch; K, lower jaw. FProminence 1 forms
the tragus; 2, 3, 3¢, the helix ; 4, the antihelix ; 5, the antitragus ; 6, the lobule.

ous ridge, produce the helix, while nodule 4 becomes the anti-
helix. The tragus and antitragus develop respectively from
the projections 1 and 5. At the end of the second month,
these parts are so far advanced as to be easily distinguish-
able, and the conneetive-tissue basis of the ridges and pro-
jections and the continuous plate-like mass to which they
all are attached begin to undergo chondrification.  From
the third month onward, this primitive auricle, by continned
erowth and greater separation from the side of the head,
assumes more and more the characters of the fully formed
member. The lobule, however, which resultz from the
growth of the little elevation marked 6, lags behind the
other parts in development and is rather indistinet until the
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fifth month, after which time it increases in size and gradu-
ally acquires its normal proportions,

THE DEVELOPMENT OF THE NOSE.

The nose is primarily a speecial sense-organ, although a
part of its cavity serves, in air-breathing vertebrates, as an
adjunct to the respiratory system. The evolution of the
mature organ of smell may be epitomized by the statement
that the olfactory epithelium, the essential part of this sense-
organ, is a patch of depressed or infolded ectoderm, the cells
of which are highly specialized and are brought into relation
with the central nervous system by means of the ontgrowth
from the latter of a part of its mass, the olfactory lobe.

Very early in intra-uterine life—before the end of the
third week—the olfactory plates appear as localized thicken-
ings of the ectoderm situated just in front of or above the
oral fossa. These nasal areas are the forerunners of the
future olfactory epithelium. It iz worthy of note that the
olfactory platez are in very close relation with the primary
fore-brain vesicle, being, in reality, on the outer surface of
the ectodermic covering of its ventral wall.

Owing to the rapid outgrowth of the surrounding tissue,
the olfactory plates become relatively depressed, constituting
now the nasal pits, which are distinguishable at about the
twenty-eighth day. The pits are separated from each other by
a broad mass of tissue, the nasal or nasofrontal process (ig.
155), which is, as it were, a loealized thickening of the meso-
dermie tissue on the ventral wall of the primary fore-brain ves-
icle ; and this process makes its appearance in the third week.,
During the fifth week the nasofrontal process thickens greatly
along its lateral marging, the thick edges being known as the
globular processes (IFig. 155, A, B). At the same time the
lateral nasal processes bud out from the nasofrontal process,
one on each side, above the nasal pits, and, growing down-
ward, form the external boundaries of the pits, each of which
depressions is bounded on its inner side by the corresponding
clobular process. The nasal pits, therefore, have well-marked
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walls on every side except below, where they are directly
continuous with the oral fossa.

In the latter end of the sixth week the nasofrontal proe-
ess, which, it will be remembered, constitutes the upper

Fia. 155.—Development of the face of the human embryo (Hisg): A, embryo of
about twenty-nine days. The nasofrontal plate differentiating into processus
globulares, toward which the maxillary proeesses of first visceral arch are extend-
ing. B, embryo of about thirty-four days: the globnlar, lateral, frontal, and max-
illary proeesses are in apposition ; the primitive opening is now better defined.  C,
embryo of about the eighth week : immediate boundaries of mouth are more defi-
nite and the nasal orifices are partly formed, external ear appearing. I, embryo
at end of second month.

limit of the oral fossa, is joined on each side by the united
maxillary, and lateral nasal, processes. This effeets a divis-
ion between the oral fossa and the nasal pits, and forms,
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though as yet crudely, the external nose, and the upper lip
as well.  The definite formation of the external nose may be
zaid to be indicated about the eighth week. The orifices of
the nasal pits are now the anterior nares, while the pits them-
selves have become short canals, opening by their deep
orifices, the posterior nares, into the primitive mouth-cavity
above the palatal shelves. The nares are separated from
each other by the still broad nasofrontal process. That
portion of the nasofrontal process that separates the nares
gradually becomes thinner and produces the septum of the
nose, while its external or superficial part gives rise to the
bridge and tip of the organ.

The growth of the palate-shelves (Fig. 156) toward the
median line, resulting in their union with each other and

Frg. 156.—Roof of the ornl eavity of a human embryo with the fuondaments of the
palatal processes (after His), = 10

with the recentlv-formed septum, definitely divides the nasal
chambers from the cavity of the mouth, the posterior nares
now opening into the pharynx.  This separation is completed
toward the end of the third month.

The complexity of the adult nasal cavities is produced by
the formation of ridges and pounches on the lateral walls of
the original nasal pits. Three inwardly projecting horizontal
fulds of the ectodermie lining of the eavity, the superior, mid-
dle, and inferior turbinal folds, appear upon the outer wall of
each nasal fossa (Fig. 157). Each fold eontains a stratum
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of mesodermic tissue which develops into cartilage and sub-
sequently into bone, forming respectively the three turbinated
bones. The cartilaginous character of these folds becomes
apparent at the end of the second, or the early part of the
third, month. An evagination on the lateral wall of each

F16. 157 —Cross-gection through the head of an embryo pig 3 em., (1.2 in.) long,
crown-rump measurement. The nasal eavities are seen to be in communication
with the oral eavity at the places designated by o *; K, cartilage of the nasal sep-
tum ; i, turbinal cartilage ; J, organ of Jacobson ; J', the place where it opens into
the nasal cavity; af, palatal process ; of, maxillary proeess; =, dental ridge.

nasal fosza, between the middle and the inferior turbinal proe-
esses, becomes the antrum of Highmore; this is formed in
the sixth month. Other evaginations produce the ethmoidal,
the frontal, and the sphencidal sinuses, the last two of which
are not completed, however, until after birth. Very early in
the development of the nose a small invagination appears on
the mesial wall of the nasal pit. In the fourth month of
gestation this invagination has become a eanal in the septum
(Fig. 157, .J), running from before backward and ending in
a blind extremity. It is the so-called organ of Jacobson,
which, in man, is merely a radimentary structure, but which,
in most other mammals, is more highly developed, being
surrounded by a cartilaginous capsule and receiving a special
nerve-supply from the olfactory nerve,

The olfactory plates become separated from the fore-brain
vesicle and consequently from the later brain and its out-

Ll ]
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growth, the olfactory bulb, by the development of an inter-
vening bony plate, the eribriform lamina of the ethmoid
bone, The ectodermie eells 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 eells, 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 nasal processes with the nasofrontal proe-
ess, the former producing the ale and the latter the bridge
and the tip of the nose. In the third month the organ is
unduly flat and broad, but from this time on it gradually
assumes the familiar characteristic form. From the third
month to the fifth each external naris is closed by a gelat-
inous plug of epithelial cells,



CHAPTER XVII.
THE DEVELOPMENT OF THE MUSCULAR SYSTEM.

THE STRIATED OR VOLUNTARY MUSCLES.

THE voluntary muscular system, genetically considered, is
divisible into (1) the museles of the trunk and (2) those of the
extremities. The muscles of the trunk include two distinct
sets: (a) the muscles of the trunk proper, or the skeletal
muscles, and (b) the muscles of the viseeral arches or the
branchial musecles.

To arrive at a proper comprehension of the evolution of
the muszcular svstem it is neceszary to revert to an important
fundamental embryological process, the segmentation of the
body of the embryo, or, as it is sometimes expressed, the seg-
mentation of the ecelom, or body-cavity. As pointed out in
Chapter IV., this process of segmentation oceurs in all ver-
tebrate animals and in some invertebrates,

The Muscles of the Trunk Proper.—At a very early
stage of development the tracts of mesodermic tissue sitnated
one on each side of the median longitudinal axis of the future
embryonic body, the paraxial mesodermie tracts, undergo
division or segmentation, in lines transverse to the long
axis, into a series of pairs of irregularly eubical masses
of mesodermie cells. These masses are the mesoblastic
somites or primitive segments, often inappropriately ecalled
the protovertebree. The somite first formed corresponds
with the future oceipital region, the second ome lies immedi-
ately in front of the first, while two others, situated still
more anteriorly, that is, near the cephalic end of the embry-
onic area, and seven more, behind the first, are added almost
simultaneously. The formation of the primitive segments

339
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then proceeds tailward until a considerable number have
been added. Those in front of the one first formed are
denominated the head-segments, while the others are known
as the trunk-segments. FKach somite is at first triangular in
cross-section, the base of the triangle looking toward the
chorda dorsalis.  Subsequently they assume a more cuboidal
shape. In the lower vertebrates—amphibians and fishes—
the somite is hollow, its cavity being in these cases a con-
stricted-off portion of the body-cavity (hence the term * seg-

Fia. 158 —Cross-section through the region of the pronephros of o selachian
embryo in which the muscle-segments (myotomes) (mp) are in process of being
constricted off, Diagram (after Wijhe): nr, nearal tube; ch, chorda; oo, aorta;
ech, enbnotochordal rod; mp, musele-plate of the primitive segment; w, zone of
growth where the muscle-plate bends around into- the eutis-plate (ep); ob, tract
eonnecting the primitive segment with the body-cavity, out of which are devel-
oped, among other things, the mesonephrie tubules; #k, skeletomenous tissue
which arises by a proliferation from the median wall of the connecting tract of;
vn, pronephros; mi, mk?, parietal and visceral middle layer, from whose walls
mesenchyme is developed ; th, bodv-cavity ; ik, entoblast,

mentation of the eclom?” to express this process). In the
higher vertebrates, however, the cavity is obliterated by the
encroachment of the cells of the wallz of the somite.

The cells of the somites soon undergo differentiation and
rearrangement. It is usually stated that, preparatory to the
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segmentation of the paraxial mesodermie tract, this tract has
become separated from the remaining lateral plate of the
mesoderm. The separation is not complete, however, and
therefore, after the appearance of the primitive segments,
each segment is connected with the more laterally placed
lateral plate—by the separation of which latter into two
lamelle the ceelom is formed—by a smaller mass of tissue,
the nephrotome, also called the middle plate, or intermediate
cell-mass (Fig. 158, vb). As development progresses the dis-
tinction between the primitive segment proper and the neph-
rotome becomes more sharply expressed, and the former is
designated the myotome. The primitive segment on its me-
sial surface, near the point of union with the nephrotome,
sends forth cells which form a mass called the sclerotome
(Fig. 158, sk). The sclerotomes spread out and blend with
ach other, forming a continuous mass of tissue which envel-
ops the chorda and the neural canal, and which, being con-
cerned in the production of the permanent vertebrae, has no
further interest in this connection.

What remains of the primitive segment after the forma-
tion of the nephrotome 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 each enclose a
space, that belonging to the former being known as the
myoceel. The myotomes or muscle-plates are so ealled be-
cause they give rise to the voluntary musculature of the
trunk. But not all of the cells of the musele-plate undergo
transformation into muscular tissue. While the cells on the
mesial or chordal side of the myoewel are going through
certain alterations preparatory to their metamorphosiz, the
cells nearver the body-wall become rearranged to form a
characteristic layer which is known as the cutis-plate from
the fact that it contributes to the formation of the corium of
the skin (Fig. 158, ep). The cutis-plate and the remaining
part of the muscle-plate are continuous around the myoecel,
the transition from one to the other being more or less grad-
ual. To summarize, the primitive segment is differentiated
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into the nephrotome, the sclerotome, the myotome or musecle-
plate, and the cutis-plate.

The Metamorphosis of the Muscle-plate.—By the
term muscle-plate 1s meant here the thickened layer of cells
on the chordal or mesial side of the myotome proper, which
layer constitutes what remains of the myotome after the
differentiation of the eutis-plate. These cells having pro-
liferated and increased in size, and having encroached
thereby upon the cavity of the myotome, next undergo
alteration in shape, becoming cylindrical, with their long axes
parallel with that of the body of the embryo. The length
of each eylindrieal cell equals the thickness of the prim-
itive segment, at least in the Amphibia and probably also
in the chick. The next step in the transformation is the
acquisition of the transverse striation characteristic of ver-
tebrate voluntary muscle.  Soon after this the protoplasm
of the cell undergoes longitudinal division into minute
fibrille—which latter do not necessarily eorrespond, how-
ever, with the primitive fibrille of mature muscle—and the
cell-nnelens likewise divides. The metamorphosis of the
now fibrillated protoplasm into museular tissue is first com-
pleted at the periphery of the fiber, so that a young muscle-
fiber containg a ecentral core of undifferentiated material,
including the daughter-nuclei resulting from the division
of the original nuelens.  Soon after the appearance of stria-
tion and the fibrillation of the fiber, the fibers begin to sepa-
rate from each other, and developing connective tissue with
voung blood-vessels penetrates between them, the fibers now
showing ageregation into bundles. For some time longer
the fibers are naked, since the sarcolemma is not acquired
until considerably later. The differentiation into museunlar
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 museles 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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that musele-fibers undergo multiplication during embryonic
life. There are several theories as to the method of this
multiplication. The most generally accepted view iz that
put forth by Weismann, the essential feature of which is
that the fibers multiply by longitudinal divizion or fission.
Reference was made above to the repeated division of the
nucleus of the eell as one of the initiatory steps in the forma-
tion of the muscle-fiber. According to the fission theory,
there is one elass of fibers in which the nuelei are arranged
in a single row, and the fibers of this class do not undergo
fission ; while there is another class, the fibers of which have
their nuelei arranged in several rows,  Fibers of the latter
type divide longitudinally into as many daughter-fibers as
there are rows of nuclei.

Although many of the details of the development of the
museular system are still involved in obscurity, it is a gen-
erally accepted fact that each fiber is derived from a single
cell, the protoplasm of which develops the function of con-
tractility to the subordination of the remaining vital proper-
ties of protoplasm. With this specialization of funetion
there 15 necessarily a concomitant alteration of strueture.

The muscular mass resulting from the transformation of
each myotome grows in the ventral direction between the ecto-
derm and the parietal leaf of the mesoderm, or in other words
into the somatoplenre, to produce the musenlar structures of
the ventrolateral body-wall. It grows also and to a greater
extent in the dorsal direction, covering, and :'lf'fplil'hl;’_‘_‘-I]{iil‘tt:—l
of attachment to, the vertebral column, which has mean-
while been forming. In addition to the ventral and dorsal
extension of the musecle-plates, each one grows both forward
and backward—ecephalad and caudad—in such manner that
overlapping and intermingling result,

What has been said above eoncerning the evolution of
the trunk-musculature from the primitive segments refers to
those museles that are developed from the segments of the
trunk. As to the evolution of the head-segments compara-
tively little is definitely known. It is generally accepted
that in elasmobranchs—a group including sharks and rays—
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there are nine primitive segments in the region of the future
head. The number present in mammalian embryos has not
been clearly worked out. In the lower vertebrates each
segment contains a cavity lined with flattened cells, the
mesothelium, the metamorphesis of which into musecular
tissue may be inferred to be essentially as already outlined
above. The first head-segment, which lies in contact with
and partially envelops the optic vesicle, gives rise to the su-
perior rectus, the inferior rectus, and the inferior oblique
museles of the eyeball ; the second segment produces the
superior oblique, and the third, the external rectus. The
fourth, fifth, and sixth segments abort and henee produce no
adult structures ; while the seventh, the eighth, and the ninth
segments become metamorphosed into the muscles that con-
nect the skull with the shoulder-girdle.

From recent studies' it would appear that individual mus-
cles undergo peculiar and significant migrations during their
development, and that the origin of the nerve-supply of a
muscle indicates the location of the particular myotome or
myotomes from which it originated, since the segmental
nerves are connected with their respective myotomes and
supply the muscles derived from such myotomes. For ex-
ample, the serratus magnus, being innervated by branches
of the cervieal nerves, develops from myotomes in the neck
region, and subsequently moves down to become attached to
the scapula and the ribs.

The Branchial Muscles.—Thiz term embraces the
museles of mastication and the various muscles connected
with the hyoid bone, with the jaws, and with the ossicles of
the middle ear. They result from the metamorphosis of the
mesothelium of the visceral arches and acquire connections
with struetures that have arisen from the so-called mesen-
chymal cells of these arches or, in other words, from the
embryonal connective tissue which makes up the chief part
of their bulk. For an aceount of the growth of the visceral
arches the reader is referred to Chapter VII. From this

! Spe “ Development of the Ventral Abdominal Walls in Man,"" Frank-
lin P. Mall, Johns Hoplins Papers, vol. iii., 1898.
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account and from that found in Chapter IV, it will be seen
that the formation of the visceral arches and clefts is in
reality the segmentation of the ventral mesoderm of the head-
region of the embryo, or to express it in another way, it is
the segmentation of the ventral ceelom of that region. It is
interesting to note that whereas in the trunk the segmenta-
tion of the mesoderm is restricted to the dorsal part of the
body, in the head-region the ventral mesoderm also partici-
pates in the process. Hence the visceral arches, as might be
expected, consist of so many masses of mesodermic tissue,
each arch containing a small cavity lined with mesothelium,
which eavity is a constricted-off part of the body-cavity or
celom, It is these mesothelial eells that produce, by their
differentiation, the muscles under consideration. While so
much concerning the origin of this group of muscles is prac-
tically assured by observations upon the embryos of the
lower vertebrates, the details are still obseure. His assumes
the origin of the palatoglossus, the styloglossus, and the levator
palati from the second or hyoid arch ; of the stylopharyngeus,
perhaps the palatopharyngeus, the hyoglossus and the superior
constrictor of the pharynxz from the third arch: and of the
middle and inferior pharyngeal constrictors from the fourth
arch. Further, it is held by Rabl that the muscles of the
face, including those of the sealp and the platysma—the
muscles of expression—originate from the mesothelium of
the hyoid arch in the form of a thin superficial sheet, which,
gradually spreading out from the place of origin, breaks up
into the individual museles.

The Muscles of the Extremities.—Of the develop-
ment of these there is little to be said. Enough is known
of the development of the limb-muscles to establish two im-
portant facts : that these musecles develop as buddings from
the muscle-plates of the trunk, and that the museles of each
extremity arise not from one but from several mvotomes,
the exact number being uncertain. The observations have
been chiefly upon selachians (sharks, ete.), and in these em-
bryos each myotome gives off two buds, each of which
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divides into two others, while the main part of the myotome
continues its growth into the somatopleure,

THE INVOLUNTARY OR UNSTRIATED MUSCULAR TISSUE.

This variety of muscular tissue, like that considered
above, is of mesodermic origin.  But while the voluntary
museles arise from the flattened or mesothelial cells of the
primitive segments, involuntary muscle results from the
transformation of the embryonal connective-tissue elements,
the mesenchymal cells, of the mesoderm. It 1z for this
reason that some anthors speak of the voluntary musecles as
the mesothelial muscles and designate the involuntary mus-
cular tissue as mesenchymal muscle.

While it is a generally accepted fact that each of the fiber-
cells which make up unstriated muscle is a metamorphosed
mesenchymal or connective-tizsne cell, the details of the
process have not been accurately worked out. One may
assume that necessarily the young conneetive-tissue cell
¢longates and that its protoplasm must undergo such differ-
entiation as will fit it for the exercise of its future function,
contractility.

THE CARDIAC MUSCLE.

The account of the development of the heart-musecle will
be found in Chapter X.



CHAPTER XVIII.

THE DEVELOPMENT OF THE SKELETON AND
OF THE LIMBS.

AvraovcH the skeleton is the framework of the body in
the anatomical or mechanical sense, it is not so embryologic-
ally, since its development is not begun, at least not to any
important extent, until nearly all the prineipal organs are
well differentiated, and its growth is largely subsidiary to
that of the structures which, in the mature state, it supports
and protects, Morphologists speak of the exoskeleton and
the endoskeleton, the former having reference to the hard
struetures found superficial to the soft parts, for whose pro-
tection they serve, such as the carapace of the lobster, and
the hard seales 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
eranium, are usually considered by morphologists as being
the reprezentatives of part of the exoskeleton of lower types.

The skeleton, using the word in its ordinary sense, con-
sists of the axial skeleton and the appendicular skeleton, or
skeleton of the limbs. The former, including the head and
the trunk, is common to all vertebrates; the latter is not
found in the lowest members of this elass and hence iz to be
regarded as a later acquisition in the evolution of the skeleton.

In studying the development of the skeleton, as in con-
sidering that of other systems and organs, clearer conceptions
of the growth of the individual may be obtained by com-
paring it with the evolution of the type. For example, the
simplest form of skeletal apparatus is that of the amphioxus.
In this animal the only representative of the skeleton is the
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notochord, a cylindrical rod composzed of eellular or gelatinons
tissue in which neither chondrification nor ossification ever
takes place. Such an animal furnishes an example of the
notochordal stage of the skeleton. The surrounding of the
chorda with a sheath of embryonal connective tissue, by
which it is strengthened and thereby better fitted to serve as
the ljml}'—uxi.-a, furnishes the membranous type of skeleton, a
stage a little farther advanced than the preceding. [The next
higher type of skeleton is the cartilaginous form. In this case
the embryonal connective tissue has undergone transformation
into eartilage, at which point development is arrested, the
stage of ossification never being attained. The cartilaginous
type of skeleton is illustrated by that of the selachian (sharks
and dog-fish).

The third and highest type of skeleton is the osseous. This
results from the replacement of the eartilaginous tissue by bone.
The process of ossification does not, however, affect every
part of the cartilaginous skeleton, there being some portions
of the latter which remain permanently unossified. As there
are, throughout the vertebrate series of animals, various gra-
dations in the degree of differentiation of the skeleton, so in
the course of development does the osseons system of every
higher vertebrate pass throngh these stages from the simplest
condition, that of the notochordal skeleton, to the highest
form of the almost completely ossified skeletal apparatus.

THE AXIAL SKELETON.

The axial skeleton, as stated above, ineludes the bones of
the trunk and those of the head. Togically the development
of the former will first elaim attention.

The Development of the Trunk.
The Stage of the Chorda.—The formation of the
chorda dorsalis or notochord is the earliest indieation of the
axis of the embryonic body and it will be recalled that it is

also one of the eavliest embryological processes. The mode
of development of the chorda from the entodermal epithelium
has been deseribed at p. 65. The chorda serves the pur-
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pose, as it were, of an axis about which the permanent ver-
tebral column and a part of the skull are, at a much later
date, built up. The anterior or headward termination of the
chorda corresponds to the position of the later hypophysis, or
pituitary body, and thus the chorda is coextensive, not only
with the vertebral ecolumn, but also with a portion of the
cranium. The eells of the chorda enlarge and become dis-
tended with fluid, the protoplasm of each cell being redueced
to a thin layer. The peripheral cells, however, constituting
a distinet layer, the chordal epithelium, remain small, and it
iz by their proliferation that the chorda inereases in size. In
the amphioxus the chorda is the only “ skeleton” that is ever
acquired, and in this animal it is a permanent structure.  In
all other vertebrates it becomes surrounded by embryonal
connective tissue, mesenchyme, which latter undergoes chon-
drification, and in the higher types ossification also. While
i some of the lower vertebrates, as in certain classes of
fishes, the chorda persists as a strueture of more or less im-
portance, in the higher members of the series, birds and
mammals, it retrogrades as the processes of chondrification
and ossification go on, until finally it is represented only by
the pulpy centers of the intervertebral disks.

The Membranous Stage.—The notochordal stage of
the development of the vertebral column is sueceeded by the
membranous stage. The transformation is effected by the
appearance of an ensheathing mass composed of embryonal
connective-tissue cells which surround not only the chorda
but also the neural canal or fundament of the nervous system
(Fig. 158, sk:). The source of this embryonal connective tissne
or mesenchyme bears an important relation to the primitive
segments. As the development of the primitive segments
was described in the last chapter, and also in Chapter IV,
it will suffice to remind the reader that each primitive seg-
ment undergoes differentiation into the myotome or muscle-
plate, the cutis-plate, the nephrotome, and the sclerotome (Fig.
158), the sclerotome occupying the mesial surface of the seg-
ment and lying in close proximity to the chorda.

While the myotome originates from the flattened or meso-



350 TEXT-BOOK OF EMERYOLOGY.

thelial cells of the primitive segment, the sclerotome is made
up of cells of the type characteristic of young-growing con-
nective tissue—that is, of the mesenchymal part of the primi-
tive segments as distinguished from their mesothelium, Owing
to the rapid multiplication of its cells, each sclerotome spreads
out headward and caudalward, and dorsad and ventrad, sur-
rounding both the chorda and the neural canal, until both these
struetures become enclosed in a common, continuous sheath of
embryonal connective tissue. That part of this tissue which
surrounds the chorda iz often dlfﬁigt]atﬂd the skeletogenous
sheath of the chorda and also the membranous primordial ver-
tebral column. The cells of the sclerotomes not only sur-
round the chorda and the neural eanal, but they also spread
out laterally into the intervals between the muscle-segments
to constitute the ligamenta intermuseularia or the bands
or strips of connective tissue which separate adjacent muscle-
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Frg. 150.=Frontal projection from a series of sections through a cow embryno of
&5 mm. (0.5 in.). (From Bonnet, after Froriep.)

segments from each other (Fig. 159). It is worthy of note
that while this skeletogenous sheath of the chorda originates
from segmented structures, the somites or primitive segments,
and 1s to that extent related to the H{'g‘lllﬂlltaﬁﬂll of the ll{:ll‘.lj.',
il now presents no trace of segmentation.



THE AXIAL SKELETON., 361

The Cartilaginous Stage.—This stage of the develop-
ment of the spine is brought about by the metamorphosis of
parts of the membranous vertebral column 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
histological changes necessary to effeet the transtormation of
the embryonal connective tissue into cartilage are, briefly,
the moving apart of the cells and the modification of both
the cells and the intercellular substance, the latter acquiring
the characteristic qualities of the matrix of cartilage.

As a preliminary step to the formation of the cartilaginous
vertebrie, the ensheathing membranous ftissue exhibits, at
regular intervals, areas of condensation of its connective-
tissue elements. It is in these condensed areas that the
process of cartilage-formation begins, and each such area,
which has the form of a somewhat obliquely placed how or
half-arch, corresponds approximately but not accurately to a
future vertebra. This half-arch of condensed mesenchymal
tissue is called the primitive vertebral bow by Froriep, whose
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Fii. 160 —Cross-section through the anlage of the third cervical vertebra of a cow
embryo of 12 mm. (15 in.) {Boonet).

investigations established many of the facts known eoneern-
ing the development of the skeleton (Fig. 160). The median
part of the bow is on the ventral side of the chorda and is
known as the hypochordal brace. The extremities of the bow
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abut against the corresponding musele-segments, each extrem-
ity becoming bifurcated. The dorsal limb of the bifurcation
spreads over the dorsal or superficial surface of the primitive
spinal cord, forming the membranous forerunner of the
neural arch of the vertebra; while the ventral limb advances
ventrad, foreshadowing the hemal arch or costal process of
the vertebra, or, as regards the thoracic 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 hypochordal brace, remains unchondrified in mammals
and becomes a part of the intervertebral ligament, except in
the case of the first cervical vertebra, or atlas, the anterior
or ventral arch of which it furnishes. The membranous
mllﬂge of the cartilaginons body of the vertebra iz found in
a special eondensation of the ensheathing tissue of the chorda
just caudad of the hypochordal brace.

For each vertebral body there are two centers of chondri-
fication, one on each side of the chorda within the mass of
tissue referred to above (Fig. 160). The formation of car-
tilage begins in the second month. The two centers are soon
connected with each other by a third, which lies on the ventral
side of the chorda, the three forming now a cartilaginous half-
eylinder which is later completed by the development of car-
tilage on the dorsal side of the chorda (Fig. 161). At the time
when the chorda is completely encased in cartilage the spinal
cord iz still ensheathed by merely membranous tissue. Before
the end of the second month the neural arches of the vertebrae
are indicated by small isolated masses of cartilage which de-
velop in the eonnective tissue surrounding the spinal cord,
the lateral parts of the membranous vertebral bows.  In the
eighth week these fuse with the bodies and appear then as
projections from them. By the end of the third month the
processes, or nenral arches, have grown sufliciently to meet

! Morphologically, each vertebra is possessed of a newral arch, for the
protection of the spinal cord; and a hemal areh for the protection of the
organs of eirculation, respiration, and digestion, the ribs of man and the
higher vertebrates being the persistent hemal arches i the region of the
thorax.
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with their fellows on the dorsal side of the spinal cord, and
in the fourth month the corresponding arches of the two
sides become united, thus ecompleting the cartilaginous sheath
of the cord.

The masses of connective tissue occupying the intervals
between the vertebral bodies are known as the intervertebral
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Fig. 161.—Frontal projection from 2 series of sections through a cow embryo
of 17 mm. (0,67 in.), dorsal view (from Bonnet, after Froriep): Connective tissue
stippled ; cartilage white.

ligaments. Subsequently they become the intervertebral disks.
The tissue between the cartilaginous arches becomes differ-
entiated into the ligamenta subflava.

While the unsegmented skeletogenous sheath of the
chorda is gradually differentiating into the separate elements
of the cartilaginous vertebral column, the chorda itself begins
to retrograde.  Within the bodies of the vertebrew its devel-
opment is completely arrested, while those portions of it con-
tained within the intervertebral disks continue to grow. The
chorda at this stage consequently shows alternating enlarge-
ments and constrietions. In certain fishes it persists as a
structure of more or less importance. In vertebrates above
cartilaginous fishes, all traces of the parts of the chorda

23
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within the vertebral bodies are lost as soon as ossification
oceurs, while in the intervertebral dizks parts of it persist
as the soft pulpy cores of the latter,

The cartilaginous trunk iz completed by the chondrification
of the ligamenta intermuscularia to form the cartilaginons
thorax.

The Osseous Stage.—The process of ossification begins
in certain. parts of the trunk at the end of the second month,
before the work of chondrification is entirely completed. As
the histological details of bone-formation are to be found in
the text-books of histology, it will not be necessary to enter
into the subject here.  The places in any individual eartilage
where ozsification begins are called the eenters of ossification,
The process is one of substitution, the ecartilage becoming
broken down and absorbed as the formation of bone goes on.

The ossification of each wertebra is begun at three cen-
ters, one in the body and one in each arch. The centers
for the arches appear in the seventh week. The centers
for the bodies appear a little later and are found first in the
dorsal vertebre, appearing successively later in the verte-
bree farther up and farther down. The ossified arches unite
with each other during the first year of life, but their union
with the body of the vertebra takes place between the third
and eighth years. At a much later period five accessory cen-
ters of oszification are added to each vertebra. Two of these
belong to the body and give rise to two annular plates of
bone, the epiphyses, one for the upper or eephalic surface and
one for the opposite or candal surface.  The remaining three
centers belong respectively to the spinous process and the two
transverse processes. The epiphyszes do not acquire osseous
union with the vertebra proper until about the twenty-fifth
year.

The so-called transverse process of a cervieal vertebra, en-
closing a foramen, and consisting of an anterior and a posterior
part, includes more than the transverse process proper, since
its anterior or ventral portion is the rodiment of a cervical rib.
Dring the time of the fusion of this rodimentary 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 vertebrz in the possession of a foramen.'

The atlas and the axis, being strikingly modified cervieal
vertebra, require special mention. The atlas contains less
and the axis more than an ordinary vertebra, since that which
corresponds to the body of the atlas never unites with it but
fuses with the body of the axis to constitute its odontoid
process. .

The atlas presents two centers of ossification for its neural
arches—the so-called posterior arch—just as other vertebr:e
do. Unlike other vertebrae, these centers do not unite with
the body but become joined to each other on the ventral side
of the position of the chorda by a piece of cartilage which
results from the chondrification of the hypochordal brace,
referred to on page 352. This forms the cartilaginous ven-
tral or anterior arch of the atlas, which, in the first year of
life, develops a center of ossification. The arch aequires
bony union with the lateral parts between the fifth and
sixth years,

The axis or epistropheus develops from the usnal centers of
ossification and from an additional one for its odontoid proe-
ess.  Bony union of the odontoid process with the proper
body of the axis oceurs in the seventh year. The odontoid
process, in common with every other vertebral body, is
traversed in the cartilaginous stage by the notochord.

The transverse processes of the lumbar vertebre, like those
in the cervieal region, include not only the transverse proc-
ess proper but also the rudiment of a rib.

The sacral wertebrz cach present the usnal os=sific eenters.
Inasmuch as they become articulated firmly with the pelvic
hones and undergo fusion to form a single adult bone, the
sacrum, their form is much modified during the course of
development. The transverse processes of each side coalesce to
form the lateral mass of the sacrum. Each transverse process

' The point is made by some authorities, as Minot, that the bone does
not grow around the artery, but that the artery grows through the ossifying
tissue.
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consists, as in the cervical and the lumbar vertebre, of the
transverse process proper and a rudimentary rib, the center of
ossification for the latter being quite distinet during early
stages of development. The intervertebral disks of the =aeral
vertebrze begin to ossify in the eighteenth year, the process
being completed in the twenty-fifth vear,

The coccygeal vertebra are quite rudimentary. Fach one
is ossified from a single piece of ecartilage, and usually from
but a single eenter of ossification. Oeccasionally the first
piece of the cocevx develops from two ossific centers, the proe-
ess beginning at birth. Ossification begins in the second
vertebra between the fifth and the tenth years; in the third,
shortly before puberty ; in the fourth, soon after puberty.
The lower three pieces fuse into one before middle life, and
this unites with the first, and the latter with the sacrum, at
variable periods thereafter.

The Development of the Ribs and Sternum.
Reference has been made in the preceding pages to the liga-
menta intermuscularia as strips or bands of embryonal con-

nective tissue lying hetween adjacent musele segments, which
have originated, in common with the sheath of the chorda,
from the eells of the sclerotomes. The ligamenta intermus-
cularia become invaded by the costal processes of the primi-
tive vertehral bows, the costal process, which is the ventral
division of the tip of the bow, growing ventrad and pene-
trating the substance of the ligament to eonstitute a curved
rod of connective tissue, the forerunner of the future rih.
Thus there are formed connective-tissne representatives of
the ribs, each of which iz embedded in the looser connective
tissne of the corresponding intermuscular lignment. It is
by the development of eartilage within these curved rods of
condensed mesenchyme, the membranous ribs, that the cartil-
aginous ribs are produced. The process of chondrification
commences in the seeond month, but does not involve the
proximal ends of the ribs, the tissne here becoming liga-
mentons and serving to hind tnll__;_'l-!hf'l‘ the ribs and the verte-
brie.  Ribs are formed throughout the entire extent of the
vertebral column, except in the coceygeal region, but while in
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the lower vertebrates the entire series goes on to mature de-
velopment, in mammals, including man, their growth is
arrested in the cervical, lumbar, and saeral regions. In the
ease of man and mammals only the thoracie ribs persist and
become adult structures,

As the distal (ventral) extremities of the ribs advance
toward the ventral median line, the tips of the first five, six,
or seven each exhibit an enlargement. These broadened ends
soon coalesce, thus forming on either side of the median line
a continuous strip of cartilage, the anlages of the sternum.
The other ribs remain free at their ends. The sternum is
therefore produced from two lateral halves, a cirenmstance
that explains some of its anomalies, as for example, cleft
sternum, which is a condition due to arrested development
or deficiency of union.

The ossification of the ribs hegins in the second month of
fetal life and from a single center for each.  The process does
not involve the entire rib, a portion near the distal extremity
remaining eartilaginons and becoming the adult costal carti-
lage. Accessory centers ol ossification for the head and
tubercle appear between the eighth and fourteenth years
of life.

The ossification of the sternum proceeds from numerous
centers. There is one for the manubrium and from six to
twelve for the gladiolus,  The ensiform acquires a center of
ossification in the early years of life, but for the most part
remains cartilaginons,

Although, as stated above, the ribs of adult human anat-
omy are limited to the thoracie region, their rudimentary
representatives are found throughout the other regions of
the vertebral eolumn. In the cervieal, lumbar, and sacral
regions each rudimentary rib becomes blended with the
transverse process of the corresponding vertebra to form the
transverse process of human anatomy. It is from the per-
sistence of the seventh rudimentary cervieal rib and its fail-
ure to fuse with the corresponding transverse proecess that
the anomaly of a free cervical rib results ; while the presence
of a thirteenth or lnmbar rib, as oceasionally met with, is due
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to the unusual ilm'nlﬂpment of the first lumbar 1'udi111{mt:1ry
rib.
The Development of the Head Skeleton.

Just as the skeleton of the trunk consists of a dorsally
situated bony case for the protection of the spinal cord and a
series of ventral or hemal arches for the protection of the
organs of eireulation and respiration; so does the head
skeleton comprise a bony case for the accommodation of the
brain with smaller accessory osseous compartments for the
organs of special sense, as the orbits and the nasal ehambers;
and also a ventrally situated apparatus which constitutes
both a receptacle for the oral and the pharyngeal parts of
the digestive system and a mechanism for the mastication of

1] th oot =f SH

Fia. 162.—Median sagittal section through the head of a chick ineubated four
and a half days (after Mihalkovies): SH, parietal (mid-brain) elevation ; sv, lateral
ventricle of the brain: @3, third ventrielz ; of, fourth ventricle; Sw, aguednctus
Bvlvii; pk, cerebral wesicle: zh, between-brain (thalamencephalon); mb, mid-
brain : kA, cerebellum: zf, pineal process; hp, hypophyseal {or Rathke's) pocket;
e, chorda ; ba, basilar artery.

food. The former part, the cranial capsule, or brain-case, is
developed to a great extent from the connective tissue sur-
rounding the head-end of the chorda, its origin thus being
similar to that of the spinal column. On the other hanel,
the ventral parts, as the jaws and the hyoid bone and related
strinetures, constituting the so-called visceral skeleton, develop
from the mesodermie tissue of the visceral arches. As in the
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case of the trunk skeleton, the eranium is first outlined in
membranous tissue resulting from the differentiation of the
embryonal connective tissue which ensheaths the head-end
of the chorda, and also of the connective tissue of the visceral
arches, this differentiation producing the membranous primor-
dial eranium. The metamorphosis of the membranous eranium
into cartilage brings about the cartilaginous stage of the
eranium, while the replacement of the cartilage by hone is
the final step in the process,

Bones that develop from centers of ossification in pre-
viously formed masses of ecartilage are styled primordial
bones, while those that are produeced independently of car-
tilage, either in the skin covering the membranous eranium,
or in the mucous membrane lining indentations in its walls,
are known as covering or dermal bones. The development
of bone is therefore =aid to be either endochondral or mem-
branous. For the most part, the bones of the base of the
gkull are of' endochondral formation, while thosge of the vault
are developed in membrane. The membranous or dermal
bones are similar in point of origin to the exoskeleton—
placoid and ganoid scales—of certain fishes,

The Membranous Cranium.—The membranous brain-
case 1= differentiated from the voung connective tissue which
ensheaths the anterior or head-end of the chorda. As pre-
viously stated, the anterior end of the chorda is at a point
ventrad to the mid-brain vesicle, in the angle formed by the
latter with the fore-brain, at a position corresponding with
that of the pituitary body (Fig. 162). The skeletogenous
sheath of the chorda, in this situation as elsewhere, results
from the multiplication of the cells of the sclerotomes, since
this region of the body undergoes segmentation in common
with the trunk., The number of head-segments iz uncertain.
According to recent investigations upon shark embryos, there
are at least nine primitive segments formed in the head-
region.

The skeletogenous sheath of the chorda spreads out dorsad
to cover the brain-vesicles. From the terminal point of the
chorda, heneath the inter-brain, the sheath advances ante-
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riorly to invest the fore-brain, which latter at this stage is
bent over ventrad. From the part investing the fore-brain,
a lu‘ntuhul*:mt- 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 wisceral arches—that is, that part of the meso-
dermic tissue of these structures which does not form
museular tissue—is undergoing similar transformation into
membranous tissue. The first visceral arch divides into an
anterior or upper part, the maxillary process, and a pl}slul‘iur
or lower mass, the mandibular arch, these being the mem-
branous jaw arches. The four jaw arches, with the naso-
frontal process, form the boundaries of the primitive mouth-
cavity, the mandibular arches of the two sides having united
in the median line to form its lower border, and the maxillary
arches having fused with the lateral nasal and the nasofrontal
processes to constitute its upper boundary.

The membranous primordial cranium, then, consists of a
complete connective-tissue investment for the brain-vesicles,
of the membranous jaw arches, and of the hyoid and the
branchial arches, and presents in its walls the indications of
the cavities for special-sense organs in the shape of the sur-
face invaginations which constitute respectively the otic ves-
icle, the lens-vesicle, and the nasal pits,

The Cartilaginous Cranium.—DBy the further differ-
entiation of the membranous eranium the eartilaginous stage
is attained. The development of cartilage begins in the
second month.  While the membranous eranium furnishes a
complete capsule for the brain, the eartilaginous brain-case is

deficient, since the proeess of chondrification does not affeet
the regions of the future parietal and frontal bones.  This is
true at least of man and the higher vertebrates. In those
cases where the skeleton remains permanently cartilaginous,
as in selachians (sharks, dog-fizh, ete.), the entive brain-case
participates in the chondrifying process. As the skull ex-
tends very much farther forward than the end of the chorda
—which latter terminates at the position of the future sella
turcica—the regions of the primitive skull are designated
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respectively chordal and prechordal (Kolliker), or verfebral
and evertebral (Gegenbauer), according as they fall behind or
in front of the end of the chorda,

The formation of cartilage begins in the region correspond-
ing to the base of the future skull. On each side of the end
of the chorda a mass or bar of cartilage is formed, extending
forward and backward, this pair of parallel bars being desig-
nated the parachordal cartilages(Fig. 163,1). Farther forward,

Fiz. 165.—First fundament of the cartilaginous primordial eraninm {from
Wiedersheim): 1. First Stage: ¢, chorda; PE, parachordal cartilage; Tr, Rathke's
trabecul® cranii; PR, passage for the ]11.';11';]1]13'55:: o NV, A, O, nasal pit, otic vesi-
cle, otocyst. 2. Secomnd Slage: € chorda ; F, basilar plate; Tr, trabeculm cranii,
which have become united in front to constitute the nasal septum (5) and the ¢th-
moid plate; ¥, AF, procegses of the ethmoid plate enclosing the nasal organ ; OF,
foramina olfactoria for the passagze of the olfactory nerves; PF, postorbital proe-
es8; NK, nasal pit; A, O, otic and labyrinthine vesicles.

in the prechordal region, another pair of cartilaginous masses
is produced, known as the trabecul® cranii. The latter are
not straight bars, but have somewhat the form of a pair of
calipers.  In a short time the cranial trabeculie unite with
ach other, but not thronghout their entire extent, an aperture
being left at the position of the pituitary body. It is through
this aperture that the oropharyngeal diverticulum, which
forms the anterior lobe of the pituitary body, projects to
come into relation with the diverticulum from the inter-brain,
which produces the posterior lobe, At a later period ossifi-
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cation oceurs here, as elsewhere in the base of the skull, thus
completely isolating the pituitary body from the wall of the
pharynx, The parachordal cartilages also fuse with each
other and with the eranizl trabeculs, the four pieces now
forming one mass, The process of chondrifieation extends to
other parts of’ the membranous eranium so as to produce a
cartilaginous brain-case, just as, in the ease of the vertebral
column, the dorsal extension of cartilage-formation gives rise
to a case or canal for the spinal cord. As before stated, how-
ever, the chondrifying process does not affect the entire
membranous eranium in the higher vertebrates, chondrifica-
tion oceurring around the position of the foramen magnum
and in the lateral walls of the eranial capsule, while parts of
the vault remain membranous. The anterior extremities of
the united eranial trabecul:e become so maodified in form as to
constitute the plate of the ethmoid and the nasal capsule for
the lodgement of the olfactory epithelium. In each lateral
region the cartilaginous ear capsule is differentiated,

Meanwhile the cartilaginous visceral skeleton is developing
from the membranous structures of the visceral arches.  As
in the case of the brain-capsule, the chondrifying process does
not involve all parts of the membranous visceral skeleton,
parts of the latter being replaced later by dermal or covering
hones—that is, bones that develop in membrane without
having been previously mapped out in cartilage.

In the first wvisceral arch, the formation of cartilage oceurs
only in the mandibular portion, the maxillary process con-
tinuing membranous. The eartilage of the mandibular arch
appears in the form of a curved bar running ventrodorsally.
This bar divides into a smaller proximal or dorsal piece, the
palatoquadratum of comparative anatomy, and a longer distal
or ventral segment, Meckel's cartilage. The palato-quadratum
subsequently divides into two parts, the cartilaginous anlages
respectively of the palato-pterygoid plate and the incus.
Meckel’s (:urti]u;_g{; likewise ljlt{l{*l'gui.‘ﬁ. 1|i1.'i.-zinn, there ]H‘.il]g
sr-Fm]‘:n{-rT from the chief mass a small ]ll'{}.\'il‘mli H(‘g‘ll]t‘]‘]t
called the articulare, which is the forerunner of the future
mallens. Thus the eartilaginous bar of the mandibular arch
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has to do with the formation of eertain of the ossicles of the
middle ear as well as, to a limited extent, with the develop-
ment of the mandible,

In the second visceral or anterior hyoid arch, chondrifica-
tion also occurs, but not throughout its entire extent. A bar
of cartilage, the hyoid bar or Reichert’s cartilage, is produced
in this arch and undergoes division into three segments, of
which the proximal or dorsal is the forernnner of the future
stapes of the middle ear, while the other two pieces represent
respectively the styloid process and the lesser horn of the
hyoid bone. The tissne intervening between the position of
the styloid process and the lesser hyoid cornu does not chon-
drify in man but remains membranous and becomes the stylo-
hyoid ligament (sce Fig, 169).

In the third wisceral arch, or the posterior hyoid arch, a rod
of cartilage develops which represents the greater cornu of
the future hyoid bone. Ventral to this, there is formed a
median unpaired piece of cartilage, the copula, belonging to
the arches of the two sides, which later develops into the
body of the os hyoides.

To summarize, the head skeleton in the cartilaginous stage
of development presents an imperfect cartilaginous brain-case,
capsules for the organs of smell, sight, and hearing, and a
cartilaginous visceral skeleton, the several parts of which map
out the lower jaw, the hyoid bone, the styloid process, and
the ossicles of the middle ear.

The Osseous Stage.—The bony condition of the head
gkeleton is brought about in part by the development of bone
from centers of ossification in the cartilages deseribed above,and
in part by the growth of covering or dermal bones in the integu-
ment covering those areas which are deficient in cartilage ; in
other words, by both endochondral and membranouns ozsifica-
tion. It may be stated in general terms that the bones of the
baseand of the sidesof the skull, including the auditory ossicles,
the ethmoid, and the inferior turbinated bone, are produced hy
ossification in cartilage and are hence called primordial hones ;
and that the bones of the vaunlt of the eranium, and for the
most part of the face, result from the membranous method of
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ossification, and are therefore styled dermal or covering bones.
Some of the individual bones, however, are partly of car-
tilaginous and partly of mem-
branous origin, the several por-
tions remaining permanently dis-
tinet in certain lower vertebrates,
but in man uniting so intimately
with each other as to present no
trace of their previously separate
condition.

Fig. 164 Tavulas pact of 6es The occipital bone consists of
cipital bone of about fith fetal  two genetically distinet parts,
month, inner surface; ip, inter- . . .
parietal, which is ossified in mem-  the superior or interparietal por-
brane; s, supra-oceipital, ossified  {jon, which is a dermal bone,
e and the occipital bone proper,
which is of cartilaginous origin. The ossification of the latter
oceurs from four centers, one on each side of the foramen
magnum for the condylar portions, one in front of the foramen
for the basilar process, and one posterior to that aperture for
all the tabular portion of the bone not belonging to the inter-
parietal segment. Ossification begins in these centers early
in the third fetal month and proceeds at such rate that at the

time of birth the bone consists of four bony parts which are
separated from each other merely by thin layers of cartilage.
Sinece in some animals these parts remain separate throughout
life, they are designated by morphologists, respectively, the ex-
occipitals, the basi-oceipital, and the supra-occipital (Fig. 165).
The supra-oceipital is augmented by the union with it of the in-
terparietal portion, a covering or dermal hone that ossifies from
two centers, and that begins to fuse with the supra-oceipital
near the end of the third month of fetal life. Consisting at
birth of four distinet parts, separated by cartilage, the oeccip-
ital becomes a single bone by the end of the third or fourth
year by the bony union of the separate segments.'

The temporal bone is made up of three genetically distinet

! In some cases the union of the interparietal with the supra-oeeipital is

incomplete, the adult bone then presenting two transverse fissures which
pass, one from each lateral angle, toward the median line.
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parts, the squamosal or squamozygomatic, the petrosal or petro-
mastoid or periotic, and the tympaniec. At the time of hirth
these three elements of the bone are still separate from each
other, the tympanic being an incomplete ring, and the petro-

ho .

Fia., 165.—Qecipital bome at birth, external surface: ¢p, interparietal; so, supra-
occipital ; eo, exoccipitals ; be, basi-occipital.

mastoid being still without a mastoid process. The petro-
magtoid is the only part of the temporal bone that is outlined
in cartilage, the squamozygomatic and the tympanic being
represented in the cartilaginous stage of the eranium by
membranous tissue.

The squamozygomatic (IFig. 166) is ossified in previously
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formed membrane from a single center 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 eenter, but especially
upward into the squamosa and ount-
ward and forward into the zygoma.

The periotic or petromastoid results
from the ossification of the cartilagi-
nous ear-cap=ule, which latter consti-
tutes a part of the cartilaginous por-
tion of the early cranium. It should
be remembered that the essential part
of the organ of hearing, the internal

e A R car, A differentiated from a small
matic (sg) and tympanic (), pouch of epithelium, the otic vesicle,
of temporal bone at Pirth-— yihieh is produced by an infolding or
invagination of the surface ectoderm, and that it is the car-
tilaginous tissue enclosing the otic vesicle and its outgrowths,
the semicirenlar canals and the cochlea, that constitutes the
sartilaginous ear-capsule,

The ossification of the periotie is usually described as pro-
ceeding from three centers. The first of these, the opisthotic,
makes its appearance in the latter part of the fifth month on
the onter wall of the eapsule, at a point eorresponding to the
position of the promontory, whence the formation of bone
spreads in such manner as to produce that part of the petrosa
which is below the internal anditory canal. A second center,

the pro-otie, appears a little later over the superior semi-
cirenlar canal and gives rise to that part of the petrosa above
the internal auditory meatus, and also to the inner and upper
part of the mastoidea. The third nucleus, the epiotic, arises
in the |:|(-1|}_r|||ml‘hlm-t| of the I}:rﬁll'l‘h}l‘ semicirenlar eanal.
Ossification proceeds rapidly, the three parts 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 speeies, at birth, it is flat and devoid
of the mastoid process whieh is so econspicuous in the mature
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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 tympanic (Fig. 166), which con-
stitutes the bony part of the wall of the external anditory me-
atus, is ossified in membrane from a single center of ossification.
This center appears in the third fetal month in the lower part
of the membranous wall of the external eanal, from which
point the process of bone-formation extends upward on either
side so as to form an incomplete bony ring, open above.
This tympanie ring is situated external to both the ear cap-
sule and the ossicles of the middle ear and gives attachment
to the periphery of the tympanic membrane. The further
erowth of the tympanie ring being in the outward direction,
it becomes a curved plate or imperfeet cylinder of bone
which constitutes the bony wall of the external auditory
eanal. At birth, the pars tympanicus still has the form of
the incomplete ring, its further development taking place
during the first few years of life. The extremities of the
ring unite with the squamozygomatic before birth. The
tympanic unites also with the petrosa except in a region
adjacent to the proximal end of Meckel’s cartilage, where
an aperture is left which is the petrotympanic or Glaserian
fissure. Since upon the part of Meckel’s cartilage which is
thus enclosed by the union of the two bones is formed the
long process of the malleus, the presence of this process in
the Glaserian fissure is accounted for.

The styloid process of the temporal hone belongs to the
visceral-arch skeleton. It ossifies in two parts in small
masses of cartilage that belong to the anterior hyoid arch.
One, the tympanchyal, gives rise to the base of the process
(Fig. 170} ; it begins to ossify before birth and soon unites
with the temporal. The other segment, the stylohyal, under-
coes ossification later and joins with the tympanohyal only
after adult age is reached. Sometimes it remains separate
throughout life.

The sphenoid bone is for the most part ossified in cartilage.
The body of the bone is represented in the fetus by two
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separate parts, the posterior body or basisphenoid (Fig. 167,
hs), which includes all that part of the body of the mature
hone which is posterior to the olivary eminence and to
which belong the greater wings; and an anterior body or
presphenoid ( ps), situated in front of the olivary eminence,
to which belong the lesser wings. The ossification of
the basisphenoid proceeds from two centers placed side by

Fis. 167.—8phenoid bone, fifth or sixth fetal month; seen from above : ps, pre-
sphenoid or anterior body, with lesser wings; as, greater wings; bs, basisphenoid
or posterior body.

side, which appear in the eighth week. Two months later
two secondary centers appear for the lateral parts of the
body. The presphenoid likewise develops from two centers,
which are apparent in the ninth week. The union of the
presphenoid with the basisphenoid oceurs in the seventh or
eighth month. Each greater wing develops from a single
center of ossification, which is present in the eighth week,
The process of ossification spreads from this center to produce
not only the greater wing but alzo the external pterygoid
plate. The greater wings remain separate from the body
until some time during the first year after birth. Fach lesser
wing ossifies from a center that appears about the ninth
week. The lesser wings unite with the presphenoid in the
sixth fetal month.

The internal pterygoid plate differs from the other parts of
the sphenoid in that it does not ossify in cartilage but in
membrane. It is therefore a covering bone. 1ts center or
centers of ossification appear in the fourth month in the
connective tissue in the lateral walls of the oropharyngeal
eavity. In many animals this plate acquires no connection
with the external pterygoid plate but remains throughout
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life a distinet bone, the pterygoid. In man it fuses with
the external plate in the fifth month.

The presphenoid with its attached lesser wings, and the
basisphenoid, to which are united the greater wings and the
pterygoid plates, remain permanently separate bones in some
animals. In man, as noted above, the two parts of the body
of the bone unite shortly before birth, although the greater
wings remain separate until some months after that event.

The ethmoid bone and the inferior turbinate are formed in
cartilage, resulting from the ossification of the posterior por-
tion of the cartilaginous nasal capsule (Fig. 168, m). The

Fi6. 168, —Cross-section through the head of an embryo pig 2 em. (1.2 in.) long,
crown-rump measurement. The nasal ecavities are seen to be in communication
with the oral eavity at the places designated by o #: K, cartilage of the nasal sep-
tum ; m, turbinal eartilage ; JF, organ of Jacobson ; J7, the place where it opens into
the nasal cavity; gf, palatal process; of, maxillary proeess; =, dental ridge.

latter represents the anterior extension of the ecartilaginous
trabeculse cranii so modified as to constitute a receptacle for
the olfactory epithelium. The anterior part of this eapsule
remains eartilaginous thronghout life as the septal and lateral
cartilages of the nose. By the ossification of the posterior
part of the nasal capsule the ethmoid and the inferior tur-
binate bones are produced. Ossification, beginning in the
fifth month, involves the lower and the middle turbinals and
a part of the lateral masses. The ossification of the superior
turbinal, of the vertical plate, of the erista galli, and of the

24
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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 bone is a covering or dermal bone, being ossi-
fied in membrane from two centers of ossification, one for
each lateral half. These centers are situated above the
orbital arches and are first apparent in the seventh week. At
birth, the two halves of the bone are still separate, their
union not oceurring until during the first year of life.  Some-
times the union fails to take place, the condition of the per-
sistent frontal or metopic suture being known as metopism.
Metopism is considerably more common in European skulls
than in those of lower tvpe.

The parietal bone i= also o==ified in membrane. It develops
from two nuclei which soon coalesce.  Their position eorre-
sponds to that of the future parietal eminence.

The bones of the face are for the most part dermal bones.
Of these, the upper and the lower maxillee and the palate
bones belong to the visceral-arch skeleton.  The others de-
velop in the membranous wall of the cranial eapsule.

The nasal and lacrimal bones ossify each from a single
center, which appears in the eighth week.

The malar is ossified in membrane from three nuelei, the
process beginning in the eighth week.

The palate bone is formed in mucous membrane from a
single center which is situated at the junection of the vertical
and the horizontal plates.

The vomer develops from two centers of ossification which
appear at the back part of the eartilaginons nasal septum.
Fach center gives rise to a lamina of hone, the two lamine
gradually uniting with each other from behind forward, and
embracing between them anteriorly the septal cartilage.

The vomer and the palate bone are examples of the forma-
tion of bone in mueong membrane,  The centers of ossifiea-
tion first appear in the eighth week in each ease.

The skeleton of the visceral arches includes the upper and
lower maxille, the hyoid bone with a part of the styloid
process, the ear ossicles, and the palate hones. The palate
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bones have been referred to above. These bones of the
viseeral-arch skeleton are partly primordial and partly mem-
branous,

The superior maxilla comprises two parts, the superior
maxilla proper and the intermaxillary bone. While these
intimately unite in man, in some animals, as the dog, they
are permanently distinet, the intermaxillary hone constituting
the important and conspicnous premaxilla of the dog. The
superior maxilla ossifies in membrane—within the mem-
branous maxillary process of the first visceral arch—from
an uncertain number of centers. It seems probable that
there are three nuclei of origin, one for the palate process,
one for the malar part of the bone, and one for the portion
internal to the infra-orbital foramen and a part of the nasal
wall,  The formation of the antrum begins in the fourth
month by the development of a recess or fossa on the inner
or nasal wall of the bone.

The palate process is formed by the growth, on the inner
aspect of the bone, of a shelf-like projection which advances
toward the median line until it meets and unites with its
fellow of the opposite side (Fig. 156). The horizontal plate
of the palate bone develops similarly and very shortly after,
and thus iz produced the hard palate, which separates the
nasal chambers from the mouth. The two halves of the
hard palate unite first in front, their union being completed
by the twelfth week. If union is incomplete, the anomaly
of eleft-palate resultz. The intermaxillary segment begins
its development in the seventh or eighth week upon that
part of the nasofrontal process which lies between the nasal
apertures.  In the fifth month the intermaxillaries fuse with
the maxillie, the line of union heing indicated by a suture
which iz apparvent upon the oral surface of the palate proe-
esses. The intermaxillaries contain the germs of the four
ineisor teeth,  As previously mentioned, deficieney of union
between the maxilla and the intermaxillary results in the
deformity of hare-fip. Obviously, the hiatus in hare-lip
will be found to be not median, but lateral, eorresponding to
the position of the line of normal union.
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The lower jaw or mandible i= intimately associated in its
development with that of the malleus and incus of the middle
ear. Inasmuch as these three bones are differentiated from
the cartilaginons and membranous visceral skeleton of the
first visceral arch it is desirable to consider their develop-
ment together.

As deseribed above, the membranous jaw-arches form the
lateral and lower boundaries of the mouth-eavity, the first
visceral arch dividing into the maxillary process and the
mandibular arch. There appears in the mandibular arch a
bar of cartilage which abuts by its proximal extremity upon
the outer wall of the auditory labyrinth. This cartilaginous

Frz. 163 -—Head and neck of a human embryo eighteen weeks old with the
viseeral skeleton exposcd (after Kolliker), magnified. The lower jaw somewhat
depressed in order to show Meekel's eartilage, which extends to the mallens. The
tympanic membrane is removed and the annulus tympanicus is visible: ko, mal-
leus, which passes uninterrupledly into Meckel's eartilace, ME; uwk, bony lower
jaw (dentale), with its condyloid process articulating with the temporal bone ; am,
ineus; &, ‘stapes; pr, annulus tympanieas; grf, proceszus styloideas ; fsth, lign-
mentum stylohyoidenm ; bk, lesser cornn of the hyoid bone; ok, its greater cornu.

rod segments into a distal portion, Meckel's cartilage (Fig.
169, Mk), and a smaller proximal piece, which iz called,
in comparative anatomy, the palatoquadratum. From the
palatoguadratum a  process, the palatopterygoid process,
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orows toward the roof of the mouth-cavity and becomes a
separate segment. The piece of cartilage remaining, which
represents the preximal end of the original bar, undergoes
ossification, becoming the inecus (Fig. 169, ain). The poste-
rior or proximal extremity of Meckel’s cartilage, becoming
a partly separated cartilage, the articulare, ossifies to pro-
duce the malleus (Fig. 169, ha). Though the form of the
mallens is recognizable, it is still in direct continuity with
Meckel’s cartilage.  In the opposite direetion it is artieulated
with the incus.  As the tympanic ring develops, and the in-
terval below, between this ring and the petrosa, 15 gradually
narrowed to the petrotympanic or Glaserian fissure, the mal-
leus comes to lie within the tympanic cavity, being continuons,
through the fissure, with Meckel's cartilage.  Upon the sepa-
ration of the mallens from the cartilage of Meckel, the long
process of the malleus represents the former bond of union
and therefore occupies, in the mature state, the Glaserian
fissure. The joint between the malleus and the incus repre-
sents the primitive vertebrate jaw articulation. In the shark,
for example, the mandibular joint is between the two pieces
into which the cartilaginons bar of the first visceral arch
divides—that is, between the palatoquadratum and the repre-
sentative of Meckel’s eartilage, the mandibulare. In mam-
mals, however, the mallens, as we have seen, loses its con-
nection with the mandible, the joint between the latter and
the skull, the temporomaxillary articulation, being second-
arily acquired in a manner to be pointed out hereafter.
While the malleus develops for the most part by ossification
in cartilage, its long process develops in membrane as a small
covering or dermal bone, the angulare,

The membranous lower jaw with its enclosed bar of carti-
lage becomes osseous, not by the ossification of the ecarti-
lage, but by the development of a casing of bone within the
surrounding membrane. In other words, the lower jaw
develops chiefly by the intramembranous method of bone-
formation. Several centers of ossification 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 (Fig. 169, uk), which is sitnated mainly on the ounter
side of Meckel’s cartilage, A smaller plate appears on the
inner side.  Thus the cartilage comes to be surrounded by an
irregular eylinder of bone. The cartilage of Meckel plays
a comparatively unimportant part in the ossification of the
lower jaw-hone and begins to degenerate in the sixth fetal
month. Its distal extremity, however, undergoes ossifica-
tion, thus aiding in the formation of a small part of the
mandible near the symphysis; while a posterior segment,
with the fibrous tissue encazing it, which extends from the
temporal bone to the inferior dental foramen, persists as the
internal lateral lizament of the lower jaw. With these
exceptions, Meckel’s cartilage entirely disappears. The
angle of the mandible and a small part of the ramus are
also ossified in cartilage, which latter is developed independ-
ently of Meckel’s eartilage.  From the posterior part of the
dentale the condyloid process develops and becomes artieu-
lated with the glenoid fossa of the temporal bone, thus estab-
lishing the temporomaxillary articulation. This joint, as pre-
viously stated, is a secondary one and replaces in mammals
the primitive articulation between the mandibulave and the
palatoquadratum of the lower vertebrates.

At birth, the two lateral halves of the inferior maxilla
are united at the symphysis by fibrous tissue; bony union
ocenrs during the first or second year after birth,

To summarize, the inferior maxilla develops as a part of
the visceral-arch skeleton and is chiefly a covering bone, since,
with the exception of the angle, a portion of the ramus, and
a smail part near the symphysis, which ave of cartilaginous
origin, it is formed by the membranous method of ossifica-
tion. The two other products of the mandibular arch, the
malleus and the incus, are ossified from eartilage, with the
exception of the processus gracilis of the malleus, which is
of membranous origin.

The development of the hyoid bone, of the styloid process of
the temporal bone, and of the stapes was referred to in con-
sidering the eartilaginons visceral-arch skeleton, but for the
sake of clearness and completeness it may not be amiss to
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repeat, in this connection, some points previously men-
tioned.

The membranous anterior hyoid or second visceral arch, at a
certain stage of development, presents, in its interior, the
dorsoventral ecartilaginous bar known as Reichert's carti-
lage. This is parallel with Meckel’s cartilage, and, like it, is
in contact by its dorzal or eranial end with the outer wall of
the auditory labyrinth. A shorter bar of cartilage appears
in the third visceral arch, which latter iz known also as the
posterior hyoid arch. Together, these two cartilaginons ele-
ments furnish the stapes of the middle ear and the hyoidean
apparatus, the latter consisting of the hyoid bone, the stylo-
hyoid ligaments, and the styloid processes. In man the

Fhyrofyal

Larynx

Fii. 170.—Hyoidean apparatus and larynx of dog,

hyoidean apparatus is somewhat rudimentary, but in the dog
and many other mammals it is present in its typical form
(Fig. 170).  In such animals the stylohyoid ligament of hu-
man anatomy is represented by a bone, the epihyal, the hyoid
bone being, therefore, connected with the skull by a series
of small bones articulated with each other. All the elements
of the hyoidean apparatus, save the body and the greater
cornua of the hyoid bone, are produced by Reichert’s carti-
lage ; the hyoid body, known in comparative anatomy as the
basihyal, and the greater cornua, or the thyrohyals, ossify
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from the cartilage of the third arch, the cartilage for the
body being a median unpaired segment known as the eopula.

Reichert's cartilage undergoes division into five segments.
The seegment at the cranial end, npon ossification, becomes
' This ossicle, by the elosing of the walls of the
tympanie cavity, is isolated from the other segments. The
second piece, the tympanohyal, ossifies to form the base of the
styloid process and ankyloses firmly with the temporal hone
at the point of junetion of the periotic portion of that bone
with its tympanie plate. The third portion, the stylohyal,
forms the lower part of the styloid process. It undergoes

the stapes.

ossification later than the tympanohyal and does not acquire
osseous union with it until the time of adult age. It some-
times remains separate throughout life. The fourth seg-
ment, the epihyal, does not even become eartilaginous in
man, but remains fibrous, constituting the stylohyoid liga-
ment.  In most mammals it ossifies, to form a distinet bone,
the epihyval. The ventral extremity of the cartilage of
Reichert, the ceratohyal, produces the lesser cornu of the
hyoid bone.

THE DEVELOPMENT OF THE APPENDICULAR SKELETON.

The upper and lower limbs articulate with the trunk
through the medium respectively of the pectoral and pelvie
girdles, the former being eonstituted by the seapula and the
clavicle, and the latter by the ossa innominata. As in the
case of the axial skeleton, the bones of the limbs in their
development pass successively through a membranous and a
cartilaginous stage.

The general development of the upper and lower extremi-
ties is deseribed in a later seetion. Az stated in that account,
each limb-bud is to be regarded as an outgrowth from several
primitive segments, the tissue eomposing the little bud-like
process subsequently differentiating into the muscular, carti-
laginous, and econncetive-tissne elements of the member.
The origin of each limb from more than one primitive seg-
ment has been established chiefly by embryological investi-

! See foot-note, page 105,
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gations upon the lower vertebrates, and is borne out by the
fact that each extremity receives its nerve-supply from a
series of spinal nerves instead of from the nerve-trunk of
any one segment,

The Development of the Pectoral and the Pelvic
Girdles.—The pectoral or shoulder girdle consists in its
arliest stage of a pair of ecurved bars of eartilage, each of

which iz made up of a dorsal limb occupying approximately
the position of the future spine of the seapula and approach-
ing but not touching the spinal column, and a ventral seg-
ment lying near the ventral surface of the trunk. At the
angle of union of the dorsal and ventral parts is a shallow
depression, an articular surface, which represents the point
of articulation with the future humerus.

The seapula iz developed, except its coracoid process,
from the dorsal part of the primitive shoulder-girdle. This
goon acquires a form resembling that of the adult seapula
with the infraspinous portion of the bone very much short-
ened. Oszification beginz at the neck of the scapula about
the eighth week, and in the third month extends into the
gpine. The ventral part of the cartilaginous shoulder-girdle
extends almost to the median line of the chest-wall. It
dividez into two diverging bars, the lower one of which
undergoes ossification in birds and in some other vertehrates
to form the conspicuous coracoid bone. In mammals, how-
ever, it aborts and gives rise to a smaller element, the
coracoid process of the scapula. At birth the human scapula
is but partially ossified, the coracoid process, the acromion,
the edges of the spine, the base, the inferior angle and
margins of the glenoid cavity being cartilaginous. The
coracoid process ossifies from a single center and acquires
osseous union with the body of the bone at about the age of
puberty. The acromion ossifies from two or three nuelei
and joins the spine between the twenty-second and twenty-
fifth years. Still other centers of ossification appear from
time to time. Thus there is an accessory center for the base
of the coracoid and the adjacent part of the glenoid eavity,
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and one at the inferior angle of the bone, from which latter
ossification extends along the vertebral border.

The elavicle does not develop from the primitive shoulder-
girdle, but is formed in membrane, for the most part, as a
dermal bone.  Its ossification begins in the sixth or seventh
week, before that of any other bone in the body. Subse-
quently, cartilaginous epiphyses are added, one at each end.
[t i= by means of the epiphyses that the bone grows in
length.

The cartilaginous pelvic girdle consists of a pair of earti-
lages, which are united with each other by their ventral
extremities, and each of’ which, by its dorsal end, is articu-
lated with the sacral region of the ecartilaginous spinal
column, At about the middle of each ecartilage, on its outer
surface, iz a depression representing the future acetabular
fossa. Anterior to the depression is a large aperture, the
thyroid foramen, the upper and lower boundaries of which
are respectively the pubic and ischiatic rods or bars, which
make up the ventral portion of the eartilage, while posterior
to the fossa is the iliac segment, which has a somewhat
irregular plate-like form. Ossifieation begins in the third
month, proceeding from three centers, one for each of the
three divizions of the innominate bone. At the time of
birth a large proportion of the original cartilage is still
present, the os pubis, the ischium, and the ilinm being sepa-
ated from each other up to the age of puberty by strips of
cartilage, The ischium and the pubes unite first, and later
acquire osscous union with the ilium. In addition to the
three primary centers of ossification, other and secondary
nuclei appear at a later date in the crest of the ilium, the
tuberosity of the ischinm, and in the various spines and
tubereles,

The skeleton of the free portions of each extremity, consist-
ing at first of a continuous mass or rod of partially metamor-
phozed 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 as to extent and order of appearance (see
page 580). Nuclei of chondrification now appear, one in
the center of each skeleton-piece, from which cartilage forma-
tion extends toward either end. The several v:u't-il;kginun_-;
elements thus produced present approximately the respective
forms of the future bones. The larger cartilages are present
in the upper extremity in a six weeks” embryo, but not until
somewhat later in the lower limb. All the bones of the
extremities are of endochondral origin.

The long bones develop in a fairly uniform manner. The
shatt or diaphysis ossifies from a single center, while the two
epiphyses each present several centers.  The centers for the
diaphyses appear at about the eighth week, ossification pro-
ceeding at such rate that at birth only the ends of the long
bones are cartilaginons, The centers for the epiphyses appear
at various times after birth, Osseous union between the
diaphysis and the epiphys=es does not oceur until the growth
in length of the bone is completed.  As the detailzs concern-
ing the time of appearance and the number of these eenters
are to be found in the text-books of anatomy, they are omitted
here.

" Each bone of the carpus and of the tarsus ossifies from a
single center, except the os caleis, which has two ossifie
nuelei.  The bones of the carpus are entirely cartilaginons at
birth, their ossification beginning in the first vear with the
appearance of a center in the scaphoid. The pisiform bone
is the last of the series to ossify, its ossification beginning in
the twelfth year.

The bones of the tarsus begin to ossify earlier than those of
the carpus.  The os caleis and the astragalus present osseous
nuelei in the sixth or seventh fetal month, and the cuboid
shortly before birth.  With these exceptions the tarsal bones
undergo ossification between the first and the fourth vears,

The metacarpal and the metatarsal bones and the phalanges
present each a center of ossification for the shaft and one
epiphyseal center. In the case of the phalanges and of the
metacarpal bone 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 is at the distal
end.! The ossification of the shaft beginz in the eighth or
ninth weel of fetal life ; of the epiphyses, not until several
years after birth. The development of the ungual or distal

phalanges—of the hand, at least—is peculiar in that the
ossification begins at the distal extremity, instead of in the

middle of the shaft.

THE DEVELOPMENT OF THE LIMBS.

The limbs of vertebrates develop from little bud-like
processes (Fig. 51) that spring from two lateral longitudinal
ridges, situated one on each side of the bodv. These ridges
are not exactly parallel with the median- plane of the body,
but converge somewhat toward that plane as they approach
the caudal end of the embryo. It results from this circum-
stance that the posterior limbs are placed closer together
than the anterior. In man, the limb-buds appear soon after
the third week. Each bud contains a basis of primitive con-
nective tissue contributed by several somites, as well as mus-
cular strueture, which is the offshoot from the muscle-plates
of a less number of primitive segments,

The assumption of the origin of each limb-bud from more
than one primitive segment is borne out by the nerve-supply
of the fully-formed limb, each extremity being innervated by
a number of spinal nerves (compare page 344). The con-
nective tissne of the limb-bud produces the bony struetures
of the limb, while the outgrowths from the muscle-plates
contribute their musculature.

In the fifth week each limb-bud becomes divided, by a
transverse groove, into two segments (Fig. 48, 12, 13), of
which the distal part becomes the hand or foot, while the
proximal portion very soon afterward divides into the
forearm and arm or leg and thigh. Even as early as the
thirty-second day, the digitation of the limb-buds—in the
case of the upper extremities—is indicated by four longi-
tudinal parallel lines or grooves on the distal extremity

I Quain’s Anatomy, 10th edition.
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of each (Fig. 48, 14). DBy the conversion of these grooves
into clefts, the fingers appear, in the sixth week, as separate
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 begin to separate, by the deepening of the
intervening clefts, from the fiftieth to the fifty-third day. By
the end of the eighth week, the fingers are perfectly formed,
with the exception of the nails. The nails have their beginning
in the seventh or eighth week, in little claw-like masses of epi-
dermal ecells, which are attached to the tips of the digits
instead of to the dorsal surfaces. Subsequent transformations
result in bringing the nail into its normal position on the
dorsal surface of the distal phalanx. The nails are well
formed by the fifth month, at which time the covering of
modified epidermal cells begins to disappear. The extremity
of the nail, however, does not break through so as to projeet
beyond the finger-tip until the seventh month. A more
complete account of the development of the nails will be
found in connection with the origin of the skin (page 247).
The Position of the Limbs.—The paddle-like limb-
buds at first project laterally almost at right angles with the
axis of the trunk. At this time the future dorsal surface of
each limb looks toward the back of the fetal bhody (dorsad),
the future flexor surface toward its anterior aspeet (ventrad),
while the first digits—the future thumb and great toe
consequently the rading and tibia, oceupy the side of the
member that is directed headward or cephalad, the future
little finger and fifth toe with the ulna and fibula looking
candad.  As the limbs enlarge and differentiate into their
respective segments, they apply themselves to the ventral
surface of the body, this change in position being facilitated
by the oceurrence of the future elbow- and knee-flexions,

and

which ecause the flexor surfaces of the forearm and leg, re-
spectively, to approach the corresponding surfaces of the
upper arm and thigh. At about the same time, the distal
segments, the hand and foot, become bent in the opposite
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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.

Maturation of ovum | X
in Graafian follicle, STAGE OF THE OVIIAL
Rupture of follicle. |
Entrance of ovum |
into oviduct, FiesT WEEK. SECOND WEEK. |
Fertilization. |
|
|q¢nq:al | Sgrmentation of fertilized | Ovum in uterus, enclosed
Characters. ovium (o form  moriala i decidua _:'1:1[1:1:1.
while passing along ovi- {!Ium‘::gu-r:u‘ll}‘ present,
duct to uterus. | marking stage of blastula.

Great increase in size,

Cells of inner cell-mass re- |
arranged to form  ento-
derm and ectoderm.

Outer cells become thin=—
cellz of Rauber.

Embryonal area.

Primitive streak.

Mezoderm.

Amnion-folds, Fantu i

Chorion and its villi (Fig.
=

Yolk-sac parily formed.

| Vascular Heart indicated as two tubes |
| System. in splanchnic mezoderm.

Yazcular system repre-
sented by vascular area
of yolk-sac, |

!
Digestive | Dral pit (12th or 1dth day).
yetem. Gut-tract partly scparated
| from volk-sae.
Respirato ' | _
8 aAtorTy |
- | —_ :
Genito-urinary | ,
Bystem. : [
| e
i Skin.
I
! i =
Hervous | Medullary plate (1th day).
| System.

Special Sense
: Organs.

Muscular
i System.

. Skeleton and
Limbs.

|
Naszal areas,

—_—

d83
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TaevLaTED CHRONOLOGY OF DEVELOPMERT (Continued ).

! ETAGE OF THE EMERYOD,
THIRD WEEK. FourTH WEEK.
General Body of embryo indicated. Marked flexion of body (21st
Characters. | Dorsal outline concave, to 2l day); gradual un-
Vitelline duet (215t day). coiling after Zd day,
| Amnion. | Visceral arches and yolk-sac
Zggmentation of paraxial | auain  greatest evelop-
mescderm beging. | ment (2=th day).
Vizceral arches and elefis | Somites well formed.
begin to appenr. | Well-marked tail (25th day),
Nasofrontal process. | Lining eells of colom begin
Allantoic stalk (Fig. 46). [ toflatten.
Inereased growth of allan-
! tois,
| Cephalie fexures.
Vascular Heart with single cavity Division of atrium begins.
System present, soon dividing inte | Completed conditionof vitel-
| atrium and ventricle. | line circulation.
Vitelline eirculation begun. | Allantoie vessels developing,
Viseeral-arch vessels begin |
to appear, |
Digestive | Gut-tract a straight tube con- | Alimentary canal presgents
System. | nected with yolk-sac by a |  pharynx, esophagus, stom-
| wide aperture. ach, and intestine. |
| Liver-evagination prezsent. Pancreas begun., . g
Oral pit a five-sided fossa, Liver-diverticulum divides,
| Anal plate. Bile-duets aequire lumina, |
Pharyngeal membrane
breaks down.
Respiratory | Pulmonary anlage as a longi- | Pulmonary anlage  bifur-
yatem. tudinal protrusion of ven- [ ecates, the two pouches

| Genito-urinary

| tral wall of esophagus, | being connected by a Eed-
afterward becoming a icle, the primitive trachen,
stalked =ac. | with the pharynx.

Wolffian bodies recognizable,

Eystem. .
[ I
8kin. Segmentation of paraxial | Somites or primitive seg-
mesoderm, ments.
| Cutiz-plate,
Nervous I Neural canal ; its cells show | Walls of cerchral vesicles |
System. differentiation into spon- | thicken. |
giohlasts and germ-cells. Ventral rools of spinal |
Fourth ventricle indicated. | mnerves.

'ﬁ'pacia.l Sense
Organs.

Muscular
Bystem,

Skeleton and
Limbs.

Fore-brain, mid-brain, and | Anterior lobe of hypophysis
hind-brain vesicles, soon |  begins.
dividing into five vesicles, |

e

| Auditory pit followed by otic | Otie vesicle with recessus |

| wvesicle Inbyrinthi.

| Ol factory plates, Naszal pits distinet. I

Optic vesicles begin. Optie  vesicle stalked and |

| Leng-vesicles, transformed into optic cup.

Bepmentation of paraxial | Somites or primitive seg-

| mesoderm. ments,

| Myotomes.

| Begmentation of paraxial | Somites or primitive sep-

| mesoderm. | ments.

Notochord. | Bkeletorenous  sheath  of
chaorda.

Limb-buds apparent {(about
| st day).
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TarvraTep CHRoNOLOGY OF DEVELOPMENT (Continued ).

STAGE OF THE FETUS.

FiFTH WEER.

BixTH WEEE. ‘

' I
Body shows dorsal eoncavity in noeck- |

nglcm.
Globular and lateral nasal processes. |
Lacrimal groove, |
Third and fourth gill-clefts disappear in |
sinus preecervicalis. i
Umbilieal eord longer and more spiral,
Umbilical vesicle begins to shrink.
Length of fetus 1 cm. (§ inch).

—

Nasofrontal, lateral nasal, and maxil-
lary processes unite.

Umhilical vesicle shrunken.

Ammnion larger.

FPrimitive aorta divides into aocrta and
pulmonary artery.

The only corpuscular elements of the
blood during the first month are the
primitive nueleated red blood-cells.

Yitelling eireulation atrophic and re-
placed by allantoic eirculation.

Intestine shows flexures, notably the
U-loop, inaugurating the distinetion |
between large and small bowel.

Anal pit.

First indieation of teeth in the form of
the dental shelf. 3

Bubmaxillary gland indicated by epi-
thelial outgrowth,

Imodenum well formed; emeum; rec-
tum {end of week).

Right and left bronehi divide into three
and two tubes respectively (5th to Tth
week),

Larynx indicated as dilatation of prox- |
imal end of trachea.

Arvtenoid cartilages indicated (though
not cartilaginousz).

Thyroid and thymus bodies begun.

Genital ridges appear on wall of body-
cavity and soon become the indiffer-
ent genital glands.

Duets of Milller appear.

Genital tuherfln-:, genital folds, and gen- |
ital ridge {(external genitals).

Epidermis preéent us- two layers of |
eellz, |

E‘;::lls of outisgﬂnte

iprn'!iferatu and grad- I
ually spread out |

weneath epidermis.

Ofactory lobe beging.
Arcunate and choroidal fissures on me-
gial surfaces of fore-brain vesicles.
Cells of central canal of cord ciliated.
Ril;igq-like thickening of roof of mid-
rain,

Membranes of brain and cord indicated. |
Pineal body begins.
Diorsal roots of spinal nerves. |
Zome tracts of spinal cord indicated,
and its lumen alters (Fig. 123). |
|
1

Semicirenlar eanals indicated. =3
Eves begin to move forward from side
of head.

| Semicircular canals.

Concha of external ear. |
Outer fibrons and middle vaseular tu- |

nics of eye. |
Eyelids .

Mandibles unite (35th day).

Meckel's eartilage.

Limb-buds segment.

Digitation indieated (324 day! for hand.

Lower jaw hegins to ozsify,

Clavicle begins to ossify.

Ribs begin to chondrify,

Bodies of vertebrae are cartilaginous,

Fingers as geparate ontgrowths,
| |

25
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Tapvrater CaroXoLocy oF DEvVELorMENT (Contivued ).

SEVENTH WEEK.

STAGE OF THE FETUS. |

EwurH WEEK.

General Fetal body and limbs well | Head more elevated (Fig, 54).
Characters. defined (Fig. 53). Free tail begins to disappear,
| Head less flexed, Subeutanecus lvinph-vessels
prezent.
| Cells lining the colom are
| true endothelinm.
Vascular Interventricular septum of
System. heart completed, the heart
now having four chambers,
| tther corpuscular elements
| added to blood during see-
ond month. |
Digestive Transverse enlom and de- | Parotid gland begins.
System. | seending colon indicated. | True endothelium lines the |
| body-cavity. |
Gall-Lladder  present (2
month).
| Anlage of spleen recogniz-
able (2d month).
Respiratory Median and lateral lobes of I Larynx beging to chondrify,
| yatem. thyroid unite. | Formation of follicles of
thymus,
Genito-urinary Maximum development of | Millerian ducts nnite with
System. Wollian body. | eachother, Genital groove,
Bladder present as spindle-
shaped dilatation of allan-
| ilois
| | SEnprarenal bodies recogniz-
| bl
Skin Nails indicated by elaw-like | Corlum indicated as a layer
masses of epithelinvm on| of Spindle-cells beneath
dorsal surfaces of digits, epidermis.  Development
i of mammary glands begun.
| - . A e e e
Hervous Fore-brain vesicles inerease | Svmpathetic nerves diseern-
BYS in size tIi:e-'|:|r|::}mrl.iﬂnut-el11.-_ ible,

Cerebellum indicated.

sna_c!;.l _é.anua
Organs.

Muscular
Bystem,

Skeleton and
Limhbsg.

External mnose  definitely
formed (Fiz, 155).

Lens-capsule.

Palpelbral conjunctiva sepa- |
rates from cornea. |

nizable, though not having

| a8 yet the characters of
musgcular tissue. |

Ossific centers for vertebral
arches and for vertebral |
bodies; ossific centers for |
frontal bone and for sgua- |
TOERA.

Membranous primordial cra-
nium begins to chondrifly.

| Claw-like anlages of nails.

Museles begin to be recos- |

Ribs hegin to chondrify. Cen-
ters of ossification of basi-
sphenoid, of greater wings,
of mnasal and lacrimal
bones, of malar, vomer, pal-
ate, neck of seapula, diaph-
yues of long bones and of
metacarpal bones. Fingers
perfeetly formed. Toes be-
gln to separate (53d day).
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NiNTH WEEK.

ETAGE OF THE

FETUZ.

THIERD MONTH.

Weight, 15 to 30 grams ; lemgth, 25 to 30
m. (1 to 1§ inches).

Hard palate completed.

Free tail has disappeared.

Differentiation of lyvmph-nodes heginsg
(0. Bchultze). Cloaca divided.

Weight (end of month), 4 ounces; length,
27 inches.

| At first chorion leve and chorion fron-

dosum  present; later, formation of |

placenta (see frontispicee).

—

Pericardinom iudﬁ:;i'..nid._.

Placental gystem of '.rc;sels.
Blood-vessels penetrate spleen.

—

Anal canal formed by division of cloaca.

Epiglottis,

Mouth-cavity divided from nose (end of
month),  Soft palate completed (11th
week), Papille of tongue. Evagina-
tion for tonzil. Intestine begins to re-
cede within abdomen (10th week). Ro-
tation of stomach. Vermiform appen-
dix as asglender tube. Omental bursa.
Gastric glands and glands and villi of
intestine fairly well formed (10th
week), Liver very large. Peritoneum
has itz adult histological characters,

External genitals begin to show dis-
tinetions of sex,

Ovary and testiz distinguishable from
each other,

Kidney has itz characteristic features,

Urogenital sinus acquires its own aper-
ture by division of cloaca,

| Union of testis with canals of Wolftian |
| _body complete. .
| Testes in false pelvis,

' Owvaries deseend.

| Prostate begun (12th week).

| Corinm proper present as distinet layer.
| Nails Hok quite perfectly formed,

Beginning of development of hair as
solid ingrowths of epithelinm,.

Corpus striatum indicated,
Corpora gquadrigemina represented by
two elevations on mid-brain roof,

Cerebrum covers inter-brain. Fornix
and corpus callosum begun. Fissure
of Sylvins. Calearine fissure. Crura
cercbrl. Restiform bodies. Pons,

External ear indicated (Fig. 154).
Ciliary processes indicated.

f

Eyes nearly in normal position,
elids begin to adhere to each other.

Centers of ossification of presphenoid,
of lesser wings of sphenoid, and of
shafts of metatarsal bones.

Beginning ossification of occipital bone,
of tympanic, of spine of scapula, of
o8 innominata,

| Cartilaginons arches of vertebrae close.
| Limhs have definite shape ; nails almost
perfoctly formad.
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TABULATED

CHRONOLOGY OF DEVELOPMENT (Confinued ).

STAGE OF THE FETUS.

FourTH MoNTH. Frrra MoxTH.
General | Weight, 73 ounces; length, 5 | Weight, 1 1b.; length, 8 in.
Characters. inches. Aetive fetal movements be-
Head constitutes about one- | gin. Two layers of decidua |
quarter of entire body. coalesee, obliterating the
space between vera and re-
flexa. Lymphatic glands
begin to appear. J
Vascular I Heart very large.
| Bystem. )
Digestive Enamel and dentine of milk- | 2alivary glands acquire lu-
yatem. teeth. Germs of permanent | mina.
teeth (17th wk); (for1st mo- | Villi of large intestine begin
lar, 16th wki. Muscularis | to disappear.
{longitudinal and eircular) | Liver very large.
of stomach and esophagus, | Meconium shows traces of
Intestine entirely within bile {zometimes early in
abdomen. Acid cells of | fourth month),
Er.-]:tje glands. Malpighian |
odies of spleen,  Anal
membrane disappears. |
.Eanspiratury Cells of tracheal and bron- |
yshem. chial mueous membrane |
| ciliated. |
Genito-urinary Zexual distinetions of exter- | Distinetion between uterus
Bystem. nal organs well marked. and vagina.
Closure of genital furrow. | Hymen begins.
Zerotum.  Prepuce. Pros- |
[ tote well formed. !
[ — BT i S
| 8kin. | Papille of corinm. Subeunta- | Panniculuzg adiposns,
necus fat first appears, La- | Lanugo more abundant.
nugo or embryonal down  Sebaccouz and sweat-glands
on =calp and some other | begin.
parts.
Nervous Parieto-oecipital fissure, Fizzgure of Rolando, Body of
System. Corpora albicantia. fornix and corp. eallosum.
Trangversge fibers of pons. Longitudinal fibers in ero-
Middle peduncles and chief racerchri. BEuperior pedun-
figgures of cerchellum, | eles, Anterior pyramids of
Spinal cord ends at end of medulla. Chiefl transverse
COCey X. fisgures of lateral lobes of

Depozit of myelin on fibers cerebellum. IhaFmitufm}'-
of posterior roots, extend- elin eompleted for tract of
ing to Burdach and Goll. Goll and later of Burdach

and for short commissural

fibers (Tourneax).

Special Sense

Eyelids and nostrilz closed, | Organ of Corti indicated.

Organs. Cartilage of Enstachian tube,

Musgcular Differentiation of muscular
Bystem, tizsue of arms,

Bkeleton and Osseons eenter for internal | Dasification of stapes and pe-
Limbas. pterygoid plate. trosa. Opisthotie and pro-

Antrum of Highmore begins, | otie appear.  Ossification
Osifieation of malleus and berins in middle and infe-

ineus. rior turhinals and lateral
Tympanie ring. masses of ethmoid, Inter-
nal pteryeaid plate fuses
with external. Intermax-
| illarics fuse with maxilla.
| Legs longer than Arms.
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TABULATED CHROXOLOGY OF DEVELOPMERT (Confinued ).

SETAGE OF THE FETU=.

S1xTH MoxTH. SEVENTH MONTH.

— e —— —— - - —— e — |
Wedight, 2 pounds: length, 12 inches. Weight, 3 pounds ; length, 14 inches. I
Vernix caseosa begins to appear. Eurface less wrinkled owing to increase
Amnion reaches maximum size ; amni- of fat.

otic fluid of maximum gquantity. |

| Pever's patches. Meconium in large intestine.
| Trypsin in pancreatic secretion (fifth | Ascending colon I-mrtl:. formed.
| or sixth month). | Ceum below right Kidney,

Air-vesicles of lungs begin to appear.

Walls of uterus thicken, Testes at internal rings or in inguinal |
canals,

Vernix cazeosa begins to appear. Epithelial buds I‘nr sehncenus glands ac-

Eyebrows and eyelashes begin. quire lomina. Branching of eords nf
milk-glands. Eponychinm of nails
lost: nails =aid to break thmugh

I.nuugn over entire body.

Collateral and calloso-marginal ﬁssures Fumhml cmwnlutmns more apparent.
Body of fornix and corpus callosum | Corporna :}uadrim:-m TA.
t

complete. Myelination of fibers of direct cerebellar |
Hemispheres of cerebrum cover mid- tracts. (Crossed pyramidal tracts not
hrain. until after birth.}
Lobule of ear more characteristic, | Lens- -capsule hﬂfzins to acquire trans- |
ids permanently open,

| arency. Eyc
| F‘uplllﬂ.'r_'. membrane atrophies.

| mﬂ‘ureulmtinn nl muscular tissue of
| i lower extmmit:es

I.csser wings umte with presphenoid. Enmsphenmd and presphenoid unltc- '
Meckel's cartilage begins to retrograde. {7th or §th month].
Ossific nuelei of os caleis and astragalus,
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TABULATED CHRONOLOGY OF DEVELOPMEST (Coneluded ).

SETAGE OF THE FETUS.
Ewintan MoxTH. NinTH MoONTH.
General Weight, 4 to 5 pounds ; length, l Weight, 6 to 7 pounds; length,
Characters. 16 inches, | _20inches.
Body more plump. Umbilicus almost exactly in
middle of body,
Vascular
System.
Digestive Ascending colon longer. Meconium dark greenish.
yatem. Cacum below erest of ilinm.,
|
e— -!
Respiratory
yaetem. |
|
. — —
| Genito-urinary Testes in inguinal canals, Testes in serotum,
| E.}I'ﬂt.em. Labinx majora in contact, |
Skin, Vernix caseosa covers entire | Lanugo almost entirely ab- |,
by, sent.
Skin Brighter color Galactopherous  ducts  of
Lanugo beging to disappear. | milk-glands  aeguire  lu- |
Nails project beyvond finger-|  mina.
tips.
]m'll'umit: of  subcutaneols |'
fat, |
Nervous Epinal cord ends at last lom- |
System. bar vertebra, :
k ek 2 i
Special Sense Ossification of bony lamina
Organs. apiralizs and of modiolus.
Neuro-epithelial layer of re-
tina completed; macula
gtill absent.
Choroidal fissure closes,
Muscular
Bystem.
Skeleton and Oesification in lower epiph-
Limbsa. yais of fomur, sometimes
alzn in upper epiphyses of
tibin and humerns.
Tympanochyal begins to os-
sify. |
Ossific nuelei for body and |

great horn of hyoid hone.

|




INDEX.

ABDOMINAL cavity, development of, | Ampullae, seminal, 223

195
Accessory thyroid, 209
Acetabular fossa, 375
Achoria, 54
Achromatin, 25
Agid eells, formation of, 159
Acoustic ganglion, 207
Acusticofacial ganglion, 297
Adamantoblasts, 127
Adenoid tissue, development of, 117
Adipose tissue, formation of, 115
After-birth, 93
After-brain, 263
Age of fetus, estimation of, 112
Air-chamhber of hen's egr, 27
Air-zacs, development of, 207
Alm of nose, development of, 333
Allantoic arteries, 21, 148
circulation, 51
formation of, 1435
stallk, 76
veins, 81, 143
Allantois, 80, 173, 232
function of, 52
respiratory funetion of, 183
Alar lamina, 266
Alecithal ova, 24
Alimentary canal,
165
differentiation into separate re-
gions, 180
histological alterations in, 188
tract. alteration in position
parts, 155
increase in length of, 184
Alveoli, punlmonary, development of,
207
Amelohlasts, 127
Amnion, 73, 74
false, 73
of man, 76
Amnion-fold, 72, 73. 75
Amniota, 75
Amniotic cavity, 76, 77
flnid, 76, 77
function of, 77
suture, 7o
Amphibians, hlastula of 46
Amphioxus, blastula of, 45
skeletal apparatus of, 347
Ampulle of semicirenlar canals, de-
velopment of, 324

develepment of,

of

Anal canal, 233
membrane, 178
plate, 178
Apamnia, 75
Animal pole, 25
Animalenlists, 18
Anlage, 1549
Annpular sinus, 163
Anomalons arrangements of aortic
arch, 152
Anterior chamber of eye, 318
nares, development of, 134, 336
pryramidal tracts of medulla, devel-
opment of, 266
Antitragus, formation of, 5333
Antrnm of Highmore, development
of, 337
Anus, development of, 173
imperforate, 150
Aorta, candal, 150
development of, 144
primitive, 137, 150
Aortic arch, anomalous arrangements
af, 152
arches, 149
Appendages of skin, 247
Appendicular skeleton, 347
development of, 376
Aquedunet of Sylvins, development of,
271
Arch, hywoid, 105
mandibular, 103
maxillary, 102
of aorta, development of, 152
Archenteron, 47, 49
Arches, aortic, 149
branchial, 102
mandibular, 123
visceral, 100

| Arch ihlast, 58

Arcuate fizsure, 282, 283
Area, cnbryonal, 50

glandular, 251

opaca, 51

pellucida, 51

vascnlosa, 51, 79, 136
Areas, nasal, 133, 334
Areola, development of, 25

[ Areolar tissue, development of, 114

Arrectores pilorum, 246
Arteria centralis retinge, development
of, 311

391
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Arterial system, fetal, 149
Arteries, allantoic, 148
umbilieal, 91, 149
vitelline, 137
Artery, carotid, common, develop-
ment of, 151
external, development of, 151
internal, development of, 151
innominate, development of, 152
middle sacral, development of, 150
pulmonary, development of, 152
aubelavian, lelt, development of),
152
right, development of, 151
superior vesical, 166
Arytenoid cartilages, development of,
20T
Ascending colon, formation of, 156
mesocolon, formation of, 186
root of fifth nerve, 206
root of vazus, 266
Aster, 41
Atlas, formation of, 355
Atresia of pupil, 314
Atrioventricular canal, 141
valves, 142
Atrophic tubules of Wolilian body,
216
Attraction-sphere, 41
Auditory apparatus, development of,
21
meatus, external, formation of, 332
nerve, formation of, 207
nuclens, lateral accessory, 207
pit, 322
Auricle, development of, 3533
Aurieles, division into right and left,
142
Auricular appendages, 144
canal, 141
Aurienloventricular apertures, 145
valves, 146G
Axial fiber of spermatozoin, 20
skeleton, 347
development of, 348
Axis, development of, 354
Axis-evlinder process, 260

Bawrnoris, glands of, 237
Basal sanglin, 279, 280

lamina. 266

plate, 91
Basi-oecipital bone, 364
Bazisphenoid, 368
Belly-stalk, 76
Bifid uteras, 20
Bile-capillaries, formation of, 192
Bile-ducts, formation of, 192
Bladder, development of, 232
Blastopore, 47
Blastula, stage of, 45
Blood, development of, 115, 135
Blood-eorpuscles, red, primitive, 136
Elood-islands, of Pander, 135
“ Blue baby,” 143

INDEX.

| Bodies, polar, 31
Body of vertehra, formation of, 352
Body-cavity, 5b, 58, 197
Body-wall, development of muscles
of, 343
formation of, T1
Bony coclilea, development of, 327
labyrinth, development of, 326
semicircular canals, 327
Bowman, eapsule of, 216, 217
Brain, development of, 262
Brain-case, 355
Brain-membranes,
P
Brain-vesicles, 2632
derivatives of, 282
| Branchial arches, 102
development of, 544
Bridze of nose, development of, 338
Brunner, zlands of, 1549
Bulbuz arteriosns, 142
vestibuli, 237
Burdach, tract of, myelination of, 388
Bursa, omental, 157, 200
pharyngeal, 124

development  of,

| Bursal sacs, development of, 115

Capvcors membrancs, 55
Cieenm, develpment of, 185, 186
Calear avis, 284
“alearine fissure, 270, 284
Callogomarginal fizsnre, 285
Calyees of kidney, formation of, 213
| Canal, anal, 233
atrioventrienlar, 141
[ anricalar, 141
hvaloid, 315
medullary, 62
neunral, G2, 255, 257
neurenteric, 66, 257
of anus, 150
of His, 133, 203
of Nuck, 232
of Stilling, 315
[ Canaliculi, lacrimal, development of,
L
. Canalis renniens, 324
| Capsule of Bowman, 216, 217
Cardinal veins, 148, 154
Carotid artery, common, development
of, 151
external, development of, 151
internal, development of, 151
Carpus, development of hones of, 378
Cartilage, formation of, 115
Meckel's, 105, 372
Reichert’s, 105
Cartilage-cells, 115
| Cartilaginous capsule of cochlea, 328
craninm, 360
ear-capsnle, 326
rihs, 356
sheath of spinal cord, 353
stage of skeleton, 3458
! of trunk skeleton, 351
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Caudal aorta, 150
Cavity, amniotic, 76
plenroperitoneal, 58
segmentation, 45
Cell-mass, inner, 45
intermediate, 69
outer, 45
Cells, sexual, 29
mesenchymal, 53
Cementum of tooth, 125
development of, 1249
Central canal of cord, formation of,
262
lohe, formation of, 251
Centrolecithal ova, 25
Centrosome, 41
Cephalic flexare, 100, 264
ganglia, development of, 296
Ceratohyal, 376
Cerebellum, development of, 265
Cerebral fissures, development of, 275
vesicles, 262, 263
Cernminons glands, 250
Cervieal fistula, 105
flexure, 100
rib, 354, 357
Chalazse, 27
Chambers of eyve, 318
Chorda dorsalis, 653
formation of, 348
stage of, 348
Chordae tendines, 146
Chordal epithelinm, 349
plate, G
region of primitive skull, 361
Choriata, 54
Choriocapillaris, 316
Chorion, &2
frondosum,
leve, 83
primitive, 82
true, 52
Choroid, coloboma of, 316
development of, 316
fissure, 252, 253
plexus, 254
plexuses of fourth ventricle, 267
Choroidal fissnre, 306, 316
Chromatin substance, 25
Cieatricula, 26
Ciliary hady, development of, 316
ganglhion, 296
muzcle, development of, 316
processes, development of, 300, 316
Cirenlation, allantoic, 145
placental, 135
portal, 161
vitelline, formation of, 135
Claustrum, 2790
Clavicle, development of, 378
Cleavage, kinds of, 43
of ovam, 41
partial discoidal, 44
peripheral, 44
total equal, 43

cHi]
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| Cleavage, total unequal, 43
Cleavage-cavity, 45
| Cleavage-nneleus, 39
Cleavame-planes, 42
Cleft palate, formation of, 125
sternun, 357
cause of, 74
uvula, formation of, 125
[ Cledts, visceral, 100
CChmacterie, 55
[ Clitoris, development of, 235, 236
Cloaca, 173, 179, 233
Cloaeal depression, 180, 233
Closing membrane, 100, 105, 177
Coceygeal eurve, 1040
vertebrm, ossification of, 356
Cochlea, bony, development of, 327
Cochlear duet, formation of, 323
ganglion, 297
nerve, 429
Cioelenteron, 47, 49
Ceelom, 55, 58, 197
Collateral fissure, 279, 284
Coloboma of choroid, 316
of iris, 318
Colon, azcending, formation of, 186
deseending, formation of, 184, 186
transverse, formation of, 126
Colummng carnca, 140
Commizsures of brain, development
of, 270
of cord, white, 260
Conarinm, 274
modifications of, 274
Cone-visual cells, 307
Congenital atresia of pupil, 314
diaphragmatic hernia, 161
fecal fistula, 190
hernia, 226
umbilical hernia, 153
Coni vasculosi, formation of, 223
| Connective tissues, development of,
115
| Constructive
eycle, 35
| Copula of hyoid bone, 363
| Coracoid bone, 377
process of seapula, 377
| Cord, spinal, development of, 257
umbilical, 91
! Cords of eells, 135
| Corinm, development of, 245
| Cornea, development of, 315
Corona radiata, 23, 20
Coronary ligament, 193
of liver, 202
sinus of heart, 156
valve, 144
| Corpora albicantia, 272
higemina, 271
cavernosa, formation of, 238
quadrigeminag, 271
Corpus callosnm, formation of, 285,
SE T
hemorrhagicum, 33

stage of menstural
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Corpus luteum of, pregnancy, 33, 34 | Development during third month, 109
falze, 34 | during third weelk, 106
of menstruation, 54 length of time necessary for, 18
true, 34 [ tabulated chrmmlw,:,r of, 353
spongiosnm, formation of, 239 | theories of, 17
striatum, 279 | Diaphragm, development of, 161
Corpuscle of Hassal, 210, 211 Diaphragmatic hernia, congenital,
Corti, organ of, 325 | 161
Costal process of vertebra, formation | ligament, 225

of, 352, 356 ,Ih;,a..btu(, system, development of,
Cotyledons of |}|:|l{'{*.tltﬁ, B3 168, '31"-'1-1'—3“4.?
Covering bones, 359 Digitation of limb-huads, 380
Cowper, glands of, 239 | Diphyodont, 125
Cranial capsale, 355 [ Direct cerebellar tract, myelination
nerve-fibers, development of, 206 | of, 385
Craninm, cartilaginors, 360 | Diseoidal cleavage, mrtial, 44
membranons, 359 | Disens proligerns, 29, 22
osseons, 363 Disk, germinative, 26
Cristse acnsticm, 325 Dorzal cnrve, 100
Crossed pyramidal tract, myelination mesentery, 173
of, 339 Donble monster, origin of, 51
Crura cerebri, development of, 270 uterns, 250
Crusta petrosa, 129 Duct of Covier, 145, 154, 160
Cryptorchism, 226 mesonephric, 214
Crystalline lens, development of, 312 of Gartner, 231
Cutis-plate, 69, 245, 341 of Miiller, 220, 224, 230, 242
Cuavier, duet of, 145, 154, 160 of Rathke, 3‘3,.'5
Cystie duaet, development of, 192 | promephrie, 212
|  segmental, 213
DAUGHTER-CELLS, 22 thyroglossal, 133, 208
Daughter-wreaths, 41 t]nr-rrld, 205
Decidna menstrualis, 56, 84 | witelline, 72, 78, 169
of pregnancy, =G Waoltlian, 214
reflexa, BG Dinetus Arantii, 164
gerotina, 856 communis choledochus, formation
vera, B of, 192
| T |{I:1m ] endolymphaticns, 323
Dendrits, 260 venosus, 21, 164
Dental groove, 126 Duodenum, formation of, 199
papilla, 127, 128
processes, 120 EAr, external, development of, 331,
ridge, 125 | 333
shelf, 185 | internal, development of, 321
Dentale, 374 middle, development of, 331
Dentate fissare, 279, 253 Ear-eapsule, eartilaginons, 326
Dentinal fibers, 128 Ectoderm, 47, 48
tubules, 129 derivatives of, 59
Dentine, 125 | Egg, ultimate ::r:giu of, 20
Dermal hones, 359 Egg-columns, 20, 227
navel, 74 | Egg-envelopes, 23
Diegeending colon, formation of, 186 Egg-plazm, 24
Deaeent of testicles, 235 Egg-tubes, primary, 29
Destruetive stage of menstrual cyvele, | Eighth month, development during,
26 | 111, 390
Dentoplasm of hen's egg, 26 | pair ecranial nerves, development
of ovum, 24 of, 209
Development during eighth month, week, development during, 108, 336
111 Ejaculatory duct, formation of, 224
during eighth weelk, 108 Elastic ‘ti.ﬂﬁl.l{r. formation of, 114
during fifth month, 111 Eleventh pair cranial nerves, devel-
during fifth week, 107 opment of, 300
during ninth month, 117 Emhnn, differentiation of, 61
during second month, 106 | of eight-and-a-half weeks, 110
during seventh month, 111 of fifteenth day, 97

during sixth month, 111 i of six weeks, 107
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Embryo of thirteenth day, 96
of three weeks, 101
of twenty-eight days, 104
segmentation of body of, 69
stage of, 19, 96
Embryology, defined, 17
Embryonal area, 50
down, 250
Embryonic crescent, 51
Eminentia collateralis, 255
Enamel of milk teeth, formation of,
125
of tecth, 125
Enamel-cellz, 127
Enamel-germ, primitive, 126
Euﬂ.l!]l'il;fftrrﬂla of permanent teeth,
Pl
Enamel-prisms, 127
Enamel-zac, 126
Endocardium, 140
Endochondral bones, 359
Endolvmph, 331
Endoskeleton, 347
Endothelinm, formation of, 58, 115
Enterocoel, 55
Entoderm, 47, 48
derivatives of, 59
Epencephalon, 263
Ependyma, 256
Ependymal layer, 260
Epiblast, 47
Epidermis, development of, 2
formation of; 223
head of, 223
Epigencsis, doctrine of, 18
Epihyal, 376
Epiotic center of ossification, 366
Epithelinm, germinal, 27, 249, 221
Epitrichium, 246
Eponychinm, 2458
Epoophoron, 231
Ethmoid bone, ossification of, 369
cribriform plate of, 362

245, 246

Ethmoidal sinus, development of, 337

Eustachian tube, development of, 331,
formation of, 177
valve, 144
Evertebral region of primitive skull,
a6l
Exoccipitals, 364
Exoskeleton, 347
Exstrophy of bladder, eause of, 74
External anditory meatus, formation
of, 332
ear, development of, 331, 333
fertilization, 33
renitals, female, 236, 243
male, 237, 244
organs of generation, 234
Ewve, development of, ‘I_.,, a0
Eyelashes, deve lopment of, 319
Exvelid, third, 319
Eyelids, development of, 318
primitive, 122
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| FAcE, development of, 106, 118
Facial ganglion, 207
Faleiform ligament of liver,
tion of, 193
lohe, 285, 258
Fallopian tubes, development of, 230
False amnion, 73
| Falx cerebri, 275
Fecal fistula, eongenital, 190
Female external senitals, 236, 243
internal genital OTgans, 226
pronuelens, 32
sexnal system, 243
Fertilization, 35
| external, 35
internal, 38
| Fetal arterial svstem, 149
membranes, condition of at birth,
93
vaseular system, final stage of, 165
venons syvstem, 153
Fetus, length of, at term, 112
stage of, 20, 106
weight of at term, 111
Fiber-tracts of cord, development of,
261
myelination of, 388, 289
Fibrillm of musele, formation of, 342
Fibrous tunic of eye, development of,
315
brain-vesicle, metamorphosis
of, 264
month, development during,
388
pair cranial nerves, development
of, 200
ventricle, 258
week, :1< u lopment during, 385
| Fimbria, 285
Fingers, development of, 381
I':n‘il:- pair eranial nerves, develop-
ment of, 200
week, development during, 393
Fis.f-'uum, arcnate, 282, 283
calcarine, 279, *2::1
calloso-marginal, 285
choroid, 252, 283
n;-.}mnnidnl,, 06
collateral, 279, 284
-c'h,n.l_..l.lt 2R3
. great transv ur:ﬂ-. 220, 284
| hippocampal, 283
of choroid plexns, 2583
of Rolando, 254
of Svlvins, 279, 280
parieto-occipital, 284
Fissures, cercbral, development of,
278, 279
median of cord, 261
Fistula, congenital fecal, 190
umbilical urinary, 233
Flexure, cephalic, 264
nuchal, 264
pontal, 264

Floor-plate, 257,

forma-

Fifth

111,
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Fold, plenropericardial, 160
Folds, medullary, 64
Follicle, Gruafian, 27

of tooth, 129
Foramen cecum, 133, 208

commiine anterius, 2=2

of Monre, 277, 282

of Winslow, 203

ovale, 143
Fore-brain, 262, 278

secondary, 263

vesicle, 63

:m:t:nlmrphnﬁis of, 278

Foregut, 73
Formative yolk, 24
Fornix, formation of, 285, 286
Foszsiu of Sylvius, 250

oral, 175
Fourth month, development during,

110, 388
pair eranial nerves, development
of, 299
ventricle, 267
development of, 265, 270

weelk, development during, 354
Fretum Halleri, 142
Frontal bone, ossification of, 370

lobe, 282

sinuses, development of, 337
Funicolus solitarius, 2606

(GALL-BLADDER, development of, 192
Ganglia, cephalie, 206
spinal, 203
Gangliated cord of the sympathetic,
301
Ganglion, acoustie, 2097
acusticolacial, 207
cephalic, fourth, 207
third, 297
eiliary, 206
cochlear, 207
facial, 207
(Fazserian, 3906
ophthalmic, 206
spirale, 326
trigeminal, 207
vestibular, 326
Ganglion-cell layer, development of,
309
Gartner, duct of, 231
Giasserian ganglion, 206
Gastral mesoderm, 55
Giastrohepatic omentum, 192, 202
formation of, 188
Giastrosplenic omentum, 185
(astrula, 47
mammalian, 48
stage, 47
GGenerative organs, external, develop-
ment of, 254
internal, development of, 220
Genital cord, 220
eminence, 235
in male, 235

INDFEX,

Genital folds, 235
in female, 236
in male, 2349
gland, indifferent, 240
Eroove, 235
ridge, 220, 233
in female, 257
ridges, 29
Genito-urinary system, development
of, 212, 353-390
(Ferm-eells, Xl
Germ-disk, 25
Germ-layers, 47
derivatives of, 58
Germinal epithelinm, 27, 20, 221
spot, 23, 25
vesicle, 25, 25
Germinative disk, 26
Giiraldés, organ of, 224

| Glands of alimentary tract, forma-

1

|
|

tion of, 1=9
of Bartholin, 237
of Brunner, development of, 189
of Cowper, developament of, 230
of intestine, development of, 180
of Licherkithn, development of,
159
of Moll, 250
of stomach, development of, 159
Glandular area, 251
hypospadias, 239
Glans clitoridis, formation of, 235
penis, formation of, 235, 238

| (Flazerian fissure, 367, 373
| Globular processes, 107, 120, 334

Glomernlus of kidney, 213, 216, 217
Goll, tract of, myelination of, 358
Graafian follicle, 27
development of, 228
formation of new, 229
Gray matter of brain, formation of,
275
of medulla, development of, 206
Great omentum, lormation of, 157,
201
Groove, dental, 126
lacrimal, 107
medullary, 63
naso-optic, 320
primitive, 2
pulmonary, 205
transverse erescentie, 372
Gubernaenluom testis, 295
Gum, development of, 124
Gut, postanal, 179
Gut-tract, 72, 73, 169, 171
Gyrus fornicatus, 201
uncinatus, 2491

Harw, development of, 248
Hair-bulh, 248
development of, 249
Hair-follicle, 248
development of, 249, 250
Hair-germs, 249
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Hard palate, development of, 371
Hare-lip, 123, 371
Hazzal, corpuscles of, 210, 211
Head, muszcles of, development of,
343
of epididymis, 223
of spermatozoon, 20
Head-fold, 72
of amnion, 72, 7o
Head-gut, 171
Head-kidney, 212
Head-process of primitive streak, 54,
2

Head-segments, 340
Head-skeleton, development of, 358
Hlm.rt.II development of, 135
ll:l.'.':t[ﬂ;::*"phﬂﬁiﬁﬂfﬁillgiﬁ: intodonhle,
142
valves, development of, 144
Helix, formation of, 333
Hemal arch, formation of, 352
Hen's egg, deseription of, 25
Hensen's node, 54
Hepatic eylinders, 192
vein, development of, 164
Hermaphroditism, 239, 244
Hernia, congenital, 226
nmbilical, 125
Highmore, antrum of, development
of, 3306
Hilum folliculi, 29
Hind-brain, 262, 268
gecondary, 4
vesicle, 65, 263
Hindgut, 73, 171
Hippocampal fissnre, 283
Hippoeampus major, 283
minaor, 234
Hiz, canal of, 153, 205
Haoloblastic ova, 43
Homogeneons twins, origin of, 51
Homologies of the sexaal system, 240
Hyaloid artery, formation of, 314
canal, 315
membrane, formation of, 315
Hydatid of Morgagni, 224
geadile, 224
stalked, 224
unstalked, 224
Hydramnios, 7%
Hymen, formation of, 237
Hyoglossus, origin of, 345
Hywoid arch, anterior, 363
posterior, 363
arches, 105
har, 363
bone, development of, 363, 375
Hyoidean apparatus, 375
Hyvomaundibular eleft, 105
Hypoblast, 47
Hypochordal brace, 351
Hypophysis, 276
formation of, 123
Hypospadias, 254
glandular, 239
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| ILTAC segment of pelvie girdle, 378
vein, left common, development of]
156
| Imperforate anus, 180
Inens, development of, 362, 373
Indifferent genital gland, 242
sexual gland, 221
Inferior medullary velom, 268
peduncles of brain, 266
Infundibula of lnngs, development of,
2007
Infundibulum of brain, 272, 276
Inguinal ligament, 225
in female, 231
Inner cell-mass, 45
IIllmlulil'litlu artery, development of,
a2
| Inter-brain, 263, 272
vesicle, metamorphosis of, 272
Intermaxillary bones, formation of,
124, 471
ITntermedial cell-mass, 69, 341
| Internal ear, development of, 321
fertilization, 38
lateral lignment of lower jaw, 374
limiting membrane of spinal cord,
204
Interpallial fissure, 27¢
Intervertebral disks, development of]
b+
formation of, 351
ligament, development of, 352, 353
Intestinal canal, formation of, 71
glands, development of, 185
mesentery, 198
mucosa, formation of, 172
villi, formation of, 159
portals, 73, 169
Intestine, small, development of, 185,
152
Intestino-body cavity, 47
Intumeseentia ganglioformis, 326
Illwlligltur}' muscle, development of,
adb
Iris, coloboma of, 318
development of, 317
Izchiatic rod, 378
Izland of Reil, 251

Jacorzox's organ, development of
ndnk il

Jaw, upper, development of, 122

Jaw-arch, 103

Jelly of Wharton, 952

Joint-cavities, development of, 117

Jugular vein, primitive, 145, 154
transverse, 1ot

EKipxweEy, development of, 212

LARBTA majora, 237
minora, formation of, 237
Labyrinth, bony, development of, 326
membranous, development of, 321
Lacrimal bones, ossification of, 370
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Lacrimal canaliculi, development of,
320
carunele, 3189
duct, development of, 320
gland, development of, 319
groove, 107, 120
sae, development of, 321
Lamina cinerea, 272, 275
yuadrigemina, 271
spiraliz, bony, development of, 330
terminalis, 285
Lanugo, 250
Larvax, development of, 207
Latebra, 27
Lateral cartilage of nose, 369
folds of amnion, 72
frontal processes, 107, 120, 122
in formation of nose, 134
ligaments of liver, 193
nasal process, 320, 354
plate of mesoderm, 57
plate of somite, 55
ventricle, development of, 279
Length of fetus at term, 112
Lens, crystalline, development
512
Lens-area, 304
Lens-capsule, development of, 313
Lens-pit, 512
Lens-vesicle, 98, 122, 304, 312
Lenticular zone of optic cap, 300
Liesser omentonm, 502
formation of, 188
Levator palati, origin of, 345
Lids, union of edges of, 319
Licherkithn, slands of, 159
Ligament of ovary, 212
Lizaments of liver, formation of, 192
Ligamenta intermuscularia, 350
subflaya, 353
Lizule, 267
Limb-buds, 108, 380
Limbic lobe, 285, 289
Limb-muscles, development of, 345
Limbs, bones of, development, 379
development of, S50, 3853-390
position of, 351
Limiting membrane, inner, formation
of, 307
ounter, formation of, 307
Lip, upper, development of, 124
Liguor ammnii, V6, 77
function of, 77
falliculi, 20, 225
of Morgarni, $13
Liver, development of, 190
first rudiment of, 151
ligaments of, formation of, 152
Liver-ridge, 156, 191
Lobes of liver, 191
Lobule of ear, development of, 533
Longitudinal fiber-tracts of medulla,
266
fissure of brain, 278
Lower jaw, ossification of, 372

[ tube,

INDEX.

| Lumbar rib, 357
| wertebrse, ossification of, 355
| Lungs, development of, 205
Liymph, formation of, 115
Lymph-clefts, development of, 117
Lymph-gacs, development of, 116
Lymph-spaces, development of, 116
Lymphatic system, development uf,
116
vessels, development of, 117
Lymphoid follicles of tonsil, 178
tissne, development of, 117

Macvuna latea, formation of, 300
Macul® acustice, development of, 325
Malar hone, eszification of, 370
Male external genitals, 237, 244
internal genital organs, 222
pronuclens, 39
sexual system, 222, 242
Mallens, development of, 362, 373
Malpighian ecorpuscle, development
of, 195, 217
primitive, 216
Mammalia deciduata, 35
indeciduata, 88
Mammals, blastula of, 45
Mammary gland, development of, 251
Mandible, ossification of, 372

| Mandibular arch, 105, 123, 360
| Mantle layer, 260

Marginal sinus, 90
vein, S0
zone of optic enp, 310
Marshall, vestigial fold of, 156
Maturation of ovim, 30
theories of, 32
Maxilla, superior, ossification of, 371
Maxillary arch, 103
process, 1323, 360
Meatus, external auditory, formation
of, 332
urinarius, male, 239
Meckel's cartilage, 105, 362, 372
diverticulnom, formation of, 190
ganglion, 208
Median fissures of cond, 261
lobe of cerchellum, 268

ll‘iIu:hliln oblongata, development of,

2G5
Medullary canal, 62
cords, 229
folds, 64, 255
furrow, 63
roove, 63
| plate, 62, 255
85D
velum, anterior, 265
inferior, 262, 270
Meibomian glands, development of,
319
Membrang adamantina, 127
basilaris of eochlea, formation of,
330
ehoris, 129



INDEX.

Membrana granulosa, 29
formation of, 225
preformativa, 129
Membrane, anal, 176
closing, 100, 105, 177
nuclear, 25
of Nasmyth, 125
of Reisgner, 330
pharyogeal, 106, 119, 171, 175
vitelline, 23, 24
tympanie, 177, 532
Membranes, cadncous, 55
deciduons, =55
Membranons bones, 354
cranium, 354
labyrinth, development of, 321
ribs, 356
stage of skeleton, 345
of trunlk, 349
Menopause, 35
Menstrual cyele, 35
Menstruation, 35
relation of, to ovulation and con-
ception, 37
Meroblastic ova, 44
Mesencephalon, 270
Mesenchymal cells, 58
muscle, S46
Mesenchyvme, H5
Mesenteries, 173
Mesentery, intestinal, 193
ventral, 187
development of, 202
Mesoblast, 54
Mesoblastic somites, 57, 67
Mesocardinm anterins, 139, 153
postering, 139, 158

Mesocolon, ascending, production of, |

156
formation of, 186
Mesoderm, 54
derivatives of, G0
gastral, 55
paraxial, 57
peristomal, 55
gomiatie, 55
splanchnie, 53
struetures developed from, 113 ef
S04,
Mesogastrinm, 157, 198
Mesomephric doct, 214
Mesonephros, 213, 241
Mesorchinm, 225
Mesothelinm, 55, 115
Mesovarium, 235
Metacarpal bones, development of,
a7d
Metamorphosis of single into donble
heart, 142
Metanephros, 217, 241
Metatarsal bones, development of,
Sadh
Metencephalon, 264
Metopie =nture, 370
Metopism, 370

Micropyle, 23, 38
Mid-brain, 262, 270
prominence of, 264
vesicle, 635, 270
Mid-gut, 171
Middle ear, development of, 177, 331
picce of spermatoxzoimn, 20
plate, 69, 212, 341
sacral artery, development of, 150
tunic of eyve, development of, 315
| Modioluz of eochlea, development of,
| L)
| Maoll, glands of, 250
| Monorchism, 226
| Monro, foramen of, 277,
Mons veneris, formation of, 237
| Morgagni, hydatid of, 224
| liguor of, 313
Morula, 41
Mother-cells, 22
Motor nerve-fibers, development of,
205
Mouth, development of, 122, 175
Mucouns tissue, formation of, 114
Mulberry-mass, 41
Miiller, duct of, 220, 224, 230, 242
Miller's fibers, 307
I Mus{fh,:h i;n-nlunmr:r. development of,
4
voluotary, development of, 330
| Muscle-plate, 689, 341
metamorphosis of, 342
Munzcles, branchial, development of,
S44
of extremities, development of, 345
of trunk, development of, 339
Muscular eoat of intestines, forma-
tion of, 155
svstem, development of, 3355, 333-300
Musenli papillares, 147
pectinati, 140
Myocoel, 89, 341
Myotome, G9, 341

=

Fr{=r

NAIL-BED, 248
Nail-plate, 247
Wails, development of, 247
of toes, 248
Nail-welt, 248
Nares, anterior, formation of, 134
development of, 336
Nasal areas, 133, 334
hones, ossification of, 370
capsule, 362
cavities, development of, 336
pits, 107, 120, 133, 334
process, 120, 334
lateral, 320, 334
Nasmyth, membrane of, 128
MNasofrontal process, 103, 107, 120, 122,
aod, Gl
in development of nose, 133
Naso-optic furrow, 120, 122
| im formation of nose, 134
groove, 320
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Nerve-cells, formation of, 258 plates, 120, 1335, 334
of cord, formation of, 260 |  traet, 2490
Nervescorpuscles of nearilemma, 285 | Omental bursa, 187, 200

Nerve-fiber, envelopes of, formation ‘ Omentum, gastrohepatic, 192, 202

Nephrotome, 69, 214, 241, 341 ‘ Olfactory nerve-fibers, 3338

of, 205 formation of, 1538
laxer, development of, 300 gastrosplenie, 195
Nerve-fibers, cranial, development of, great, formation of, 187, 201

2 H legser, 202
maotor, development of, 205 l formation of, 142
sensory, development of, 203 phrenicosplenic, 195
Nerve-trunk, spinal, development of,  Omphalomesenterie veins, 136
5 Ontogeny, 17
Nervous system, development of, 2564, | Oogenesis, 27
333-390 | Ophthalmic ganglion, 296

peripheral, development of, 202 Opisthotic center of us&iﬂt;'atiuu, B
sympathetie, development of, 300 | Optic cap, 304

Neural arch of vertebra, formation of, secondary, J0G
a0 lohes, formation of, 271
canal, 62, 255, 257 nerve, development of, 311
erest, seementation of, 294 thalami, 272
erests, 204 vesicle, 263, 303
tube, 255 Ora serrata, 307
Nenrenteric canal, 66, 257 Oral cavity, development of, 175
Neurilemma, formation of, 2685 fozsza, 175
Neurit, 254, 260 pit, 98, 104G, 119, 123, 175
Nenroblasts, 258, 260 | plate, 118, 122, 175
Neuro-epithelinm of retina, develop- | Organ of Corti, 325
ment of, 050 of Giraldes, 224
Neuroglia, 258, 250 of Jacobson, development of, 337
layer, 260 | of Rosenmiiller, 231
Neurons, 254 | Dsseons craninm, 363
Nictitating membrane, 319 | stage of trank skeleton, 351
Ninth month, development during, tissue, formation of, 115
111, S5 Ozsicles of ear, development of, 332
pair craninl nerves, development of, | Ossification of ribs, 357
1] | of skuall, 363
weelk, development duaring, 337 of sternum, 357
Nipple, development of, 252 of vertebree, 354
Node, Hensen's, 54 Otic vesicle, 95, 322
Nose, development of, 133, 334 Otocyst, 322
Wotochord, 65 Outer cell-mass, 45
NWotochordal stage of skeleton, 348 Ova, alecithal, 24
Nuchal flexure, 264 | centrolecithal, 25
Nuclk, canal of, 232 classification of, 24
Nuclear juice, 25 formation of, 27
layer, of retina, onter, 303 holoblaztie, 43
membrane, 25 merahlastie, 44
spindle, 41 primitive, 20, 222 2aF
Nuecleuz amyedalme, 279 telolecithal, 24
cleavage-, 39 Owaries, change of position of, 231
of ovum, 25 Ovary, development of, 226
sermentation-, 39 Oviduets, development of, 250
Nutritive yollk, 24 Ovists, 182
Nymphie, formation of, 257 Owvnlation, 32
[ relation of, to menstruation, 34
OREX, 267 Ovum, 92
Crecipital bone, ossification of, 364 formation of, 238
lobe, 2852 s turation of, 30
Odontoblasts, 129 ripening of, S0
Odontoid process, development of, | sezmentation of, 41
305 stage of, 19, 95
Olfactory bulh, 290 |
epithelinm, 334 | PALATE bhone, ossification of, 370

loabwe, 29040 I formation of, 124
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Palate process, development of, 371
Palate-shelves, 336
Palatoglozsus, origin of, 345
Palatopharyngeus, origin of, 345
Palpebral fascise, S19
fissure, 319
Pancreas, development of, 194
first rudiment of, 152
Pancreatic duet, development of, 194
Pander, blood-islands of, 135
Pander's nuclens, 26
Pannicnlus adiposus, 246
Papille of tongue, formation of, 133
Parablast, 58
Parachordal cartilages, 361
Paradidymis, 224
Paraxial mesoderm, 57
Parietal bones, ossification of, 370
elevation, 264
eye, 205
foramen, 274
layer of pleura, 161
lobe, 282
zone, G5
Parieto-oceipital fissure, 284
Paroiphoron, 231
Parovarinm, 231
Pars ciliariz retings, 310
intermedialis, 237
iridica reting, 310
optica reting, 309
Parthenogenetic eggs, 32
Patulons foramen ovale, 143
Peetoral girdle, development of, 377
Pelvic givdle, 378
Pelvis of kidney, formation of, 218
Penis, development of, 235
Perforated lamina, anterior, 201
space, posterior, 270, 271
Pericardial cavity, 159
Pericardinm, development of, 158
Perilymph, 327, 331
Perilymphatic space, 327
Perineal body, 130
Perinenm, formation of, 150
FPerionyx, 248
Feriotic bone, 366
Feripheral cleavage, 44
nervous system, development
2
Peristomal mesoderm, 55
Peritoneal cavity, development
195
Peritonenm, development of, 195
visceral layer of, 172
Perivitelline space, 23
Permanent kidoey, 217
teeth, development of, 129
eruption of, 131
Petromastoid bone, 366
Petrotympanic fissnre, 373
Piliiger's epg-tubes, 227
Phalanges, development of, 379
Pharyngeal bursa, 124
constrictors, origin of, 345

26

aof,

of,

| Pial processes,
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Pharyngeal membrane, 106, 119, 171,
175
in formation of mouth, 123
pouches, 100, 171, 176
Pharynx, 176
Phrenicosplenic omentum, 195
Phylogeny, 17
259
Pigment-layer of retina, 307
Pillars of Uskow, 161
Pineal body. 272
or gland, 273, 274
eye, 275
Fit, auditory, 322
oral, 98, 106
Pits, nasal, 534
Bituitary body, 276
formation of, 123
Placenta, 57
discoidea, 55
prievia, 91
xOnaria, 83
Placental spaces, )
avatem of blood-vessels, 149
Planes of cleavage, 42
Flantar horn, 247
Plate, chordal, G6
medullary, 62
vertebral, 57
Plenra, parietal laver of, 161
visceral layer of, 161
Pleurs, development of, 152, 159
Plenral sacs, formation of, 158, 159
Plenropericordial fold, 160

| Plenroperitoneal cavity, 58, 197
| Plica semilunaris, 319

| Pocket of Rathke, 277

| Palar hodies, 31

striation, 41
Polarity of egg, 25
Pole-corpuscles, 30
Polyphyodont, 125
Polyspermia, 39
Pontal flexure, 264
Pons, formation of, 265
Portal circulation, 154, 161
vein, development of, 164
venous system, 154, 161
Postanal gut, 179
Posterior chamber of eye, 318
nares. development of, 336
Post-limbic sulcus, 2585
Preformation theory, 13

| Prehepaticus, 159, 191

Prehyoid gland, 209
Premaxilla, 371

Prepuce, formation of, 238
Presphenoid, 365

| Primary egg-tubes, 20

FPrimitive aorta, 137, 150
chorion, 52
enamel-germ, 126
evelids, 122
groove, 52
heart-valves, 144
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Primitive jugular veing, 148, 154
Malpighian corpuscle, 216
nails, 247
ova, 29, 222 o9y
red blood-corpuseles, 136
segment plate, 57
segments, 57, 67
sexual cells, 221
streak, 51
vertebral bow, 351
Primordial bones, 358
Froamnion, 56
Process, lateral frontal, 107, 120, 122
nasal, 120, 334
nasofrontal, 103, 107, 120, 122, 334
in formation of nose, 133
Processes, dental, 1249
globular, 107, 1240, 334
nasal, 334
maxillary, 123
of vertebra, development of, 352
Processus vaginalisg, 226
Prochorion, 45, =2
Proctodenm, 178
Pronephric duct, 212
Pronephros, 212, 241
Pronucleus, fomale, 32
male, 39
Pro-otic center of ossification, 366
Prosencephalon, 278
Prostate gland, formation of, 234
Prostatic urethra, formation of, 234
Protoplasmic processes, 260
FProtovertebra, 55
Ptervgoid plate,
ment of, 368
Pubic rod, 378
Pulmonary alveoli, development of,
207
artery, l:il;'l.'trll::pllmllt of, 144, 152
diverticulum, 205
groove, 205
Pulp of spleen, development of, 195
of teegth, 125
Pupil, 306
eongenital atresia of, 314
development of, 318
Pyramidal tracts, anterior develop-
ment of, 266
erossed, of cord, myelination of,
SED

internal, develop-

Eamus communicans, 301

Hathke's pocket, 124, 277

tauber's layver, 45, 49

Receptive prominenes, 59

Recessns lnbyrinthy, S22
vestibuali, S22

Beetumn, 180

Recurrent laryngeal nerves, 152

Eed blosd-corpuscle, primitive, 136

Reichert's cartilage, 105, 363, 3756

Reil, island of, 281

Reigsner, membrane of, 330

Renal vein, left, 157

INDEX.

Eeproduetion, theories of, 17
Respiratory system, development of,
204, 383-380
Restiform bodies, development of, 266
Rete mucosam, 247
testiz, formation of, 223
Retina, development of, 304
Rhineneephalon, 290
Rhomhboidal fossa, 267
Rib, cervical, 354, 357
lumhbar, 357
thirteenth, 357
Hibs, development of, 356
Ridge, genital, 220
terminal, 50
Ring lobe, formation of, 280
Ripening of ovam, 30
Eod-and cone-layer, formation of, 308
Rod-visual cells, 307
Eolando, fissure of, 284
Roof-plate, 257, 255
Rotation of stomach, 186, 200
Round lhigament of liver, 167
formation of, 1893
of uterus, 225, 232

SacovLEe development of, 324

Saceus endolymphaticns, 323
Sacral vertebre, ossification Uf, a0
BEacrum, formation of, 355
Salivary glands, development of, 131
Sauropsida. blastula of, 46
Seala media of cochlea, development
of, 323
tympani, development of, 330, 331
vestibuli, development of, 330, 331
Seapula, development of, 377
Schwann, white substance of, 285
deposit of, upon fibres of tract of
cord, 388, 380

| Belerotome, 69, 341, 350

Scrotum, development of, 239
Bebaccous glands, development of, 251
Becond mouth, development during,
1043
pair cranial nerves, development of,
249
week, development during, 383
Secondary hair, 25
optic cup, 306
Sepmental duct, 213
Segmentation of body of embryo, 69
of ovum, 41

[ Segmentat iﬂ!l.—l!'.'l‘n.'il!"'u‘, 45

Segmentation-nucleus, 38

Semicircular canals, bony, 327
development of, 323, 324

Semilunar valves, development of, 147

| Beminal ampulls, 223

vesicle, formation of, 224
HEeminiferons tubules, formation of,
223
Sense organs, development of, 302,
SEG=3400
Sensory cpithelivm of retina, 307



INDEX.

Sensory nerve-fibers, development of,
203
Septa placentae, N
Beptal cavtilage of nose, 369
Septum Incidum, formation of, 2583
transversum, 1453, 159
Serosa, 73
Serous membranes, development of,
115
Sertoli's, columns, 21, 223
Seszile hydatid, 224
Seventh month, development during,
111, 384
pair cranial nerves, development
of, 209
week, development of, during, 336
Sexual cells, 29
primitive, 221
cords, 29, 222
fernale, 227
gland, inditferent, 221
segment of Wolffian body, 219
system, female, 226, 243
homaologies of, 240
indifferent type, 220
male, 222, 242
Shell of hen's egg, 27
Shell-membrane, 27
Shoulder girdle, development of, 377
Sinus, annular, 163
pocularis, 224, 254
precervicalis, 105
reuniens, Lid
terminalis, 136
urogenital, 173, 233
venosas, 144, 153
Sixth month, development during, |
111, 330
pair cranial nerves, development of,
2499
week, development during, 103, 335
Skeletogenons sheath of chorda dor-
salis, 330
tissues, 69
Skeleton, appendieular, 348
development of, 376, 333-300
axial, 3458
development of, 348
l‘]&k‘u]-{:pmvnt of, 347
of head, development. of, 353
of 'I‘:;‘lllllk. cartilaginons stage of,
Ak
chordal stage of, 3458
development of, 345
membranons stage of, 349
visceral, 355
Skin, appendages of, 247
development of, 245, 323-390
Small intestine, development of, 158
Smegma embryonum, 247
Somatic mesoderm, 53
Somatoplenre, 58, 169
Bomites, 55, 67
mesohlastie, 57, 67
Space, perivitelline, 23
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Spermatic cord, 226

veins, 157
Spermatids, 22
Spermatoblasts, 22
Spermatogenesis, 21
Spermatogenic cells, 21
Spermatozoon, 20

power of locomotion of, 21

vitality of, 21
Sphenoid bone, ossification of, 367
Sphenoidal sinus, development of, 337
Sphenopalatine ganglion, 296
Spinal cord, development of, 257
Spinous procesz of vertebra, develop-

ment of, 354

Splanchniec mesoderm, H8
Splanchnoplenre, 535, 169
Spleen, development of, 194
Spongioblasts, 255, 250
Spot, germinal, 25

| Bquamozygomatic bone, 365
| Stage of embryo, 19, 96

of fetus, 20, 106

of ovum, 19, 95

of guiescence of menstrual cyele,

i1

of repair of menstrual cyele, 36
Stalked hydatid, 224
Stapes, development of, 363
Stem-zone, G7

| Sternum, cleft, 357

development of, 357
Stigma, 29

| Btilling, canal of, 315
' Btomach, development of, 156

first randiment of, 151

glands of, development of, 189

rotation of, 186, 200
Stomodmum, 119, 175

| Stratum Malpighii, 247

Streak, primitive, 51

Striated museles, development of, 330

Stroma-layer of choroid, development
of, 316

Eﬁt}'lnglnﬁﬁm&. origin of, 345
| Stylohyal, 376

cartilage. 367
Stylohyoid ligament, 363

| Btyloid process of hyoid, 363

temporal, development of, 367
Stylopharyngens, origin of, 345
Subelavian artery, left, development

of, 152

right, development of, 151
Snbmaxillary ganglia, 296
Submueosa of intestines, formation of,

158
Sulens interventricularis, 143
of corpns eallosum, 253
Superior maxilla, ossification of, 371
Suprahyoid gland, 200
Supra-occipital bone, 364
Suprapericardial bodies, 209
Suprarenmal bodies, development of,
218, 242
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Suspensory lignment of liver, forma- | Trabeculs eranii, 361

tion of, 193 Trachea, development of, 207
Sustentacular cells of seminiferons  Tragus, formation of, 333
tubule, 21 Transverse colon, formation of, 186
Sutnre, amniotic, 75 | erescentic groove, 72
Sweat-glands, development of, 250 fissnre of hrain, 273
Svlviuz, agueduct of, 271 | processes of 'L'l'r[l..‘l}ﬁl', formation of,
fissure of, 279, 280 304
fossa of, 2250 Trigeminal ganglion, 296
Sympathetic nervous system, devel- Troe chorion, 52
opment of, 300 Truncus arteriosns, 102, 137, 140, 149
Synovial sacs, development of, 115 | Trunk, skeleton of, development of,
I 315
TalL of qm-i'maltm:uiin, 20 [ osseons stage of, 354
'lall-rulc’l. 72 | Trunk-museles, development of, 339
Tarsal liznments, 319 | Trunk-gegments, 340
plates, 319 | Tuber cinerenm, 272, 276
Tursus, development of bones of, 370 | Toberculum impar, 132, 177
Teeth, development of, 125 Tlllml}'!:il}:lltir suleus, 331
permanent, development of, 120 Tunica albuginea of ovary, 227
eruption of, 131 fibrosa, 25
temporary, development of, 125 propria, 28
eruption of, 130 vaginalis testis, 226
Tela choroidea, 273 . vaseulosa, 27
Telolecithal ova, 24 lentis, 313
Temporal bone, ossification of, 364 Turbinal folds, 336
lobe, formation of, 280 Turbinate bone, inferior, ossification
Temporary teeth, development of, 125 of, 360
eruption of, 130 Turbinated bones, development of, 337
Temporomaxillary articulation, 374 Twelfth pair eranial nerves, develop-
Tendon, development of, 114 ment of, 300

Tendon-sheaths, development of, 117 Twins, origin of, 51
Tenth pair cranial nerves, develop- Tympanie cavity, formation of, 177

ment of, SO0 membrane, 177
Terminal ridze, 50 llt"l.'{:lﬂpllu'llt of, 332
Testiele, development of, 222 | portion of temporal bone, :ll';i'l:lt}p—-
descent of, 225 ' ment of, 367
Tha]umml{'t'|l'ilﬂ'|m1, L I‘I. mpanohval, 376
Thebezins, valve of, 144 cartilage, 367
Theea follicnli, 27 Tympanum, development of, 331
Theeal sacs, development of, 115
Theory of evolution, 17 | UMRILICAL aperture, 78, 169
of unfolding, 17 | arteries, 92, 149
Third eyvelid, 319 cord. 91
month, development during, 109, hernia, congenital, 189
a=7 urinary fistula, 233
pair cranial nerves, development vein, 91, 1 in. 153
of, 293 vesiele, 72, 78, 169
ventricle, formation of, 272 function of, S0
weelk, development during, 354 hurman, 50
Thirteenth rib, 357 viessels, 91
Thoracie prolongations of abdominal Uncinate gyrus, 201
eavity, 158 Unstriated muscle, development of,
Throat-pockets, 100, 171, 176 BA6G
Thymus body, development of, 177,  Urachus, 52, 233
210 Ureter, 218
Thyroglossal dact, 133, 208 development of, 212
i"h_'l. roid hody, accessory, 00 Urethra, female, 234
development of, 177, 207 male, formation of, 238
duet, 208 prostatic, formation of, 23
foramen, 378 Urinary fistula, nmbilical, 233
Toes, development of, 351 | Uriniferons tubules, formation of, 217
I"nngnl_ development of, 131, 177 Urogenital aperture, 233

Tonsil, development of, 177 sinus, 173, 179, 253
Tmmi]lur pit, 178 Uskow, pillars of, 161
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Uterns bicornis, 230
development of, 230
donble, 230
mazsculinns, 224, 954
Utricle, development of, 324
Uveal tract, development of, 316
Uwula, formation of, 125

YVagixa, development of, 230
median septom in, 2350
YValve, coronary, 144
Eustachian, 144
of Thebesins, 144
of Vieussens, 269
Valves, atrioventricnlar, 142
auricaloventrienlar, 146G
of heart, development of, 144
gemilunar, development of, 147
Yaz deferens, formation of, 223
Vasa efferentia, 223
recta, formation of, 223
Yascular area, 79
system, development of, 135, 383-
300

fetal, final stage of, 165
tunie of eve, development of, 315
Vegetative pole, 25
Vein, cardinal, 143
hepatic, 164
iliac, left common, development of,
156
portal, development of, 164
renal, left, 157
nmbilical, 91
Veing, allantoic, 148
cardinal, 154
omphalomesenterie, 136
primitive jugular, 154
spermatic, 157
umbilical, 148, 153
vitelline, 136, 153
YVelum interpositum, 272, 273
Vena azygos major, 157
minor, 155
cava inferior, 155, 157
superior, 154
Vepm hepaticee advehentes, 163
revehentes, 163
Venous segment of heart, 141
system of fetus, 153
. portal, 154
Ventral mesentery, 173, 187 .
development of, 202
Ventricles, separation of, 143
Yermiform appendix, development
of, 186
process of cerebellnm, 268
Yernix caseosa, 78, 247
Vertebre, ossification of, 354
Vertebral bow, primitive, 351
column, development of, 345-356
membranous primordial, 350
plate, 57
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Vertebral region of primitive skull,
| 61
I Vesicle, germinal, 23, 25
| otie, 98, 322
| umbilical, 72, 78, 169
i Vesicles, cercbral, 262, 263
| lens, 98
| Vestibular ganglion, 326
nerve, 207
Vestibule of ear, development of, 327
of vagina, 237
of vulva, 234
| Vestigial fold of Marzhall, 156
| Vieuszens, valve of, 269
Villi of chorion, 23
of imtestine, formation of, 129
Visceral arch, first, function of, 103,
119
arches, 100
metamorphosis of, 108
morphological significance of, 102
elefts, 100
layer of peritoneum, 172
of plenra, 161
skeleton, 355
Visceral-arch vessels, 102, 137, 149
| Vitelline arteries, 137
circulation, formation of, 135
duct, 72, T8, 169
membrane, 23, 24
| veing, 136, 153
Vitellus, 23, 24
Yitreons body, development of, 314
Vocal cords, devolopment of, 207
| Voluntary muscles, development of],

| Vomer, ossification of, 37

| WEIGHT of fetus at term, 111
at different stages, 386-390
Wharton, jelly of, 92
| White commissnres of cord, 260
| fibrons tissue, formation of, 114
matier of brain, formation of, 279
of cord, dt"'.'{‘lﬂpluml.t of, 261
of hen's egg, 27
substance of Schwann, development
of, 295, 383, 389
Winszlow, foramen of, 203
Witches' milk, 253
Wolffian body, 213
| duet, 215
in female, 230
Wolfl''s doctrine of epigenesis, 18
Wreath, 41

YorLk of ovam, 23
Yolk-zac, 72, 78, 169

 ZoxA pellucida, 23, 29
| radiata, 29
| Zone, parietal, 63

| stem-, 63
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English edition as in the originals, the translations being edited by the leading American
specialists in the different subjects.

NOW READY.

Atlas of Internal Medicine and Clinical Diagnosis. Ey Dr. CHr. Jakos, of Erlangen. Edited
by AvcusTus A, ESHNER, M.ID., Professor of Clinical Medicine in the Philadelphia Folvelinic; At-
tending Physician to the Philadelphia Hospital. 68 colored plates, and 64 illustrations in the text.
Cloth, $3.00 net.

Atlas of Legal Medicine. By Dr. E. B. vox Hormarny, of Vienna. Edited by FrREpERICK PETER-
son, M.LL, Clinical Professor of Mental Diseases, Woman's Medical College, New York; Chiel
of Clinie, Nervous Dept., College of Physicians and Surgeons, New York., With 120 colored nig-
ures on 56 plates, and 193 beautiful hali-tone illustrations. Cloth, £3.50 net.

Atlas of Diseases of the Larynx. By e, L. GrUNwALDn, of Munich. Edited by CHARLES P.
Gravsos, M.D., Lecturer on Larvogology and Ehinology in the University of Pennsylvania;
Fhvsician-in=Charge, Throat and Nose Department, Hospital of the University of Pennsylvania.
With 1oy colored figures on 44 plates, and 25 text-illusirations. Cloth, §2.50 net.

Atlas of Operative Surgery. By Dp. 0. Zvckerkaspr, of Vienna. Edited by J. CHALMERS
DaCosTA, M.D., Clinical Frofessor of Surgery, Jefferson Medical College, Philadelphia; Surgeon
to the Philadelphia Hospital, With 24 f'ut‘rrfd plates, and 217 text illustrations. Cloth, 53.00 net.

Atlas of Syphilis and the Venereal Diseases. By Pror. DR, Franz Mrafex, of Vienna. Edited
by L. Bovron Bancs, M. D., Professor of Genito-Urinary Surgery, University and Bellevue Hospi-
tal Medical College, New York., With g1 colored plates, 16 black-and-white illustrations, and 122
pages of ext, Cloth, $3.50 net

Atlas of External Diseases of the Eye. By Dr. 0, Haas, of Zurich. Edited by G. E.
pE Scuwnixitz, M. D, Professor of Ophthalmology, Jefferson Medical College, Philadelphia.
With 76 colored illustrations on 4o p|;|.1r_'-\., and zz8 PrIges of text. Cloth, $3.20 net.

Atlag of Skin Diseases. By Pror. Dr. Franz Meacek, of Vienna, Edited by HEney W, STELWAGON,
M 1. Clinical Professor of Dermatology, Jefferson Medical College, Philadelphia. 63 colored plates,
35 beautifil half-tane illustrations, and zoo pages of text. Cloth, §3.50 net,

IN PREPARATION.

Atlas of Pathological Histology. Atlas of Dperative Gynecology.
Atlas of Orthopedic Surgery. Atlas of Psychiatry.
Atlas of General Surgery. Atlas of Diseases of the Ear.



THE AMERICAN TEXT-BOOK SERIES.

AN AMERICAN TEXT-BOOK OF APPLIED THERAPEUTICS.

By 43 Distinguished Practitioners and Teachers. Edited by Jaues C.
Wirsox, M.D., Professor of the Practice of Medicine and of Clinical
Medicine in the Jefferson Medical College, Philadelphia. One hand-
some imperial octavo volume of 1326 pages. Illustrated. Cloth,
£7.00 net; Sheep or Half Morocco, $8.00 net. Sold by Subscription.

% As a work either for study or reference it will be of great value to the practitioner, as
it is virtually an exposition of such clinical therapeutics as experience has taught to be of
the most value. Taking it all in all, no recent publication on therapeutics can be compared
with this one in practical value to the working physician.”—Chicage Clinical Review.

“ The whole field of medicine has been well covered. The weork is thoroughly prac-
tical, and while it is intended for practitioners and students, it is a better book for the general
practitioner than for the student. The young practitioner especially will find it extremely
suggestive and helpful.”— The Fndian Lancet.

AN AMERICAN TEXT-BOOK OF THE DISEASES OF CHILDREN.
Second Edition, Revised. :

By 65 Eminent Contributors. Edited by Louis Stargr, M. D., Con-
sulting Pediatrist to the Maternity Hospital, etc. ; assisted by THoME-
son 5. Westcorr, M. D., Attending Physician to the Dispensary
for Diseases of Children, Hospital of the University of Pennsyl-
vania. In one handsome imperial octavo volume of 1244 pages,
profusely illustrated. Cloth, $7.c0 net; Sheep or Half Morocco,
$£8.co net. Sold by Subscription.

¢t This is far and away the best text-book on children’s diseases ever published in the
English language, and is certainly the cne which is best adapted to American readers.
We congratulate the editor upon the result of his work, and heartily commend it to the
attention of every student and practitioner.”'—Admerican Journal of the Medical Sciences.

AN AMERICAN TEXT-BOOK OF DISEASES OF THE EYE, EAR,
NOSE, AND THROAT.

By 58 Prominent Specialists. Edited by G. E. pE Scaweinttz, M.D.,
Professor of Ophthalmology in the Jefferson Medical College, Phila-
delphia ; and B. ALExanpEr Ranparr, M.D., Professor of Diseases
of the Ear in the University of Pennsylvania. Imperial octavo, 1251
pages ; 766 illustrations, 59 of them in colors. Cloth, $7.00 net; Sheep
or Half Morocco, $8.c0 net. Seld &y Subscription.

Difustrated Catalogue of the “ American Text-Books” sent free upon application,
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AN AMERICAN TEXT-BOOK OF GENITO-URINARY AND SKIN
DISEASES,

By 47 Eminent Specialists and Teachers. Edited by L. BoLton
Bancs, M. D)., Professor of Genito-Urinary Surgery, University and
Bellevue Hospital Medical College, New York ; and W. A. Harp-
away, M. D)., Professor of Diseases of the Skin, Missouri Medical
College. Imperial octavo volume of 1229 pages, with 300 engravings
and 20 full-page colored plates. Cloth, $7.00 net; Sheep or Half
Morocco, $8.00 net. Sold by Subscription.

“This volume is one of the best yet issued of the publisher's series of ¢ American Text-
Books.! The list of contributors represents an extraordinary array of talent and extended
experience. The book will easily take the place in comprehensiveness and value of the
half dozen or more costly works on these subjects which have heretofore been necessary to
a well-equipped library."—New Vork Polyelinic.

AN AMERICAN TEXT-BOOK OF GYNECOLOGY, MEDICAL AND
SURGICAL. Second Edition, Revised.
By 1o of the Leading Gynecologists of America. Edited by J. M.
Bavpy, M. D., Professor of Gynecology in the Philadelphia Polyelinic,
etc. Handsome imperial octavo volume of 718 pages, with 341 illus-
trations in the text, and 38 colored and half-tone plates. Cloth, $6.00
net ; Sheep or Hall Morocco, §7.00 net.  Seold by Subscription.

# It is practical from beginning to end. Its descriptions of conditions, its recommen-
dations for treatment, and above all the necessary technique of different operations, are
clearly and admirably presented. . . . Itis well up to the most advanced views of the
day, and embaodies all the essential points of advanced American gynecology. It is destined

to make and hold a place in gynecological literature which will be peculiarly its own.''—
Medical Record, New York.

AN AMERICAN TEXT-BOOK OF LEGAL MEDICINE AND TOXI-
COLOGY.

Edited by FreEperick PETERSON, M.D., Clinical Professor of Mental
Diseases in the Woman's Medica! College, New York ; Chief of Clinic,
Nervous Department, College of Physicians and Surgeons, New York ;
and Warter S. Haines, M.D., Professor of Chemistry, Pharmacy,
and Toxicology in Rush Medical College, Chicago. J[n Preparation.

AN AMERICAN TEXT-BOOK OF OBSTETRICS.

By 15 Eminent American Obstetricians. Edited by Ricuarp C. Nor-
ris, M.D.; Art Editor, RogerT L. Dickinson, M.D). One handsome
imperial octavo volume of ro14 pages, with nearly goo beautiful colored
and half-tone illustrations. Cloth, $7.00 net; Sheep or Half Morocco,
$8.00 net.  Seld by Swubscription.

“ Permit me to say that your American Text-Book of Obstetrics is the most magnificent
- medical work that I have ever seen. [ congratulate you and thank you for this superb work,
which alone is sufficient to place you first in the ranks of medical publishers, " —ALEXANDER
J. C. SKENE, Profesior of Gynecology in the Long Island College Hospital, Brooklyn, N. ¥.

“ This is the most sumptuously illustrated work on midwifery that has yet appeared. In
the number, the excellence, and the beauty of production of the illustrations it far surpasses
every other book upon the subject.  ‘This feature alone makes it a work which no medical
library should omit to purchase.”’—B8ritish Medical fournal.

 As an authority, as a book of reference, as a ¢ working book * for the student or prac-
titioner, we commend it because we believe there is no better," —Admerican fournal of tie
Meedical Sciences.

Illustrated Catalogue of the “American Text-Books ™ sent free upon application.
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AN AMERICAN TEXT-BOOK OF PATHOLOGY.

Edited by Joun Guitéras, M.D., Professor of General Pathology and
of Morbid Anatomy in the University of Pennsylvania; and DaviD
Riesman, M.D., Demonstrator of Pathological Histology in the
University of Pennsylvania. J/u Preparation.

AN AMERICAN TEXT-BOOK OF PHYSIOLOGY.

By 10 of the Leading Physiologists of America. Edited by WiLLiam
H. HowEeLL, Pu.D., M.D., Professor of Physiology in the Johns Hop-
kins University, Ba,].tmmre, Md. One handsome imperial octavo
volume of 1052 pages. Illustrated. Cloth, §6.c0 net; Sheep or Half
Morocco, §7.00 net.  Sold by Subscription.

“ We can commend it most heartily, not only to all students of physiclogy, but to every
physician and pathologist, as a valuable and comprehensive work of reference, written by
men who are of eminent authority in their own special subjects. " — London .Eaﬂmf

“¢ To the practitioner of medicine and to the advanced student this volume constitutes,
we believe, the best exposition of the present status of the science of physiology in the
English language.”' —American fournal of the Medical Sciences.

AN AMERICAN TEXT-BOOK OF SURGERY. Second Edition.

By 13 Eminent Professors of Surgery. Edited by WirLian W. KEgN,
M.D., LL.D., and J. WirLiam WHaitg, M.D., Pu.D. Handsome
imperial octavo volume of 1250 pages, with 5oo wood-cuts in the text,
and 39 colored and half-tone plates. Thoroughly revised and enlarged,
with a section devoted to ¢ The Use of the Rontgen Rays in Surgery.”’
Cloth, £7.00 net; Sheep or Half Morocco, $8.00 net. Sold &y Sub-
scription.

¢ Personally, I should not mind it being called THE TEXT-Book (instead of A TEXT-
Book), for I know of no single volume which contains so readable and complete an account
of the science and art of Surgery as this does.”’ —Epmuxp Owex, F.R.C.S., Meméber of
the Board of Examiners of the Roval College of Surgeons, England.

« If this text-book is a fair reflex of the present position of American surgery, we must
admit it is of a very high order of merit, and that English surgeons will have to look very
carefully to their laurels if they are to preserve a position in the van of surgical practice.”’ —
London Lancet.

AN AMERICAN TEXT-BOOK OF THE THEORY AND PRACTICE
OF MEDICINE.

By 12 Distinguished American Practitioners. Edited by WiLLiam
PerreEr, M.D., LL.D., Professor of the Theory and Practice of Medi-
cine and of Clinical Medicine in the University of Pennsylvania. Two
handsome imperial octavo volumes of about 1000 pages each. Illus-
trated. Prices per volume: Cloth, $5.00 net ; Sheep or Half Morocco,
£6.00 net. Sold by Subscription.
¢ | am quite sure it will commend itself both to practitioners and students of medicine,
and become one of our most popular text-books.”"—ALFRED Loowmis, M.D., LL.D., Fro-
Jessor of Fathology and Practice of Medicine, University of the City of New York.

“We reviewed the first volume of this work, and said : ¢ It is undoubtedly one of the
best text-books on the practice of medicine which we possess.” A consideration of the
second and last volume leads us to medify that verdict and to say that the completed work
is in our opinion t4e best of its kind it has ever been our fortune to see.”—New Yord Medical
JSoeurnal.

Illustrated Catalogue of the “ American Text- ** sent free upon application.
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AN AMERICAN YEAR-BOOK OF MEDICINE AND SURGERY.

A Yearly Digest of Scientific Progress and Authoritative Opinion in all
branches of Medicine and Surgery, drawn from journals, monographs,
and text-books of the leading American and Foreign authors and
investigators. Collected and arranged, with critical editorial com-
ments, by eminent American specialists and teachers, under the general
editorial charge of Georce M. Gourp, M.D. One handsome imperial
octavo volume of about 1200 pages. Uniform in style, size, and
general make-up with the ¢ American Text-Book™ Series. Cloth,
$6.50 net ; Half Morocco, £7.50 net.  Sold by Subscripiion.

% Tt is difficult to know which to admire most—the research and industry of the distin-
guished band of experts whom Dr. Gould has enlisted in the service of the Year-Book, or the
wealth and abundance of the contributions to every department of science that have been
deemed worthy of analysis. . . . It is much more than a mere compilation of abstracts,
for, as each section is entrusted to experienced and able contributors, the reader has the
advantage of certain critical commentaries and expositions . . . proceeding from writers
fu]]}' quzﬂii‘md L Eu:rfnrlll these tasks. . . . It is emphatically a book which should find
a place in every medical library, and is in several respects more useful than the famous
¢ Jabrbiicher ' of Germany."”—ZLondon Lancef.

THE AMERICAN POCKET MEDICAL DICTIONARY.
[See Doriand’s Pocket Dictionary, page 10.]

ANDERS’ PRACTICE OF MEDICINE. Second Edition.

A Text-Book of the Practice of Medicine. By Jaues M. ANDERS,
M.D., Pu.D., LL.D., Professor of the Practice of Medicine and of
Clinical Medicine, Medico-Chirurgical College, Philadelphia. In one
handsome octavo volume of 1287 pages, fully illustrated. Cloth,
$5.50 net; Sheep or Half Morocco, $6.50 net,
¢ Tt is an excellent book,—concise, comprehensive, thorough, and up to date. Tt is a
credit to you ; but, more than that, it is a credit to the profession of Philadelphia—to us.”
James C. WiLson, Professor of the Practice of Medicine and Clinical Medicine, fefferson
Medical College, Philadelphia.

ASHTON’S OBSTETRICS. Fourth Edition, Revised.
Essentials of Obstetrics. By W. EASTERLY ASHTON, M.D., Pro-
fessor of Gynecology in the Medico-Chirurgical College, Philadelphia.
Crown octavo, 252 pages; 75 illustrations. Cloth, $1.00; interleaved
for notes, $1.25.
[See Sawnders' Question-Compends, page 21.]

'] E.I'l]'!l-l’]tli.(‘ﬁ the whaole f‘LLiE}jECt in a :1:][;-5,,']:‘:", We C;}!‘tii::'l“}' 1'ECDI.’?|1I'II"..‘.J'III it to our read-
ors,'—Chicaro Medical Trmes.

BALL’S BACTERIOLOGY. Third Edition, Revised.
Essentials of Bacteriology ; a Concise and Systematic Introcduction
to the Study of Micro-organisms. By M. V. Bavt, M.D., Bacteriol-
ogist to St. Agnes’ Hospital, Philadelphia, etc. Crown octavo, 218
pages ; 8z illustrations, some in colors, and 3 plates. Cloth, g1.00;
interleaved for notes, $1.25.
[See Saunders’ Question- Compends, page 21.]

« The student or practitioner can readily obtain a knowledge of the subject from :LJ-:eruss.l
of this book. The illustrations are clear and satisfactory." —Medical Kecord, MNew York.
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BASTIN'S BOTANY.

Laboratory Exercises in Botany. By Epsox S. Bastiv, M.A.,
late Professor of Materia Medica and Botany, Philadelphia College of
Pharmacy. Octavo volume of 536 pages, with 87 plates. Cloth, §2.50.
' It is unquestionably the best text-book on the subject that has yet appeared. The
work is eminently a practical one. We regard the issuance of this book as an important

event in the history of pharmaceutical teaching in this country, and predict for it an unquali-
hed suecess. '—Alremni Report fo the Philadelphin Collepe of Pharmacy.

¢ There is no work like it in the pharmaceutical or botanical literature of this country,
and we predict for it a wide circulation.” —dmerican fowrnal of Pharmacy.

BECK’'S SURGICAL ASEPSIS.
A Manual of Surgical Asepsis. By Carv Beck, M.D., Surgeon to
St. Mark’s Hospital and the New York German Poliklinik, etc. 306
pages; 635 text-illustrations, and 12 full-page plates. Cloth, $1.25 net.
¢ An excellent exposition of the ® very latest’ in the treatment of wounds as practised
by leading German and American surgeons. " — Hirmingham (Eng.) Medical Review.

“This little volume car be recommended to any who are desirous of learning the -:h,tmls
of asepsis in surgery, for it will serve as a trustw arthy ouide."—London Lancet.

BOISLINIERE’S OBSTETRIC ACCIDENTS, EMERGENCIES, AND
OPERATIONS.

Obstetric Accidents, Emergencies, and Operations. Dy L. Cu.

BolsLINIERE, M.D., late Emeritus Professor of Obstetrics, St. Louis

Medical College. 381 pages, handsomely illustrated. Cloth, $2.00 net.

“ Tt is clearly and concisely written, and is evidently the work of a teacher and practi-
tioner of large experience.”—British Medical fournal.

‘* A manual so useful to the student or the general practitioner has not been brought to

i} JmIIt'E ina lon-‘- time. The field embraced in the title 15 covered ina terse, L]}lun_:-,tmg
way.'— Yale e gfr.-,m"_ﬁ:m al,

BROCKWAY’S MEDICAL PHYSICS. Second Edition, Revised.
Essentials of Medical Physics. By Frep ]. Brockway, M.D.,
Assistant Demonstrator of Anatomy in the College of Physicians and
Surgeons, New York. Crown octavo, 330 pages; 155 fine illustrations.
Clﬂlh $1.00 net ; interleaved for nr:ptes $1.25 net.

[See S.rumrffrs Question- Compends, page 21.]

“The student who is well versed in these pages will certainly prove qualified to com
prebend with ease and pleasure the great m: |Jm-lll. of ques stions involving physical principles
likely to be met with in his medical :;l.u:lh-p '—dmerican Practitioner and News.,

HWWe know of no manual that affords the medical student a better or more concise
exposition of physics, and the book may be commended as a most satisfactory presentation
of those essentials that are requisite in a course in medicine."'—New Yord Medical Jfournal,

““ It contains all that one need know on the subject, is well written, and is copiously
illustrated.” ' —MWedical Kecord, New York.

BURR ON NERVOUS DISEASES.

A Manual of Nervous Diseases. By Cuarres W. Burr, M.D.,
Clinical Professor of Nervous Diseases, Medico-Chirurgical College,
Philadelphia ; Pathologist to the Orthopedic Hospital and Infirmary
for Nervous Diseases ; "l. isiting Physician to St. Joseph's Hospital, etc.
In Preparation.
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BUTLER'S MATERIA MEDICA, THERAPEUTICS, AND PHAR-
MACOLOGY. Second Edition, Revised.

A Text=Book of Materia Medica, Therapeutics, and Pharma-
cology. By Grorce F. BurLir, Pu.G., M.D., Professor of Materia
Medica and of Clinical Medicine in the College of Physicians and
Surgeons, Chicago; Professor of Materia Medica and Therapeutics,
Northwestern University, Woman’s Medical School, etc. Octavo, 860
pages, illustrated. Cloth, $§4.c0 net; Sheep, $5.00 net.

¢ Taken as a whole, the book may fairly be eonsidered as one of the most satisfactory

of any single-volume works on materia medica in the market,’ '— fournal of the American
Medical Association.

CERNA ON THE NEWER REMEDIES. Second Edition, Revised.

Notes on the Newer Remedies, their Therapeutic Applications
and Modes of Administration. By Davip Cerxa, M.D., Pu.D.,
formerly Demonstrator of and Lecturer on Experimental Therapeutics
in the University of Pennsylvania; Demonstrator of Physiclogy in the
Medical Department of the University of Texas. Rewritten and
greatly enlarged. Post-octavo, 253 pages. Cloth, $1.25.
* The appearance of this new edition of Dir. Cerna’s very valuable work shows that it

is properly appreciated, The book ought to be in the possession of every practising physi-
cian.’—New York Medical fournal,

CHAPIN ON INSANITY.

A Compendium of Insanity. By Jounx B. Cuarin, M.D., LL.D.,
Physician-in-Chief, Pennsylvania Hospital for the Insane; late Physi-
cian-Superintendent of the Willard State Hospital, New York ; Hon-
orary Member of the Medico-Psychological Society of Great Britain,
of the Society of Mental Medicine of Belgium. 12mo, 234 pages,
illustrated. Cloth, $1.25 net.
“ The practical parts of Dr. Chapin's book are what constitute its distinctive merit. We
desire Lh]:'!.,'l]ﬂ]h to call attention to the fact that on the subject of therapeutics of insanity
the work is exceedingly valuable. It is not a made book, but a genuine condensed thesis,

which has all the value of ripe opinion and all the charm of a vigorous and natural style.”"—
FPhiladelphia MWedical fournal.

CHAPMAN’'S MEDICAL JURISPRUDENCE AND TOXICOLOGY.
Second Edition, Revised.

Medical Jurisprudence and Toxicology. By Hexry C. Cuapuman,
M.D., Professor of Institutes of Medicine and Medical Jurisprudence
in the Jefferson Medical College of Philadelphia. 254 pages, with 55
illustrations and 3 full-page plates in colors, Cloth, g1.50 net.

“The best book of its class for the undergraduate that we know of.”’'—New Yord
Medical Times.

CHURCH AND PETERSON’S NERVOUS AND MENTAL DISEASES.

Nervous and Mental Diseases. By Arcmiparp CHurcH, M. D,
Professor of Mental Diseases and Medical Jurisprudence in the North-
western University Medical School, Chicago ; and FrREDERICK PETER-
soN, M. D., Clinical Professor of Mental Diseases, Woman's Medical
C{]]lug{:, N. Y.; Chief of Clinic, Nervous Dept., College of Physi-
cians and Surgeons, N. ¥. Handsome octavo volume of 843 pages,
profusely illustrated. Cloth, $5.00 net; Hall Morocco, §6.00 net.
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CLARKSON'S HISTOLOGY.

A Text-Beok of Histology, Descriptive and Practical. By
ArRTHUR CrLarkson, M.B., C.M. Edin., formerly Demonstrator of
Physiology in the Owen's College, Manchester ; late Demonstrator of
Physiology in Yorkshire College, Leeds. Large octavo, 554 pages;
22 engravings in the text, and 174 beautifully colored original illustra-
tions. Cloth, strongly bound, §6.c0 net.

i The work must be considered a valuable addition to the list of available text-books,
and is to be highly recommended.”’—Neww Yord Medical fournal.

*“This is one of the best works for students we have ever noticed. We predict that the
book will attain a well-deserved popularity among our students.” — Chicage Medical Recorder.

CLIMATOLOGY.

Transactions of the Eighth Annual Meeting of the American
Climatological Association, held in Washington, September 22-25,
1891. Forming a handsome octavo volume of 276 pages, uniform with
remainder of series. (A limited quantity only.) Cloth, $1.50.

COHEN AND ESHNER'S DIAGNOSIS.
Essentials of Diagnosis. By Soromox Soris-Conex, M.D., Pro-
fessor of Clinical Medicine and Applied Therapeutics in the Philadel-
phia Polyclinic ; and Avcustus A. Esuxer, M.D., Professor of Clinical
Medicine in the Philadelphia Polyclinic. Post-octavo, 382 pages; 55
illustrations. Cloth, $1.50 net.
[See Saunders’ Question-Compends, page 21. |

i We can heartily commend the book to all those who contemplate purchasing a ‘ com-
pend.’ It is modern and complete, and will give more satisfaction than many other works
which are perhaps too prolix as well as behind the times.""—Medica! Keview, St. Lows.

CORWIN’'S PHYSICAL DIAGNOSIS.

Essentials of Physical Diagnosis of the Thorax. DBy ArTHUR
M. Corwix, A.M., M.D., Demonstrator of Physical Diagnosis in Rush
Medical College, Chicago; Attending Physician to Central Free Dis-
pensary, Department of Rhinology, Laryngology, and Diseases of the
Chest, Chicago. 200 pages, illustrated. Cloth, flexible covers, §1.25 net.

It is excellent. The student who shall use it as his guide to the careful study of
physical exploration upon normal and abnormal subjects can scarcely fail to acquire a good
working knowledge of the subject."—Philadelphia Polyclinic.

“*A most excellent little work. It brightens the memory of the differential diagnostic
signs, and it arranges orderly and in sequence the various objective phenomena to logical
solution of a careful diagnosis.”’— fewrnal of Nerveus and Mental Diseases.

CRAGIN'S GYNAECOLOGY. Fourth Edition, Revised.

Essentials of Gyn=cology. By Epwix B. Cracin, M. D., Lecturer
in Obstetrics, College of Physicians and Surgeons, New York. Crown
octavo, zoo pages; 62 illustrations. Cloth, §r.00 ; interleaved for notes,
$1.25.

[See Saunders’ Question- Compends, page 21.]
“ A handy volume, and a distinct improvement on students’ compends in general. No

anthor who was not himself a practical gynecologist could have consulted the student’s needs
so thoroughly as Dr. Cragin has done.”—Medical Record, New York.
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CROOKSHANK’S BACTERIOLOGY. Fourth Edition, Revised.
A Text-Book of Bacteriology. By Epcar M. CrooksHang, M.B.,
Professor of Comparative Pathology and Bacteriology, King's College,
London. Octavo volume of joo pages, with 273 engravings and 22
original colored plates. Cloth, $6.50 net; Half Morocco, $7.50 net.

“ To the student who wishes to oblain a good #demd of what has been done in bacteri-
ology, or who wishes an accurate account of the various methods of research, the book may
be recommended with confidence that he will find there what he requires.” — London Lancet.

DACOSTA’S SURGERY. Second Ed., Revised and Greatly Enlarged.
Modern Surgery, General and Operative. DBy Joun CHALMERS
DaCosta, M.D., Clinical Professor of Surgery, Jefferson Medical
College, Philadelphia; Surgeon to the Philadelphia Hospital, etc.
Handsome octavo volume of goo pages, profusely illustrated. Cloth,
$4.00 net; Half Morocco, 55.00 net.

“iWe know unl' no small work on surgery in the E nglish language which so well fulfils

the n.:lunmm nts of the modern student.’ _l_.r.:a.r'.l.:ﬂ C.-fr.'hrﬁ' hu.:"jw.ruun" Hrhl{‘}l E n-*-laml
DE SCHWEINITZ ON DISEASES OF THE EYE. Third Edition,
Revised.

Diseases of the Eye. A Handbook of Ophthalmic Practice.
By G. E. pe ScuweiNitz, M.D., Professor of Ophthalmology in the
Jefferson Medical College, Plnladc]phm,, etc. Handsome royal octavo
volume of 696 pages, with 256 fine illustrations and 2 chromo-litho-
graphic plates. Cloth, 34.00 net ; Sheep or Half Morocco, §5.00 net.
A clearly written, comprehensive manual.  One which we can commend to students

as a reliable text-book, written with an evident knowledge of the wants of those entering
upon the study of this special branch of medical science.”—Britesh Medical fonrnal.

“* A work that will meet the requirements not only of the specialist, but of the general
sractitioner in a rare degree. I am satisfied that unusual success awaits it.”"'—WILLIAM
E-“I- PPER, M.DD., Professor of the Theory and Practice of Medicine and Clinical Medicine,
Ehrperse! fy 41,.1' f”: APEIEE ']-'.l'r‘.?'r.i.l'.?.lq'r

DORLAND’S DICTIONARY. Second Edition, Revised.

The American Pocket Medical Dictionary. Containing the Pro-
nunciation and Definition of all the principal words and phrases, and a
large number of useful tables. Edited by W. A, NEwnmax DORLAND,
M. ID., Assistant Demonstrator of Obstetrics, University of I’cnnwlmnia
Fellow of the American Academy of Medicine. 518 pages ; . handsomely
bound in full leather, limp, with gilt edges and patent index. Price,
$1.25 net.

DORLAND’S OBSTETRICS.

A Manual of Obstetrics. By W. A. Newmax Dorranp, M.D.,

Assistant Demonstrator of Obstetrics, University of Pennsylvania ;

Instructor in Gynecology in the Philadelphia Polyclinic. ’;rifu:n pages;

163 illustrations in the text, and 6 full-page plates. Cloth, $2. 50 net.

** By far ﬂn: best book on this subject that has ever come to our notice."—American
Medical Keview

# Tt has rare I'. Leen our duty to review a book which has given us more pleasure in its
perusal and mcm_ satisfaction in its eriticism. It is a veritable encyclopedia of knowledge,
a pold mine of practical, concise thoughts.”—dmerican Medico-Surgical Bulletin,
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FROTHINGHAM’S GUIDE FOR THE BACTERIOLOGIST.

Laboratory Guide for the Bacteriologist. By Laxcpox FroTH-

iNgHaMm, M.D.V., Assistant in Bacteriology and Veterinary Science,

Sheffield Scientific School, Yale University. Illustrated. Cloth, 75 cts.

Tt is a convenient and useful little work, and will more than repay the outlay neces-

gary for its purchase in the saving of time which would otherwise be consumed in looking

up the various points of technique so clearly and concisely laid down in its pages.” — Ameri-
can Medico-Surgical Bulletin.

GARRIGUES’ DISEASES OF WOMEN. Second Edition, Revised.

Diseases of Women. By Hewxry J. Garricues, A. M., M.D., Pro-
fessor of Gynecology in the New York School of Clinical Medicine ;
Gynecologist to St. Mark’s Hospital and to the German Dispensary,
New York City, etc. Handsome octavo volume of 728 pages, illus-
trated by 335 engravings and colored plates. Cloth, $4.00 net;
Sheep or Half Morocco, $5.00 net.

s One of the best text-books for students and practitioners which has been published in
the English language ; it is condensed, clear, and comprehensive. The profound learning
and great clinical experience of the distinguished author find expression in this book in a
most attractive and instructive form.  Young practitioners to whom experienced consultants

may not be available will find in this book invaluable counsel and help.”—THAD. A.
REaMy, M.D., LL.ID., Professor of Clinical Gynecology, Medical College of Ofao.

GLEASON’S DISEASES OF THE EAR. Second Edition, Revised.

Essentials of Diseases of the Ear. By E. B. GrLeasox, 5.B.,
M.D., Clinical Professor of Otology, Medico-Chirurgical College,
Philadelphia ; Surgeon-in-Charge of the Nose, Throat, and Ear Depart-
ment of the Northern Dispensary, Philadelphia. 208 pages, with
114 illustrations. Cloth, $r.00; interleaved for notes, S1.25

[See Sawunders' Question-Compends, page 21.]

< [t is just the book to put into the hands of a student, and cannot fail to give him a
useful introduction to ear-affections ; while the style of question and answer which is adopted
throughout the book is, we believe, the best method of impressing facts permanently on the
mind.'—Lizerpoel Medico-Clirnrgical Jowrnal.

GOULD AND PYLE'S CURIOSITIES OF MEDICINE.

Anomalies and Curiosities of Medicine. By Greorce M. GouLDb,
M.D., and Warter L. Pvig, M.D. An encyclopedic collection of
rare and extraordinary cases and of the most striking instances of
abnormality in all branches of Medicine and Surgery, derived from an
exhaustive research of medical literature from its origin to the present
day, abstracted, classified, annotated, and indexed. Handsome im-
perial octavo volume of 68 pages, with 295 engravings in the text,
and 12 full-page plates. Cloth, $6.00 net; Half Morocco, 57.00 net.
Sold by Subscription. !

& One of the most valuable contributions ever made to medical literature. It 1=, so far
as we know, absolutely unique, and every page is as fascinating as a novel. Not alone for
the medical profession “has this volume value: it will serve as a book of reference for all who
are interested in general scientific, sociologic, or medico-legal topics."—&roodlvn Medical
Sornal,

¢ 'This is certainly a most remarkable and interesting volume. It stands alone among
medical literature, an anomaly on anomalies, in that there is nothing like it elsewhere in
medical literature. It is a book full of revelations from its first to its last page, and cannol
but interest and sometimes almost horrify its readers."—dmerican Medico-Surgrical Bulletin.
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GRAFSTROM’S MECHANO-THERAPY.

A Text-Book of Mechano=-Therapy (Massage and Medical Gym-
nastics). By Axer V. Grarstrom, B. Sc., M. D., late Lieutenant in
the Royal Swedish Army : late House Physician City Hospital, Black-
well’s Island, New York. 12mo, 139 pages, illustrated. Cloth, §1.00 net.

GRIFFITH ON THE BABY. Second Edition, Revised.

The Care of the Baby. By J. P. Crozer GrirriTH, M.D., Clini-
cal Professor of Diseases of Children, University of Pennsylvania;
Physician to the Children’s Hospital, Philadelphia, etc. 12mo, 404
pages, with 67 illustrations in the text, and 5 plates. Cloth, $1.50.

“ The best book for the use of the young mother with which we are acquainted. . . .
There are very few general practitioners who could not read the book through with advan-
tage.”'—Adrchives of Pediatrics.

““ The whole book iz characterized by rare good sense, and is evidently written by a
master hand. Tt ean be read with benefit not enly by mothers but by medical students and
by any practitioners who have not had large opportunities for observing children.’ '—.dmeri-
can Jfowernal of Obstetries.

GRIFFITH'S WEIGHT CHART.

Infant’'s Weight Chart. Designed by J. P. Crozer GriFriTH, M. D.,
Clinical Professor of Diseases of Children in the University of FPenn-
sylvania, ete. 235 charts in each pad. Per pad, 50 cents net.
A convenient blank for keeping a record of the child’s weight during the first two years

of life. Printed on each chart is a curve representing the average weight of a healthy infant,
so that any deviation from the normal can readily be detected.

GROSS, SAMUEL D., AUTOBIOGRAPHY OF.,

Autobiography of Samuel D. Gross, M.D., Emeritus Professor of
Surgery in the Jefferson Medical College, Philadelphia, with Remi-
niscences of His Times and Contemporaries. Edited by his Sons,
SamueL W. Gross, M.D., LL.D., late Professor of Principles of Sur-
gery and of Clinical Surgery in the Jefferson Medical College, and
A. HaiLeEr Gross, A.M., of the Philadelphia Bar. Preceded by a
Memoir of Dr. Gross, by the late Avstin Frint, M.D., LL.D. In
two handsome volumes, each containing over 4oo pages, demy octavo,
extra cloth, gilt tops, with fine Frontispiece engraved on steel. Price
per volume, $2.50 net.
“t Tir. Gross was |‘.u:rrha|1-5 the most eminent exponent of medical science that America
has vet produced. His Autobiography, related as it is with a fulness and completeness
seldom to be found in such works, is an interesting and valuable book. He comments on

many things, especially, of course, on medical men and medical practice, in a very interest
ing way."'— Fhe Spectator, London, England.

HAMPTON'S NURSING. Second Edition, Revised and Enlarged.

Nursing: Its Principles and Practice. By IsapeL Apams Hawmp-

ton, Graduate of the New York Training School for Nurses attached

to Bellevue Hospital ; late Superintendent of Nurses and Principal of

the Training School for Nurses, Johns Hopkins Hospital, Baltimore,

Md. 12 mo, 512 pages, illustrated. Cloth, §2.00 net.

“ Seldom have we perused a book upon the subject that has given us so much |7!L'IIS1.‘II'¢
as the one before us.  We would strongly urge upon the members of our own profession the

need of a book like this, for it will enable each of us to become a training school in him-
self. — Chpdario .'lf.-'.'.r'fr.-'ie'j;:rrﬂd'.".
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HARE’S PHYSIOLOGY. Fourth Edition, Revised.

Essentials of Physiology. By H. A. Harg, M.D., Professor of
Therapeutics and Materia Medica in the Jefferson Medical College of
Philadelphia. Crown octavo, 230 pages. Cloth, $1.00 net; inter-
leaved for notes, $1.25 net.

[See Saunders’ Question- Compends, page 21.]

“The best condensation of physiclogical knowledge we have yet seen.”—Meaical
Kecord, New York.

HART'’S DIET IN SICKNESS AND IN HEALTH.

Diet in Sickness and in Health. By Mrs. Erxest Harr, formerly
Student of the Faculty of Medicine of Paris and of the London School
of Medicine for Women; with an InTrRopucTiON by Sik Hewry
Tromrson, F.R.C.5., M.D., London. zzo pages. Cloth, g1.50.

“We recommend it cordially to the attention of all practitioners; both to them and to
their patients it may be of the greatest service.”' —New Vord Medical fowrnal.

HAYNES' ANATOMY.

A Manual of Anatomy. By Irvinc S. Havxes, M.D., Adjunct
Professor of Anatomy and Demonstrator of Anatomy, Medical Depart-
ment of the New York University, etc. 680 pages, illustrated with 42
diagrams in the text, and 134 full-page half-tone illustrations from
original photographs of the author’s dissections. Cloth, $2.50 net.

“ This book is the work of a practical instructor—one who knows by experience the

requirements of the average student, and is able to meet these requirements in a very satis-
factory way. The book is one that can be commended.”—MWedical Kecord, New York.

HEISLER'S EMBRYOLOGY.

A Text-Book of Embryology. By Jounx C. HEeisLer, M.D., Pro-
fessor of Anatomy in the Medico-Chirurgical College, Philadelphia.
1zmo volume of about 325 pages, handsomely illustrated.

HIRST'S OBSTETRICS.

A Text-Book of Obstetrics. By Bartox Cooxe Hirst, M. D.,
Professor of Obstetrics in the University of Pennsylvania. Handsome
octavo volume of 848 pages, with 618 illustrations, and 7 colored
plates. Cloth, §5.00 net; Sheep or Half Morocco, $6.00 net.

% The illustrations are numerous and are works of art, many of them appearing for the
first fime. The arrangement of the subject-matter, the foot-notes, and index are beyond
eriticism, As a true model of what a modern text-book on obstetrics should be, we feel
justified in affirming that Dr. Hirst's book is without a rival."—New Vord Medical Record.

HYDE AND MONTGOMERY ON SYPHILIS AND THE VENEREAL
DISEASES. :

Syphilis and the Venereal Diseases. Dy James Nevins Hvope,
M.D., Professor of Skin and Venereal Diseases, and Frank H. MoxTt-
coMERY, M.D., Lecturer on Dermatology and Genito-Urinary Diseases
in Rush Medical College, Chicago, I1l. 618 pages, profusely illustrated.
Cloth, $2.50 net.
HWe can commend this manual to the student as a help to him in his study of venereal
diseases.''— Liverpool Medico-Chirwrgical Journal.
“ The best student’s manual which has appeared on the subject."—58¢. Lonis Medica!
and Surgical fonrnal,
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JACKSON AND GLEASON’'S DISEASES OF THE EYE, NOSE, AND
THROAT. Second Edition, Revised.

Essentials of Refraction and Diseases of the Eye. By Epwarp
Jackson, A M., M.D., Professor of Diseases of the Eye in the Phila-
delphia Polyclinic and College for Graduates in Medicine ; and—
Essentials of Diseases of the Nose and Threoat. By E. BaLp-
wiN GrLEasoN, M.D., Surgeon-in-Charge of the Nose, Throat, and
Ear Department of the Northern Dispensary of Philadelphia. Twao
volumes in one. Crown octavo, 2go pages; 124 illustrations. Cloth,
$1.00; interleaved for notes, $1.25.

[See Sawnders’ Question- Compends, page 21.]

« Of great value to the beginner in these branches. The authors are both capable men,
and know what a student most needs.”’ —Wedical Kecord, New York,

KEATING'S DICTIONARY. Second Edition, Revised.

A New Pronouncing Dictionary of Medicine, with Phonetic
Pronunciation, Accentuation, Etymology, etc. By Joan M.
Kearing, M.D., LL.D., Fellow of the College of Physicians of Phila-
delphia; Vice-President of the American Padiatric Society ; Editor
¢ Cyclopz=dia of the Diseases of Children,’” etc.; and HENRY
Hamirton, Author of “ A New Translation of Virgil's Aneid into
English Rhyme,”" etc.; with the collaboration of J. CHaLMERS Da-
Costa, M.D., and FrepERICK A. Packarp, M.D. With an Appendix
containing Tables of Bacilli, Micrococei, Leucomaines, Ptomaines;
Drugs and Materials used in Antiseptic Surgery; Poisons and their
Antidotes; Weights and Measures; Thermometric Scales; New
Official and Unofficial Drugs, etc. One volume of over 8co pages.
Prices, with Denison’s Patent Ready-Reference Index: Cloth, $5.00
net ; Sheep or Half Morocco, £6.00 net; Half Russia, £6.50 net.
Without Patent Index: Cloth, $4.0c net; Sheep or Half Morocco,
§5.00 net.

# I am much pleased with Keating’s Dictionary, and shall take pleasure in recommend.

ing it to my classes.”' —HENRY M. LyMan, M. I\, Professor of the Principies and Praclice
of Medicine, Rush Medical College, Chicago, JUi.

“ 1 am convinced that it will be a very valuable adjunct to my study-table, convenient
in size and sufficiently full for ordinary use.”’—C. A. LINDSLEY, M.L)., Professor of the
Theory and FPractice of Medicine, Medical Dept. YVale University.

KEATING'S LIFE INSURANCE.

How to Examine for Life Insurance. By Joun M. Keating,
M. D., Fellow of the College of Physicians of Philadelphia; Vice-
President of the American Pzdiatric Society ; Ex-President of the
Association of Life Insurance Medical Directors. Rovyal octavo, 211
pages ; with two large half-tone illustrations, and a plate prepared by
Dr. McClellan from special dissections ; also, numerous other illustra-
tions. Cloth, $2.00 net.
“ This is by far the most useful book which has yet appeared on insurance examination, ]
a sul ]1 ot of LTON m"f interest ancd |:|15mrl mee, Mot the least valuable p-nr]_mn of the VDIUT'I'IE
15 Part I1., which consists of instructions issued to their examining physicians by twenty-four
representative comparies of this country. If for these alone, the book should be at the right

hand 1:1’ every physician interested in this special branch of me{hcﬂ science,”'— Fhe Medical
.|'l1|- vk,
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KEEN ON THE SURGERY OF TYPHOID FEVER.

The Surgical Complications and Sequels of Typhoid Fever.
By Wua. W. Keex, M.D,, LL.D., Professor of the Principles of Sur-
gery and of Clinical Surgery, Jefferson Medical College, Philadelphia ;
Corresponding Member of the Société de Chirurgie, Paris; Honorary
Member of the Société Belge de Chirurgie, etc.  Octavo volume of
386 pages, illustrated. Cloth, $3.00 net.
 This is probably the first and only work in the English language that gives the reader
a clear view of what typhoid fever really is, and what it does and can do to the human

organism. This book should be in the possession of every medical man in America."—
Anterican Medico-Surgical Bulletin,

KEEN'S OPERATION BLANK. Second Edition, Revised Form.

An Operation Blank, with Lists of Instruments, etc. Required
in YVarious Operations. Prepared by W. W. Keen, M.D., LL.D.,
Professor of the Principles of Surgery in Jefferson Medical College,
Philadelphia. Price per pad, containing blanks for fifty operations,
50 cents net.

KYLE ON THE NOSE AND THROAT.

Diseases of the Nose and Throat. By D. Brapex KviLg, M.D.,
Clinical Professor of Laryngology and Rhinology, Jefferson Medical
College, Philadelphia; Consulting Laryngologist, Rhinologist, and
Otologist, St. Agnes’ Hospital. Handsome octavo volume of about
630 pages, with over 150 illustrations and 6 lithographic plates. Price,
Cloth, s net ; Half Morocco, $ net.

LAINE’S TEMPERATURE CHART.

Temperature Chart. Prepared by D. T. Laing, M.D. Size 8x 134"
inches. A conveniently arranged Chart for recording l'emperature,
with columns for daily amounts of Urinary and Fecal Excretions,
Food, Remarks, etc. On the back of each chart is given in full the
method of Brand in the treatment of Typhoid Fever. Price, per pad
of 25 charts, 50 cents net.

“Ta the bus}" pran:til_iclner this chart will be found of great value in fever CASES, and
especially for cases of typhoid.”'—/fudian Lancet, Calculta.

LOCKWOOD’S PRACTICE OF MEDICINE.

A Manual of the Practice of Medicine. By Greorce Roe Lock-
woop, M.D., Professor of Practice in the Woman’s Medical College
of the New York Infirmary, etc. 935 pages, with 75 illustrations in
the text, and 22 full-page plates. Cloth, §z.50 net.

‘i (Gives in a most concise manner the points essential to treatment usually enumerated
in the most elaborate works."' —Massachusetts Medical fournal.

LONG’S SYLLABUS OF GYNECOLOGY.
A Syllabus of Gynecology, arranged in Conformity with « An
American Text-Book of Gynecology.”” By J. W. Loxg, M.D.,
Professor of Diseases of Women and Children, Medical College of
Virginia, etc. Cloth, interleaved, $1.c0 net.
« The book is certainly an admirable »ésumé of what every gynecological student and

practitioner should know, and will prove of value not only to those who have the ¢ American
Text-Book of Gynecology,” but to others as well."—Brooklyn Medical fournal,
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MACDONALD’S SURGICAL DIAGNOSIS AND TREATMENT.

Surgical Diagnosis and Treatment. By J. W. MacpownarLp, M.D.
Edin., F.R.C.5., Edin., Professor of the Practice of Surgery and of
Clinical Surgery in Hamline University; Visiting Surgeon to St.
Barnabas’ Hospital, Minneapolis, etc. Handsome octavo volume of
8co pages, profusely illustrated. Cloth, $5.00 net; Half Morocco,
$6.00 net.

¢ A thorough and complete work on surgical diagnosis and treatment, free from pad-

ding, full of valuable material, and in accord with the surgical teaching of the day."— e

Medical News, New York,

“ The work is brimful of just the kind of nractical information that is useful alike to
studeats and practitioners. It is a pleasure to commend the bock because of its intrinsie

value to the medical practitioner.” —Cincinnati Lancet-Clinic

MALLORY AND WRIGHT'S PATHOLOGICAL TECHNIQUE.

Pathological Technique. A Practical Manual for Laboratory Woik
in Pathology, Bacteriology, and Merbid Anatomy, with chapters on
Post-Mortem Technique and the Performance of Autopsies. By Frank
B. Marrory, A.M., M.D., Assistant Professor of Pathology, Harvarn
University Medical School, Boston; and James H. WricHT, A.M.,
M.D., Instructor in Pathology, Harvard University Medical School,
Boston. Octavo volume of 396 pages, handsomely illustrated. Cloth,
$2.50 net.

T have been looking forward to the publication of this book, and I am glad to say that

[ find it to be a most useful laboratory and post-mortem guide, full of practical information,
and well up to date. "—=WiLLiam H. WELCH, .a"}.?'rl?l."rl.'ffr}.'" r5f ;""d."';'!”n"ri:,;’:l.', _frrﬁ#: _,?ap.ﬁus Log-
versity, Saltimore, M.

MARTIN'S MINOR SURGERY, BANDAGING, AND VENEREAL

DISEASES. Second Edition, Revised.
Essentials of Minor Surgery, Bandaging, and Venecreal
Diseases. By Epwarp Martin, A M., M.D., Clinical Professar of
Genito-Urinary Diseases, University of Pennsylvania, etc. Crawn
octavo, 166 pages, with 78 illustrations. Cloth, §1.00; interleaved for
notes, $1.25.
[See Sawnders’ Question- Compends, page 21.]

A very practical and systematic study of the subjects, and shows the author's famil-

iarity with the needs of students.” — Flherapentic Gazelle.

MARTIN’'S SURGERY. Sixth Edition, Revised.

Essentials of Surgery. Containing also Venereal Diseases, Surgi-
cal Landmarks, Minor and Operative Surgery, and a complete de-
scription, with illustrations, of the Handkerchief and Raoller Bandages.
By Epwarp MartiN, A M., M.D., Clinical Professor of Genito-
Urinary Diseases, University of Pennsylvania, etc. Crown octavo, 338
pages, illustrated. With an Appendix containing full directions for the
preparation of the materials used in Antiseptic Surgery, etc. Cloth,
$1.00; interleaved for notes, $1.25.
[See Saunders’ Question-Compends, page 21.]

i Contains all necessary essentials of medern surgery in a comparatively small s;ace.

Iis style is interesting, and its illustrations are admirable. '—MWedical and Surgical Keporier.
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McFARLAND’S PATHOGENIC BACTERIA. Second Edition, Re-
vised and Greatly Enlarged.

Text-Book upcn the Pathogenic Bacteria. By Josern McFar-
LanNp, M. D., Professor of Pathology and Bacteriology in the Medico-
Chirurgical College of Philadelphia, etc. Octavo volume of 497 pages,
finely illustrated. Cloth, $2.50 net.

“ Dir. McFarland has treated the subject in a systematic manner, and has succeeded in
presenting in a concise and readable form the essentials of bacteriology up to date. Alto-
gether, the book is a satisfactory one, and I shall take pleasure in recommending it to the
students of Trinil:}-' {:.'n]]:_:g:r."—H. B. AnpeErsoN, M.D., Profecior af f"g:{.&m’q,ﬂv and Bac-
feriology, Trinity Medical College, Toronto.

MEIGS ON FEEDING IN INFANCY.

Feeding in Early Infancy. By ArtHur V. Mzics, M.D. Bound
in limp cloth, flush edges, 25 cents net.
* This pamphlet is worth many times over its price to the physician. The author's

experiments and conclusions are original, and have been the means of doing much good.''—
Meidical Bulietin.

MOORE’S ORTHOPEDIC SURGERY.

A Manual of Orthopedic Surgery. By James E. Moorg, M.D.,
Professor of Orthopedics and Adjunct Professor of Clinical Surgery,
University of Minnesota, College of Medicine and Surgery. Octavo
volume of 356 pages, handsomely illustrated. Cloth, $2.50 net.

“ A most attractive work. The illustrations and the care with which the book is adapted
to the wants of the general practitioner and the student are worthy of great praise.”— Clicago
Medical Recorder.

“ A very demonstrative work, every illustration of which conveys a lesson. The work is
a most excellent and commendable one, which we can certainly endorse with pleasure.”"—
St Lowis Medical and Swrgical fournal.

MORRIS’S MATERIA MEDICA AND THERAPEUTICS.  Fiith
Edition, Revised.
Essentials of Materia Medica, Therapeutics, and Prescription=
Writing. By Hexrv Morris, M.D., late Demonstrator of Thera-
peutics, Jefferson Medical College, Philadelphia; Fellow of the College
of Physicians, Philadelphia, etc. Crown octavo, 288 pages. Cloth,
$1.c0 ; interleaved for notes, $1.25.
[See Sawnders’ Question-Compends, page 21.]

* This work, aiready excellent in the old edition, has been largely improved by revi-
sion."'—Admerican Practitioner and News.

MORRIS, WOLFF, AND POWELL’S PRACTICE OF MEDICINE.
Third Edition, Revised.
Essentials of the Practice of Medicine. By Hexry Morris, M. 1.,
late Demonstrator of Therapeutics, Jefferson Medical College, Phila-
delphia; with an Appendix on the Clinical and Microscopic Examina-
tion of Urine, by Lawrence WoLrr, M. D., Demonstrator of Chemistry,
Jefferson Medical College, Philadelphia. Enlarged by some 3o0 essen-
tial formule collected and arranged by WitLiam M. PoweLr, M.D.
Post-octavo, 488 pages. Cloth, $2.00.
[See Sawunders’ Question-Compends, page 21.]
“ The teaching is sound, the presentation graphic ; matter full as can be desired, and
'.-‘.l}’le attractive.”"—dmericarn Practittoner and News.
2z
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MORTEN’S NURSE’S DICTIONARY.

Nurse's Dictionary of Medical Terms and Nursing Treat-
ment. Containing Definitions of the Principal Medical and Nursing
Terms and Abbreviations ; of the Instruments, Drugs, Diseases, Acci-
dents, Treatments, Operations, Foods, Appliances, etc. encountered
in the ward or in the sick-room. By Honnxor MorTEN, author of
¢“ How to Become a Nurse,’’ etc. 16mo, 140 pages. Cloth, $1.c0.

LA | ham]}'_ compact hittle volume, t:unE:Liniu;{ a I.'!r\g(: amount of ;._gu:nq*r::ﬂ informﬁ.l_ion, all
of which is arranged in dictionary or encyclopedic form, thus facilitating quick reference.
It is certainly of value to those for whose use it is published. ' —Chicape Clintcal Review.

NANCREDE’S ANATOMY. Fifth Edition.

Essentials of Anatomy, including the Anatomy of the Viscera.
By CHarLES B. NancreDg, M. D., Professor of Surgery and of Clini-
cal Surgery in the University of Michigan, Ann Arbor. Crown octavo,
388 pages; 180 illustrations. With an Appendix containing over 6o
illustrations of the osteology of the human body. Based upon Gray's
Anatomy. Cloth, $1.00; interleaved for notes, $1.25.

[See Sawnders’ Question- Compends, page 21.]

“ For self-quizzing and keeping fresh in mind the knowledge of anatomy gained at
school, it would not be easy to 51:(:.1[-1 of it in terms too favorable, " — dmeerican Practitioner.,

NANCREDE’S ANATOMY AND DISSECTION. Fourth Edition.

Essentials of Anatomy and Manual of Practical Dissection.

By CHarLEs B. NANCREDE, M. D., Professor of Surgery and of Clinical

Surgery, University of Michigan, Ann Arbor. Post-octavo; 5oo pages,

with full-page lithographic plates in colors, and nearly zoo illustrations.
Extra Cloth (or Oilcloth for the dissection-room ), $2.00 net.

“ It may in many respects be considered an epitome of Gray's popular work on general

anatomy, al the same time having some distinguishing characteristics of its own to commend

it. The plates are of more than ordinary excellence, and are of especial value to students
in their work in the dissecting J'um|'1_"—‘),|"m.'.l':rm" of the American Medical Association.

NORRIS’S SYLLABUS OF OBSTETRICS. Third Edition, Revised.

Syllabus of Obstetrical Lectures in the Medical Department
of the University of Pennsylvania. By Ricuarp C. Norris,
AM., M.D., Demonstrator of Obstetrics, University of Pennsylvania.
Crown octave, 222 pages. Cloth, interleaved for notes, $2.00 net.

¢ This work is so far superior to others on the same subject that we take pleasure in

calling attention briefly to its excellent features. It covers the subject thoroughly, and will
prove invaluable both to the student and the practitioner,”' —Wedical Kecord, New York,

PENROSE’S DISEASES OF WOMEN. Second Edition, Revised.

A Text-Book of Diseases of Women. DBy CuarrLes B. PENROSE,
M.D., Pu.D., Professor of Gynecology in the University of Perinsyl-
vania; Surgeon to the Gynecean Hospital, Philadelphia. Oectavo
volume of 529 pages, handsomely illustrated. Cloth, $£3.50 net.

¢ ] shall value very highly the copy of Penrose's ¢ Diseases of Women® received.

1 have already recommended it to my class as THE BEST book.”—HowaArD A, KELLY,
Professor of Gynecology and Obstetrics, Johns Hopking Untversity, Bualtimore, Md.

““ The book is to be commended without reserve, not only to the student but to the
general practitioner who wishes to have the latest and best modes of treatment explained
with abeolute clearness." — Fikerapeutic Gazelte,
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POWELL’S DISEASES OF CHILDREN. Second Edition.
Essentials of Diseases of Children. By Wittiam M. PowgLL,
M.D., Attending Physician to the Mercer House for Invalid Women
at Atlantic City, N. J.; late Physician to the Clinic for the Diseases of
Children in the Hospital of the University of Pennsylvania. Crown
octavo, 222 pages. Cloth, $1.00; interleaved for notes, $1.25.

[See Saunders’ Question- Compends, page 21.]

s Contains the gist of all the best works in the department to which it relates.”—
American Practitioner and News.

PRINGLE’S SKIN DISEASES AND SYPHILITIC AFFECTIONS.

Pictorial Atlas of Skin Diseases and Syphilitic Affections
(American Edition). Translation from the French. Edited by
J. J. PrincLE, M.B., F.R.C.P., Assistant Physician to the Middlesex
Hospital, London. Photo-lithochromes from the famous models in
the Museum of the Saint-Louis Hospital, Paris, with explanatory wood-
cuts and text. In 1z Parts. Price per Part, §3.00. Complete in
one volume, Half Morocco binding, $40.00 net.

¢ T strongly recommend this Atlas. The plates are exceedingly well executed, and

will be of great value to all studying dermatology.”’—STEPHEN MACKENZIE, M.D.

i The introduction of L.‘?CT}]EI.“:I‘HJT}' wood-cuts in the text 15 a novel and most Empﬂrtant
feature which greatly furthers the easier understanding of the excellent plates, than which
nothing, we venture to say, has been seen better in point of correctness, beauty, and general
merit. " — New Yord ,a'lfew':'.:rzfjr.utrnm",

PYE'S BANDAGING.

Elementary Bandaging and Surgical Dressing. With Direc-
tions concerning the Immediate Treatment of Cases of Emergency.
For the use of Dressers and Nurses. By Wavrter Pyve, F.R.C.S., late
Surgeon to St. Mary’s Hospital, London. Small 12mo, with over 8o

illustrations. Cloth, flexible covers, 75 cents net.

“ The directions are clear and the illustrations are good.""—Londor Dancet.

“* The author writes well, the diagrams are clear, and the book itself is small and port.
able, although the paper and tvpe are good.”"—8&ritish Medical Journal.

RAYMOND’S PHYSIOLOGY.

A Manual of Physiology. By Josern H. Ravmoxp, A.M., M.D.,
Professor of Physiology and Hygiene and Lecturer on Gynecology in
the Long Island College Hospital ; Director of Physiology in the
Hoagland Laboratory, etc. 382 pages, with 1oz illustrations in the
text, and 4 full-page colored plates. Cloth, $1.25 net.

t Extremely well gotten up, and the illustrations have been selected with care. The
text is fully abreast with modern physiology. " —British Medical fournal,

RONTGEN RAYS,.

Archives of the Rontgen Ray (Formerly Archives of Clinical
Skiagraphy). Edited by Svoney Rowraxp, M.A., M.R.C.S., and
W. S. HeprLey, M.D., M.R.C.S. A series of collotype illustrations,
with descriptive text, illustrating the applications of the new photo-
graphy to Medicine and Surgery. Price per Part, $1.00. Now ready:
Yol. 1., Paris I. to IV.; Vol. II., Parts 1., II.
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Arranged in Question and
Answer Form.

QUESTION 1o e i R

ILLUSTRATED SERIES OF

CoMPENDS ™ =it

Now the Standard Authorities in Medical Literature . . . .
with Students and Practitioners in every City of the United States and Canada.

< OVER 175,000 COPIES SOLD.

THE REASON WHY.

They are the advance guard of * Student’s Helps "—that po wELP. They are the
leaders in their special line, well and authoritatively written by able men, who, as teachersin
the large colleges, know exactly what is wanted by a student preparing for his examinations.
The judgment exercised in the selection of authors is fully demonstrated by their professional
standing, Chosen {rom the ranks of Demonstrators, (Juiz-masters, and Assistants, most of
them have become Professors and Lecturers in their respective colleges.

Each book is of convenient size (5x 7 inches), containing on an average 250 pages,
profusely illustrated, and elegantly printed in clear, readable type, on fine paper.

The entire series, numbering twenty-three volumes, has been kept thoroughly revised
and enlarged when necessary, many of the books being in their fifth and sixth editions.

TO SUM UP.

Although there are numerous other Quizzes, Manuals, Aids, ete. in the market, none of
them approach the “ BElue Series of Question Compends ;' and the claim is made for the
:I'uiluw'mg E;rrﬁnl:; of excellence :

I. FProfessional distinction and reputation of authers.

2. Conciseness, clearness, and soundness of freatment.
3. Cality of illustrations, paper, printing, and binding.

Asny of these Compends will be mailed on receipt of price (see next page for List).



Saunders’ Question—Cﬂmpend Seties.

Price, Cloth, $1.00 per copy, except when otherwise noted.

“Where the work of preparing students’ manuals is to end we cannot say, but the

Saunders Series, in our opinien, bears off the palm at present.” —Newe York Medical Recovd,

3.
4.
5.
6.
7.

. ESSENTIALS OF PHYSIOLOGY. Ey H. A. Harg, M.D. Fourth edition,

revised and enlarged. ($1.00 net.)

. ESSENTIALS OF SURGERY. By Epwairp MarTin, M.D. Sixth edition,

revised, with an Appendix on Antiseptic Surgery.
ESSENTIALS OF ANATOMY. By Cuarres B. Nawcrepe, M.D. Fifth
edition, with an Appendix.

ESSENTIALS OF MEDICAL CHEMISTRY, ORGANIC AND INORGANIC.
By LAwrENCE WoLrF, M.DD. Fourth edition, revised, with an Appendix.
ESSENTIALS OF OBSTETRICS. By W. EasTerLy AsHTox, M.I). Fourth

edition, revised and enlarged.
ESSENTIALS OF PATHOLOGY AND MORBID ANATOMY. By C. E.
ARMAND SEMPLE, M. ID.

ESSENTIALS OF MATERIA MEDICA, THERAPEUTICS, AND PRE-
SCRIPTION=-WRITING. By Hexry Morris, M.D.  Fifth edition, revised.

8, 9. ESSENTIALS OF PRACTICE OF MEDICINE. By Hexevy Moreis,

10.
11.
12.
13.
14.
15.
16.
17.
18.
20.
21.
22,
23.

M.D. An .""L|:up|.:|1n'|5x on URINE EXAMINATION. DBy LAWRENCE WolLrF, M.I.
Third edition, enlarged by some 300 Essential Formulez, selected from eminent
authorities, by Wai. M. PowgLL, M.D. (Double number, $2.00.)

ESSENTIALS OF GYNACOLOGY. By Epwiy B, Craciy, M.D. Fourth
edition, revised,

ESSENTIALS OF DISEASES OF THE SKIN. Ey Hexry W. STELWAGON,
M.D. ‘Third edition, revised and enlarged. ($I.00 net.}

ESSENTIALS OF MINOR SURGERY, BANDAGING, AND VENEREAL
DISEASES. By Epwarp MarTin, M.D. Second ed., revised and enlarged.

ESSENTIALS OF LEGAL MEDICINE, TOXICOLOGY, AND HYGIENE.
By C. E. ArMAND SEMPLE, M. D,

ESSENTIALS OF DISEASES OF THE EYE, NOSE, AND THROAT.
By EpwarDp Jackson, M.D., and E. B. GLeEason, M.DD. Second ed., revised.

ESSENTIALS OF DISEASES OF CHILDREN. By WirLiam M. PoweLL,
BM.I). Second edition.

ESSENTIALS OF EXAMINATION OF URINE. By Lawrenxce WOLFF,
M.D. Colored ** VOGEL SCALE.” (75 cents.)

ESSENTIALS OF DIAGNOSIS. By S. Sovis Conen, M.D., and A. A. ESHNER,
M.D. (31.50 net.)

ESSENTIALS OF PRACTICE OF PHARMACY. By Lucivs E. Savre.
second edition, revised and enlarged.

ESSENTIALS OF BACTERIOLOGY. DBy M. V. Barr, M.D. Third edition,
revised.

ESSENTIALS OF NERVOUS DISEASES AND INSANITY. By Joux C.
SHAw, M.D. Third edition, revized.

ESSENTIALS OF MEDICAL PHYSICS. By Frep J. Brockway, M.D.
Second edition, revised. (SI.00 net.)

ESSENTIALS OF MEDICAL ELECTRICITY. By Davip D. STEwarT, M.D.,

and EpwarD 5. Lawraxce, M. 1.

24. ESSENTIALS OF DISEASES OF THE EAR. Ey E. B. GLeason, M.D.

Second edition, revised and greatly enlarged.

Pamphlet containing specimen pages, etc. sent free upon application.



Saunders’

for Students

New Series and

Of Manu ELIS Practitioners.

THAT there exists a need for thoroughly reliable hand-books on the leading branches

of Medicine and Surgery is a fact amply demonstrated by the favor with which
the SAUNDERS NEW SERIES OF MANUALS have been received by medical
students and practitioners and by the Medical Press. These manuals are not merely
condensations from present literature, but are ably written by well-known authors

and practitioners, most of them being teachers in representative American colleges.
Each volume is concisely and authoritatively written and exhaustive in detail, without
being encumbered with the introduction of *““cases,” which so largely expand the
ordinary text-book. These manuals will therefore form an admirable coliection of
advanced lectures, useful alike to the medical student and the practitioner: to the
latter, too busy to search through page after page of elaborate treatises for what he
wants to know, they will prove of inestimable value; to the former they will afford
safe guides to the essential points of study.

The SAUNDERS NEW SERIES OF MANUALS are conceded to be superior
to any similar books now on the market. Mo other manuals afford so much infor-
mation in such a concise and available form. A liberal expenditure has enabled the
publisher to render the mechanical portion of the work worthy of the high literary
standard attained by these books.

Any of these Manuals will be mailed on receipt of price (see next page for List).




Saunders’ New Series of Manuals.

.

VOLUMES PUBLISHED.

PHYSIOLOGY. By JoserH Howarp Ravmonp, AM., M.D., Professor of Physiology
and Hygiene and Lecturer on Gynecology in the Long Island College IHospital ;
Director of Physiclogy in the Hoagland Labnntun etc. Illlustrated. Cloth, $1. 25 net.

SURGERY, General and Operative. DBy Joun CHaLMERS DACosta, M. D, Clini-
cal Professor of Surgery, Jefferson Medical College, Philadelphia; Surgeon to the
Fhiladelphia 'I]ubpn-ﬂ ete.  Second edition, thoroughly revised and gre .ul\ enlarged.
Octavo, gr1 pages, profusely illustrated. 'Elv:!nthf 54.00 net; Halt Morocco, $5.00 net.

DOSE-BOOK AND MANUAL OF PRESCRIPTION-WRITING. Dy E. .
TaorxTOoN, M.D., Demonstrator of Therapeutics, Jefferson Medical College, Phila-
delphia. Illustrated. Cloth, $I.25 net.

SURGICAL ASEPSIS. By Carl Beck, M.D., Surgeon to 5t. Mark’s Hospital and
to the New York German Poliklinik, etc. Illustrated. Cloth, 5I.25 net.

MEDICAL JURISPRUDENCE. By Hexgry C. CHapymax, M.D. Professor of Insti-
tutes of Medicine and Medical Jurisprudence in the Jefferson Medical College of Phila-
delphia. Illustrated. Cloth, $1.50 net.

SYPHILIS AND THE VENEREAL DISEASES. By James Nevins Hypg, M. D.,
Professor of Skin and Venereal Diseases, and Frank H. MoxrtcoMmMiery, M. D.,
Lecturer on Dermatology and Genito-Urinary Diseases in Rush Medical College,
Chicago. Profusely illustrated. Cloth, 52.50 net.

PRACTICE OF MEDICINE. By Georce Roe Lockwoop, M.D., Professor of
Practice in the Woman’s Medical College of the New York Inbirmary; Instructor in
Fhysical Diagnosis in the Medical Department of Columbia College, etc.  Illustrated.
Cloth, $2.50 net.

MANUAL OF ANATOMY. By Irvine 5. Havnes, M.D., Adjunct FProfessor of
Anatomy and Demotstrator of Anatomy, Medical Department of the New York
Liniversity, etc.  Beautifully illustrated. Cloth, 82.50 net.

MANUAL OF OBSTETRICS. By W. A, Newsmany Dorvaxp, M.D., Assistant
Demonstrator of Ohstetrics, University of Pennsylvania ; Chief of Gynecological Dis-
pensary, Pennsylvania Hospital, etc.  Profusely illustrated. Cloth, $2.50 net.

DISEASES OF WOMEN. By |. Braxp Surtox, F. R. C. 5, Assistant Surgeon to
Middlesex Hospital and Surgeon to Chelsea Hospital, London; and ArTHUR E.
GiLes, M. D, B.Sc. Lond.,, F.R.C.S. Edin., Assistant Surgeon to Chelsea Hospital,
London. Handsomely illustrated. Cloth, 32.50 net,

VOLUMES IN PREPARATION.
NOSE AND THROAT. By D. Brapex Kyvig, M.D., Clinical Professor of Laryn-

gology and Rhinology, TJefierson Medical College, Philadelphia ; Consulting Laryngolo-
rist, Rhinologist, and Otologist, 5t. Agnes’ Hospital; Bacteriologist to the Philadel-
phia Orthopedic Hospital and Infirmary for Nervous Diseases, etc.

NERVOUS DISEASES. By CuarLes W. Burgr, M.D., Clinical Professor of Nervous
Diseases, Medico-Chirurgical College. |]u1ul:.1]:lua~ l’ul:mlu-rl-l to the Orthopoedic
Hospital and Infirmary for Nervous Diseases; Visiting Physician to the St. Joseph
i{('l‘-'l:l'l[ 'li B,

#.# There will be published in the same series, at short intervals, carefully-prepared works
on various subjects by prominent specialists,

Pamphlet containing specimen pages, etc. sent free upon application.
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SAUNDBY’'S RENAL AND URINARY DISEASES.

Lectures on Renal and Urinary Diseases. By RoBERT SAUNDBEY,
M.D. Edin., Fellow of the Royal College of Physicians, London, and
of the Royal Medico-Chirurgical Society ; Physician to the General
Hospital ; Consulting Physician to the Eye Hospitai and to the Hos-
pital for Diseases of Women; Professor of Medicine in Mason College,
Birmingham, etc. Octavo volume of 434 pages, with numerous illus-
trations and 4 colored plates. Cloth, $2.50 net.

“ The volume makes a favorable impression at once. The style is clear and succinet.
We cannot find any part of the subject in which the views expressed are not carefully thought
out and fortified by evidence drawn from the most recent sources.  The book may be cordially
recommended.”"—&ritich Medical forurnal,

SAUNDERS’' MEDICAL HAND-ATLASES.

This series of books consists of authorized translations into English of

the world-famous Lehmann Medicinische Handatlanten. [Each

volume contains from 50 to 1oo colored lithographic plates, besides

numerous illustrations in the text. There is a full description of each

plate, and each book contains a condensed but adequate outline of the

subject to which it is devoted. For full description of this series, with

list of volumes and prices, see page 2.

“ Lehmann Medicinische Handatlanten belong to that class of books that are too good
to be appropriated by any one nation.” :.Yc.lrn'rm.-" r_'.."" Eye, Ear, and Throat Diseases,

“ The appearance of these works marks a new era in illustrated English medical
works."— Tike Canadian Practitioner.

SAUNDERS' POCKET MEDICAL FORMULARY. Fifth Edition,
Revised.

3y WirLiam M. PowgLL, M.I)., Attending Physician to the Mercer
House for Invalid Women at Atlantic City, N. J. Containing 1800
formulz selected from the best-known authorities. With an Appen-
dix containing Posological Table, Formule and Doses for Hypo-
dermic Medication, Poisons and their Antidotes, Diameters of the
Female Pelvis and Feetal Head, Obstetrical Table, Diet List for Various
Diseases, Materials and Drugs used in Antiseptic Surgery, Treatment
of Asphyxia from Drowning, Surgical Remembrancer, Tables of
Incompatibles, Eruptive Fevers, Weights and Measures, etc. Hand-
somely bound in flexible morocco, with side index, wallet, and flap.
$1.75 net.

“ This little book, that can be conveniently carried in the pocket, contains an immense
amount of material. It is wery nseful, and, as the name of the author of each prescription
is given, is unusually reliable ' —Medical Kecord, New Yaork.

SAYRE’S PHARMACY. Second Edition, Revised.
Essentials of the Practice of Pharmacy. By Lucius E. SAYRE,
M.D., Professor of Pharmacy and Materia Medica in the University of
Kansas. Crown octavo, 200 pages. Cloth, $1.00; interleaved for
notes, $1.25.
[See Saunders’ Question- Compends, page 21.]

““The topics are treated in a simple, practical manner, and the work forms a very useful
student’s manual,"'—Bostor Medical and Surgical fournal,
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SEMPLE’S LEGAL MEDICINE, TOXICOLOGY, AND HYGIENE.
Essentials of Legal Medicine, Toxicology, and Hygiene. By
C. E. Arvanp SEMPLE, B.A., M.B. Cantab., M.R.C.P. Lond.,
Physician to the Northeastern Hospital for Children, Hackney, etc.
Crown octavo, 212 pages; 13o illustrations. Cloth, $1.00; interleaved
for notes, $1.25.
[See Saunders’ Question- Compends, page 21.]

““ No general practitioner or student can afford to be without this valuable work, The
subjects are dealt with by a masterly hand."— London Hospital Gazette.

SEMPLE’S PATHOLOGY AND MORBID ANATOMY.

Essentials of Pathology and Morbid Anatomy. By C. E.
ArRMAND SEMPLE, B.A., M.B. Cantab., M.R.C.P. Lond., Physician to
the Northeastern Hospital for Children, Hackney, etc. Crown octavo,
174 pages; illustrated. Cloth, $1.00; interleaved for notes, $1.253.

[See Saunders’ Question- Compends, page 21.]

% Should take its place among the standard volomes on the bookshelf of both student
.aﬂt]_ pmctiliﬂnen“—}f.aurfms fﬂl.&".ﬁfﬁﬁ (razedie.

SENN’S GENITO-URINARY TUBERCULOSIS.

Tuberculosis of the Genito-Urinary Organs, Male and Female.
By NicHoras SExn, M.D., Pu.D., LL.D., Professor of the Practice of
Surgery and of Clinical Surgery, Rush Medical College, Chicago.
Handsome octavo volume of 320 pages, illustrated. Cloth, $3.00 net.
“ An important book upon an important subject, and written by a man of mature judg-

ment and wide experience. The author has given us an instructive book upon one of the
most important subjects of the day.”—Clinical Keporter.

* A work which adds another to the many obligations the profession owes the talented
author. " —Chicago Medical Recorder.

SENN’S SYLLABUS OF SURGERY.

A Syllabus of Lectures on the Practice of Surgery, arranged
in conformity with ¢« An American Text-Book of Surgery.” By
NicHoLAs SENN, M.D., Pu.D., Professor of the Practice of Surgery and
of Clinical Surgery in Rush Medical College, Chicago. Cloth, $2.co.
“This syllabus will be found of service by the teacher as well as the student, the work

being superbly done. There is no praise too high for it. No surgeon should be without
it —New York Medical Times.

SENN’S TUMORS.

Pathology and Surgical Treatment of Tumors. By N. Sexx,
M.D., Pu.D., LL.D., Professor of Surgery and of Clinical Surgery,
Rush Medical College ; Professor of Surgery, Chicago Polyclinic;
Attending Surgeon to Presbyterian Hospital ; Surgeon-in-Chief, St.
Joseph’s Hospital, Chicago. Octavo volume of 710 pages, with 513
engravings, including full-page colored plates. Cloth, $6.00 net;
Half Morocco, $7.00 net.
“* The most exhaustive of any recent book in Engnsh on this subject. It is well illus-
trated, and will doubtless remain as the principal monograph on the subject in our language

for some years. The book is handsomely illustrated and printed, and the author has given a
notable and lasting contribution to surgery."— fowrnal of the American Medical Association,
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SHAW’S NERVOUS DISEASES AND INSANITY. Third Edition,
Revised.

Essentials of Nervous Diseases and Insanity. By Joux C.
Suaw, M.D., Clinical Professor of Diseases of the Mind and Nervous
System, Long Island College Hospital Medical School; Consulting
Neurologist to St. Catherine’s Hospital and to the Long Island College
Hospital. Crown octavo, 186 pages; 48 original illustrations. Cloth,
&1.00 ; interleaved for notes, S1.25.

[See Saunders’ Question-Compends, page 21.]

“ Clearly and intelligently wrnitten."—FBoston Medical and Surgical foursal.

“There is a mass of valuable material crowded into this small compass.''—dmterican
Medico-Steveical Bulletin,

STARR’'S DIETS FOR INFANTS AND CHILDREN.

Diets for Infants and Children in Health and in Disease. By
Louis Starr, M.D., Editor of ““ An American Text-Book of the
Diseases of Children.”” 230 blanks (pocket-book size), perforated

and neatly bound in flexible morocco.  $1.235 net.
The first series of blanks ave prepared for the first seven months of infant life; each
blank indicates the ingredients, but not the quantities, of the food, the latter directions being

left for the physician. After the seventh month, modifications being less necessary, the diet
lists are printed in full. Formulz for the preparation of diluents and foods are appended.

STELWAGON’S DISEASES OF THE SKIN. Third Edition, Revised.

Essentials of Diseases of the Skin. By Hexry W. STELWAGON,
M.D., Clinical Professor of Dermatology in the Jefferson Medical
College, Philadelphia; Dermatologist to the Philadelphia Hospital ;
Physician to the Skin Department of the Howard Hospital, ete.
Crown octavo, 270 pages; 86 illustrations. Cloth, $1.00 net; inter-
leaved for notes, $1.25 net.

[See Sawnders’ Question- Compends, page 21.]

¢ The best student’s manual on skin diseases we have yet seen."'— Timer and Register,

STENGEL'S PATHOLOGY. Second Edition.

A Text-Book of Pathology. By Avrrep Stevcer, M. D., Physician
to the Philadelphia Hospital; Clinical Professor of Medicing in the
Woman’s Medical College ; Physician to the Children's Hospital ;
late Pathologist to the German Hospital, Philadelphia, etc. Handsome
octavo volume of 848 pages, with nearly 4oo illustrations, many of them
in colors. Cloth, $4.00 net; Half Morocco, §5.00 net.

STEVENS' MATERIA MEDICA AND THERAPEUTICS. Second
Edition, Revised.

A Manual of Materia Medica and Therapeutics. By A. A.
SteEvens, A.M., M.D., Lecturer on Terminology and Instructor in
Physical Diagnosis in the University of Pennsylvania; Professor of
Pathology in the Woman's Medical College of Pennsylvania. Post-
octavo, 445 pages. Flexible leather, §z.25.
¢ The author has faithfully presented modern therapeutics in a comprehensive work,

and, while intended ]J:tr!iﬂll':ll']j‘ for the use of students, it will be found a :I_'ﬂ:i'lillﬂf gui::ie and
sufficiently comprehensive for the physician in practice.— Unizersity Medica! Magasine.
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STEVENS’ PRACTICE OF MEDICINE. Fifth Edition, Revised.
A Manual of the Practice of Medicine. By A. A, Stevexns, A. M.,
M. )., Lecturer on Terminology and Instructor in Physical Diagnosis
in the University of Pennsylvania; Professor of Pathology in the
Woman’s Medical College of Pennsylvania. Specially intended for
students preparing for graduation and hospital examinations. Post-
octavo, 519 pages; illustrated. Flexible leather, $2.00 net.
“The frequency with which new editions of this manual are demanded bezpeaks its

popularity. It is an excellent condensation of the essentials of medical practice for the

student, and may be found also an excellent reminder for the busy physician,”—FSuffale
Medical fournal.

STEWART’S PHYSIOLOGY. Third Edition, Revised.

A Manual of Physiology, with Practical Exercises. For
Students and Practitioners. By G. N. Stewarr, M.A., M.D.,
D.Sc., lately Examiner in Physiology, University of Aberdeen, and
of the New Museums, Cambridge University ; Professor of Physiology
in the Western Reserve University, Cleveland, Ohio. Octavo volume
of 848 pages; 3oo illustrations in the text, and 5 colored plates.
Cloth, 83.75 net.
Tt will moake its way by sheer force of merit, and amply deserves to do so. It is one
of the very best English text-books on the subject.” —London Lancer. :

“Of the many text-books of physiology published, we do not know of one that so
nearly comes up to the ideal as does Prof. Stewart’s volume."—8ritish Medical fournal

STEWART AND LAWRANCE’'S MEDICAL ELECTRICITY.

Essentials of Medical Electricity. By D. D. Stewarr, M.D.,
Demonstrator of Diseases of the Nervous System and Chief of the
Neurological Clinic in the Jeflerson Medical College; and E. S.
Lawrance, M.D., Chief of the Electrical Clinic and Assistant Demon-
strator of Diseases of the Nervous -System in the Jefferson Medical
College, etc. Crown octavo, 158 pages; 065 illustrations. Cloth,
$1.00 ; interleaved for notes, $1.25.

[See Saunders’ Question-Compends, page 21.]

“ Throughout the whole brief space at their command the authors show a discririnating
knowledge of their subject.” —Meaical News.

STONEY'S NURSING. Second Edition, Revised.

Practical Points in Nursing. For Nurses in Private Practice.
By EamiLy A. M. Stoney, Graduate of the Training-School for Nurses,
Lawrence, Mass.; late Superintendent of the Training-School for
Nurses, Carney Hospital, South Boston, Mass. 456 pages, illustrated
with 73 engravings in the text, and 8 colored and half-tone plates.
Cloth, $1.75 net.

“ There are few books intended for non-professional readers which can be so cordially
endorsed by a medical journal as can this one.” —Flerapentic Gazelfe.

“« This 15 a well-written, ['ll‘li.m'.ﬂil_'!.‘ EH.':'LCI'iL":lI volome, which covers the entire range of
private nursing as distinguished from hospital nursing, and instructs the nurse how best to
meet the various emergencies which may arise, and how to prepare evervthing ordinarily
needed in the illness of her patient.”—.admerican Jowrnal of Obstetrics and Diszases of
Homen and Children.

¢ It is a work that the physician can place in the hands of his private nurses with the
assurance of benelit.”"—O4ie Medical Journal,
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STONEY'S MATERIA MEDICA FOR NURSES,

Materia Medica for Nurses. By Eminy A. M. Stoney, Graduate of
the Training-School for Nurses, Lawrence, Mass. ; late Superintendent
of the Training-School for Nurses, Carney Hospital, South Boston, Mass.
Handsome octavo volume of jo6 pages. Cloth, $1.50 net.

The present hook differs from other similar works in several features, all of which are
intended to render it more practical and generally useful. The general plan of the contents
iollows the lines laid down in training-schools for nurses, but the book contains much use-
ful matter not usually included in works of this character, such as Poison-emergencies,
Ready Dose-list, Weights and Measures, etc., as well as a Glossary, defining all the terms
used in Materia Medica, and describing all the latest drugs and remedies, which have been
zenerally neglected by other books of the kind.

SUTTON AND GILES’ DISEASES OF WOMEN.

Diseases of Women. By J. Braxp Surron, F.R.C.S., Assistant
Surgeon to Middlesex Hospital, and Surgeon to Chelsea Hospital,
London ; and ArTtHUR E. GiLes, M.D., B.Sc. Lond., F.R.C.5. Edin.,
Assistant Surgeon to Chelsea Hospital, London. 436 pages, hand-
somely illustrated. Cloth, $2.50 net.

¢ The text has been carefully prepared. Nothing essential has been omitted, and its
teﬂching,ﬁ are those recommendecd h_'l." the ]n:-arling authorities of the {la}'.”--fmﬂ'uﬂf{?f ihe
Awnrerican Meaical Assoctation.

THOMAS’S DIET LISTS AND SICK-ROOM DIETARY.

Diet Lists and Sick-Room Dietary. DBy JeromeE B. THowmas,
M.D., Visiting Physician to the Home for Friendless Women and
Children and to the Newsboys' Home ; Assistant Visiting Physician
to the Kings County Hospital. Cloth, $1.50. Send for sample sheet.

THORNTON'S DOSE-BOOK AND PRESCRIPTION-WRITING.

Dose-Book and Manual of Prescription-Writing. By E. (.
Tuorxton, M.D., Demonstrator of Therapeutics, Jefferson Medical
College, Philadelphia. 334 pages, illustrated. Cloth, §1.25 net.

“t Full of practical suggestions; will take its place in the front rank of works of this
sort, ' —Wedical Kecord, New York,

VAN VALZAH AND NISBET’S DISEASES OF THE STOMACH.

Diseases of the Stomach. By Wirtiam W. Vax Vavzan, M.D.,
Professor of General Medicine and Diseases of the Digestive System
and the Blood, New York Polyclinic; and J. Dovcras Nisper, M. D.,
Adjunct Professor of General Medicine and Diseases of the Digestive
System and the Blood, New York Polyclinic. Octavo volume of 674
pages, illustrated. Cloth, $£3.50 net.

“ [tz chief claim lies in its clearness and general adaptability to the practical needs of

the greneral practitioner or stuclent.  In these relations it s ]*-mimlai}' the best of the recent
special works on diseases of the stomach.”—Chicage Clinical Kepiew.

VECKI'S SEXUAL IMPOTENCE.
The Pathology and Treatment of Sexual Impotence. By Vicror
(3. VEck1, M.DID. From the second German edition, revised and en-
larged. Demi-octavo, about 3oo pages. Cloth, $2.00 net.

The subject of impotence has seldom been treated in this country in the truly scientific
spirit that it deserves. Dir. Vecki’s work has long been favorably known, and the Gl:rljnan
book has received the highest consideration. “This edition 1s more than a mere t_l.’:'LTIE]El:I-GII,
for, although based on the German edition, it has been entirely rewritten in English.
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VIERORDT’S MEDICAL DIAGNOSIS. Fourth Edition, Revised.

Medical Diagnosis. By Dr. OswaLp ViErorDT, Professor of Medi.
cine at the University of Heidelberg. Translated, with additions,
from the fifth enlarged German edition, with the author's permission,
by Frawncis H. Stuart, A. M., M.D. Handsome roval octavo volume
of 6oz pages; 194 fine wood-cuts in text, many of them in colors.
Cloth, $4.c00 net; Sheep or Half Morocco, $5.00 net,

“ A treasury of practical information which will be found of daily use to every busy
practitioner who will consult it."—C. A. LivpsLey, M.D., Professor of the Theory and
Practice of Medicine, Yale University.

¢ Rarely is a book published with which a reviewer can find so little fault as with the
volume before us.  Each particular item in the consideration of an organ or apparatus, which
is necessary to determine a diagnosis of any disease of that organ, is mentioned; nothing
seems forgotten. The chapters on diseases of the circulatory and digestive apparatus and
nervous system are especially full and valuable. The reviewer would repeat that the book is
one of the best—probably #4e dest—which has fallen into his hands.”—Uhiversity Medical
Magazine.

WARREN’S SURGICAL PATHOLOGY AND THERAPEUTICS.

Surgical Pathology and Therapeutics. By Joux CorLvrins WarreN,
M.D., LL.D., Professor of Surgery, Medical Department Harvard
University ; Surgeon to the Massachusetts (General Hospital, etc.
Handsome octavo volume of 832 pages; 136 relief and lithographic
illustrations, 33 of which are printed in colors, and all of which were
drawn by William ]. Kaula from original specimens. Cloth, $6.00
net ; Half Morocco, £7.00 net. 2
¢ There is the work of Dr. Warren, which I think 15 the most creditable book on
Surgical Pathology, and the most beautiful medical illustration of the bookmaker’s art, that

has ever been issued from the American press.”—Dr. RosWELL PARK, fn the Harvard
rraduate Magazine.

¢ The handsomest specimen of bookmaking that has ever been issued from the American
medical press.”—dmerican fournal of the Medical Scrences.

£ A most striking and very excellent feature of this book is its illustrations. Without
exception, from the point of accuracy and artistic merit, they are the best ever seen in a work
of this kind. Many of thoze representing microscopic pictures are so perfect in their coloring
and detail as almost to give the beholder the impression that he is looking down the barrel
of a microscope at a well-mounted section.”—dnnals of Surgery.

WOLFF ON EXAMINATION OF URINE.

Essentials of Examination of Urine. By Lawrexce Wovrrr, M. D,
Demonstrator of Chemistry, Jefferson Medical College, Philadelphia,
etc. Colored (Vogel) urine scale and numerous illustrations. Crown
octavo. Cloth, 75 cents.

[See Saunders’ Question- Compends, page 21.]

“ A very good work of its kind—very well suited to its purpose. "' — Fimes and Kegister.

WOLFF'S MEDICAL CHEMISTRY. Fourth Edition, Revised.

Essentials of Medical Chemistry, Organic and Inorganic.
Containing also Questions on Medical Physics, Chemical Physiology,
Analytical Processes, Urinalysis, and Toxicology. By LAWRENCE
Wourr, M.D., Demonstrator of Chemistry, Jefferson Medical College,
Philadelphia, etc. Crown octavo, 218 pages. Cloth, $1.00; inter-
leaved for notes, £1.25.

[See Saunders’ Question- Compends, page 21.]

“* The scope of this work iz certainly equal to that of the best course of lectures on
Medical Chemistry.'— Pharmacentical Eva,
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THE INTERNATIONAL TEXT=-BOOK OF SURGERY. Intwo volumes,

By American and British authors. Edited by J. CoLrixs WarrexN, M. D, I_.L.[Zl.1
Professor of Surgery, Harvard Medical School, Boston; Surgeon to the Massachusetts
General Hospital; and A. Pearce Gourp, M.S., F.R.C. 5., Eng., Lecturer on
Practical Surgery and Teacher of Operative Surgery, Middlesex Hospital Medical
School; Surgeon to the Middlesex Hospital, London, England. Vel. I. Handsome
octave volume of about g50 pages, with over 4o0 beautiful illusirations in the text,
and g lithographic plates.

HEISLER'S EMBRYOLOGY.
A Text-Book of Embryology. By Joux C. HeisLer, M. D., Professor of
Anatomy in the Medico-Chirurgical College, Philadelphia. 12mo volume of about
325 pages, handsomely illustrated.

KYLE ON THE NOSE AND THROAT.
Diseases of the Nose and Throat. DUy . Brapex Kvyrg, M. D., Clinical Pro-
fessor of Laryngology and Rhinology, Jefierson Medical College, Philadelphia; Con-
sulting Laryngologist, Rhinologist, and Otologist, 5t. Agnes’ Hospital. Octavo volume
of about 630 pages, with over 150 illustrations and 6 lithographic plates,

PRYOR -PELVIC INFLAMMATIONS.
The Treatment of Pelvic Inflaimmations through the Vagina. By W. E.
Prvor, M. I, Professor of Gynecology in the New York Polyclinic. 12mo volume

of about 250 pages, h:'L:lulaim'Lwi:,r illustrated.,

ABBOTT ON TRANSMISSIBLE DISEASES.
The Hygiene of Transmissible Diseases: their Causation, Modes of
Dissemination, and Methods of Prevention. By A. C. Apnorr, M. 1D, Pro-
fessor of Hygiene in the University of Pennsylvania; Director of the Laboratory of
Hygiene. Octavo volume of about 325 pages, containing a number of charts and

maps, and numerous illustrations.

JACKSON—DISEASES OF THE EYE.
A Manual of Diseases of the Eye. Iy Epwarp Jackson, A M., M.D.,
late Professor of Diseases of the Eye in the Philadelphia Polyelinic and College for
Graduates in Medicine. I12mo volume of over 500 pages, with about 175 beautiful
illustrations from drawings by the author.



























