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Feétus of third month, with fetal membranes and newly-formed placenta (nat-
ural size). In the upper figure the ¢horion is cot, showing the fetus through the
amnion ; in the lower figure the membranes are laid open.
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CHAPTER 1.

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

EMBRYOLOGY 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 embryos
of an age less than four or five days, and but few, indeed,
upon those younger than sixteen or eighteen days, we
cannot be said to possess definite knowledge of the very
earliest processes of development in man. There is, how-
ever, sufficient analogy between the known facts of human
development and those of corresponding stages in allied
groups of animals, as well as between the various groups of
animals themselves, to establish certain broad general princi-
ples of agreement in essential features. In tracing the his-
tory of human development, 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 ovum, is necessary. Such union is variously
called fertilization, fecundation, and impregnation.

Prior to the beginning of the present century, little or
nothing was definitely known concerning reproduction and
development. The opinions of the biologists of early times
found expression in a theory which was then called the theory
of unfolding or of evolution, but which more recently has
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oceupies 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
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Fi6. 1.—1 to B, Various stages of the development of the spermatozoon of the
monse : 9, the spermatozoon of the mouse (after F. Hermann); 10 and 11, spermato-
zoa of the dog; 10, as seen from the side; 11, as seen from the broader surface (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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minal filament. At the anterior end of the axial fiber is a
small body, the end-knob (not shown in the figure).

The power of locomotion which the spermatozoon exhibits
is conferred by the vibratile movement of its tail, accompanied
by a rotation about its long axis through an arc of 90 degrees.
The rate of progression is about 0.05 or 0.06 mm., or its own
length, per 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 spermatozoon-formation,
or spermatogenesis, vary in different animals. A cross see-
tion of a seminiferous tubule of a mammal (Fig. 3) shows a
layer of cuboidal cells called parietal cells, lying in contact

Fi16. 8—Section of testicle of musk-rat; seminiferous tubule seen in eross section :
a, wall of tubule; b, parietal eells; ¢, mother-cells; d, spermatoblasts,

with the basement membrane of the tubule wall. This layer

consistes of the so-called Sertolli's columns, or sustentacular

cells, and of the spermatogenic cells or spermatogonia. The

sustentacular cells are merely supporting ; the spermatogenic

cells give rise to the spermatozoa.
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The descent of the spermatozoa from the spermatogonia is
accompanied by a peculiar modification of ordinary mitosis
known as the reduction of the chromosomes, or reduction-divi-
sion. The spireme, or chromatin thread, of the ordinary
cells of the body, known as body-cells or somatic cells in
contradistinetion to the reproductive or germ-cells, breaks up
at the beginning of mitosis into a definite number of seg-
ments or chromosomes, which number is constant and char-
acteristic for the species. Thus in man, the guinea-pig, and
the ox, there are sixteen chromosomes; in the mouse, the
salamander, and the trout, twenty-four; in some sharks,
thirty-six ; in the grasshopper, twelve. After the division
of the chromatin into the characteristic number of chromo-
somes, in the case of a somatic cell, each chromozome gplits
longitudinally, so that each daughter-nucleus receives as
many chromosomes as there were in the parvent cell. Thus
the number of chromosomes remains constant notwithstand-
ing repeated cell-divisons. In the division of the germ-cells,
however, an important modification of this process has been
observed, resulting in the reduction of the number of chro-
mosomes. This reduction-division occurs both in the devel-
opment of the spermatozoon and in the “maturation” of
the ovum. The essence of reduction-division is that in the
germ-cell the chromatin divides into half as many chromo-
gomes as in the case of the somatic cell, but these chromo-
somes are tetrad and hence are equivalent to double the
number of the somatic chromosomes ; and that two subse-
quent cell-divisions oceur without intervening reconstruction
of the nueleus, so that one element of each tetrad passes to
each one of the four descendent cells. Thus each of the four
cells descended from any one germ-cell contains half as many
chromosomes as a somatie cell, and when, during fertilization,
such a (male) germ-cell unites with a similar (female) germ-
cell the normal number of chromosomes iz restored.

During spermatogenesis the multiplication of the spermat-
ogonia is effected by the usnal method of mitosis, as is also
the formation of the primary spermatocytes from the last
generation of the spermatogonia, but when the primary
gpermatocyte enters upon the process of mitosis its chromatin
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namely, a cell-wall, here called the vitelline membrane, the
cell-contents, or vitellus or yolk, a nucleus or germinal vesi-
cle, and a nucleolus or germinal spot.

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

Fie. 5.—Egg from a rabbit's follicle which was 0.2 mm. (g inch) in diameter
(after Waldeyer). It iz surrounded by the zona pellucida (z0 p.), on which there
rest at one place follicular cells (f z.). The yolk contains dentoplasmic granules
(d.). In the germinative vesicle (k. b)) the nuclear network (b n.) is especially
marked, and containg a large germinative dot (& £,
ferred to as the egg-envelopes; but since they are contributed
by the diseus proligerus of the Graafian follicle, it must be
remembered that. they are not, properly speaking, a part of
the ovam. 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 canals are thought by some to
facilitate the ingress of spermatozoa, thus corresponding in
function to the micropyle, a small aperture found in the less
easily penetrable egg-envelopes of many invertebrates and

of some fishes.
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The vitelline membrane does not call for extended deserip-
tion. It may be regarded as a slightly specialized condensa-
tion of the peripheral part of the cell-contents.

The vitellus, or cell-contents, here, as in other cells, is
essentially protoplasm or eytoplasm, to which is added mate-
rial called deutoplasm, designed for the nutrition of the ovum
at the beginning of development. The protoplasm is also
called the formative yolk and the egg-plasm, while the deuto-
plasm is known as the nutritive yolk. In the human ovum
these elements are more or less uniformly distributed ; there
is, however, a differentiation into an inner, slightly less clear
region, containing more yolk-granules (deutoplasm) and a
peripheral, clearer zone, The characteristic transparency of
the human egg-cell is due to the fact that the deutoplasmic
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

Fi6. 6.—Diagram of an egg with the
nutritive yolk in a polar position. The
formative yolk constitutes at the animal
pole (4. P), agerm-dizk (K.ech.) in which
the germinative wvesicle (kb)) {8 en-

closed. The nutritive yolk in. d.) fills
the rest of the egg up to the vegetative
pole (V. P.) (Hertwig).

Fui. 7.—Diagram of an egg with the
nutritive wolk in the center. The
germinative vesicle (k. b.) oceupies the
middle of the nutritive yolk (n.d.),
which is enveloped in a mantle of
formative yolk (b d.) (Hertwig).

dentoplasm are uniformly distributed, as in the ova of Mam-
malia, including man), and of amphioxus (Fig. 5). '
2. Telolecithal ova are those in which the relatively abun-
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dant deutoplasm is accumulated 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. 6).

3. Centrolecithal ova are those in which the deutoplasm is
central, the protoplasm completely surrounding it, as in the
eggs of arthropods (Fig. 7).

Ova are classified also according to their method of seg-
mentation. This will be described 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 accurately by the fusion, of the
nuclei of the male and female parent-cells that generation is
effected. As a rule, there is but one nucleus, though there
may be two. Its position is usually—if not universally—
eccentric, this being more marked where there is a 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 nucleus of any other typical cell,
it is composed of the.nuelear network consisting of linin and
~ chromatin, 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
multiple, according to the species, though the number is fairly
constant for each species. Nagel ascribes ameboid move-
ment to the germinal spot.

Polarity.—The polarity of the egg has been incidentally
referred to. Apparently it owes its existence to the eccentric
position of the nucleus, the animal pole being that point on
the surface to which the nucleus is nearest. Polarity bears a
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 egg.

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 yellow of the egg, the albumen or white, as well
as the shell and shell-membrane, being egg-envelopes con-
tributed by the oviduct. 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, consists of the germinal vesicle with the
surrounding formative yolk. It is in the germinative disk
alone that segmentation takes place, and it is for this reason
that eggs of this class are designated meroblastic, or partially-
dividing eggs.

The deutoplasm is made up of white and of yellow yolk

Fic. 8.—Diagrammatic longitudinal section of an unincubated hen's egg (after
Allen Thomson). (Somewhat altered): b.!, germ-disk: w.y, white yolk, which
consists of a central flask-shaped mass, and a number of concentric layers sur-
rounding the yellow yolk (y.y.)}; v.t, vitelline membrane: z, a somewhat fluid
albuminous layer which immediately envelopes the yolk; w, albumen, compoged
of alternating layers of more and less fluid portions: eh.l, chalaz®; a.eh, air-
chamber at the blunt end of the egg—simply a space between the two layers of
the shell-membrane; 4.sm, inner, s.m, outer layer of the shell-membrane; s,
shell.

(Fig. 8). 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 egg 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 oviduct, where it
acquires a caleareous coating, the shell; finally, passing
through the fourth part of the canal, it is “laid.”

The layer of albumen immediately surrounding the yolk
is relatively dense; it is prolonged to either extremity of the
egg, 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 egg 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 Waldeyer, Bischoff, and others)
after birth. Their number is estimated to be about seventy
thousand.

The ovam, the direct 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 more
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 vasculosa, consisting of a
condensation of the ovarian stroma. The outer, more fibrous
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The fibrous wall of the follicle is lined by the membrana
granulosa, which consists of many layers of epithelial cells;
these, at the point of contact with the ovum, project in such
a manner as to surround it completely, the cellular envelope
thus formed constituting the discus proligerus. The inner
cells of the discus are arranged in two layers, the individual
elements having their long axes radially directed. From the
appearance of radial striation, conferred partly by this cir-
cumstance, the inner zone has been called the zona radiata
or zona pellucida, and the outer the corona radiata. The
cavity 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 occurs when the ovum is “ripe,” the latter
passes into the Fallopian tube.

The ultimate origin of the egg' is to be sought in that im-
portant group of cells on the surface of the ovary to which
Waldeyer gave the name germinal epithelium. This first
appears at about the fifth week of intra-uterine life, as a
localized thickening of the cells of the structure that subse-
quently becomes the peritoneum. 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 increase in thickness, and, with the progress of
other changes, finally become, in the female, the ovaries.
At about the sixth or seventh week—the germinal epithelium
now 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, grow from
the surface into the underlying connective tissue, carrying with
them certain of the surface-cells (see Fig. 128), Conspicuous
among these are the large sexual cells, or primitive ova; while
smaller cells, likewise from the germinal epithelium, are

1See p. 250,
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the spindle lies parallel with one of the radii, and its direc-
tion is determined by the position of the pole-corpuscles,
Each pole-corpuscle is surrounded by a radiation, the attrac-

tion-sphere or polar striation. These hodies exercise a con-
trolling influence upon the nuclear spindle, so that it assumes

Fig. 11.—Fortions of the ova of Asterins glacializ, showing changes affecting the
germinal vesiele at the beginning of maturation (Hertwig): a, germinal vesicle:
b, germinal spot, composed of nuelein and paranuelein (e} ; o, nuelear spindle in
process of formation.

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

The outer extremity of the nuclear spindle, being made to
protrude by the continued onward movement of the nucleus,
becomes detached (Fig. 12); this separated piece, with the

Fig. 12.—Formation of the polar bodies in the ova of Asterias glacinlis (Hert-
wig): ps, polar spindle; pb’, first polar body ; pb”, second polar body; », nucleus
returning to condition of rest.

small surrounding constricted-off mass of protoplasm, con-

stitutes the first polar body. From the remnant of the first
3
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dividing into the number of chromosomes characteristic for
the somatic cells, divides into half that number. These
chromosomes are tetrads, that is, each one consists of four
more or less loosely associated elements conceived to result
from a primary longitudinal splitting of the chromosome,
followed possibly by a transverse division of the two halves.
In the division of the primary odeyte (Fig. 14) to form two
secondary obeytes (one of which is the first polar body) each
tetrad is halved =0 that the same number of dyads goes to

Primordial egg-celi.

A Geraminal =ane,

Sone af miitotic divisien.
[ { Fhe wwmber of pencva-

flons 15 miack lavger
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Matsred ovm, . \

I PR,
FiG. 14.—Scheme of the development and maturation of an asearis ovum (after
Boveri): P. B, Polar bodies, (From  Ergebn. d. Anat. u. Entw.,” Bd. 1)

each new nucleus. The secondary oieytes now undergo
mitosis, but without reconstruction of the nuclens, each dyad
chromosome giving one of its elements to each of the new cells,
that is, to the now mature ovum and the second polar body.,

It will be apparent, therefore, that the casting off of the
polar bodies is a cell-division, but one which results in the
production of cells of very unequal size. It is noteworthy,
as pointed ont by . B. Wilson, that the chromatin of the
nucleus is exaetly halved at each division, notwithstanding
the disproportion in the division of the eytoplasm.
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at regular, generally monthly, intervals, from puberty to the
climacteric.

After the escape of the ovum, hemorrhage into the empty
follicle oceurs, the resulting clot being the corpus hemorrhagi-
cum. According to Leopold, if rupture oceurs 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 atypical, to distinguish it
from the fypical body formed in the ordinary manner.

The blood-clot is soon 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 yellow 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. 16). The color of the corpus varies considerably in

r.'p:;trm frefenne.,

Tube cut across.

Fi6. 16.—0Ovaries of two virging, showing large corpora lutes, resembling those of
preguancy (Hirst).

different species of animals, the yellow color being character-
istic for the human subject.

If the ovam 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-
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the thirteenth and seventeenth years and cease between the
ages of forty and fifty. In the tropics, they appear some-
what earlier ; in cold climates, somewhat later. The function
is suspended during pregnancy and, usually, during lactation.

The quantity of the discharge, though subject to consider-
able variation, is usually from 4 to 6 fluidounces. The blood
is venous 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 days ; and the stage of quiescence, including the remain-
ing twelve to fourteen days.

In the constructive stage, which occupies the six to seven
days preceding the discharge, the mucous membrane of the
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 increase in size, and the connective-tissue cells
are increased in number. The thickened mucous membrane
resulting from these alterations is the decidua menstrualis.
The term “ constructive” is applied to this series of changes
for the reason that their apparent purpose is the preparation
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-
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ovalation, and of these to conception, are of practical inter-
est in determining the date of labor. The duration of preg-
nancy is from 270 to 280 days, nine calendar, or ten lunar,
months, and it dates from the moment of conception. DBut
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, although 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
the time most favorable for conception is the week following
menstruation ; and inasmuch as the latter function is sus-
pended during pregnancy, it is obvious that the most reliable
basis for calculating the probable date of conception is the
last menstruation. The method usually employed is to count
nine months and seven days from the first day of the last
menstruation. After what has been said it is perhaps need-
less to remind the reader that this can furnish only approxi-
mately the date of labor. In a case where conception oc-
curred a few days prior to the first omitted period, there
would be a diserepancy of several weeks between the actual,
and the calculated, termination of pregnancy.

FERTILIZATION.

Fertilization is that peculiar union of spermatozoon and
egg-cell which initiates the phenomena resulting in the forma-
tion of a new individual. As implied in a preceding section,
impregnation is possible in the higher organisms only after
the completion of maturation, while in others, as for example
the maw-worm of the horse, spermatozoa enter the ovum
before the extrusion of the polar bodies, and thus one process
overlaps the other.
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female pronuclei approach each other and finally meet in the
center of the ovum, the two bodies apparently fusing to form
the single segmentation-nueleus or cleavage-nucleus, It must
not be understood, however, that an actual single membran-
ate nucleus is formed. As the pronuclei approach each
other the centrosome of the spermatozoon lies between them
surrounded by its attraction-sphere, and gives rise to a nuclear
spindle after the manner of ordinary mitosis, the chromatin
threads of the two pronuclei lying in relation with its equator,
but on opposite sides from each other. In other words, the
chromatin contributed respectively by the two pronuclei

F1o. 17—Portions of the ova of Aslerias glacialis, showing the approach and
fusion of the spermatozoon with the ovam (Hertwig): a, fertilizing male element;
b, elevation of protoplasm of egg; I, b, stages of fusion of the head of the sper-
matozoon with the ovum.

retaing in each case its identity, the * segmentation-nucleus ”
entering upon the processes of mitotic division without
previous intermingling of the chromatin of the ovum with
that of the spermatozoon. As will be shown in Chapter II.,
one-half of each chromatin thread goes to one pole of the
spindle, while the other half of each goes to the opposite
pole, to give rise to the two daughter-nuclei resulting from
this first segmentation of the segmentation-nuclens. It will
be evident that the segmentation-nucleus consists of chromatin
substance derived from each parent. As this fact has been
thought to explain, anatomieally, the offspring’s inheritance
of both paternal and maternal characteristics, it has been






CHAFPTER 11.

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

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

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

The achromatin-substance of the segmentation-nuclens
forms a nuclear spindle in the ordinary manner, with a cen-
trosome or pole-corpuscle at each apex. The centrosome
is surrounded by the polar striation or attraction-sphere.
After the usual preliminary changes, the chromatin-substance
assumes the form of V-shaped loops arranged around the
equator of the spindle in such a manner as to produce the
wreath or aster. Each chromatin loop splits longitudinally,
and the resulting halves of each move to opposite poles of
the spindle, where they become grouped about the pole-cor-
puscle to constitute the daughter-wreaths of the new nuclei.
The vitellus now begins to divide, the first step being the
formation of an encireling groove on its 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 L., Fig. 1). The two cells or
blastomeres resulting from the division of the segmentation-
nuecleus do not always divide simultaneously ; if the division of

! Recent investigations by Peters, of Vienna, upon an ovum of three or
four days, already embedded in the uterine mucosa, would indicate that less
time than this is occupied in traversing the oviduit.
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plasm, its direction coinciding with the longest diameter of
an oval egg, but lying in any diameter of a spherical one.
The first cleavage-plane always cuts the axis of the nuclear
spindle perpendicularly at its center; the second bisects the
tirst, also perpendicularly ; and the third is perpendicular to
the two others and passes 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 classification of ova according to their method
of cleavage is as follows:

1. Holoblastic ova are those in which segmentation is total
—that is, the entire ovuam undergoes division. If the re-
sulting cells are of equal size, there is said to be
- (a) Total equal cleavage; to this class belong the alecithal
ova of mammals (Fig. 5) and of amphioxus, to the segmen-
tation of which the above description may be said to apply.
Strictly speaking, the cells are not of exactly equal size,
those in the region of the vegetative pole of the egg being
slightly larger than those at the animal pole. Contrasted
with this is

(b) The total unequal cleavage of amphibian ova, whose
segments are of unequal size (Fig. 19). These eggs being

F16. 19—Diagram of the division of the frog’s egg: 4, stage of the first division.
B, stage of the second division. The four segments of the second stage of division
are beginning to be divided by an equatorial furrow into cight segments ; p, ple-
mented surface of the egg at the animal pole; pr, the part of the egg which is
richer in protoplasm; d, the part which is richer in deutoplasm; #p, nuclear
gpindle (Hertwig).

telolecithal, the lighter protoplasmic animal pole is directed
upward, while the deutoplasmic vegetative pole is under-
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bered, the nutritive-yolk is centrally placed and is surrounded
by the formative-yolk. The segmentation-nucleus lies in the
center of the nutritive-yolk, and in this position undergoes
division and subdivision. The new nuclei now migrate into
the peripherally placed formative-yolk, when the latter di-
vides into as many parts as there are nuclei, and thus the
central unsegmented nutritive-yolk becomes enclosed in a
sac composed of small cells,

THE STAGE OF THE BLASTODERMIC VESICLE.

The blastomeres of the morula soon show a differentiation
into two groups of cells, a peripheral or outer and a central
or inner group (Plate L., Fig. 2, left figure). This differen-
tiation is indecd foreshadowed by the fact that of the first

Fia, 21.—0vum of the bat, show- Frs. 22.—0vum of the bat, showing vacu-
ing vacuolation of the segmented olation of the segmented egg to form the
egg to form the blastodermiccavity. blastodermic cavity. 3 600 (Van Beneden)
3 500 (Van Beneden),

two blastomeres, one is slightly larger than the other.
Vaeuoles now appear in some of the central cells, and these,
becoming larger, finally coalesce to form a fissure-like space,
the cleavage-cavity or segmentation-cavity, the lecithocele
of Van Beneden (Figs. 21 and 22). The ovum is now in the
stage of the blastodermic vesicle.

It will be profitable to compare this stage of the mamma-
lian ovum with the corresponding blastula stage of the

4
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(Van Beneden). 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. 24, It will be
seen that its walls con-
sist of several layers of
cells, and the cleavage-
cavity is encroached
upon to a considerable
extent by the large and
abundant cells of the
vegetative pole, which
are especially rich in :

mentation-cavity; rz, marginal zone; oz, cells
deutoplasm.  In the wim abundant yoik (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. 25, the cleavage-cavity is a narrow fissure

Pz, 25 —Median section through a germ-disk of pristiurus in the blastula stage
(after Rickert): B, cavity of the blastula; kz, segmented germ ; dk, finely granular
yolk with yolk-nuelei.

whose roof is the germ-disk, and whose floor is the unseg-
mented nutritive-yolk, which latter corresponds therefore to
the large vegetative cells forming the floor of the amphibian
ege shown in Fig. 24,
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animals during their development repeat, to a greater or less
extent, the embryonic or the larval forms of the lower mem-
bers of the group to which they belong. Huxley has pointed
out the morphological identity of the adult form of the cwlen-
terata with the two-layered gastrula.

¥

FiG. 26,—Gastrulation of amphioxus (modified from Hatschek). A. Blastula:
az, animal eells; vz, vegetative cells; /i, cleavage-cavity. B. Beginning invagina-
tion of vegetative pole. €. Gastrula stage, the invagination of the vegetative cells
being complete: ak, outer germ-layer; ik, inner germ-layer; ud, archenteron; ,
blastopore.

It must not be understood, however, that we find in mam-
mals a gastrula stage such as that of amphioxus; we do find,
indeed, that the single-layered blastodermic vesicle as deseribed
above acquires two and, still later, three cellular layers, but
to what extent the layers of the didermic blastodermic vesicle
correspond to the ectoderm and entoderm of the gastrula of
lower types is not quite clear; nor are all the details of
the growth of these layers as yet clear. The phenomena
have been studied in the mole, the rabbit, the bat, the sheep,
and the dog, as well as in some other mammals, According
to the investigations of Van Beneden upon the development
of the rabbit and the bat, the inner cell-mass spreads out
upon the inner surface of the enveloping layer and shows a
differentiation into two groups of cells, One group, occupy-
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ment of the cells of the inner cell-mass ; and that, partly as
a consequence of this rearrangement of cells, the amniotic
cavity is produced and a differentiation becomes manifest
between a group of cells, the embryonic bud, which is to
gerve for the development of the embryonic body, and other
cells which are destined to produce the accessory organs or
envelopes of the developing embryo.

As previously stated, the process of gastrulation and the
form of the gastrula are modified in the case of ova possess-
ing 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. 24. 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. 31). Compare this with the amphi-

Fia. 3l.—Eagittal section through an egg of triton (after the end of gastrulation):
ak, outer germ-layer; ik, inner germ-layer; ds, yolk-cells; df and ), dorsal and
ventral lips of the cecelenteron; wud, ceelenteron; d, vitelline plug; mk, middle
germ-layer (Hertwig).

oxus gastrula as shown in Fig. 26. In the bird’s egg, the
form of whose gastrula is shown in Fig. 32, an infolding
or invagination occurs, as in the frog’s egg, 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. 32. Its archenteron is a
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narrow fissure, and its blastopore, situated 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

Fi6. 32.—Longitudinal section through the germ-disk of a fertilized unineubated
ege of the nightingale (after Duval): ak, outer, {k, inner germ-layer; ud, celen-
teron: tf, anterior, A, 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-mass of the
blastodermie vesicle, as shown in Plate 1., Fig. 2. It isonly
in this region that the wall of the vesicle is, at this particular
stage, composed of more than a single layer of cells, the ecto-
derm and the entoderm not extending much, if at all, beyond
its periphery.

The embryonal area, soon becoming oval (Fig. 33) and,
later, pear-shaped, exhibits, at its posterior margin, a trans-

T [

ge

A &

Fig, s3.—Blastula of the rabbit seven days old withont the outer egg-mem-
branes. Length 4.4 mm. (after Kolliker). Magnified ten diameters. Seen in 4
from above, in B from the side : ag, embryonic spot (area embryonalis); ge, the line
up to which the blastula is two-lavered.

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 used with
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reference to the future body, the narrow end of the area em-
bryonalis corresponding to the posterior pole or candal ex-
tremity of the fetus,

In the chick’s egg, the embryonic area (Fig. 34), or em-
bryonic shield, appears while the egg is yet in the oviduet,

Fig. 84 —Two germ-disks of hen's egg in the first hours of incubation (after
Koller) : df, area opaca; i area pellucida ; & erescent; sk, crescent-knob ; 5, em-
bryonie shield; pr, primitive groove.

Its embryonic crescent corresponds to the mamalian terminal
ridge. Segmentation being limited to the germ-disk in the
chick’s egg, the resulting blastoderm, which is not a vesicle,
but a flattened mass (IMig. 32) composed of several layers of
cells, rests by its margin upon the partially liquefied yolk.
The central region of the blastoderm, which overlies the
liquefied portion of the yolk, from its translucence is known
as the area pellucida (Fig. 34), while the dark opaque rim,
resting upon the yolk is the area opaca. The inner rim of
the area opaca is the area wvasculosa. These regions are
observed also in the mammalian egg.

It is in the embryonal arvea alone that the body of the
embryo is developed ; the other parts of the germ produce
extra-embryonic structures, such as the amnion, the yolk-
sac, ete.

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

The Primitive Streak.—The primitive streak is a linear
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other and fuse in a line corresponding to the median longi-
tudinal axis of the future embryonic area, the fusion or con-
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. 26), the two germ-layers after the

Frimiitve groove, Beginning
aperion fold.

e Prinsitioe streak,
Entodermnic {ining
of guf-tract,

Viseeral laver
of mesoderm. Entoderm,

Fia. 37.—Transverse section of the embryonic area of a fourteen-and-a-half-day
ovom of sheep (Bonnet).

union of the edges of this opening are in intimate association
under the primitive streak, as shown in Fig. 37.
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 erescent 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 circumference 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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The terms gastral mesoderm and peristomal mesoderm
are used to designate respectively that portion developing
from the region of the head-process of the primitive streak
and that portion growing from the region of the blastopore.

Coneerning the origin of the mesoderm much difference of
opinion prevails, The simpler and more primitive method
is seen in the amphioxus, in which it develops as two evagina-
tions from the dorsal wall of the archenteron, one on each
gide of the mid-line. These entodermic folds, containing
each a cavity, the enterocel, grow out 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 celom.

The origin of the middle germ-layer in higher vertebrates
is far less clearly 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 cwlenteron; the investigations, however, of
Bonnet and of Duval respectively upon sheep and chick
embryos, point to a different conclusion. Bonnet’s observa-
tions show that the mesodermie tissue, 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-off’ 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 said, therefore,
that the mesoderm originates from a double source, chiefly
from the entoderm, but also from the ecloderm, since the cells
giving rise to the part that grows from the region of Hen-
sen’s node are ectodermic. A section of the germ transverse
to the long axis of the embryonic area (Figs. 36 and 37)
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
layers 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-
onic area.

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

If the expansion of the mesoderm, as indicated by the
surface appearance of the germ (Fig. 39), be noted, it will

Fra. 39, —Diagrammatic surface view of rabbit's ovam of 205 hours (after Tour-
nenx). The darkly shaded area indicates the extent of the mesoderm. a, Periph-
eral limit of area opaca; b, of area pellucida; ¢, of parietal zone; d, of stem-zone;
J, Honsen's node; g, proamnion.

be seen that at first it is present throughout 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. 40); these wings, meeting at their tips,
enclose a space, the proamnion, which is devoid of mesoderm.

Referring again to the transverse section (Fig. 37), it is
evident that the middle germ-layer in the vicinity of the
median line is composed of a somewhat irregular mass of
cellg, 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-

F16. 40 —Diagrammatic surface view of rabbit’s ovum of 211 hours (after Tour-
neux). 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 ;
6, Hensen's node ; 7, proamnion.

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 cubical masses, the mesoblastic
somites, or primitive segments, often improperly called the
protovertebre. 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. 4?] and
46). The formation of the somites begins at the cephalic end
of the embryo and progresses tailward.

The lateral plate of the mesoderm splits into two lamelle,
5
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The Derivatives of the Germ-layers.—From the
three primary germ-layers are developed the various tissues
and organs of the body by metamorphoses which may be
referred to the two fundamental processes of specialization,
or the adaptation of structure to function, and of unequal
growth, which latter results in the formation of folds, ridges,
and constrictions.

From the ectoderm are produced :—

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

The infoldings 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-
municating cavities:

The epithelial lining of the external auditory 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 conjunctiva and of the anterior part
of the cornea, the crystalline lens.

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

The epithelium of the internal ear,

From the entoderm are produced :—

The epithelium of the respiratory tract.

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

The epithelial parts of the middle ear and of the Eustachian
tube.






CHAPTER IV.

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

THE germ, in the stages thus far considered, has the form
of a hollow vesicle more or less irregularly spherical. Tt
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 rudi-
ments of the various organs of later stages by processes which,
though seemingly complex, are referable to certain simple
fundamental principles. It is, namely, in the unequal growth
of different parts of the germ, in outfoldings and infoldings,
and in the furrowing and constricting-off of parts, as well as
in the adaptation of structure to function, that we find an
explanation of the various developmental processes,

The first indication of the formation of the embryo and of
its differentiation from the parts of the germ that are destined
to produce, wholly or in part, the several extra-embryonic
structures, is the marking ouf of the embryonic area by the
thickening of the cells of the vesicle-wall in a definitely cir-
cumseribed region. The stroctures designated as extra-em-
bryonic are the umbilical vesicle, the amnion, the allantois, and
the fetal part of the placenta. The development of these and
the production of the external form of the body of the em-
bryo will be 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.
6






THE NEURAL OR MEDULLARY CANAL. 71
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Fra. 42.—Transverse section of a sixteen-and-a-half-day sheep-embryo (Bonnet).

day. Almost as soon as the plate is formed, its lateral and
anterior edges begin to curl up, producing the medullary fur-

Meduliary Lmeleft
JSurromw, Ecloderm.  mesoderm Amnian,

Parietal
wrEsaderm.

carfomm,

Virceral
mresode FrE.,

Notochard Saomite.  Genf entoderm,
Fig, 43.—Transverse sectlon of & sixteen-and-a-half-day sheep-embryo possessing
six somites (Bonnet).
row or groove (Figs. 41, 42, and 43). The curling margins
of the plate carry with them, as they rise, the adjacent
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It is apparent, therefore, that the neural tube is a structure
whose walls are composed of ectodermic cells, and that it has
originated from the ectoderm by what may be called a process
of infolding.

The medullary canal is the fundament of the entire adult
nervous system. The first step in the conversion of a struct-
ure so simple into one so complex consists in the dilatation of
the cephalic 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

Axial gone, Newral canal.

Somcite,

Lateral sone, Caoily within somife,

Eateral plates for
Sody-reaiis. FParietal mesodermt,
Lateral plates for Pleuvoperitonsad
s Oy,

Midsle plate. R

Primiltve aoric.,

. Vitetline vein.
F16. 45, —Transverse section of a seventeen-and-a-half-day sheep-embryo (Bonnet),

specialization of the cells composing 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 neural tube closes first in the future eervical 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 cells lying parallel with the
medullary tube, on the dorsal side of the archenteric cavity.
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they unite to form the neural canal, the primitive streak falls
within its limits.

In a gastrula with an open blastopore, such as that of the
amphioxus and those of amphibians, the blastopore is in-
cluded between the medullary folds, and, after the completion
of the neural canal, it constitutes an avenue of communica-
tion between the latter and the ceelenteron or primitive enteric
cavity; this communication is the neurenteric canal. 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
neurenteric canal. According to Graf Spee, a neurenteric
canal is found in the human embryo, as well as in the groups
above mentioned. The canal is 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 cells, 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 profovertebree, 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 description 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 (Fig. 46) ; 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-
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Fia. 46, —Rabbit embryo of the ninth day, seen from the dorsal side (after
Kdlliker). Magnified 21 diameters. The stem-zone (sfz) and the parictal zone (pz)
are to be distinguished. In the former 8 pairs of primitive segments have been
catablished at the side of the chorda and nentral tube; ap, area pellucida; =f,
medullary groove; vh, fore-brain; ab, eve-vesicle; mh, mid-brain: Ab, hind-brain;
uwr, primitive segment: sz, stem-zone; pe, parietal zone; &, heart; ph, pericardial
part of the body-eavity; vd, margin of the entrance to the head-gut (vorders
Darmpforte), seen through the overlying structures; af, amniotic fold; v, vena
omphalomesenterica.

tion of other segments 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. In the human
embryo there are thirty-eight pairs of neck and trunk
somites and perhaps four pairs in the occipital region of the
head. '
The first somites appear on the eighth 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 SOMITES OR PRIMITIVE SEGMENTS. (if)

the notochord is differentiating from the entoderm, and the
lateral plates of mesoderm are splitting to form the body-
cavity or ecelom,

In structure the primitive segments of lower vertebrates
consist of columnar cells arranged around a central cavity
(Figs. 43 and 45). The cavity, in the amphioxus, communi-
cates for a time with the ceelenteron, 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 communication 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 layers and before
it has divided into the axial and lateral plates, The size of
the cavity is quite variable; in some cases, as in the Amniota,
it is almost if not entirely obliterated by the encroachment
of the cells of the walls of the somite.

Belonging to the somite, though not apparent on the sur-
face, is a mass of cells which connects, for some time, the
somite proper with the lateral plate (Fig. 45). 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 eell-mass
becoming the nephrotome. Each one of these parts
contains a cavity, that of the myotome being called 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
dorsalis, 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 or per-
haps to muscular tissue. The remaining part of the myo-
tome, that situated dorsolaterally, constitutes the muscle-






CHAPTER V.

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

THE formation of the fetal membranes occurs coincidentally
with the production 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 various appendages go
on simultaneously, it is 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 ovim that is to become the embryvo—that is, the
embryonie area—is represented by a localized thickening of
the wall of the blastodermie vesicle, of the shape and relative
gsize shown in Fig. 33, which presents a surface view of the
germ. On each side of the embryonic axis, represented by
the notochord, is the paraxial mass of mesoderm, which has
undergone partial segmentation to form the somites; on the
distal side of the paraxial column, the mesoderm has split
into the somatic or parietal, and the splanchnic or visceral
lamellse, between which is the body-cavity or ceelom. The
cavity of the germ until the occurrence of the transforma-
tions about to be deseribed iz one undivided eompartment

which is bounded by splanchnopleure ; and a conspicuous fea-
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Diagrams illustrating the formation of the foetal membranes (modified from Roule).
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THE FORMATION OF THE BODY-WALL. 81

thus outlines and forms the walls of the intestinal canal, 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 IT., Fig. 3); by the continued upward
growth of this amnion-fold and the simultaneous settling
down of the embryo upon the yolk-sac, the margins of the
fold come to lie above the embryonic 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 deseribed 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, or chorion (Plate I1., Figs, 4-6).

Since the infolding of the splanchnoplenre 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 III.).
When the candal 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 vesicle.

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 canal and its associated glandular apparatus.

It has already 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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found as early as the fourteenth day,' before the medullary
groove has closed to form the neural 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 amnion, constitute the
class Anamnia.

The first indication of the growth of the amnion is apparent
at a comparatively early stage of development. A surfuce-
view of the blastodermic vesicle of the first day of ineuba-
tion in the case of the chick shows a curved line or marking
at the anterior edge of the embryonic arca (Fig. 41); 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-
vated 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 cireumseribes the
embryonic area, and the outer elevated edge of which is the
amnion fold. The groove involves both the somatopleure
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 II.). This separation of the
somatopleure and the splanchnopleure enlarges the extra-
embryonic portion of the body-cavity. The amnion 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

1 Recently it has been found complete in an ovum estimated to be four
days old.
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layer, and also that the embryonic ectoderm is likewise
continuous at the periphery of the embryonie bud with that
part of the enveloping layer which forms the vault of the
amniotic cavity ; hence, after the ventral eurvature of the
embryonie bud, the periphery of which carries with it toward
the ventral surface the amniotic ectoderm and mesoderm,
we have practically the same conditions as obtain in the
avian embryo as shown in Plate I1., Figs. 4 and 5. While in
the latter ease the amnion is produced by the formation of
folds, in the mammalian germ the same result is attained by
the vacuolation of the inner cell-mass.

As the curving ventrally of the embryonic bud continues,
the originally flat mass of cells composing it iz converted
into an imperfeet tube, the lateral and ventral surfaces of
which correspond with the former dorsal surface. This
ventral ﬁ}i{]ing of the embryonie bud produces the body of
the embryo.  As the folding includes the entodermal layer
on the ventral surface of the embryonic bud, the blastodermie
cavity is divided, as in the bird’s germ, into the primitive
intestinal canal and the yolk-zac (Fig. 48).

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 candal pole
of the embryo. In consequence of this attachment the true
amnion is connected with the false amnion, and since the troe
amnion is continuous with the body-wall of the embryo, the
candal end of the embryonic body is attached to the false
amnion or chorion by a mass of mesodermic tissue ealled the
allantoic stalk or belly-stalk, as seen in Fig. 47. The rela-
tion 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 liguor amnii.

The amnion at first envelopz only the sides and dorsum of
the embryonic body, occupying the upper part of the cavity
enclosed by the chorion, as shown in Plate I1., Figs. 5 and
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a buffer for the fetus, protecting it from mechanical violence,
and it supplies the fetal tissues with water, since portions of
it are from time to time swallowed. Evidence that the fetus
swallows the fluid is afforded by direct observation of chicken
embryos, and by the presence of epidermal cells, bairs, 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
gecretion.

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

THE YOLK-SAC.

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

In order to appreciate more fully the function and the
morphological relations of this structure, it is necessary to
glance at the conditions that obtain in the several elasses of
vertebrate animals. Tn 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 deutoplasm so abundant in telolecithal ova.
In the case of amphibians, whose cleavage, it will be
remembered, is holoblastic or total, the cells richest in deuto-
plasm are accumulated, after segmentation, in the floor of the
archenteron ; this accumulation produces on the future 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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In the human embryo the umbilical vesicle is found par-
tially constricted oft' from the intestinal ecanal by the end of
the second week ; by the end of the third week the separa-
tion of the two cavities has advanced to such an extent that
the vitelline duct is present, the sac attaining its maximum
size by about the fourth week.

The function of the umbilical vesicle, as ahove 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 Chapter X.. Their growth pre-
cedes that of the intra-embryonie portions of the vascular
apparatus, the vascular area of the yolk-sac being the seat
of the earliest blood-vessel formation. The wvesszels 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 vetro-
gresses, the allantois succeeding it as the organ of nutrition
and respiration. By the end of the sixth week the sac has
shrunk to a narrow stalk, which is surrounded by the en-
larged amnion, and which, terminates in a knob; at birth,
the knob lies near the placenta (Plate V., Fig. 2), and the
atrophic remnant of the stalk is one of the constituents of
the umbilical cord.

THE ALLANTOIS.

The allanteis is an embryonic structure which is found in
those vertebrates possessing an amnion. Its growth is cor-
related with the retrogression of the umbilical 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 celom (Plates II. and ITL), its stalk leaving the
body-cavity proper through the umbilical opening. Being
an outgrowth from the intestinal eanal, the walls of the
allantois are made up of splanchnopleure—that is, of ento-
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The function of the allantois in egg-laying animals, and
possibly in some others, is to serve as a nutritive and res-
piratory organ and as a receptacle for the fetal urine; in
man its cavity is exceedingly minute, and its chief funection
is to furnish a means of conveying blood-vessels from the
embryo to the chorion,

FiG. 45.—Mesial geetion through an carly buman ovam (Graf Spee); a, Abdom-
inal stalk; b, amnion; ¢, yolk-sae; d, hypoblast : £, mesoblast; f, vessels on wall of
yolk-sac: g, primitive streak; &, allantois: ¢ medullary plate; 7, early heart; &,
mesoblast of chorion ; I, early villi; m, chorionic mesoblast extending outward
into villi.

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 umbilicus;' 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 veins.

- 1If the urachus remains patulous instead of becoming impervious, urine
may escape at the umbilicus, and the condition is a variety of urinary fistula.
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being the foundations of the future villi of the chorion. The
trophoblast layer was not solid, but was honeycombed with
little spaces or vacnoles filled with maternal blood, which
spaces were partly lined with a nucleated protoplasm, the
early syncytium (Plate IV., ). Even at this early stage,
therefore, when the trophoblast strands or early villi are as
yet devoid of a mesoblastic element, they are bathed with
the maternal blood. Very soon the mesoblastic tiszne of
the chorion grows into the trophoblast strands, thus forming
the permanent villus stems; and during the second week
capillaries extend into the stems, completing the formation
of the fully (Ei‘t"('lnpt.‘t] villi of the chorion.

The early development of villi is characteristic of the
human chorion (Fig. 49 and Plate 11, Fig. 6). At first the

Fi1g. 49 —Human ovom of abhout twelve  Fio. 50, —=Front view of ovom shown in
days (Reichert), side view. Fig. 49,
In both Agures the villi are limited in distribution, leaving the poles free,

villi, either covering the entire surface of the chorion or
leaving the two opposite poles free, are of uniform size ; n
the latter half of the first month, however, there begins to
be a differentiation into a region containing smaller, and one
having larger and more numerous, projections.  The differ-
ence between the two areas becoming more marked, the
relatively smooth part of the membrane, possessed of rudi-
mentary villi, is designated the chorion leve, while the
region with well-developed villous projections is distin-
guished as the chorion frondosum (Plate [II., Figs. 1 and 2);
the latter acquires a close relation with the mucous membrane
of the uterus and becomes the fetal part of the placenta.
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CHAPTER VI.

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

THE DECIDUAE AND THE EMBEDDING OF THE OVUM.

THE deciduz (deciduous or caducous membranes) are the
hypertrophied mucosa of the uterus so developed as to
form not only a lining for the uterine cavity, but also an

envelope enclosing the ovum, and a
specially altered part which serves
as a bond of connection between
the ovum and the womb,

During the four or five days
preceding menstruation, the so-
called constructive stage of the
menstrual eyele, the mueous mem-
brane of the womb becomes much
thickened and unusually vascular,
the purpose of these changes being
evidently the preparation of the
uterus for the reception of the
ovum in the event of impregna-
tion. If impregnation has not
occurred, the thickened mucosa,
the decidua menstrualis, is in great
part cast off as a part of the men-
stroal discharge; if, on the other
hand, conception has taken place,
the mucons membrane undergoes
still greater hypertrophy. On see-
tion, it is seen to consist of a super-
ficial compact stratum and a deeper
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FiG. 51, —Cross section through
the mucous membrane of the
nterus at the beginning of preg-
naneéy (after Kundrai and En-
gelmann).

spongy layer reposing directly upon the muscular wall of the
uterns. In the compact layer are the necks of the much
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the tissue fungus (Plate I'V.)., The overhanging edges of the
excavation constitute the beginning of the reflexa, which is
obviously, therefore, not produced by the upgrowth of a
cireular fold of mucosa. The trophoblast strands or early
villi extend toward and into the serotina, to which some of
them become attached. It is thought by Webster that they
may absorb fluid and nutriment, and that by phagocytic action
they open up the blood-spaces of the serotina, thus bringing
them into communication with the lacunw of the trophoblast.

The blood-lacunz of the trophoblast form a system of in-
tercommunicating spaces, the beginnings of the later inter-
villous spaces of the placenta ; they are filled with maternal
blood from the serotina, and are lined with syneytium (Fig.
53), the latter being thin in places and resembling an endo-
thelium. There is no extension, however, of the endothelinm
of the serotinal vessels, either upon the villi or into the
spaces (Peters and Webster).

The syneytium is the more or less irregular layer of nu-
cleated protoplasm which appears upon the surface of the
ovum toward the end of the first week, lining the tropho-
blast lacunse, and later penetrating as irregular masses into
the serotina, where it is found until the end of pregnancy.
No traces of it are found on the vera after the sixth week.
The origin of the syncytium has long been in dispute. Peters
has shown that it results from the transformation of the
superficial part of the trophoblast, probably from contact of
the latter with maternal blood, which, he thinks, exercises a
blending influence upon the trophoblast cells, so that as indi-
vidual cells they disappear, the result being a non-cellular
but nucleated protoplasm. Peters also believes that cor-
puscles of the maternal blood are appropriated by the
syncytium, and that the latter, covering villi and chorion as
it does, has something to do with the interchange of nutri-
ment and waste products between the maternal blood and
the ovum. What remains of the early trophoblast after the
formation of the syneytium is the layer of Langhans.

The ciliated epithelium of the uterine mucous membrane
disappears by the end of the first month of pregnancy (Minot) ;

7
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the villi being evenly distributed over the surface of the
chorion ; while in ruminants the villi are grouped into little
clusters or tufts called cotyledons, which are easily detachable
from the mucous lining of the womb. Owing to this loose
connection, the uterine mucosa is non-deciduous—that is, it is
not cast off after the birth of the young. The foregoing
classes are therefore styled Mammalia indeciduata, in contra-
distinetion to the Mammalia deciduvata—including man,
rodents, and Insectivora—in which there is a loss of the
greater part of the uterine mucous membrane after the

Fi6. 52 —Mature placenta: a, entire organ, showing fetal surface with membranes
attached to the periphery; b, a portion of attached surfiace.

expulsion of the fetus. In the Carnivora the placenta
has the form of a zone or ring—placenta zonaria—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 preg-
naney ; sinee it results from the union of the chorion frondo-
sum with the decidua serotina, it consistz= of a fetal and a
maternal part.

Our conceptions of the development of the placenta must
be modified to accord with recent investigations. The em-
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extensions of the allantoic blood-vessels. The syncytium of
the chorionic lacung, now the intervillous spaces, increases in
quantity, and not only lines the spaces, but exists in the form
of masses, some of which become attached to the serotina be-
tween the villi, while others penetrate into it, many being found
at the fourth month in the serotinal connective-tissue spaces.

The decidua serotina (basal decidua) in the first month is
edematous and hyperemie, presenting dilated capillaries and
blood-spaces, many of which communicate with the inter-
villous spaces of the chorion. By the sixth week its surface
epithelium is entirely lost, and the parts of its glands con-
tained in the compacta are to a great extent obliterated. In

F1g. Hl.—Schematic representation of the development of the placenta (after
Peters) : M., mesoblast; Tr., trophoblast; Sy., syneytium; En, endothelinm; Ca.,
maternal ecapillaries; fc., fetal capillaries; d.s, decidual septum; Fb., fibrin;
i.R., intervillous space,

the fourth month it is thinner, more irregular in thickness,
contains less sinuses, and shows degeneration in the com-
pacta, with many masses of syncytium. Toward the end
of pregnancy the sinuses increase in size, and the irregu-
larity in thickness and the degeneration are more marked.

The placenta at term is a discoid mass, in sifu, but less
flattened after its expulsion from the uterns. Its diameter
is from 15 to 20 and its thickness from 3 to 4 centimeters.
The uterine surface is convex and irregular, and is im-
perfectly divided into tufts or cotyledons. The somewhat
concave fetal surface, rather mottled, is covered by the
loosely adherent amnion, and presents, usually near its center,
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latter structure, as it grows from the ventral wall of the gut-
tract into the so-called allantoic or abdominal stalk, becomes
the seat of development of the two allantoic arteries and of
an equal number of allantoic veins, With the metamorphosis
of the chorion frondosum into the fetal placenta, the abdom-
inal stalk becomes more slender and at the same time much
elongated, and the allantoic blood-vessels are henceforth the
umbilical vessels. The two umbilical veins fuse, so that, at
birth and for some time before, there is but one vein, though
there are still two arteries. The umbilical vein, entering the
body of the fetus through the umbilicus, 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 wenosus, to the inferior vena cava, after which it
enters the liver through the transverse fissure. The umbilical
arteries, whose intra-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 esseniially of the
three blood-vessels mentioned, contains also the remnant of
the allantoie stalk and of the umbilical vesicle, these struct-
ures being surrounded and held together by a quantity of
embryonic connective tissue, the jelly of Wharton, which
makes 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 cm. (6 inches)
and 160 em. (64 inches); its thickness is about 1.5 cm.
(8 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
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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 embryo becomes definitely differentiated from
the embryonic appendages or fetal membranes, the develop-
ment of the individual organs and tissues may be taken up.
The discussion of this latter subject, especially of that part
of it pertaining to the structures on the exterior of the body,
involves a consideration of the external form of the embryo
and fetus during the successive 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 vesicle, the blastodermic vesicle
(Plate 1.); 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 embryonic
area, became more and more differentiated from the remain-
der, and that, by certain processes of folding, this area was
made to assume the definite form of the embryonic body,
while from the other parts of the vesicle-walls the fetal mem-
branes were produced (Plate IT.). Tt 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-
pleure and whose enclosed space is the body-cavity, and that
within it are two other tubes, a larger, the gut-tract, formed
by the splanchnopleure, and a smaller ectodermic tube, the

neural canal.
Lk
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was estimated to be about twelve days old.  Its form was
that of a sphere somewhat flattened, its short and long diam-
eters measuring respectively 3.3 mm. and 5.5 mm. The
flattened surfaces were smooth, while the equatorial zone was

F1G, 55.—Section through ovum embedded in the mueosa, Second half of first
week of pregonancy. The largest diameter of the chorionic vesicle is seen
(H. Peters): G.P, Blood-clot lying on the outer polar portion of the chorionic
vesicle: a, b, edges of opening in mucosa through which the ovum has excavated ;
U.E, uterine epithelium: Cap, decidua reflexa; Tr, trophoblast; Un, maternal
capillary; Dr, gland of uterine mucosa; B[, lacuna in the trophoblast, eontain-
ing maternal blood: K.A, site of embryo; Comp, decidua compacta ; M, fetal
mesoblast; U.Z, interglandular tissue of mueosa, in which early decidual cells are
found.

beset with villi. The early appearance of villi iz character-
istic of the human ovum.

THE STAGE OF THE EMBRYO.

Tt is during the early part of the second stage, at about
the fourteenth day, that the somatopleuric layer of the blasto-
dermie vesicle becomes folded in to produce the walls of the
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I between the prominent fore-brain vesicle and the cardiac

dilatation (Fig. 58).

Fia. 57.—~Human embryo of about the fifteenth day (His). The embryo Is
attached to the wall of the blastodermie vesicle by means of the nmbilical or
allantoic stalk, and is enclosed within the amnion; the large vitelline sac freely
communicates with the still widely open gut.

-
S

Fia. 58 —Human embryo with yolk-sac, amnion, and belly-stalk of fifteen to
eighteen days (after Coste). The chorion is detached at am’ ; am, amnion; am’, the
point of attachment of the amnion to the chorion drawn out to a tip; bst, belly-
stalk : Sch, tail-end ; us, primitive segment ; dy, vitelline blood-vesaels ; ds, yolk-
sac; h, heart; vh, visceral 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. 59, 7 and 8), these sacs being
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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 conspicuous pro-
jection on the ventral surface between the now almost com-
pleted yolk-sac and the cephalic end of the bedy is produced
by the primitive heart (IFig. 59, 10, 11, and 12).

Until the twenty-first day the embryonic body is erect.
Between the twenty-first and twenty-third days a marked
alteration in the appearance of the germ is brought about by
a pronounced bending of the long axis of the embryonic
body (Fig. 59). The degree of curvature is such that the
caudal and cephalic extremities overlap. The flexion reaches
its maximum degree by the twenty-third day. The curved
dorsal outline is referable to four well-marked flexions, the
position of the most anterior, or cephalic flexure, correspond-
ing to that of the future sella turcica and being indicated by
the projection of the mid-brain vesicle (Fig. 62, I11.) ; 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 is 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
growth of the embryo. After the twenty-third day, the
body as a whole uncoils somewhat, althongh in the latter
half of the fourth week the individual flexures noted above
become more conspicuous.

The Visceral Arches and Clefts.—The visceral arches,
with the intervening visceral clefts, constitute a eonspicuous
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. 60
and 62). The four furrows lying between the five visceral
arches are the visceral clefts. A coronal section of the neck-
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region (Fig. 61)—a section in a plane parallel with the ventral
surface—shows that the furrows seen on the ectodermic
surface correspond in position to a like number of deeper
grooves on the inner or entodermic surfice. The inner
furrows are out-pocketings of the entoderm lining the phar-
yngeal region of the fore-gut; they arve referred to as the
pharyngyeal pouches or throat-pockets to distingunish them from
the outer clefts. At the bottom of the clefts the ectoderm is
in contact with the entoderm, the mesoderm being absent ;
these two layers constitute the closing membrane. The vis-
ceral arches or ridges consist of thickened masses of meso-
dermic tissue covered outwardly and inwardly respectively

Fig. 6l.—Coronal sections of two human embryos, showing ventral wall or
pharyngeal end of gut-tract from behind (from Tourneux, after Hig). A, from
embryo of 2.2 mm.; B, of 425 mm. (sbout 25 to 30 days). I, II, ITT, IV, outer vis-
ceral farrows ; ¥V, sinus pr:rn:cr‘riculia. compriging third and fourth outer forrows;
1,2, 8, & visceral arches, each with its visceral-arch vessel; 6, tuberculum impar;

7, orifice of larynx ; & pulmonary evagination.

by the ectoderm and the entoderm. Each arch contains an
artery, the visceral-arch vessel. These five pairs of visceral-
arch vessels arise by a common stem, the truncus arteriosus.
from the primitive heart.'

The morphological significance of the visceral arches and
clefts may be appreciated by a comparison of the conditions
obtaining in lower types. While in birds and mammals the

! For an account of the metamorphosis of the visceral-arch vessels into
the adult arteries of the throat and neck the reader is referred to Chapter X.
E -
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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. 62). The maxillary arches or processes of
the two sides unite, at their anterior ends, with the inter-
vening nasofrontal process (Fig. 67, and in this way is 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 cavity. The maxillary
processes become the superior maxille, while the mandibular
processes become the lower jaws, The mesodermic core of
the mass of tissue constituting the mandibular arch divides
into three sections, of which the two situated at the proximal
end of the arch are quite small and give rise respectively to
the incus and the greater part of the malleus ; the large distal
gegment is a slender cartilaginons rod, Meckel's cartilage,
whose proximal extremity becomes the processus gracilis of
the malleus (see Chapter X VIIL.).

The second visceral, or anterior hyoid arch hecomes obliter-
ated as such, although a bar of cartilage 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 process, the stylohyoid ligament, and
the lesser cornn 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 structures,

The first outer cleft, known as the hyomandibular cleft, suf-
fers obliteration except at its dorsal extremity, where the
tissnes forming its margins produce the external ear., The
remaining three outer clefts disappear in the following man-
ner : the fourth outer cleft becomes covered and hidden by the
fourth arch, and the third and second clefts are successively

1 Reichert, Gegenbaur, Hertwig ; or to the ring of the stapes according
to Balensky, Gradenigo, and Rabl.
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is made to disappear by the coalescence of its edges. Oececa-
sionally this sinus, instead of becoming completely obliter-
ated, persists, and the thin layer of tissue forming its bottom
ruptures—possibly spontaneously or perhaps more probably
as the result of exploratory probing— constituting the anom-
aly known as cervical fistula. Such a fistula establishes an
opening into the esophagus.

The first inner cleft or first pharyngeal pouch becomes meta-
morphosed into the middle ear and the Enstachian tube, the
closing membrane, which separates it from the outer cleft,
forming the membrana tympani. The second pharyngeal
pouches produce 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 indicated on pp. 143 and 226. 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 so 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 caused by the
primitive heart (Fig. 59, 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 fossa,
being bounded above by the nasofrontal process, which has
grown down from the elevation of the fore-brain, laterally by
the maxillary processes, and below by the mandibular arches
(Fig. 67, A). The pharyngeal membrane, which consists of op-
posed ectoderm and entoderm and which separates the primi-
tive oral cavity from the gut-tract (Fig. 66, k), ruptures at the
time of the appearance of the third branchial arch.

By the end of the third week, the communication between
the yolk-sac and the gut-tract has become reduced to the
relatively small vitelline duct. At the twenty-fifth day the
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primitive oral cavity. The lacrimal groove is well-marked
at this stage, and the external auditory meatus is indicated.
The mandibles hecome united mesially at about the thirty-
fourth day. The third and fourth gill-clefts have by this
time disappeared in the cervical sinus, The paddle-like limb-
buds have lengthened and present, at first, 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 forearm 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
various parts of the face assume 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 maxillary processes, and the external boundaries of the
nostrils have become marked out by the meeting of each
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 arve seen as separate out-
growths, 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 conjunctiva 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 septum that divides the
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active epithelial elements of the glands. Thus, the indifferent
mesodermic 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 connective-tissue constituent obtain it
from the mesoderm. Owing to the varying degree of differ-
entiation of the mesodermic elements in different localities
there are formed tissues of widely different character. The
most important factor in the production of these modifica-
tions is the alteration of the intercellular substance, as to
whether it remains soft and homogeneous, whether it ac-
quires a fibrillar or an elastic structure, or whether it be-
comes dense and hard, as in the case of cartilage and bone,
The cells undergo comparatively little change, althongh,
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 slightest 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 acquire, 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 elastic
tissue, such as predominates in the ligamentum nuche, is
formed if the elastic fibers are in excess. Further increase
in the density of the intercellular material, with its accom-
panying conversion into bundles of non-elastic fibers having a
characteristic regularity of arrangement, produces the struct-
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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 tissue—
as well as the thymus body and the spleen, result from the
specialization of mesodermic cells, while the lymph-vessels
and the various lymph-spaces of the economy—that is, the
serous sacs, joint-cavities, bursal and thecal 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 lymphatic system. The various lymph-
spaces precede the vessels and the adenoid tissue in devel-
opment.

The lymph-spaces result from clefts in the mesoderm, the
earliest formed and most conspicuous 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-cavity. 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 inguinal canal into the serotum to constitute the
tunica vaginalis testis. The stomata of serous membranes
are merely so many apertures of communication between
the serous cavities, which are enormous lymph-spaces, and
the lymphatic clefts 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
spaces within the capsule of Tenon and the sheath of the
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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 constituting the oral pit or
stomodzum (Fig. 57). The oral plate is now the pharyngeal
membrane (Fig. 66). Reference to the sagittal section will

Fis. 66.—Median section through the head of an embryo rabbit 6 mm. long
(after Mihalkovics): rh, membrane between stomodmum and fore-gut, pharyngeal
membrane (Rachenhaut); &p, place from which the hypophysis is developed ; &,
heart; kd, lamen of fore-gut; ch, chorda; v, ventricle of the cerebrum ; v%, third
ventricle, that of the between-brain (thalamencephalon); v, fourth ventricle, that
of the hind-brain and after-brain (epencephalon and metenecephalon, or mednalla
oblongata); ok, central eanal 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 effeet,
a pushing-in of the surface ectoderm to meet the alimentary
entoderm.

A second important factor in the development of the face
is the appearance of the first and second visceral arches,
which oceurs in the third week. As pointed out in a pre-
ceding section, the first visceral arch divides into the mandi-
bular arch and the maxillary process (Fig. 62), 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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I _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. 67.—Development of the face of the human embryo (His): A, embryo of
about twenty-nine days. The nasofrontal plate differentiating into processus
globulares, toward which the maxillary processes of first visceral arch are extend-
ing. B, embryo of about thirty-four days: the globular, lateral frontal, and max-
illary processes are in apposition ; the primitive opening is now better defined. €,
embryo of about the eighth week: immediate boundaries of mouth are more defi-
nite and the nasal orifices are partly formed, external ear appearing. D, embryo
at end of second month.

and united with the lateral fronmtal processes and with the
nasofrontal process (Fig. 67, B and C). In this manner

the nasal pits become separated from the oral fossa, each of
these openings acquiring more definite boundaries. It is






THE MOUTH. 135

the development of the visceral arches, this area becomes a
depression, the oral pit. The pit is at first bounded caudad
by the cardiae prominence and cephalad by the fore-brain
vesicle (Fig. 57). 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. 67). The mandibular arches do not actually
unite with each other until the thirty-fifth day. A trans-
verse groove appears on the outer surface of the united
mandibular process, the elevation in front of which is the
lip ridge, while behind the groove is the chin ridge; these
ridges respectively produce the lower lip and the chin.  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

The primitive oral cavity, as before mentioned, is at first
separated from the gut-tract by the pharyngeal membrane
(Fig. 66). This structure ruptures at some time during the
fourth week, thus bringing the mouth into communication
with the upper end of the gut-tract. The exact location of
the pharyngeal membrane with reference to the adult pharynx
is somewhat difficult to define; it is ecertain, 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
section, as in Fig. 66, shows the relation of the oropharyngeal
cavity 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 (kp, Fig. 66) in the back part of the
‘primitive oral cavity 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 cavity. A little pouch or recess usually demonstrable
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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 cells of the epidermis. Although in
man and the higher mammals the teeth are 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 scales,

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 epithelinm. Mammals
are said to be diphyodont, since they develop two sets of
teeth ; while such groups as sharks, which continue to pro-
duce and lose new teeth thronghout life, are denominated
polyphyodont.

The development of the teeth is inaugurated in the sixzth
weef: 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 is away from the surface, so that
the new structure projects into the underlying 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 indication 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, eleft palate. This deficiency may be
limited to the hard or to the soft palate, or it may affect both, or it may
be seen in the uvula, either alone—cleft or bifid uvula—or in conjunction
with eleft palate,
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shaped enamel-germ becomes reduced to a slender strand of
cells and finally disappears, 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 shelf—that is, the side
looking toward the tongue—except those for the three per-
manent molars, which grow backward toward the articulation
of the jaw from the position of the second temporary molar.

As the enamel-germs grow downward into the mesodermic
tissue, the latter sends up a number of conical projections,
the dental papille, one for each enamel-organ. This dental
papilla, of mesodermic 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 enp which caps the dental
papilla. It is at about this time that the connection of the
enamel-organ with the surface ectoderm is 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 cells; the
deepest layer, that nearest the papilla, the so-called mem-
brana adamantina, consists of beautifully regular columnar
cells, the ameloblasts or adamantoblasts ; hetween 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 crown alone
covered with the enamel.

The first step in the formation of the enamel-prisms by
the enamel-cells is that the protoplasm of the deep extremity
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tissue cells upon the surface of the papilla assume distinetive
character, becoming large and branched, and constitute the
so-called odontoblasts (Fig. 69). 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 preformativa. The odon-
toblasts now send out processes toward the enamel-organ,
which are known as the dental processes. Calcification
begins upon the surface of the papilla and progresses toward
its center, but is not complete. Small uncalcified areas, cor-
responding to the globular spaces of the completed tooth,
remain next the enamel. The dental processes likewise 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
condensation to form the follicle of the developing tooth.
As the enamel-organ recedes from the surface, the follicle
increases in extent to such a degree as to envelop the entire
radimentary tooth. Only that part of the follicle which
covers the futnre 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. 68).

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 exception of the molars, bud from
the lingual side of the dental shelf in the sevenfeenth week
(Fig. 70), the germ for the first permanent molar appearing
about a week earlier at the posterior extremity of the dental
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ghelf 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

Fi1i. A.—Cross-gection of the lower jaw of a cat embryo, showing the enamel-
germs of a milk-tooth and of a permanent tooth (from Bonnet, after Kdlliker):
£, thickened oral epithelium; =0, enamel-organ of permanent tooth, which has
grown out at & from the neck (£ of the enamel-sae of a milk-tooth ; mi, lower jaw ;
m, Meckel's cartilage.

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

The eruption of the temporary teeth begins usually 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 are ent. 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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TemporarY DENTITION.

Central incisors . . . . . . . .. ... 54 to 7 months.
Dbl SHSIBOIE: = s e w k0 s oas 7 to 10 months,
T e e 12 to 14 months.
T e I 14 to 20 months.
Eeoomt TGlaNE s v . s s oios v s s 18 to 36 months.
PERMANERT DENTITION.
Rl e v e e s e e s fith year.
Central incisors . . - . . « « =« . . 7th year.
Lateral incisors . . . . . e S Bth year.
Tamet premolels . .. e aoe e s Oth year.
SBecond premolars . . . . . . .. ... 10th year.
T T e e PR 11th to 12th year.
e i e A 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 mucous 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. Each
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 ecomposing 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 duects 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 muscular sub-
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posteriorly to this median evagination, they completely en-
close 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 thyroglossal duct 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 cecum 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 is 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 described in connection 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. 67, A). The nasofrontal process, a mass of

thickened mesodermic tissue, lies between them. During the
10






CHAPTER X.
THE DEVELOPMENT OF THE VASCULAR SYSTEM.

THE wvascular system, including the blood, the heart, and
the blood-vessels, begins its development very early in em-
bryonic 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
mesodermic tissue, the heart and the vessels originating from
clefts within this structure, and being lined, therefore, with
endothelial cells.

In correspondence with the varying relations which the
embryo sustains toward the fetal appendages at different
times, its circulatory system is distinguished successively
by certain special features. Thus, during the activity of
the yolk-sac 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-sac, the
reader may be reminded, consists of the extra-embryonie
splanchnopleure covered with a part of the somatopleure.
The mesodermic layer of the sac exhibits—at the end of the
first day in the chick—a network made up of cords of cells,
the angioblast (Fig. 72). Interspersed throughout this net-
work are groups of cells, the substance-islands, which lie

within the meshes of the network in relation with the cords
147
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corpuscular elements of the fetal blood, are at first color-
less, but soon become pale yellow., Their formation goes
hand in hand with the formation of new blood-vessels,
Their color deepens somewhat, hemoglobin developing within
the eytoplasm. Their nuclei are large and reticular. The
majority of them acquire small dense nuelei and are then
called normoblasts. The erythroblasts continue to undergo
mitotie division in the blood-stream just as they did in the
blood-islands, division being seen in the embryo chick up to
the sixth day. In man, multiplication of erythroblasts
oceurs quite largely in early fetal life, particularly in regions
-where the circulation 1s slow, as in the liver, the spleen, the
bone-marrow, and the lymph-nodes ; while in later fetal life
and after birth it takes place in the red bhone-marrow only.
It is especially noteworthy that these early fetal blood-
cells are nueleated in contradistinetion to the adult non-
nueleated ved blood-corpuscles ; and that the nucleated form
is present throughout life in all vertebrates but mammals,
Up to the end of the first month the nueleated red cells
are the only corpuscular elements found in the blood. In
the second month the non-nucleated red blood-disks, the ery-
throcytes, make their appearance, and either in the third
month or very zoon thereafter outnumber the nucleated cells.
Differences of opinion obtain as to.the mode of origin of the
erythroeyte, but the prevailing view is that it results from
the normoblast by the loss of the nucleus of the latter. The
nucleus becomes globular and more dense, assuming in some
cases a dumb-bell shape, and is extruded from the cell, after
which it is thought to undergo partial disintegration and then
absorption by leukocytes. Some observers maintain that the
nuelei are dissolved within the eell. Nuelei in the process
of extrusion have been observed in cat-embryos. After ex-
trugion of the nuelens the remaining eytoplasm of the cell
assumes the biconcave form of the adult red blood-corpuscle
or erythroeyte,
The origin of the leukocytes is a somewhat unsettled ques-
tion. They are found in the blood of chick-embryos at the
eighth day and in the rabbit-embryo at the ninth day ; in the
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Neighboring sprouts communicate with each other to a
greater or less extent. In a human embryo of about eighteen
days the extension of the vessels—appearing macroscopically
as fine red threads—along the vitelline duet is well shown,
Having reached the body of the embryo, the vessels take
their course toward the primitive heart, which has meanwhile
been developing. From the anterior and posterior and lateral
limits of the vaseular area—using these terms with reference
to the axis of the embryonie body—four pairs of vitelline veins
converge toward the vitelline duct and unite to form the two
vitelline or omphalomesenteric veins. These veins, after enter-
ing the body of the embryo, pass headward along the wall of
the 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 vitel-
line 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. 60) 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 aortw, pass-
ing caudalward in the dorsal mesentery, give off, as their
largest branches, the two omphalomesenteric or vitelline
arteries 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 condition
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-
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of the tissue intervening between them, their cavities become
one (Fig. 73, B and ). After the formation of the gut-
tract, therefore, and the simultaneous appearance of the
ventral body-wall, the heart-fundament is a single straight
mesodermic tube, situated in the pharvngeal region, in close
relation with the ventral wall of the body, between the latter
and the fore-gut. Reference to Fig. 73, €, will show that

Farirtai feivcerm WoartYate

FiG. T8.—Echematic cross-section of rabbit-embryo to show development of
heart; A, embryonic area with the germ-membranes still spread out; B, more
advanced stage, the splanchnopleure partly folded in; € splanchnopleure folded
in to form gut-tract, the two heart-tubes fused into one (after Strahl).

the heart-tube is separated from the body-cavity (or calom)
on each gide by a layer of the mesoderm, and that these two
layers connect the heart dorsally with the gut-tract and
ventrally with the body-wall, forming respectively the meso-
cardium anterius and the mesocardium posterius. These folds
temporarily divide the upper portion of the body-cavity into
two lateral parts.

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 cells of the outer tube become specialized
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into muscle-cells, which are to constitute the future heart-
muscle, while those of the inner cylinder 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 eover 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-
tant, as showing the contractility of undifferentiated proto-

Ampeifon,

Medullary

Jurrew,

7 7 7 Extension
Plenropericar-  Pericardial i
dial cavitly. plates, gf calom.
Fre, 7. —Transverse section of a sixteen-and-a-half-day sheep-embryo (Bonnet).

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 (Iig. 75, 4), a vessel which bifurcates into
the first pair of visceral-arch vessels, while its lower ex-
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. 76, A). The venous
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limb of the S lies eaudad and toward the left, the arterial seg-
ment being directed headward and toward the right, so that

FRl

Fi6. 75, ~Diagrams illostrating arrangement of primitive heart and aortie
arches (modified from Allen Thomson): 1, vitelline veing returning blood from
vascular area; 2, venous segment of heart-tube; 3, primitive ventricle; 4, truncus
arteriogus ; 5, 6, upper and lower primitive aorte; ¥, ¥, continuation of double

aort® as vessels to candal pole of embryo; 6, vitelline arteries returning blood to
vascular area.

A B

Fra. T6.—A, heart of homan embryo of 215 mm, (His): «, trunens arteriosas;
b, primitive ventricle; ¢, venous segment. B, heart of human embryo of about
8 mm. (His): a, truncus mgimun; t, venous segment (behind) ; e, primitive ven-
triele (in fromt).
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
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the auricle. The ridge, growing downward, becomes the
septum primum or auricular septum and fuses with the upper
extremity of the septum intermedium of the auricular canal,
thus dividing the atrium into the right and left auricles
(Fig. 77). The atrioventricular canal, its anterior and poste-
rior cushions having united into the septum intermedium,
shares in this division, becoming thereby the right and the
left aurieuloventricular orifices. The division of the atrium,
however, is not as yet complete ; a hiatus, the foramen ovale,
exists ventral to the free ventral border of the united septum

A

Fi6. 77.—A, heart of human embryo of about 4.3 mm. (His): a, atrium ; b, por-
tion of atrium corresponding with auricular appendage; ¢, truncus arteriosus; d,
auricular canal; e, primitive ventricle. B, heart of human embryo of about the
fifth week (His): a, left auricle; b, right auricle; ¢, truncus arteriosus; d, inter-
ventricular groove; e, right ventricle; f, left ventriele,

primum and septum intermedium. A ridge grows down-
ward from the roof of the atrium upon the right side of the
septum primum and parallel with it; this is the septum
secundum (atrial crescent) and is very much thicker than the
primary septum. Its downward growth continues in such
manner that it comes to bound the foramen ovale ventrally
and below, its extremity uniting with the left extremity of
the fold which later becomes the Eustachian valve, and thus
forming the future annulus ovalis. The part of the primary
septum which is thus partially surrounded by the free margin
of the septum secundum pouches into the left auricle to con-
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gtitute a sort of valve for the prevention of regurgitation.
At birth or shortly after, the ventral edge of this valve-like
fold unites with the ventral margin of the foramen ovale,
thus obliterating the latter, the fold becoming thereby the
relatively thin floor of the fossa ovalis of the adult heart.!
The division of the ventricle, which follows that of the
auricle and which is completed by the seventh week, is first

A

B

F16. 78—A, section of heart of human embryo of 10 mm. (His): a, septum
spurium ; b, interauricular septum ; ¢, mouth of sinus reuniens ; d, right aoricle;
e, left auricle; f, auricular canal; g, right ventriele ; &, interventrienlar septum ;
i, left ventricle. N, section of heart of human embryo of about the fifth week
(His): a, septum spurinm: &, auricular septum; ¢, opening of sinus reuniens
{leader passes through foramen ovale); d, right atrinm ; e, left atrium; f, septum
intermedium ; g, right ventricle; &, ventricular septum ; 4, left ventriele.

indicated by a vertical groove, the sulcus interventricularis,
seen on both the dorsal and the ventral surface (Fig. 77).
From the internal surface, corresponding to the position of
the suleus, a median centrally projecting ridge appears and
develops into a septum (Figs. 78, k, and 79, ks), which, how-
ever, is incomplete above and in front. The deficiency thus
left, the ostium interventriculare, is obliterated by the down-
growth of the aortie septum (Fig. 79, ¢), upon the completion

!Oecasionally the foramen ovale remains patulons 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 blunish
or cyanotie, and a child thus affected i said to be a *“ blue baby.”
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of which the original single ventricle is divided into the
right and the left wentricles. While the interventricular
septum of the completed heart is, for the most part, muscular,
that portion of it which is produced by the aortic septum
always remains membranous, constituting the pars membra-
nacea septi of the adult heart. If this septum is incomplete,
as happens occasionally, there is an abnormal communication
between the two ventricles.

The truncus arteriosus, after having become somewhat flat-
tened, is divided by the growth of a vertical septum, or par-
tition (Fig. 79, s), into the aorta and the pulmonary artery,
The growth of the partition is initiated by the appearance of
two ridges on the opposite walls of the truneus, the ridges
growing toward each other and finally uniting to form the
aortic septum. Two longitudinal grooves which appear upon
the surface of the truncus, following the growth of the ridges
and corresponding in position with them, indicate the divi-
sion of the vessel into the aorta and the pulmonary artery, The
septum grows downward to meet and unite with the ventrie-
ular septum, as indicated above. Though the three septa re-
ferred to develop independently of each other there is such
correspondence between them, as to position, that the effeet
is as if they constituted one continuous 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. 77).
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 duets of
Cuvier and the umbilical veins. The mouth of the sinus
venosus is gnarded by a valve composed of two leaflets. The
right leaflet or fold is continuous above with a ridge on the
roof of the atrium, the septum spurinm (Fig. 78, «). In the
division of the atrium the sinus wvenosus 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-
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while the other forms the valve of Thebesius, or the coronary
valve, at the opening of the coronary sinus (the latter being
the persistent lower end of the left duct of Cuvier). The
Eustachian valve serves to direet the blood from the inferior
cava through the foramen ovale =o long as that aperture is
present, The single pulmonary vein is in like manner incor-
porated in the wall of the left auricle, 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 canal has the form of a transverse fissure, each
lip of which is thickened into a ridge (Fig. 79, A4). These
ridges or endocardial cushions are the primitive valves.
When the atrial partition grows down and the ventricular
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 ventricular
aspect by the ventricular septum, into a right and a left half
(Fig. 79, B). Since the ridges, at their points of union with
the septa, fuse likewise with each other, the original orifice
is 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
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 by the inward pro-
jection of muscular 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 are lined with the endocardium
(Fig. 80, A). While the outer stratum of the ventricular
wall now becomes more compact by the thickening of the
trabecule—and, to some extent, by their coalescence—the

trabecul® in the vicinity of the atrioventricular valves di-
n
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to the valve-leaflets, their other extremity is continuous
with trabeculz that have remained muscular, the adult mus-
culi papillares.

The semilunar valves of the aorta and pulmonary artery
appear when the truncus arteriosus divides to form those
vessels. The orifice of the truncus arteriosus is provided
with a valve having four leaflets (Fig. 81, 4). By the di-
vision of this vessel into the pulmonary artery and the aorta
(Fig. 81, B and C), the lateral leafiets are bisected, the ante-
rior half of each, with the anterior leaflet, going to the ante-
rior vessel —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
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. 81, €). 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
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 ventricles 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.
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 arc of 60 degrees around a vertical axis,
the altered relation of the pulmonary and aortic leaflets be-
comes at once intelligible (Fig. 81, C'and D).

THE ALLANTOIC AND THE PLACENTAL CIRCULATION.

The development of the allantois and its accompanying
system of blood-vessels is simultaneous with the decline of
the yolk-sac and the vitelline cireulation. Since the allan-






THE FETAL ARTERIAL SYSTEM. 165

vessels. The two umbilical arteries convey impure blood
from the fetus to the placenta, where it circulates through
the capillaries of that organ and receives oxygen and nutriment
from the blood of the mother. As before stated, there is no
intermingling of the fetal and the maternal blood, the two
eurrents being separated by the very thin walls of the capil-
laries, through which osmosis occurs. The purified blood
returns to the fetus through the umbilical veins and reaches
the right auricle through the inferior vena cava, a portion of
it having passed throngh 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
advantageougly considered in separate sections.

THE FETAL ARTERIAL SYSTEM.

The truncus arteriosus, the large artery which arises from
the, as yet, undivided ventricle of the heart, bifurcates into
two trunks, the first pair of visceral-arch vessels (Fig. 82, 4).
These first visceral-arch vessels, also sometimes called the
first aortic arches, run from the ventral surface of the body
along the first visceral arches, toward the dorsum, where
they curve downward and pass caudalward, one on each side
of the median line, in front of the primitive vertebral column.
Very soon there arise from the truncus arteriosus below the
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
(Fig. 82). 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

1Tt is sometimes stated that there are six visceral-arch vessels, the fifth
of which disappears, so that the vessel here designated the fifth would rep-
resent the sixth-arch vessel of the early condition as well as of lower forms.
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fourth-arch vessel becomes the right subclavian, its stream of
blood being conveyed 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-
fore the continuation of the subelavian. The ventral seg-
ment of the right fourth arch would be represented in the

/.‘ Varur nevve.
External carolid.
Tutermal carelid.
—1
Cammon caroiid. A /,/' Fertebral arfery.

‘ Arch of noria,

,j._

Recurvent laryngeal
AEFPE

/ - Left subclavian.
Right subclavian. %

f Ductns arieriosus,

Pulmonary trunk.

feneminale ariery.

Ascending asria. \

iy

Descending acvia,

Fic. 8.—Diagram illustrating the fate of the aortic arches in mammals and man
{modified from Rathke).

adult 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 beyond the point of origin of the right pulmonary
artery, the dorsal end of the right fourth-arch vessel—the
future right subelavian artery—loses its connection with the
primitive aorta, and the latter now appears as the continua-
tion of the left fourth arch. The ventral stem of the left
third arch, which becomes the future left common carotid, and
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THE FETAL VENOUS 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-sae in the manner
already deseribed in connection with the vitelline circulation,
The two vitelline or omphalomesenteric veins, which result
from the convergence of all the venous trunks of the vas-
cular area, follow the vitelline duct into the body of the
embryo through the still widely open umbilical aperture and
take their course headward along the intestinal canal to open
into the candal end of the primitive heart-tube (Fig. 82,1, 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 atrinm itself. Near their termi-
nation these veins communicate with each other by anastomos-
ing trunks that encirele the future duodenal region of the in-
testinal tube; As the yolk-sac diminishes in size and impor-
tance, the vitelline veins deereaze in caliber, and the umbilieal
veins, conveying blood from the allantois and subsequently
from the placenta, functionally replace them. The proximal
parts of the vitelline veins have an important connection
with the eireulation of the liver, as will be seen hereafter.

The umbilical veins, which are developed in the mesodermic
tissue of the allantois, pass from the placenta along the
umbilical cord and, entering the fetal body at the umbilicus,
run at first 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 or anterior cardinal veins (Fig. 84, A), to return the
blood from the head and the upper part of the trunk ; and a
second pair, the posterior cardinal veins, which bring the
blood from the lower part of the trunk, and especially from
the primitive kidneys. The primitive jugular vein—which
represents the external jugular! of the adult—passing down-

! According to Salza (observations on guinea-pig) and Mall (observations
on human embryo) the external jugnlar is a secondary vein and the primi-
tive jugular becomes the adult internal jugular vein.
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tween the primitive kidneys (Fig. 84, A, 1). This vessel is
deseribed as growing downward from the ductus venosus near
the point where the latter vessel is joined by the right
hepatic veins (p. 180). It is also deseribed (Lewis) as being
formed by the enlargement of the right subcardinal vein, the
subeardinal veins being themselves produced by longitudinal
anastomoses between veins on their way from the mesentery
to open into the respective cardinal veins. The wvessel in
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PFrc. 84.—Bchematie representation of the human venous system, with three
suceessive stages of development (after Hertwig): 1, vena eava inferior; 2, cardi-
nal veins; 2, vena azygos major; 4, vena azygos minor: 5, renal veinsg: 6, external
iliae vein; 7, internal iliac vein; 8 and % common iline veins; 10, early superior
venm cavee; 11, ducts of Covier; 12, primitive jugular vein; 13, internal jugular;
14, subelavian vein ; 15 and 16, right and left innominate veins; 17, vena cava su-
perior; 18, coronary vein; 19, duct of Arantius; 20, hepatie veins.

question 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 eardinal veins (Fig. 84, B). The cardinal
veins of the two sides are further connected by a trans-
verse trunk at their lower extremities and by one that
passes across the vertebral column just below the heart.
In like manner the two superior venw cavie commu-
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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. 84, B and () 5). As
a result, the lower half of the right cardinal vein, now
receiving at its distal end the two common iliac veins, be-
comes directly continuous with the unpaired caval trunk, and
with it constitutes the inferior vena cava. The inferior vena
cava, 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,
conveying 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 cardinal and the primitive jugular veins, by their
confluence, form the duct of Cuvier.

While no part of the right cardinal vein suffers 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 connects the cardinal
veins in the renal region ; this transverse trunk becomes, there-
fore, the left renal vein. Since the spermatic veins originally
emptied into the cardinal veins, it is found, after these trans-
formations, that the right spermatic opens into the inferior
vena cava, while the left spermatic 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 this point remains an incon-
spieuous vessel, and that part of it intervening between 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. It bears an important relation to the course of the
vitelline and the umbilical 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. 85, 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 tissue 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
pericardiothoracic and an ahdominal part, as shown in TFig,
85, B and C. 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
by openings that are known as the thoracic prolongations of
the abdominal cavity. At this stage, then, the four great
serous sacs of the body, the two pleural, the pericardial, and
the abdominal, are indicated, but are &till in free communi-
eation with each other.

The pericardial cavity is the first one of these to be closed
off ; subsequently the pleural sacs are delimited from the
abdominal space. Just as the transverse septum, which
partly forms the floor of the thoracic cavity, holds an im-
portant relation to the course of the vitelline and the umbili-
cal veins on their way to the heart, so is a vertical septum

1 Anlage, a German word signifying groundwork, or, in embryology, the
first crude outline of an organ or part, has come into use in English writ-
ings upon the subject because there is no exact English equivalent for it.
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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 saes, 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. 86, B), and thus they acquire an
investment of serous membrane, which is the visceral 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 muscular condition being acquired later by the
ingrowth of muscular substance from the trunk. Occasion-
ally the dorsal or younger 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 eavity. Such a condition
constitutes a congenital diaphragmatic hernia.

The heart and its pericardial sac oceupy the greater part
of the thoracic cavity, while the lungs are merely narrow
elongated organs lying in the dorsal part of this space as
shown in Fig. 86, B. As the lungs increase in diameter,
they spread out ventrally and gradually displace the parietal
layer of the pericardium (Fig. 86, B) from the lateral wall
of the chest, crowding the pericardium forward and toward
the median plane of the body (see Fig. 86, () until finally
the adult relationship of these structures is established.

THE PORTAL CIRCULATION.

The cirenlation of the adult liver is peculiar in that the

organ is supplied not only with arterial blood for its nutrition
12
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duodenum by trunks that encircle the bowel, these connect-
ing vessels collectively constituting the annular sinus (Fig.
87, B and C). The liver originates from a small diver-
tieculum 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 vitelline veins and their ring-like anastomosing
branches, and receives its blood-supply from the latter through
vessels that are known as the vena hepatice advehentes
(Fig. 87, 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 hepatice 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 cireulating through that organ, is returned to
them further on to be conveyed to the heart. As the liver,
with its increasing development, requires more and more
blood, the entire blood-stream of the vitelline veins passes to
it, and the parts of these veins hetween the venwe hepatice
advehentes and the venz hepatice revehentes become obliter-
ated (Fig. 87, B and C). The vitelline veins, therefore,
leave the intestinal canal at the duodenal region and traverse
the liver on their way to the heart. In this early stage of
the development of the liver, then, it receives its nufrition from
the yolk-sae, 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 umbilical 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. 87, 4, 4, 4). The
umbilical veins effect communications beneath the liver with
the venwe hepatice advehentes from the vitelline veins, At
about this time the left umbilical vein begins to predominate
over the right one, the latter retrograding until, in the umbilical
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the cava, whereby its tributaries, the venw hepatice reve-
hentes, come to empty into the cava, the downward growth
of the latter carrying downward likewise the terminations of
these veins to their normal position as the hepatic veins
emerging from the dorsal surface of the liver. Meanwhile
the volume of blood flowing through the umbilical vein has
increased to such an extent that the liver is no longer able to
transmit it to the inferior vena cava, and consequently a part
of this blood passes through the ductus venosus, which ex-
tends from the portal fissure, along the dorsal surface of the
liver. The blood of the umbilical vein is divided, therefore,
into two streams—one that enters the inferior vena cava di-
rectly through the duetus venosus and one that traverses the
liver on its way to the eava.

The portal vein results from the persistence of a part of
the vitelline veins. The vitelline veins, as we have seen,
anastomose with each other by two ring-like branches that
encircle the duodenum. The right half of the lower ring
and the left half of the upper one atrophy, o 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. 87, 1)). The left half of the lower ring and the
now united portions of the right and left vitelline veins im-
mediately below constitute the superior mesenteric vein, which
passes in front of the third part of the duodenum, as in the
adult, and which is later joined by the splenie vein ; while the
anastomosing portion of the loop and the right half of the
upper loop beecome the portal vein. So long as the yolk-
sac is present, the vein receives blood both from it and
from the walls of the intestine. After the disappearance of
the yolk-sac, the intestinal and the visceral veins are the sole
tributaries of the portal vein.

THE FINAL STAGE OF THE FETAL VASCULAR SYSTEM.

The cireulation 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
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returned to the body of the fetus through 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 auricle, 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 its way into the veins of these parts, it is returned,
throngh the superior vena cava, to the right auriele, from
which cavity it passes, through the tricuspid 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 various 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-
centa for aération. It is evident that no part of the fetal
blood, except that in the umbilical vein, is entirely pure, the
venous and the arteriul blood being always more or less
mixed.

With the detachment of the placenta at birth, several
marked alterations occur. The circulation through the
umbilical vein ceases, that part of this vessel which inter-
venes between the umbilicus and the portal fissure of the
liver becoming, in consequence, an impervious fibrous cord,






CHAPTER XI.
THE DEVELOPMENT OF THE DIGESTIVE SYSTEM.

Tuae adult digestive system consists 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 pancreas being highly differentiated evagina-
tions of its walls. While in man and in the higher verte-
brates the tube is thrown into coils by reason of its excessive
length, in the lower-type animals it is 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 canal
being few and insignificant, and the stomach being repre-
sented by a loeal dilatation of the tube.

The simple condition obtaining in the representatives of
the animal kingdom referred to above suggests the likewise
simple fundamental plan of the human embryonie gut-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
185
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Fic. 3.—Beconstructions of human embryo of about seventeen days (His): ow,
optic and of, otic vesicles: ne, ne’, notochord ; hdg, head-gut; g, mid-gut; Ag, hind-
gut: ve, vitelline sac; I, liver; v, ta, primitive ventricle and truncus arteriosus;

v, da, ventral and dorsal aorte; aa, nortic arches; jv, primitive jugular vein; ev,
eardinal vein: 40 duct of Covier; up, wa, umbilical vein and artery ; al, allantods ;
ue, nmbilical cord.

before the end of the third week that the archenteron is defi-
nitely divided into the gut-tract and the yolk-sac.
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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
embryonic axis, the primitive intestinal canal has a broad
area of attachment with the dorsal wall of the body-cavity
(Fig. 92). The ventral wall is likewise connected with the

Amrnion.

Pleuropericar- Pericardial E.r.:ea.:mm
dial camily. plates. af celam., .

Fi16. 92 —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 continuity of the splanchnopleuric meso-
derm of each side with the somatopleuric mesoderm of the
same side. As development advances, the body-cavity in-
creases in caliber more rapidly than does the intestinal tube,
so that the interval between the two is augmented, 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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(compare Fig. 90), 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

Fra. #.—Reconstruction of human embryo of about seventeen days (after Fis):
ov, optic and of, otie vesicles; ne, notochord ; kdg, head-gut ; g, mid-gut; hg, hind-
gut; vs, vitelline sac; I, liver; v, primitive ventriele; va, da, ventral and dorsal
aorts; jo, primitive jugular vein; ev, cardinal vein; C, doet of Cuvier; wuw, ua,
umbilical vein and artery ; af, allantois ; w=, umbilical cord ; dm, dorsal mesentery ;
v, véentral mesentery (modified from His).

of the body-cavity, dorsad to the parietal peritoneum, pass
the two primitive aortw, 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 nourish
the walls of the gut. Within the ventral mesentery are the
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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 is 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. For 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 fourth week, this structure
marks the anterior limit of the pharynx and separates it
from the oral cavity.

The pharyngeal pouches or throat-pockets have been re-
ferred to in connection with the visceral arches on page 111,
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
viseeral furrows (Fig. 71). The mesodermic stratum being

! It has been shown recently (Killian) that the pharyngeal bursa is not
identical with Rathké's pocket, but is an independently formed evagination.
13
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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 (Fig. 95, 1)
which is sitnated hetween the
second and third visceral
arches, the fossa being lined
with stratified squamous epi-
thelium eontinuous with that
of the pharyngeal cavity.
Little solid epithelial buds
(Fig. 95) proceed from this
diverticulum into the sur-
rounding connective tissue,
the buds subsequently be-
coming hollowed out.  Wan- 5 5 f:f::::i: r::::;}llﬂu::;ﬁ{;:u{
dering leukoeytes from the tonsillar pit, continuous with mouth-
. - cavity ; 2, secondary diverticula ; 3, solid
neighboring blood-vessels—  ¢pithelinl buds: 4, striped muscular fiber.
or, according to some author-
ities, from the mesenchyme cells or from epithelial sources—
infiltrate the connective tissue around the young erypts, and
these cells becoming aggregated 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 tonsil between the second and third visceral
arches explains the position of the adult organ between the
anterior and posterior palatine arches, since the latter strue-
tures 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 iz
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 embryonic body, at its posterior or
candal extremity. It makes itz 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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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 cloaca
is a permanent structure. 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 products
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 cloaca.
The three folds coalesce to form a perfect septum. The
division is 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
ginus. 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 body, 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 certain impor-
tant changes in the simple straight alimentary tube. The
reader is again reminded that this tube is connected with
the dorsal 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 is, as yet, without communication with
the exterior ; and also that the vitelline duct and the allan-
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tienlum which pouches out from the ventral wall of the
intestine just posterior to (below) the stomach—the future
duodenal region therefore—and which grows into the ventral
mesentery. Very soon after the appearance of the hepatic
evagination, a similar out-pouching from the dorsal wall of

Pra. 98—0utline of alimentary eanal of human embryo of twenty-eight davs
{His): pb, pituitary fossa ; fg, tongue ; I, primitive larynx ; o, esophagus ; tr, trachea;
Ig, lung; s, stomach ; p, pancreas ; hd, hepatic duct ; vd, vitelline duct ; al, allantois;
fyg, hind-gut ; Wd, Wolffian duct ; &, 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 increases in
depth and ecaliber 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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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 embryonic body. It isin consequence of this dis-
proportionate growth that the tube becomes bent and thrown
into coils or convolutions. 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. 100). In other words, the redundant portion

Stomach.
Lesser curve
of slpmach.
Grreater curve
of stomach.

Mesentery.
Cactine, -' Rectum,
Fia., 1. —Intestinal eanal of human embryo of six 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 is
lengthened in this region to a corresponding extent (Fig. 100)
The vitelline duct is attached to the part of the hend near-
est the ventral wall (Fig. 98). At a point on the lower limb
of the U the bowel abruptly acquires increased ealiber. This
dilated part is the beginning of the czcum or head of the
colon, and its appearance initiates the distinetion between the
large and the small intestine, since the part of the bowel on
the distal side of the point in question becomes also of larger
caliber and forms the colon.

During the succeeding week or fortnight, the character of
the colon and of the cecum 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 acquired stomach, duodenum, small intestine, czcum, 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 conspicuously affected. The lower limb of
the U-segment of bowel, which consists chiefly of the rudi-
mentary ezcum and a part of the colon, is lifted, as it were,
over the upper limb and comes to oeenpy a position above it
(Fig. 101, A), the cecum assuming a position in the right

Fig. 101,—Three successive stages showing the development of the digestive
tube and the mesentéries in the human fetus (modified from Tournenx): 1, stom-
ach; 2, duodenum ; 3, small intestine ; 4, colon ; 5, vitellineg duet ; 6, cmenm ; 7, great
omentum ; & messduodenum; 9, mesentery; 10, mesoeolon. The arrow points to
the orifice of the omental bursa. The ventral mesentery is not shown.

hypochondriac region, and the colon 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 peritoneum
on the ventral surface of the duodenum. The part of the
mesentery in question becomes the transverse mesoeolon
(Fig. 101, B). The large intestine, after this change of posi-
tion, presents cecum, transverse colon, descending colon, and
rectum, the ascending colon being still absent.

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

- The esecum soon begins again to change its position, gradu-
ally moving downward toward the right iliac fossa (Fig. 101).
The downward migration of the csecum is due to the growth
of the colon in the same direction. TIn this manner the ascend-
ing colon is gradually produced, it having developed to such an
extent in the seventh month that the ecmeum lies bhelow the
right kidney, while in the eighth month it passes the crest of
the ilium.! Corresponding with the growth of the ascending
colon, the mesentery shifts its parietal attachment and in-
creases in extent until the ascending mesocolon is produced ;
and with the descent of the eseum, the terminal part of the
small intestine necessarily 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. 100). In the third month, however, it undergoes an
important alteration in position, rotating about two axes.
First, it turns about a longitudinal 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-

! According to Treves, the cecum lies under the liver until the fourth
month after birth.
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above the stomach, the part of the ventral mesentery which
connects the liver with the body-wall becomes its faleiform
ligament and coronary ligament, while that portion of this
mesentery that connects the originally ventral surface of the
stomach, now its lesser curvature, 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 gnt-tube passing
from the pyloric end of the stomach toward the dorsal body-
wall. TFrom this time the development of the small intes-
tine, aside from its histological characters, consists chiefly in
increase 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 cavity 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 cavity.
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-
tiation of the constituent elements of its walls from the two
strata, the entoderm and the visceral mesoderm, which eom-
pose the walls of the early gut-tube. As an initial step in
the process, the cells of the mesodermic stratum undergo 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 cells of the outer layer undergo differentiation into
unstriped muscular 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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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
large 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 duct, 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 suffers 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 duet is not far from the termination of the small
intestine, Meckel’s diverticulum, when present, is connected
with the lower part of the ilenm, 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 eompound tubular gland, and
if, further, he will recall the method by which glands in
general 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 region of the future duodenum.
Thiz occurs in the third week, since His found the diver-

1 Meckel's diverticulum is of interest elinieally, since by eontracting

adhesions to adjacent coils of intestine or by entanglement, it may produce
acute obstruction of the bowel.
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abundant cell-proliferation. The numerous branches into
which they divide are not tubes, but solid cylinders of
cells, the hepatic cylinders. The secondary branches of
these cylinders unite with corresponding branches of
adjacent systems, producing thereby a network of inoscu-
lating cell-cords, the meshes of which are occupied by
young connective-tissue cells and the developing blood-
vessels. The connective and wvascular 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 epithelium 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-ducts acquire their lumen by the fourth
week.

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 pregnancy 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 peritoneum which connect the organ
with the abdominal wall. Falling into the same category,
though not usually designated a ligament, is the gastrohepatic
omentum, which connects the liver with the stomach., These
various peritoneal folds may be looked upon as parts of the
ventral mesentery. Since the liver evagination grows be-

tween the two layers of the ventral mesentery to reach the
14
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The special system of blood-vessels belonging to the liver
is deseribed in the chapter on the Vascular System, p. 177,

THE DEVELOPMENT OF THE PANCREAS.

Until recently it was believed that the pancreas developed
from an evagination of the dorsal wall of the gut-tube in
the region of the future duodenum, opposite the site of the
hepatic diverticulum. Later investigations have shown,
however (Stoss, Hamburger, Brachet, and others), that three
evaginations, one dorsal and ‘two ventral, appear upon the
wall of the duodenal region of the gut-tube, the method of
development being strikingly similar in mammals, birds,
fishes and amphibia.

Fi6. 105.—Reconstruction of duocdenum with pancreatie diverticula (alter
Hamburger): 4, Five weeks' embryo ; B, six weeks' embryo; D, duodennm : D.chol,,
common bile duct; V.P, ventral pancreas; D.P, dorsal pancreas; X, point of
fusion of the iwo ; & stomach.

In the sheep a dorsal evagination appears in a 4-mm. em-
bryo (Stoss), and somewhat later two ventral outpouchings
appear in close proximity to, if not in actual connection with,
the hepatie diverticulum, the stalk of which latter becomes
the common bile-duct. The dorsal diverticulum penetrates
between the two layers of the mesogastrium (Fig. 103) and
gives off lateral branches, remaining attached to the dorsal
wall of the duodenum by its stalk or duct. Eventually this
system of branching epithelial tubes, the dorsal pancreas,
becomes the body and tail of the adult pancreas,

The right and left ventral evaginations hecome confluent and
form the ventral pancreas. According to some authorities
the left diverticulum atrophies, the right alone persisting to
form the ventral pancreas. In either case the stalk or duet
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Primitively, therefore, it is situated behind the stomach, The
first step in its development, recognizable at about the end
of the second month, is the accumulation of numerous lym-
phoid cells with large granular nuclei. The origin of these
cells has been a matter of dispute. It has been asserted
(Maurer, Kupfer) that they come from the epithelium of the
gut-tube, but this is denied by most authorities. The find-
ings of Laguessein fish-embryos, demonstrating the origin of
the spleen anlage from mesenchyma in close relation with
the branches of the later portal vein, are possibly significant
in view of the relationship between the spleen and one of
the largest tributaries of the portal vein, namely, the splenic
vein. Tonkoft’s observations on birds and mammals (1900),
confirmed by Hochstetter, reaffirm the mesenchymal origin
of the spleen.

The mass of cells is angmented by the addition of eells im-
mediately beneath the peritoneal surfaces of the mesogas-
trium, which cells elongate until they are spindle-shaped
and then become aggregated into fusiform masses. Blood-
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-ves-
sels and from those of the fusiform aggregations, pro-
cesses grow out and unite with each other, and from the
network thus formed the trabecular framework of the organ
is ultimately evolved. Accumulations of small nucleated
cells, forming dense masses along the arteries, furnish
the chief constituent of the pulp. The delicate intercellular
substance which makes up the remainder of the pulp is filled
with blood-corpuscles. The Malpighian corpuseles 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 cavity. Here it lies close to the
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—_

with each other. Simultaneously with these alterations, the
original pleuroperitoneal cavity suffers division into the ab-
dominal or peritoneal cavity and the thoracic part of the
body-cavity by the development of the diaphragm. This is
described on p. 175,

Fia. 101 —Reconstruetion of human embryo of about seventeen days (after His):
o, optic and of, otic vesieles; ne, notochord ; kdg, head-gut; g, mid-gat; hg, hind-
gut; vs, vitelline sac; [, liver; v, primitive ventricle; va, da, ventral and dorzal
aortm; jv, primitive jugular vein; cv, cardinal vein; Jd¢, duct of Cuvier; nvp, wa,
umbilical vein and artery ; of, allantois ; us, nmbilical cord ; dm, dorsal mesentery ;
vm, ventral mesentery (modified from Hisj.

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
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into the mesogastrinm 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-
tinction between the small intestine and the colon, increases
the length of the intestinal mesentery to a corresponding
extent (Fig. 105, ("), As heretofore indicated, the lower
limb of the loop presents an enlargement which is the begin-
ning of the development of the large intestine,

Fie. 105, — A, B, two transverse sections, A through thoracle, F thromgh abdom-
inal region; C, sagittal section (Tourneux) : 1, dorsal mesentery; 2, ventral mesen-
tery ; 8, mesocardinm posteriug; 4, mesocardiom anterins; 5, lesser omentum ; 6,
Buspensory ligament of liver; 7, esophagus; 8 lungs; 9, heart; 10, pancreas; 11,
stomach ; 12, liver; 185, spleen; 14, loop of intestine with vitelline duet; 15, cocenm ;
16, trachea.

An important stage in the evolution of the peritoneum is
marked by the rotation of the stomach and by the migration
of the proximal part of the large intestine to a new location.
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, cephalad to, the upper limb (Fig., 101, 4). This rota-
tion brings the beginning of the colon into the right hypo-
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chondriac region of the abdomen, from which point the
transverse colon passes across the abdominal cavity, 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 dorsal 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 side. During the
progress of these alterations, the small intestine increases in
length, and its mesentery becomes correspondingly more
voluminous both in the extent of its intestinal border and
in length. The convolutions of the small intestine now
occupy 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. 101, A) fuses with the parietal peritoneum of the poste-
rior abdominal wall, the result being that the lower layer of
the transverse mesocolon, as it passes downward, is now con-
tinuous with the parietal peritoneum, there being no longer
any serous membrane between the transverse part of the
duodenum and the abdominal wall (Fig. 106, B). This part
of the duodenum therefore becomes retroperitoneal, there
being an investment of serous membrane only on its anterior
or ventral surface.

The second meodifying 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. 105, ).
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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
dorsal wall of the abdomen, where its two lamell@ separate
to enclose the panereas, one lamina passing over the ventral
surface of the panecreas 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.

Orifice of omental bursa.  Spinal cord.  Aorta.

Adrenal. Adrenal.

Mesogpastrium,

Belly-wall. Splecn.

- Left fobe of fiver.

(real omenlam,

Right lobe of liver,

Lesser omentum. Stomach.
Frs. 107.—2chematie erogs-section through body of mammalian embryo in region
of stomach, to show development of omental bursa (afier Toldt).

The further alterations necessary for the attainment of
the completed condition consist in the concrescence of
certain opposed peritoneal surfaces. As a conspicuous ex-
. ample of such concrescence, the deeper lamella of the layer
of the omental bursa just deseribed fuses with .the ventral
peritoneal surface of the transverse colon and with the
upper layer of the transverse mesocolon (Fig, 106, A4), 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 unpper layer of the meso-
colon (Fig. 106, 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 peritoneum between the pancreas and
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endothelial type, the opposed surfaces thus acquiring 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
structures are connected by two layers of peritoneum sepa-
rated from each other by a region containing only areolar
tissue. These layers constitute the coronary ligament of the
liver. If now Fig. 106 is inspected, it will be seen that the
posterior layer of the lesser omentum, and the upper layer
of the transverse mesocolon, together with that part of the
peritoneum with which they are in direct continuity, enclose
a sac which is 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 peritonenm does not acquire all the characteristic
features of a serous membrane until about the third month.
The histological alterations begin in the fourth week, from
which time until the sixth week the superficial cells, the
mesothelium, pass throngh various phases of transition to
reach the condition of somewhat flattened elements. By the
eighth week they have acquired the form of true endothe-
limm. It is not, however, until the third month that the
subjacent tissue has attained to the condition of a fully-
formed basement membrane.
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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 medium
of its dilated proximal extrem-
ity, the larynx, opens into 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 out-  Fic.100.—Transverse section to show

P i ontgrowth of pulmonary anlage from
puuchmg of the ventral wall gut-tube (after Tourneux): 1, dorsal

of the esuphaguﬁ t}.'ll'ﬂllg‘llmlt mesentery; 2, ventral mesentery in-

' ' cluding 3, mesoeardinm posterius; 4,
its entire lengﬂl‘ The lon- mesocardium anterius; 7, esophagns;

git“dinal median groove thus ;ﬁ, diverticulum which becomes the
Hemod s ihe P u]mnnar.rgrmvc. gl;uxfg:rtt,hﬁ trachea, and the larynx;
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. The groove is more pro-
nounced at its lower or gastric extremity. As the groove
deepens, its edges approach and finally meet and fuse
with each other. In this manner the groove is converted
into a tube, which gradually separates from the esophagus,
the separation beginning at the end toward the stomach and
progressing toward the pharynx. The separation, however,
is not complete, stopping short of the upper end of the
groove, so that the tube retaing communication with the
pharyngeal end of the esophagus. Even before the con-
stricting off of this tube or pulmonary diverticulum is com-
pleted, its free end bifurcates. The pulmonary anlage con-
sists, then, at this stage, of two short wide pouches connected
by a common pedicle with the primitive pharynx (Figs. 108
and 109), 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,
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epithelial cylinders, the lumina being acquired later. At
first, the lining entodermal cells of the primitive tubes are
tall and cylindrical, the tubes themselves having a relatively
small lumen. In the fourth month the cells acquire eilia.
From the anatomical standpoint, the lungs now present the
characters of compound sacenlar glands.

From the sixth month to the end of gestation occur 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. TIts incomplete cartilaginous rings first appear
in the eighth or ninth week.

The larynx is the dilated proximal extremity of the stalk
of the pulmonary diverticulum specially modified to serve as
an organ of phonation. It is first indicated at the end of
the fifth week (or, according to Kallius, in the fourth week).
One of the earliest changes is
the appearance of two dorso.
ventral ridges at the junction
of the primitive trachea with
the esophagus, They are close
together in front, ventrally,
but separated dorsally. They
are the first indications of the
true vocal cords. At this time

F1a. 112.—=Entrance to larynx in a

the pharyngeal aperture of the
primitive larynx is at about
the level of the fourth visceral

forty- to forty-two-day human embryo
{from Kalliug): {, tuberculum impar;
#, pharyngo-epiglottic fold; e cpiglot-

tic fold; e lateral part of epiglotiis ;
cpf, cunciform tubercle; forn, cornic-

furrow, behind the three seg-
ular tubercle,

ments of the developing tongue
(p. 144), and is separated from them by the furcula, a horse-
shoe-shaped ridge which bounds the aperture in front and

laterally and which represents apparently the ventral parts
15
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epithelial vesicle connected by the constricted pedicle of the
diverticulum with the ventral wall of the pharynx (Fig. 113,
3). From the situation of the original point of evagination
behind 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

o)

[ -

%

e o
-

F1z. 113.—Diagrammatic representation of pharynx of human embryo seen from
in front (after Tourneux): I, 11, first and second pharyngeal pouches : 1, tuberenlom
impar; 2, course of thyroglossal duct leading from 3, median lobe of thyroid gland ;
4, laryngotracheal tube; 5, esophagns: 6, thymus; 7, epithelial body [parathyroid];
8, lateral thyroid ; 9, postbranchial body [parathyroid 7).

unite, the pedicle or duct 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. Oceasionally it persists throughout life,
The foramen cecum on the dorsum of the tongue is the
vestige of the orifice of the duct. Other vestiges of the
thyroglossal duct 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
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 respeet-
ively as the accessory thyroid and the suprahyoid and pre-
hyoid glands. According to some recent observations the
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authorities are not in harmony as to whether they produce a
large part or only a small portion of the adult lateral lobes.
The more recent view of His is that the adult lateral lobes
develop only in part from the lateral anlages. Verdun, the
most recent worker in this field, maintains that the entire
thyroid body of mammals and man is developed from the
median anlage and that the postbranchial bodies (Figs. 113
and 114), by which name he designates the structures referred
to above as the lateral thyroids, atrophy.

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 occupied by embryonal connective tissue.  Sub-
sequently the cords of cells become hollowed out and exhibit
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 epithelinm, the forma-
tion of follicles beginning in the eighth week. The follicles
later undergo considerable increase in size on account of the
secretion by their epithelial cells of a peculiar colloid material,
characteristie of the thyroid body. The embryonal connective
tissue, made up necessarily of mesodermic elements, furnishes
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 Parathyroid Bodies.—The parathyroid bodies,
usually two in number on each side, were discovered by
Sandstrom in 1880. The lower pair lie upon the trachea in
close relation with the thyroid body, while the upper pair
lie at the level of the lower border of the ericoid cartilage, in
relation with the dorsal surface of the lateral lobes of the
thyroid body.

Their origin is still somewhat obscure. Apparently they
are outpouchings respectively from the third and fourth
visceral furrows, being composed, therefore, of entodermal
epithelinm. These epithelial bodies develop in a manner
similar to the development of the thyvroid body, but the fact
that the cell-groups are not broken up by the invading embry-
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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
thymus is not completed until the
end of the second year of life. Hav-
ing attained its full development, the
organ begins to retrograde, and at the
time of puberty has almost disap-
peared.  Although sometimes per-
sistent throughout life, it is usually
represented by an insignificant vest-
ige. (It has recently been said that the
thymus inereases in size and weight
up to puberty, and that it is an active
organ until the fortieth year, after
which time it atrophies.) While the
epithelial parts of the thymus body,
represented in the fully developed
organ by the eorpuseles of Hassall, e e
are derived from the entodermal epi- embryo rabbit of sixteen
thelium of the third inner visceral fo L&ﬁﬁﬂi}':;::’lh’:ﬁ:f
furrow, all other parts, the lymphoid & upper, , lower end of the
tissue, connective tissue, and blood- "

vessels, are products of the surrounding mesoderm.
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maintaining that they come from the mesothelium of the
body-cavity, while others believe that they are of ectodermic
origin. Further changes bring about the hollowing out of
the cell-cords so that there results a long tube, the pronephria
or segmental duct, which has several short transversze tubules
—in some vertebrates, six; in man, two—opening into it and
communicating by their opposite open extremities, the neph-
ridial funnels or nephrostomata, with the ceclom (Fig, 117).
In the human embryo the pronephric tubules have been
found with open nephridial funnels, but without conneetion
with the pronephric duet. The mesothelium in immediate
proximity to the open end of each short tubule is invaginated

Axial gome, Neural canal.

Cawily within semile.
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Fig. 116.—Transverse section of a seventeen-and-a-half-day sheep embryo | Bonmnet),

by a tuft of eapillary blood-vessels from the adjacent primi-
tive aorte to constitute a glomerulus (Fig. 117, 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. Itis
apparent, therefore, that the pronephros or head-kidney is ana-
tomically adapted to the function of removing certain sub-
stances from the blood by virtue of the action of the cells sur-
rounding the glomeruli or tufts of capillary blood-vessels, and
that these substances may be conveyed away through the duet
into the cloaca and thence evacuated from the body. This
organ is functionally active, however, only in certain lower
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HE

amnion; a& amniotic sac; n, neural canal; s, somite differentiated into musele-
plate: Wd, Wolfian duct; Wb, Wolfian body; pm, parietal mesoderm ; vm, vis-
ceral mesoderm ; a, a, fusing primitive aort®; 1, intestine.

canal. These tubes acquire connection by their deeper ends
with the previously formed pronephric duct (Fig. 117), which

Fi6. 120.—Digposition of the genito-urinary organs in the embryo of the hog—
5.5 em (2.2 in.) long (Tournenx): 1, Wolffian body ; 2, ovary; 3, inguinal ligament ;
4, diaphragmatic ligament; 5, stomach ; 6, intestine : 7, bladder; 8, umbilical artery.

is known hereafter, therefore, as the mesonephric or Wolfian
duct (Fig. 118). The latter duct and the short transverse
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atrophic for reasons that will appear hereafter. In certain
vertebrates that are of higher type than those in which the
pronephros functionates, 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 is 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 eertain lower
members of the vertebrate series, exemplifies the embryo-
logical principle 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 Wolflian
body is temporarily functionating as a kidney, a structure is
developing from the lower, cau-
dal end of the Wolffian duct
which is to form the permanent
organ. It has been stated that
the Wolffian duct opens into the
clonca. From the dorsal aspect
of this duet, near its cloacal end,
a small diverticulum, the kidney
evagination (Fig. 118 and Plate
VII. 1), grows forth and soon e ey
lengthens into . a tube which aim_: and branching of Kidney evagi-

: nation and separation of its stalk
gm“'ﬂ h&a{lward, dnrmmesml from the Wolfian duct : u, primitive
to the Wolffian duct, penetrating ureter: p, pelvis of urcter; WD,
. A - WolMan duct ; B, bladder; ws, uro-
into the ﬂﬂphmgt":ﬂlﬂ tissue Or gepitalsinus; C7, cloaca; &, gut.
mesonephric blastema (p. 236).

The cephalic end of the tube dilates somewhat to form the
primary renal pelvis, the anlage of the adult pelvis of the
kidney, while the duct itself becomes in time the ureter.
From the primary renal pelvis several small diverticula
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and in the following manner : The nephrogenic tissue into
which the kidney evagination penetrates shows a differentia-
tion into two zones—an inner one,immediately surrounding the
primitive renal pelvis, consisting of epithelioid cells, and an
ouler zone of less differentiated mesenchyme. Soon after the
appearance of the small diverticula which evaginate from the
primitive renal pelvis and which are designated the primary
collecting tubules (which latter correspond with the  primitive
renal vesicles” of Haycraft), the nephrogenic tissue breaks up
into smaller cell-masses, each such mass surrounding a primary
collecting tubule (Fig. 123, mk). This part of the nephro-

Fi1G. 128.—Seetion through the kidney of human feing of seven months (from
Felix, after Schreiner): Sr, collecting tubules of which three are shown, each with
its cap of metanephrogenic tissue, mk; in relation with cach is an early uriniferons
tubule, the three latter, a, b, ¢, each showing a different stage of development—a,
showing beginning of expansion; b, evagination at Ak; ¢, S-shaped stage, bk indi-
cating development of Bowman's capsule.

genie tissue Schreiner calls the metanephrogenic tissue by way
of distinetion from the remaining part of this mesenchymal
aggregation which, from its relation to the development of
the mesonephros, is called the mesonephrogenic tissue. Fach
primary collecting tubule, after becoming bulbous at its end,
divides into two tubules, each one of which in turn divides
into two, this process of division being repeated several times,
These tubules become the adult straight collecting tubules. The
branching of the primary collecting tubules continues to the
time of birth; or until the fifth fetal month, according to
Hamburger.

In the development of the secreting tubules the inner zone
of nephrogenic or metanephrogenic tissue alone is concerned.
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This tissue presents little bud-like prolongations, each such
little bud of cells later acquiring a lumen and separating from
the parent tissue (Fig. 123, a,b,¢). The buds are now small
sacs, the renal vesicles (Emery), of which there are at least
two for each collecting tubule. Each vesicle now elon-
gates and assumes an S-shaped form, the concavity of the
upper part of the  looking toward the collecting tubule,
the vesicle on the right of
the tubule being, therefore, a
reversed S (Fig. 124). The
lower limb of the S, from
being simply tubular, be-
comes expanded, its upper
wall being indented (Fig.
124, x), so that it acquires
the shape of a double-layered
saucer, the space between its

F16. 14.—Model of a developing urin-

iferons tubnle of the homan kidney
(from Felix, after Stoerk): dsr, ampulla
of collecting tubule: oF, upper limb of
S; uB, lower limb of 5 (Bowman's cap-
sule); =, position oceupied by glomeru-

two layers being continuous
with the remaining part of
the lumen of the S tube. In
the concavity of the saucer,

lug ; m, middle-piece of 5.

just beneath the middle piece
of the S, a strand of mesenchyme makes its appearance
and into this tissue blood-vessels penetrate, so that it
finally becomes the glomerulus of the Malpighian corpuscle.
The saucer-shaped lower limb of the S becomes the capsule
of Bowman; the lumen of the saucer, the space of Bowman,
Meanwhile the upper limb of the S acquires continuity with
the collecting tubule in close relation with which it has
developed, and the two extremes of the S being thus rela-
tively fixed points, the ensuing elongation of the interven-
ing portion necessitates the formation of curvatures. A small
part of the lower limb of the S, not being concerned in the
formation of the sancer-shaped anlage of Bowman’s eapsule,
becomes a part of the proximal convoluted tubule, the remain-
ing portion of the latter, and the succeeding loop of Henle, the
distal convoluted tubule and the arched collecting tubule, being
developed respectively from the suceeeding parts of the S.
The outer zone of the metanephrogenic tissue gives rise to
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the capsule of the kidney and the supporting connective tissue,
including the columns of Bertini.

The kidney acquires its characteristic features by the end
of the second month of fetal life, and it reaches its permanent
position by the third month,

THE SUPRARENAL BODIES.

The development of these structures has been the sub-
jeet of much discussion. It has been maintained, on
the one hand, that the cortex of the organ develops
either directly or indirectly from the mesothelium of the
body-cavity and that the medulla has its origin in out-
growths from the sympathetic ganglia; on the other hand,
that the entire organ is a product of the mesenchyme—in-
directly, therefore, of the mesothelium. Thus Minot, Human
Embryology, 1892, remarks, “ That both the cortex and the
medulla of the adult organ are formed in man from the
mesenchymal cells, as Gottschau showed was the ease in sev-
eral mammals, is, I think, beyond question”; but in his
Laboratory Text-book of Embryology, 1902, p. 267, the
same authority, in describing pig-embryos, says : “ The sym-
pathetic tissue gives rise to the so-called medulla of the
adult organ.” Again, Aichel, 1900, from his investigations
concluded that both medulla and cortex arose from the mes-
enchyme. O, Hertwig, in his Lehrbuch, 1906, expresses his
conviction of the correctness of Poll’s' conclusions as to the
double origin of the organ.

The cortex, according to Poll, whose work reaffirms in
many particnlars the conclusions of some earlier investiga-
tors, arises from small bud-like masses of cells that come
from the mesothelium of the ewlom in close relation with the
genital gland and the mesonephros, but distinet from them.
These buds lose their connection with the eclomic epithelium
by the fifteenth day in the chick. They are sitnated on each
side of the root of the dorsal mesentery and all those of one
side unite to form a single organ. This oceurs in man by

' H. Poll, Die Entwicklung der Nebennieren Systemé, Handbuch der
vergleich. und experim. Entwicklungslehre d. Wirbeltiere, Bd. IIL, Abt.
1, 1905.
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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 distinetion of sex
This stage is designated, therefore, the indifferent tvpe ol
sexual apparatus,

While the Wolffian body is attaining its full development,
there appears in its vicinity a tube, the duct of Miiller (Plate
VIL, Fig. 1), which lies parallel with, and to the outer side
of, the Wolffian duct. Tn non-amniotic vertebrates the duct
of Miiller arises by fission or longitudinal division of the
mesonephrie duct. Its exact mode of origin in the amniotic
vertebrates is notas yet definitely settled. ~According to one
view its upper or cephalic portion is produced by an evag-
ination of the mesothelium of the body-cavity, while the
remaining lower segment results from fission of the meso-
nephric or Wolffian duct. According to another view the
lower or caudal portion is produced by the direct extension
of the upper portion in the caudal direction by the prolifera-
tion of its own cells. TIn whatever 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 eelom by means of an expanded funnel-
shaped mouth. Its lower segment is closely associated with
its fellow and with the Wolffian duects, forming thus the gen-
ital cord. The funetion of this eanal in lowly organized ani-
mals—that of receiving from the body-cavity the female gen-
ital produets, the ova, and evacuating them from the body—
foreshadows its subsequent metamorphosis in most vertebrates,

While the duct 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 aspect, undergo multi-
plication and thickening (Fig. 125, 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
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Diagrammatic reprezentation of the development of the genito-urinary system, the
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8, male type, lower ends of Miillerfan ducts fused to form the sinus poeularis: 4
female type,
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and have large nucleolated nuclei. The primitive sexual
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 distinctions 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 eells 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 Wolffian body (Plate VII., Fig. 1), the significance of which
fact will appear later. s

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 duets to
provide for the escape of the sexual 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 is produced by the metamorphosis of the
indifferent sexual gland, while its system of efferent ducts is
furnished by the Wolffian body. Mention has been made
of the eell-cords of the indifferent sexual glands and of their
origin from the mesothelium of the body-cavity, and also of
the fact that they consist of the smaller mesothelial cells
and the larger and less numerous primitive sexnal cells,

The mesothelial cells increase in number and become so
grouped as to form eylindrical masses known as sexual cords,
each of which includes some of the primitive seminal or
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the seminal vesicle, the lower end of the duet, below the orifice
of the seminal vesicle, being the ejaculatory duct. Since the
Wolffian duct 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 secret-
ing part of the testicle results
from the transformation of the Fia. 126, —Internal generative or-
indifferent genital gland, the ﬂ'li:’:;}’:&lfi::'*:’ft:‘i’::‘;:tf*‘:"f;:‘
secretory cells having their aidymis: w, Wolfian duct; w, lower
origin in the germinal epithe- Purt of Wolllian body: g, gubernacu-
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 Wolffian duet, the remnant of the pronephros or head-
kidney, frequently persists as a little pedunculated sac 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 Wolffian tubules
likewise give rise to an atrophic 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), while a lateral
evagination from that part of the Wolffian duet which forms
the tail of the epididymis becomes the vas aberrans.

The duct of Miiller remains atrophie, in the male, through-
‘out its entire extent, and in fact, with the exception of its
two extremities, it usually altogether disappears. Its upper
extremity persists as a small vesicle, the unstalked or sessile
hydatid, attached to the upper aspect of the testicle. The
lower extremity of the duct, 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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Before the testicle leaves the abdominal cavity, the parietal
peritoneum pouches through the inguinal canal into the
scrotum, the protruded part being the processus vaginalis.
Since the testicle is from the first hehind the parietal peri-
toneum, it passes into the serotum behind the vaginal process,
the latter then folding around it as a shut sae of two layers,
Subsequently the connection of the sac, 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 carries with it, in its descent, its
blood-vessels, the spermatic artery and vein; its duct, 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
sexual 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 Wolfian tubules and the
Wolffian body become in the male the system of excretory
duets of the testicle, they produce in the female merely
atrophic structures. On the other hand, the duct of M iiller,
which gives rise in the male to atrophic appendages, forms in
the female type the Fallopian tube and, by fusing with its
tellow of the opposite side, the uterus and the vagina.

The ovary results from alterations in the structure of the
genital gland analogous to those that occur in the evolution
of the testicle. The special features of these changes are
better understood, however, than are those of the testicle.
As in the case of the development of the testicle, the meso-
thelial cells on the peritoneal surfice of the genital ridge
become thickened, these altered cells constituting the germinal

of the scrotum, iz designated cryptorchism (hidden testes). The presence
of but one testicle in the scrotum is called monorehism.

'Occasionally it happens that the funieular process of the tunica vagi-
nalis—that is, the stalk of the sac, remains patulous throughout its entire
extent, a condition which allows of the easy and sudden protrusion of a
segment of the bowel into the cavity of the tunica vaginalis, constituting
the so-called congenital hernic, Or the funicular process may close only
at one or the other end, giving rise to other varieties of hernia,
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mesothelial cells become smaller and less conspicuous. It
frequently happens that several of the large cells fuse into a
single mass of protoplasm, while one of the nuclei outstrips
the others in growth and, with the surrounding zone of
protoplasm, becomes the ovum. Xach egg-column is now
broken up into several groups of cells by the penetration
of connective tissue, each group (Fig. 128, e, sch’) con-
taining a single ovam, but many of the smaller cells.
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Fra. 128.—Part of sagittal section of an ovary of a child just born (after Wal-
deyer). Highly magnified: ke, germinal epithelium; ¢, seh, Pliiger's egg-tubes:
we, primitive ova lying on the germinal epithelinm ; e, soh', long Pliiger's tubes, in
process of being converted into follicles ; ef, b, egg-balls (nests), likewise in process
of being resolved into follicles; f, youngest folliele already isolated . gg, blood.
vessels. In the tubes and egz-nests the primordial eggs are distinguishable from
the smaller epithelial cells, the future follicular epithelium.

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 eolumnar
type and become so numerous as to form many layers. They
secrete a fluid, the liquor folliculi, which crowds the ovum to
one side of the follicle where it is enveloped by a special
group of granulosa-cells, the discus proligerus (Fig. 129).
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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 product 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-cavity,
separated from it by the parietal peritoneum, and parallel
with the primitive spinal column (Plate VIL.). The probable
method of their formation has been pointed out (p. 243).
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 VII., Fig. 4). The
upper, ununited parts of the ducts become the Fallopian tubes
or oviducts, while the lower portions, now fused into one,
become the uterus and the vagina. The upper end of each
single duct expands trumpet-like to form the fimbriated ex-
tremity of the Fallopian tube.

Until the fifth month there is no distinction between the
vagina and the uterus, the two being represented by a
single sac-like structure. The development of a circular
ridge in the wall of the sac marks the division between the
two organs, the part above the ridge acquiring thick
muscular walls, while the part below it, the future vagina,
remains thin-walled and more capacious. In the third
month the uterus is bifid at its upper extremity, a condition
which is permanent in some animals and oceasionally in the
human subject.!

The Wolffian duct, which, in the male, becomes metamor-
phosed into a part of the epididymis and the vas deferens,
remains undeveloped in the female, producing merely atrophic
or vestigial structures (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 uferus bicornis or bifid uterus and
of the condition of double uterus sometimes met with, as also of the presence
of a medion septum in the vagina, since 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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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 uterus. As the inguinal ligament perforates the
abdominal wall, a small diverticulum of peritoneum goes
with it. Normally this peritoneal pouch subsequently be-
comes obliterated. Occasionally, however, it persists and
then constitutes the canal of Nuck. Should the canal of
Nuck be present, the ovary may pass into or through it,
thus reaching the labium majus. A patulous canal of Nuck,
as in the case of a patulous funicular process of the tunica
vaginalis of the male, may permit the sudden occurrence of
an inguinal hernja in the female. The mesovarium or
“ mesentery ” of the ovary accompanies the ovary in its
descent and constitutes a fold of peritoneum which envelops
not only the ovary but also the adjacent part of the duet of
Miiller and the remnants of the Wolffian body. Upon the
uniting of the lower parts of the Miillerian duets to form
the uterus and the vagina these mesovaria unite with each
other mesially to become the broad ligament of the uterus.
Thus it comes about that the uterus, the ovaries and their
ligaments, the epoiiphoron, and other fetal remnants are con-
tained between the layers of the broad ligament.

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 originates from the same embryonie structure.

THE BLADDER AND THE PROSTATE GLAND.

As stated in Chapter V., the urinary bladder and a part of
the urethra are derived from the 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 gut-tract near its caudal end (Plate II.,
5 and 6). The sac protrudes from the still widely open
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as also in the lowest mammals, the monotremes, the cloaca
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 is 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-
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 Wolffian or mesonephric duets
(Fig. 118), 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. 121), 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 vestibule of the vulva (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 original
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
aggregation of muscular 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-

' Fourteenth week, according to Minot.
17
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and thé groove very shortly becomes flanked by two ridges,
the genital folds, one on each side,

The genital eminence becomes the penmis or the clitoris,
according to the sex of the fetus, Tt very 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 encircling groove which serves to differentiate
it from the body of the organ.

At this stage of development, the rudimentary organs, as
described 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
even by the end of the second month a rudimentary glans and
an indicaton 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. 130 and
131, 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 sinuns, or, in other words, of the ves-
tibule of the vagina (Fig. 131, 3). These folds, continuous
over the dorsum of the clitoris with its rudimentary prepuce,
are the nympha or labia minora (Fig. 131, 1), 7) of the fully-
formed state. The masses of erectile tissue in elose
relation with each labium minus, the pars intermedialis
and the bulbus vestibuli, are the homologues respectivcly
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 cloacal depression, and, con-
sequently, the later clitoris and the aperture of the sinus
urogenitalis, increases greatly in thickness. The part of it
sitnated on the ventral side of the clitoris becomes the mons
veneris, while the lateral parts of the ridge become the labia
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majora of the vulva, The several parts of the female geni-
talia develop to such a degree during the fourth month that
their sexual characters at this time are well marked.

F1i, 131.— Four successive stages of development of the external genital organs
of the human female fetus (Tourneux): 1, clitoris; 2, glans clitoridis: 3, urino-
genital fissure; 4, labia majora; 5, anus; 6, coccygeal eminence; 7, labia minora.

The reader is again reminded that in the stage when the
cloaca is present, the Miillerian ducts 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 vagin®. The openings of the
Miillerian ducts fall within this latter vestibular region of
the sinus. The lower portion of the two duets by this time,
however, have fused to form the uterus and the vagina, and

B
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hence 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 crescentic 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-

F1g, 132.—Four successive stages of development of the human male fetus
(Tourneux): 1, penis; 2, glans; 3, genital groove; 4, serotum ; 5, anus; 6, coceygeal
eminence ; 7, perineoserotal raphe.

sponding female parts. The genital eminence clongates rather
rapidly, its length in the tenth week being 1.5 mm. The
knob-like extremity becomes better marked and constitutes
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scrotum, the line of union being indicated by the raphe.
Failure of union of the two halves of the serotum 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 fetal
structure are said to be homologous with each other.

HoMOLOGIES OF THE SEXUAL SYSTEM.

FETAL STRUCTURE. FeEMALE ORGANS, MaALe ORGANS.
Indifferent sexual gland. Ovary. Testis.
Wolffian body—
Iis middle series of tu- Short tubules of par- Vasaefferentia, rete testis
bules and ovarium and and coni vaseulosi.
Corresponding part of Horizontal or long tube Tube of epididymis.
Wolffian duet. of parovarium.
Remainder of Wolffian Usually altogether dis- Vas deferens, seminal
duet. appears; if persistent, vesicle, and ejacula-
Gartner's duct. tory duct.
Upper series of short Stalked hydatid of Mor- Stalked hydatid of Mor-
tubules (pronephros). = gagni. gagni.
Lower series of tubules. Parotphoron. Paradidymis (organ of
Griraldds).

Duet of Miiller—
Its upper extremity. Fimbria of oviduct. Sessile hydatid.

Succeeding portion. Oviduct. Usually disappears; if
persistent, duct of
Rathke.

Remaining portion, by Uterus and vagina. Uterus masculinus.

fusion with its fellow.

ExTERNAL ORGANS,

FETAL STRUCTURE. FEMALE ORGANS, MarLe OraaNs.
Genital eminence. Clitoris. Penis.
Genital folds. Nymph® and bulbi ves- Corpus spongiosum, en-
tibmli. closing spongy part of
urethra.
Genital ridge. Labia majora. Scrotum.
Urogenital sinus. Urethra and vestibule, Prostatic urethra, mem-
Glands of Bartholin. branous urethra, pros-

tate, Cowper's glanda,
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6. The metanephros or permanent kidney develops in part
from a small diverticulum that pouches out from the lower
or caudal end of the Wolflian duct. The straight collecting
tubules and the pelvis of the kidney correspond to the
dilated and subdivided fundus of this diverticulum, while
the ureter represents its stalk. The secretory tubules of the
kidney develop from the inner zone of the metanephrogenic
tissue. The surrounding mesodermic tissue furnishes all the
component elements of the ureter-walls and of the kidney
except the epithelial parts, as noted above.

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 eells 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 presentz no
distinetions of sex. The elements of this early indifferent
. type are the indifferent genital gland, the Wolflian 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 aspect of the Wolffian 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 close relation with the Wollfian
tubules. The mesothelial cells are the “germinal epithe-
lium” of Waldever, 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 duct. It lies parallel with and to the outer
gide of the Wolffian duct and also terminates in the cloaca.
It is of mesodermic origin, being produced either by evagi-
nation of the mesothelial cells of the body-cavity, or by a
splitting off from the Wolffian duct.
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The genital eminence becomes the clitoris. 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 since the Miillerian ducts 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
allantois, which becomes the female urethra, the latter canal
likewise opens into the adult vestibule.

17. The male external genitals represent 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 canal 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 ducts open into the urogenital
sinus after the division of the cloaca, the terminations of those
ducts, represented now by the ejaculatory duets, open into
the prostatic urethra; and since the Miillerian duets also
open into the urogenital sinus, the uterus masculinus, which
is the representative in the male of the terminal parts of the
Miillerian ducts, is found likewise in the prostatic 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 scrotum.

18. The condition 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 cleft serotum ; or
by the arrested development of male organs, whereby the
genital folds and the genital ridges fail to unite, the urethra
in consequence opening at the base of the penis.
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white fibrous econnective tissue with some intermingled elastic
and muscular fibers ; this constitutes the corium proper. The
deeper layer of cells becomes a loose, subcutaneous areolar
tissue containing a few scattered 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 vascular, 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
subcutaneous tissue increase in number to such extent that
there is formed a continuous and well-marked subcutaneous
layer 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 scrotum
and penis, and that of the nipple and of the perineum.

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 as early as the latter part of the first month, at which
time the cells 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
cells of the outer layer, or epitrichium, which probably rep-
resents the future stratum corneum, successively undergo
degeneration and desquamation, the places of those lost
being supplied by the formation of new ones from the deeper
layer. As time goes on, both layers increase in thickness
and the hairs and the glands of the skin are gradually
formed. With increased proliferation there is increasingly
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hoofs of many animals is due in great measure to the
degree of development to which this wventrally 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 cnl'mﬁpnn{]ﬁ to the
stratum lucidum of the typical epidermis, developed to an
unusual degree. The epitrichium or future stratum corneum,
the most superficial layer of the epidermis, does not form a
part of the nail, but constitutes a thin covering, the epony-
chium ; this is lost in the seventh month, with the exception
of a =mall band over the root of the nail, which persists for
a short time as the perionyz.

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

To repeat, the claw-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
eighth 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
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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 mesodermic 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 scalp 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. It is claimed by some authorities (Stieda, Feiertag)
that they develop from entirely new hair-germs. Most author-
ities hold, however, that the secondary hair develops from the
same papilla that produced the hair just lost. According to
this view, the empty root-sheath of the cast-off hair closes so
as to form a cell-cord which represents a hair-germ for the
new hair., The cells of this germ in most intimate relation
with the underlying papilla produce the new hair in the same
manner that hair is produced by the original hair-germs,
As the new hair grows toward the surface the old one is
gradually erowded out.

The Sebaceus 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 aceumulation of epidermal cells that
18
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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. 136, 4, ).
This thickened area enlarges somewhat peripherally and its
margins become elevated, owing to which latter circumstance
the patch appears relatively depressed (B). The depression
is known as the glandular area, and it corresponds with the
future areola and nipple. In many mammals the develop-
ment of the milk-glands is initiated by the appearance of a

FiG. 188 —Eectiony representing three suecessive stages of development of the
human mamma (Tourneux): A, fetus of 3240 mm. (1.3 in.); B, of 1016 cm. (4 in.);
C, of 24.35 em. (9.6 in.); a, epidermis; b, aggregation of epidermal cells forming
anlage of gland; ¢, galactophorons ducts; d, proove limiting glandalar area; e,
great pectoral muscle; f, unsiriated muscular tissue of areola; g, subeatancons
adipose tissue.

pair of linear thickenings of the epidermis on the ventro-
lateral aspect of the body, ecalled the milk-ridges or milk-
lines, from localized thickenings of which the multiple
mammary glands of such animals develop. These milk-
lines have also been observed in the human embryo, but the
constancy of their oceurrence in man has not as yet been
established.

From the bottom of the glandular area, numerous small
masses or bud-like processes of cells grow down into the
corinm. Some of the buds acquire lateral branches. By
the hollowing out of these cell-buds the latter are transformed
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mal has digestive functions, 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 organizm
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 cells common
to the general surface of the germ assuming the col-
umnar type. The process affects the cells of the median
line of the embryonic area in advance of the primitive streak,
resulting in the production of a thickened longitudinal median
zone. This thickened area iz the medullary plate (Fig. 41,
p. 70). 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.
137). By the deepening of the groove, the lateral edges of
the plate approach each other (Fig. 138), 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 eonnection with it.
The closing of the tube and the union of the medullary folds
oceur first near the anterior end of the embryonic area, in a
position that corresponds with the region of the future neck,
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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 columnar
cells, which is formed by the folding in of the ectoderm and
which occupies the median longitudinal axis of the embryonie
area and consequently of the future embryonic body. From
this simple epithelial canal the entire adult nervous system is
evolved,

The evolution of the highly complex cerebrospinal axis
from such a simple structure as the neural canal is referable
both to the principle of wnequal growth—the walls of the
tube becoming thickened by the multiplication of the cells—
and to the formation of folids.

The portion of the neural canal—approximately one-half—
that is devoted to the formation of the brain is delimited
from the part that produces the spinal cord by the dilatation
of the anterior or head-end of the tube, and the subsequent
division of this dilated sac-like portion into three communi-
cating sacs called respectively the fore-brain, mid-brain, and
hind-brain vesicles (Fig. 142). These three vesicles give
rise to the brain, while the remaining part of the neural canal
forms the spinal cord.

THE DEVELOPMENT OF THE SPINAL CORD.

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

The wall of the nenral tube, although consisting at first
of a single layer of epithelial cells, is not of uniform thick-
ness throughout its cirenmference. While the external out-
line ig oval, the lumen of the tube is a narrow dorsoventral
fissure (Fig. 45, p. 73). The eavity is therefore bounded on
the sides by thickened lateral columns, while the dorsal and
ventral walls, which connect the lateral columns with each
other, are thinner and are called respectively the roof-plate
and the floor-plate.
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be regarded, therefore, as connective tissue. The connective-
tissue portion of the stroma is produced by the ingrowth of
the pial processes from the pia mater, and is hence of meso-
dermic origin.

Tthe 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 cell being transformed into an elongated
system of slender processes or trabecul, and each such system

Fr1c. 140, —Cross-gection through the spinal cord of a vertebrate embryo (after
His): a, outer limiting membrane ; b, outer neuroglia layer, region of future white
matter; ¢, germ-cells; d, central canal; ¢, inner limiting membrane or ependymal
layer; f, spongioblasts ; g, neuroblasts (mantle layer) ; &, anterior root-fibers.

being a completed spongioblast or ependymal cell (Fig. 140).
The inner ends of the spongioblasts coalesce with each other,
forming thus the internal limiting membrane, while the per-
ipheral extremities interlace with each other to form a close
network, the marginal velum. As the walls of the neural
tube increase in thickness, the spongioblasts become more
and more broken up to form the delicate neurogliar network
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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
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 dirvections, 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

HWiite Dprsal Davrsal
Ectoderm. watter. SIS SUFE, ool

Outer medullary sone.  Central canal., Notochsrd. Ventval commissure,

F1g. 141.—Transverse section of developing spinal cord of a twently-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
other sources. As examples of the former method may be
cited the direct cerebellar tract, composed of the axons of
the cells of the vesicular column of Clark, and the tract of
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constrictions in the lateral walls of the tube (Fig. 142),
The constricted part of the hind-brain that adjoins the mid-
brain is the isthmus. This division oceurs at an early stage,
before the closure of the tube is everywhere complete. The
vesicles communicate with each other by rather wide open-
ings. As in the spinal part of the neural canal, the walls of
the primary brain-vesicles consist of epithelial cells, and i
i8 by the multiplication of these cells in unequal degree in differ-
ent regions, and by the formation of folds in certain 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-
gion into two, the secondary fore-brain (telencephalon) and the
inter-brain (thalamencepalon) or diencephalon, and the primary
hind-brain vesicle likewise divid-
ing, a little later, into the sec- ™™ framwesile ——

ﬂnﬂﬂm hind-brain {met-ancepha- Middie brafm-vesicls, Ir
lon) and the after-brain (myelen- Posterior brain-vesicle. o
cephalon ).
Y . Fore-brain.
The division of the primary ol i
PR = i tic vesicle.
fore-brain is preceded by the 7@ PteTenee
% - Staik of ofific vestele.
appearance upon each of its Inter-brain.
lateral walls of a small bulged- Mid-brasn.
: Himd-brain.

out area which soon assumes the
form of’ a distinet diverticulum.
This is the optic vesicle, the ear-
liest indication of the develop-
ment of the eye (Fig. 142). In
the further process of growth
the base of attachment of the
optie vesicle becomes lengthened
out into a relatively slender ped-
icle, which remains in connec-
tion with the lower part of the
lateral wall of the brain-vesicle.

After-frain.

Fore-brafn.

Frimary apfic vesicle.
Imier-frain,
Mid-brain.

Hind-brain.

After-brain.

Fig. 142 —Diagrams illustrating
the primary and secondary seg-
mentation of the brain-tube (Bon-
net).

Following the appearance of the optic vesicle, the anterior
wall of the primary fore-brain vesicle projects as a small
evagination, which latter is then distinetly marked off’ from
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ventral wall of the secondary hind-brain, is a second well-
marked angularity. This is the pontal flexure. TIts 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-

Fig, 144 —Diagram of a sagittal seetion of the brain of a mammal, showing
the type of structure and the parts that develop from the several brain-vesicles
{modified from Edinger).

stituting the myelencephalon (Fig. 144). The histological
changes correspond essentially with those that occur in the
spinal segment of the neural tube, the nerve-cells and fibers
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
19
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medulla, is in great measure but the continuation of the gray
matter of the spinal cord rearranged and differently related
becanse of the motor and sensory decussations and of the dor-
sal expansion of the central canal. A notable feature of this

Fi6. 146.—Section across the lower half of the fourth ventricle of an embryo,
showing gradual opening out of the nenral eanal, and the eommencing folding
over of the alar lamina atf (His) : v, ventral border; f, tenia; of, otic vesicle ; rl,
recessus Inbyrinthi.

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 dorsal wall of the after-brain vesicle
remains an extremely thin epithelial lamina, and the eavity
in consequence expands toward the dorsal surface. Owing
to the excessive delicacy of this dorsal wall of the cavity, it
is easily destroyed in dissection, with the effect of disclosing
a triangular fossa (Fig. 151) on the dorsal surface of the
medulla, which in connection with a similar depression on
the dorsal surface of the pons, constitutes the rhomboidal 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 eanal 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 surface, although it may appear to
do so because of the attenuated 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. 144). The pia
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the formation of the erura cerebri and the posterior perforated
lamina or space included between them. The crura 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 oceurrence their increase in size is comparatively
rapid, their ventral parts or erustz 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. 147), especially in the
Sauropsida (birds, reptiles, fishes). In the fifth week a longi-
tudinal ridge appears upon the dorsal wall, which in the third
month is replaced by a furrow. The expansion of the wall
on each side of the furrow produces a pair of rounded emi-
nences (Figs. 148-151), which, in birds, attain to a much

B
Fig. 148.—Brain of human fetus of about eight weeks: 4, enlarged ; B, actual

size: Fb, fore-brain; Ib, inter-brain; Arb, mid-brain; Hb, hind-brain; 4b, after-
brain ; P, folds of pia mater.

greater development than in mammals and constitute the
corpora bigemina or optic lobes. In the human embryo, each
of these elevations is divided into two by an oblique groove,
and thus are formed the corpera quadrigemina, 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
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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
the greater part of its extent (Fig. 144). From the back
part of the roof, at a point immediately in front of the
lamina quadrigemina of the mid-brain, a diverticulum grows
out and becomes metamorphosed into the pineal body. With
this exception, the roof of the vesicle remains a single layer
of epithelium, just as in the ecase of the roof of the after-
brain. This epithelial layer adheres closely to the pia mater,
which eovers it in common 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 elosely applied to the roof of the latter. As a con-
sequence, the pia mater on the under surface of the fore-

L

Fic, 150,— Brain of fetus of three months, enlarged. The outer wall of the right
hemisphere has been removed ; LI, left hemisphere; OS5, part of corpus striatum ;
F&, site of fossa of Sylvins; V, vasenlar fold of pia mater which has been invag-
inated through the mesial wall of the hemisphere; Mb, mid-brain; ¢, cerebellum;
M, medulla oblongata.

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
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brain, bears a certain likeness to the optic nerve, being solid
and composed of fibers and elongated eells. The presence
of the transparent epidermal plate which covers the vesicle
serves to complete the similarity of this particular type of
pineal body to the eye of vertebrate animals. Tt 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 wision.

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 masges of cells project from it into the
surrounding mesodermic tissue, These eellular outgrowths,
giving off secondary projections, become converted into small
closed follicles lined with columnar ciliated cells. The folli-
¢les in the case of mammals very soon become solid or nearly
so by the accumulation of cells 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.
Since it is only the end of the diverticulum that becomes
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 trne significance is
still a matter of conjecture. Althongh resembling the eye in
its structure, and although regarded by some on that account
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 vesicle presents several interesting
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out-pocketing of the pharyngeal wall begins in the fourth
weelk, 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 duct,
which for some time retains its connection with the pharynx.,
As the membranous base of the skull becomes eartilaginous,
the duct begins to atrophy, and finally entirely disappears.
In selachians, however, it is retained permanently, establish-
ing thus a connection between the hypophysis and the pharyn-
geal cavity. With the disappearance of the duet 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. From the wall of the vesicle nu-
merous little tubular projections grow out into the enveloping
mesodermie 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 buecal 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-
lying lobe of the brain.

What remains of the cavity 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 eommunication with the secondary fore-brain
vesicles becomes the foramen of Monro. Since the lateral
walls become the massive optic thalami, while the dorsal and
ventral walls give rise to much thinner structures, the cavity
of the vesicle 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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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 cells.
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 processes or polar
prolongations, of which the most conspicuous, 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 collections 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 ganglionic mass,
the corpus striatum, and of two smaller aggregations of cells,
the claustrum and the nucleus amygdale. These bazal 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 produced by an in-
folding of the entire thickness of the vesicle-wall so that
their presence is indicated by corresponding 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 calear avis, the hippocampus major, and
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corpus striatum bulging into the floor and outer wall of the
adult lateral ventricle.

F16. 152.—Brain of human fetus of approximately three months: A, enlarged;
B, actual size; H, hemisphere; Mb, mid-brain; ¢, cerebellum; M, medulla ob-
longata; &, fossa of Bylvius.

The cortical matter of the floor of the fossa of Sylvius,
being circumseribed by a groove or sulcus, constitutes the

F16. 153.—Brain 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-
ophysis; Mbr, mid-brain roof; Mbe, mid-brain cavity ; ¢, cerebellum ; M, medulls

ohlongata.

central lobe or island of Reil, which is subsequently broken
up, by secondary fissures, into from five to seven small con-

volutions.
20
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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. 154, a,f.). This part of the arcu-

FiG, 154.—Mesial surface of left fore-brain vesicle of brainghown in Fig. 148 (Fb):
J.M, foramen of Monro, or opening into inter-brain; o, arcuate fissure: chf cho-
roid fissure ; r,“ randbogen,"” corresponding to future corpus callosum and fornix;
olf, olfactory lobe.

ate fissure is the suleus 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 described
by the areuate fissure, encireles the corpus striatum more
closely (Figs. 154, 155). 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, is an
infolding of the wall of the cerebral vesicle. Tt presents the
peculiarity, however, that the infolded part of the wall is
extremely thin, consisting of but a single layer of epithelial
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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 makes its appearance,
and this is morphologically continuous, through the medium
of the post-limbic sulcus, with the collateral fissure (Fig. 157).
These three fissures constitute the peripheral boundary of a
region of the mesial wall which is known in morphology
as the falciform 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 communication 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 occurs 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 baze 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 its 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 as
the fimbria, and which represents the lower mesial edge of
the hemisphere, almost encircles the inter-brain. The fimbria
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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. 156, C).

pre i Pl C
calim

WHe cirdc

16, 156, —Fetal brain at the beginning of the eighth month (Mihalkovies)
A, superior, B, lateral, C, mesial surface : K, fissure of Rolando; pre, precentral
fissure ; Sy, Sylvian fissure ; infp, interparietal fissure; poc, parieto-oceipital flssure :
pll, parallel fissure; callm, callosomarginal fissure; wee, uncus; cale, calcaring
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. 155, ¢.c.), and after
passing upward and forward, curves horizontally backward
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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
system 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 calloso-marginal fissure, the post-limbic sulcus, and the
collateral fissure. It is limited centrally by the fissure 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
gyrus fornicatus, the isthmus, and the gyrus uncinatus, which
constitute morphologically a single ring-like convolution.
Schwalbe, however, includes with this so-called limbic lobe
all the surface of the mesial wall of the hemisphere included
between the arcuate fissure and the fissure of the choroid
plexus (Fig. 154), designating it the falciform lobe (Fig. 157).

Fig. 157.—Diagram 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 arcuate fissure (the adult callosal and den-
tate fissures) and being limited centrally by the fissure of the
choroid plexus (the great transverse fissure of the adult
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human brain by the gray matter of the anterior perforated
lamina (or space), and by the trigonum olfactorium and the
area of Broca, as well as by the inner and outer roots of the
olfactory tract (note olfactory lobe of dog’s brain, Fig. 153).

Fic. 158.—Base of dog's brain: of., olfactory lobe; a.p.&., region corresponding to
anterior perforated space, which is ineluded in the olfactory lobe; f£5, fissure of
Sylvius; g.h., hippocampal gyrus, developed to a greater degree than in human
brain; &, seetional surface of olfactory lobe; os, olfactory sulcus,

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
commencement 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 eonnected
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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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

Fiz. 150.—d, eross-section through an embryo of Pristiurus (after Rabl). The
primitive segments are still connected with the remaining portion of the middle
germ-layer. Al the region of transition there is to be seen an outfolding (k) from
which the skeletogenous tissue is developed ; eh, chorda; &pg, spinal ganglion ; nip,
muscle-plate of the primitive segment ; sch, subchordal rod; ao, aorta; ik, inner
germ-layer; pmb, parietal, emb, visceral middle layer. B, cross-section through a
lizard embryo (after Bagemehl) : rm, apinal cord; spg, lower thickened part of the
neural ridge : spg’. its upper attenuated part, which is continuous with the roof of
the neural tube ; us, 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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site sides of the eell, the further growth of the cell is such
that both processes are connected with it by a common stalk,
thus producing the cell with T-shaped process so character-
istic of the spinal ganglia. Thus the ganglia are made up
of cells which are interpolated in the course of the sensory
nerve-fibers, and these cells may be regarded as having mi-
grated from the developing cerebrospinal axis, or, if the
view of His be aceepted, 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 cylin-
ders of the fibers, are the elongated neurits of nerve-cells of
the spinal cord and brain. The neuroblasts of the thickened
neural tube, as they become fully differentiated nerve-cells,
migrate from their central position into the mantel layer, or
superficial stratum (Fig. 140).  On the distal side of the nu-
cleus of the cell, 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 the axis-cylinder of 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
amphioxus, 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. The
neurilemma is 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 cylinder, ultimately forming a complete
sheath, the neurilemma. The persistent nuclei of these cells,
scantily surrounded with protoplasm, constitute the nerve-
corpuseles of the neurilemma. The medulla, or white sub-
stance of Schwann, is formed at a considerably later period
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fibers of these trunks in the same manner that the cells of the
gpinal ganglia produce the sensory fibers of the spinal nerves,

The acusticofacial ganglion, after its migration from its
original position on the dorsum of the hind-brain, lies just
in front of the ofic vesicle. This ganglion subsequently
divides into the facial and the acoustic ganglia. The facial
ganglion, the geniculate ganglion or intumescentia ganglio-
formis of the facial nerve, sitnated in the facial 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 nucleus 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 sitnated in the spiral
canal of the modiolus. It is considered probable that the
lateral accessory auditory nucleus, which is connected with
the cochlear fibers of the auditory nerve and lies on the outer
side of the restiform body, is also a part of the acoustie
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 auditory nerve and its 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 segmentation to form
the upper or jugular and the lower or petrous ganglia of this
nerve, while the axis-cylinder processes of its cells lengthen
out to become the sensory fibers,

The fourth cephalic ganglion similarly becomes the two
ganglia of the pneumogastric nerve and gives rise to its
sensory fibers,

21
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From what has been said, it will be apparent that the
cranial nerves develop in a far less regular manner than the
spinal nerves, and that consequently their trunks consist in
some cases of only sensory fibers, in other cases of only
motor fibers, and in still others, of both varieties. Typically,
each cranial 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
auditory.

By way of recapitulation the cranial nerves may be briefly
considered 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 XVL.).

Third Pair.—The oculomotor nerve represents a persistent
lateral 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
gensory 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 Eighth Pairs.—The acusticofacialis nerve, or
the facial and auditory nerves, develop as a single nerve with
geveral roots. The anditory nerve and the sensory fibers of






DEVELOPMENT OF THE SYMPATHETIC SYSTEM. 325

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. Each primitive sympathetic ganglion sends out
two small processes, one growing tailward from its lower ex-
tremity, and one in the opposite direction from its upper end,
the approaching processes from each two adjacent ganglia
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.

THE CAROTID BODY, THE COCCYGEAL BODY, THE
ORGANS OF ZUCKERKANDL.

In connection with the sympathetic system may be men-
tioned the * carotid gland,” or glomus caroticus, or intercarotid
ganglion, found at the bifurcation of the common carotid
artery ; the coccygeal body or “gland,” Luschka's ganglion,
found at the lower extremity of the coceyx in relation with
branches of the middle sacral artery; and the organs of
Zuckerkandl, found in later fetal life and for a short time
_after birth at the origin of the inferior mesenteric artery.

These structures present features in common with each
other in that they are made up of knots of blood-vessels
intermingled with collections of ecells, among which are
numerous chromafiine cells such as are found in the medulla
of the adrenal body and in the sympathetic ganglia; and in
the furthor fact that they are penetrated by sympathetic
nerve-fibers,

That the eells of the carotid body and of the organs of
Zuckerkandl are derived from the adjacent sympathetic gang-
lia has been established, but whether these bodies are for that
reason to be classed as nervous structures is as yet uncertain,






THE DEVELOPMENT OF THE EYE. 327

are provided by the other constituents of the eyeball.  Fur-
ther protection is furnished by two folds of modified skin
and subeutaneous tissue, 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
organs, 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. 160). These optic evaginations are quite large

E

Fia. 160.—A, brain of two-day chick-embryo; B, brain of human ¢mbryo of
three weeks (His). Shows the development of the optic vesicles and brain-vesi-
cles; /¥, fore-brain; ib, inter-brain; ov, optic vesicles.

as compared with the brain-vesicle. They begin to be evi-
dent even before the neural tube is 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 optie vesicle
is attached. Hence the optie vesicle is an appendage of the
inter-brain or thalamencephalon and its point of attachment
to the latter is at the lateral part of the base, in front of the
region of the infundibulum (Fig. 147, A and C).

The optic vesicle expands laterally and dorsally until it
lies immediately beneath the epidermis, forming a promi-
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The outer extremity of the diverticulum expanding more
rapidly than its base of attachment assumes the form of a
vesicle with a narrow stalk (Fig. 161), the stalked condition

Fic. 161.—Part of a section through the hicad of an early human embryo, show-
ing the connection of the primary optic vesicles with the fore-brain (His): olf,
olfactory area of epiblast; e.h., 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-

Fi6. 162.—Three successive stages of development of the eye, showing forma-
tion of secondary optic cup and erystalline lens in human embryos of 4 mm. (4),
6 mm. (B), and § mm. (€}, (Tourneux): a, a, primitive aptie vesicles; b, external
layer of secondary optic cup (future pigment-layer of reting) ; e, inner layer of cup
(retina proper); d, lens-pit {thickened and depressed ectoderm); €, lens-vesicla,

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
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The further metamorphosis of the optic cup includes alter-
ations peculiar to each of the two layers and also to the
different regions of the cup. The mouth of the cup contracts
somewhat by increased growth of the wall, and thus there is
a zone bordering this orifice which is anterior to the lens,
holding the same relation to the latter body that the future
iris holds. A 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 numerous 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 various nerve-cells,
including the highly specialized rod- and cone-visual cells.

The principal sustentacular elements, or Miiller’s fibers,
like the spongioblasts of the neural tube, are radially
arranged and extend throughout the entire thickness of the
retina. Their inner expanded extremities, in close 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
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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-
visual 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 itz elements
to develop. In man and in many mammals, it is present at
birth. In the cat and the rabbit, the rod- and cone-visual
cells develop after birth, and hence the new-born of these
species 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 cells of the
ganglion-cell layer. The axis-cylinder 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 sclera, to pass, as optic nerve-fibers, to the brain.

This part of the optic cup, the fundus, produces then, in
the manner described above, the functionating portion of the
retina, or the pars optica retin, the anterior termination of
which is indicated by the orra serrata.

The lenticular zone of the optic cup, which is 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
Jater become cylindrical. 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






THE DEVELOPMENT OF THE EYE. 300

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 limitang externa; outer
nuclear layer (the bodies of the rod-
and cone-cells).

2. Cerebral layer (representing an
interpolated ganglion with connecting
fibers), consisting of :

Outer reticular laver;
Inner nuclear layer;
Inner reticular layer;
Ganglion-cell layer;
Nerve-fiber laver.

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 is a prolongation of
the choroidal fissure of the optic cup (Fig. 163). By this in-
folding, the cavity of the stalk is obliterated and the stalk is
converted into a double-walled tube enclosing mesodermic
tissue which follows the invaginating ventral wall. 1In this
mesodermic tissue is developed the arteria centralis retinz.
In mammals the invagination affects only the distal part of
the stalk, the segment included between the eyeball and the
point corresponding in the adult to the place of entrance into
the nerve of the central artery. It must be apparent that
the outer layer of the tube thus formed is directly continuous
with the outer layer of the optic eup, while the invaginated
Jamina 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
undersor ventral wall as well.

The primitive optic nerve at this stage consists of layers
of spindle-shaped cells, with a central core of vascular con-
nective tissue.

The manner in which the nerve-fibers are developed is
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the vesicle thickens at the expense of the central cavity—the
central mass of cells at the same time disappearing—while
the superficial layer remains thin. The two strata are con-
tinuous with each other at the equator of the lens, one form
gradually merging into the other at this region, which is a
zone of transition (Fig. 164).

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 cells of the posterior
wall of the wesicle. Between the two laminz is a small
remnant of the cavity of the vesicle. The epithelial layer
persists throughout life as the epithelium of the lens, while
the fibrous layer is the basis of the lens-fibers of the mature
condition. The cavity 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
is 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 characteristic 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 layer of the lens-vesicle, the fibers of
later growth originate from the cells of the anterior wall.
The epithelial character of the lens-fibers iz evinced by the
presence of a nucleus in each fiber of a young lens.

The lens-capsule results from the differentiation of the
mesodermic tissue which surrounds the lens, It is from this
enveloping vascular lamina, the tunica vasculosa lentis, that
the growing lens derives its nutrition. The capsule is well
marked in the second month. Its blood-vessels are derived
from those of the vitreous body. At the end of the seventh
month this well-developed, highly vaseular membrane begins

to undergo retrograde alterations, the final result of which is
22
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ments produces finally the definitive vitreous. Since the
inferior surface of the stalk of the vesicle—the future optic
nerve—nparticipates in the invagination of the optic cup, the
mass of mesodermie tissue which helps to form the vitreous
is continuous with that which invaginates the primitive optic
nerve to produce the central artery of the retina.  As a con-
sequence, 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 continued forward as the
hyaloid artery. The terminal branches of the hyaloid artery
pass on through the vitreous body to terminate in the vaseu-
lar capsule of the growing lens, constituting the blood-supply
of that structure,

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
the hyaloid membrane, which anteriorly acquires union with
the capsule of the lens.

The blood-vessels of the vitreous dizappear during the last
two or three months of fetal life. The hyaloid artery per-
sists, 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, comprising the choroid, the ciliary body, and the
iris, are structures of mesodermic origin, being directly pro-
duced by the mesodermic tissue surrounding the optic cup.
The richly cellular mesoderm applies itself 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 cells chiefly into muscular and vascular elements,
and on the other hand the evolution of a tissue essentially
fibrous in structure. These two tunics are distinguishable
in the sixth week.
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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.
This defect enables the sclera to be seen from the interior in
a line extending forward from the optic nerve entrance. It
is known as coloboma of the choroid.

The ciliary body is developed immediately in advance of
the choroid and from the same layer of mesodermie tissue.
The deeper parts of the tissue in this region correspond with
the plications of the ciliary part of the retina, sending proc-
esses into and between the radial folds of this part of the
two layers of the optic cup, with which latter the highly
vascular 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
unstriated muscular tissue, thus producing the ciliary muscle.
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 optic cup, the pars ciliaris, is of ecto-
dermie origin.

The iris, the most anterior zone of the uveal tunie, is pro-
duced from the same mesodermic tract that gives rise to the
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 cells 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-
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 cup being in front of the
lens, between it and the cornea, 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
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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

FiG. 165. —=Sagittal section through the eye of an embryo rabbit of eighteen
days » 230 (Kdlliker): o, optic nerve; p, hexagonal pigment-layer; r, retina; re,
ciliary part of the retina; p’, forepart of the optic cup (rudiment of the iris-pig-
ment); g, vitreous, shrunk away from the retina, except where the vessels from
the arteria centralis retine enter it: 4, iris; mp, membrana pupillaris; ¢, cornea
with epithelium ¢; pp, pa, palpebrie; [, lens; I, lens-epithelium; f, sclerotic; m,
rect] muscles,

the outer surface of the marginal zone of the cup differen-
tiates into the vaseular, muscular, 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 optie cup, the part that is known as the
pars iridica retinee. Recent investigations (Nussbaum, Her-
zog, ete.) indicate that the circular and the radial muscular
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fibers of the iris develop from the outer epithelial layer of
the optic eup or, in other words, from the part of the optic
cup that becomes the pars iridiea retinie.  The cireular fibers,
sphincter pupillie, are distinguishable in the fourth month,
the radial or dilator fibers, in the seventh month.

Since the anterior and posterior chambers of the eye are
spaces hollowed out of the mesoderm, they represent a
lymph-space and are, as such, lined with endothelial cells,

The cleft in the inferior wall of the optic cup 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
tissues of the iris proper. Such a congenital defect, appear-
ing as a radial cleft 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
eyeball (Fig. 165, 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. Each fold includes a certain quantity of
mesodermie tissue, from which are produced the connective-
tissue elements of the lids, as the tarsal plates, ete. After
the folds attain to a certain degree of development their
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 conjunctiva, 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 adhesions.

~ A part of the mesodermic tissue of the lids undergoes con-
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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-optic
groove indicates the situation of the lacrimal duct. By
some authorities—Coste and Killiker—it is believed that
the duct 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 cells that appears at the bottom of the furrow. In
either case the epithelial lining of the duct is an ectodermic
involution. When the nostrils are separated from the oral
aperture by the union of the nasofrontal, the lateral nasal,
and the maxillary processes (p. 133), the lower end of the
furrow is obliterated, and the partially formed duct is made
to terminate in the nasal cavity.

The canalienli, 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-out ;
according to another, from the continuation of the cell-cord
into the upper lid and the later addition of a limb for the
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 case of the other sense-organs, the auditory
apparatus consists of highly specialized neuro-epithelium,
connected by mnerve-fibers and interpolated ganglia with the
central nervous system, and of protective and auxiliary
structures. The neuro-epithelial structures, including the
organ of Corti and the cells of the eriste 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-
tion of the delicate neural elements, while the middle ear
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pear-shaped owing to the protrusion of its dorsal wall. This
dorsal projection, the recessus westibuli or labyrinthi (Iig.
166, C), lengthens out into a slender tube, the ductus endo-
lymphaticus (Fig. 168), the slightly dilated end of which,
the saccus endolymphaticus, is found in the adult occupying
the aqueductus vestibuli of the temporal bone.

£5c
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Fia. 167.—Development of the membranous labyrinth of the human ear (W.
His, Jr.): A4, left labyrinth of embryo of ahout four weeks, outer side; ve, vesti-
bular and cochlear portions; rf, recessus labyrinthi. B, left labyrinth with parts
of facial and auditory nerves of embryo of about four and a half weeks; rl, reces-
sus labyrinthi; zsc, pee, ese, superior, posterior, and external semicirenlar canals;
g, saccule: ¢ cochlen: wm, fr, vestibular and facial nerves; vy, op, g9, vestibular,
cochlear, and genieulate ganglia.  ©, left labyrinth of embryo of about five weeks,
from without and below ; labelling as in preceding figure.

The opposite, anterior or ventral extremity of the otic
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. 168). The vesicle
itself becomes constricted in such 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 occurs, the wall
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rior wall, the inner limb of the latter semicircle coineiding
with the posterior limb of the former. The result of this
arrangement is that two vertical semicireular canals are
formed with their planes at right angles to each other, the
two communicating with the otic vesicle by three openings,
one of which is common to both ecanals. The other two
apertures, being dilated, are the ampullated individual ori-
fices of the posterior and superior canals.

The constriction in the otic vesicle referred to above in-
creases until this sac is divided into two parts, a larger,
which includes the region from which the semicircular
canals have developed and which is now the utricle, and a
smaller vesicle, the saccule, comprising the part from which
the cochlear duct was evaginated (Fig. 168). The line of
division coincides with the middle of the orifice of the ductus
endolymphaticus, the proximal end of which participates in
the division. Thus the duetus endolymphaticus becomes a
Y-shaped tube, and affords the only bond of connection be-
tween the saceule and the utricle (Fig. 168).

The beginning of the cochlear duct, failing to keep pace
in growth with the other parts, appears as a smaller tube rela-
tively, and is known as the canalis reuniens (Fig. 168, er).

The structures so far considered—the utricle, the saccule,
the semicircular canals, and the cochlear duct—being the prod-
uct of the ectodermic otic vesicle, represent simply the adult
epithelial linings of those cavities. The fibrous layer of the
membranous labyrinth, in common with the walls of the bony
labyrinth, is a product of the enveloping mesodermic tissue.
While the cells of the otic vesicle thus for the most part con-
stitute the walls of the several sacs and canals of the primi-
tive internal ear, come of the cells specialize into neuro-epi-
thelium. The most marked specialization of this sort occurs
in the cochlear duct, where most of the cells on that wall of
the duet which may be called its floor—the part correspond-
ing to the future 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.
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auditory nerve, while the ganglion is the vestibular ganglion
or intumescentia ganglioformis of’ Scarpa.

The development of the bony labyrinth of the internal ear,
as well as of the connective-tissue parts of the membranous
labyrinth, is effected =olely by the differentiation of the meso-
dermic tissue which surrounds the epithelial structures above
considered. As previously stated, at the time when the otie
vesicle is first formed there is no indication of a eranial cap-
sule, the brain-vesicles being surrounded and separated from
the ectoderm by indifferent mesodermic cells. During the
progress of the alterations in the otic vesicle, this tissue
undergoes condensation and alteration to form the mem-
branous primordial ecranium, and shortly thereafter the
petrous portion of the temporal bone is outlined in cartilage
by the further specialization of a portion of this primitive
connective tissue. The formation of cartilage does not affect
all of the tissue which is afterward represented by the
petrosa, the region that borders the semicircular canals,
the cochlear duct, the saccule, and the utricle remaining soft
embryonal connective tissue. There is thus a cartilaginous
ear-capsule produced which is more than large enough to
contain the primitive epithelial labyrinth, and the walls of
which are separated from the latter by embryonal connective
tissue.

The bony semicircular canals are almost exact reproduc-
tions, on a larger seale, of the epithelial canals, and they are
formed by the ossification of the cartilaginous petrosa. KEven
before this ossification occurs the soft connective tissue
between the cartilage and the epithelial semicircular canals
differentiates into three layers. The inner layer, becoming
more condensed, is converted into fibrous tissue, and, adher-
ing to the epithelial walls of the canals, furnishes the con-
nective-tissue component of the completed membranons
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 bony canals.
The middle layer, on the contrary, becomes softer—by the
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The cochlea consists now of a spirally coiled epithelial tube
lying within an elongated cavity in the cartilaginous petrosa,
a cavity, the walls of which are, therefore, cartilaginous,
The peripheral wall of the coiled tube is in contact with the
inner surface of the wall of the cartilaginous capsule (Fig.
169, @), a fact which has an important bearing upon the
further stages of growth.

2
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Fra. 169.—Part of & section through the cochles of an embryo eat, 9 cm. (3.6 in.)
long (after Boettcher): &k, cartilaginous capsule, in which the cochlear duct
deseribes aseending spiral turns; de, ductus cochlearis: e, organ of Corti: fo,
lamina vestibularis; x, outer wall of the membranous ductus cochlearis with liga-
mentum spirale; SV, seala vestibull; ST, 877, scala tympani; g, gelatinous tissue,
which still fills the seala vestibuli (#') in its last turns; ¢, remnant of the gela-
tinous tissue, which is not yet liquefied; M, firm connective tissue surrounding
the cochlear nerve (ne¢); gap, ganglion spirale; N, nerve which runs to Cortl’s
organ in the fature lamina spiralis oszea; ¥, compact connective-tissue layer,which
becomes ossified and shares in bounding the bony eochlear duet: P, perichon-
drinm.

The embryonal connective tissne within the capsule now
undergoes important modifications, which vary greatly in dif-
ferent regions. That portion of this tissue which im mediately

envelops the cochlear nerve becomes first dense connective
23
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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, is surrounded by undifferentiated
mesodermie tissue, except on the side farthest from the
modiolus, where its wall is in contact with and finally
adheres to the wall of the cartilaginous capsule. The lamina
spiralis divides this tissue into two parts which respectively
occupy the positions of the future scala vestibuli and scala
tympani. This soft embryonal tissue, as in the case of the
corresponding tissue of the semicircular canals, develops dif-
ferently in different regions. The innermost stratum, which is
in relation with the epithelial cochlear duect, becomes fibrous
connective tissue and eonstitutes the fibrous layer of the adult
cochlear duet ; that is, on the side of the duet toward the
scala tympani, it becomes the connective-tissue layer of the
membrana basilaris, while on the side toward the seala ves-
tibuli it forms the fibrous stratum of the membrane of Reiss-
ner (Fig. 169). The peripheral zone of indifferent tissue,
that in contact with the now cartilaginous wall of the future
bony cochlea, as well as that which lies against the lamina
spiralis, also undergoes condensation and forms a fibrous,
or fibrovascular, membrane, the internal perichondrium or
future periosteum. The tissue intervening between these
two layers retrogrades, the cells degenerating and the inter-
cellular substance liquefying, until finally the spaces known as
the scala vestibuli and the scala tympani are hollowed out.
These channels are lymph-spaces and the fluid they contain
1s the perilymph. This perilymphatic space iz in communi-
cation with that of the vestibule. Therefore, while the coch-
lear duet or scala media encloses an epithelium-lined space,
as do the saccule, the utricle, and the membranous semi-
eircular canals, and in common with those structures con-
tains the so-called endolymph, the scala vestibuli and the
scala tympani are in the same category with the perilym-
phatic 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,
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passes along its outer side. After the ossifieation of the
temporal bone, these structures are embedded within the
abundant soft connective tissue which is between the epi-
thelial sac, now the mucous membrane, and the bony walls
of the tympanum. This mass of soft tissue undergoes very
- econsiderable diminution, owing to which the mucous 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 tympanic
cavily. They are excluded, however, from the true cavity
of the tympanum, since they are exterior to the epithelial or
mucous-membrane layer,

Fi. 170, —5howing the gradual development of the parts of the external ear
from prominences upon the mandibular and hyoidean visceral arches (His), vari-
ously magnified: 1, 2, prominences on mandibular arch; 3, prominence between
the two arches, prolonged posteriorly in second figure to 3¢; 4, 5 and 6 promi-
nences on hyoidean or second visceral arch; K, lower jaw. Frominence 1 forms
the tragus; 2, 3, 3¢, the helix ; 4, the antihelix; 5, the antitragus ; 6, the lobule,

The external aunditory meatus is simply the persistent pos-
terior part of the first outer visceral furrow or hyoman-
dibular cleft (see pp. 112, 116), this cleft closing completely
everywhere but in this region. The closing plate of the first
cleft becomes the tympanic membrane. Hence the outer
layer of this membrane is of ectodermic origin, while the
inner layer is entodermic, being continuous with the epi-
thelial tympanic lining, and the middle fibrous layer is
derived from the mesoderm. The relation of the malleus to
the membrane and of the latter to the bony tympanic plate
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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 is worthy of note that the
olfactory plates are in very close relation with the primary

F16. 171.—Development of the face of the human embryo (His): A, embryo of
about twenty-nine days. The nasofrontal plate differentiating into processus
globulares, toward which the maxillary processes of first visceral arch are extend-
ing. B, embryo of about thirty-four days: the globular, lateral frontal, and max-
illary processes are in apposition ; the primitive opening is mow 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. Dy, embryo
at end of second month,

fore-brain vesicle, being, in reality, on the outer surface of
the ectodermie covering of its ventral wall,

Owing to the rapid outgrowth of the surrounding tissue,
the olfactory plates become relatively depressed, constituting
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The complexity of the adult nasal cavities is produced by
the formation of ridges and pouches on the lateral walls of
the original nasal pits. Three inwardly projecting horizontal
folds of the ectodermic lini ng of the cavity, the superior, mid-
dle, and inferior turbinal folds, appear upon the outer wall of
each nasal fossa (Fig. 173). Each fold contains a stratem
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

FiG. 172.—Roof of the oral cavity of o human embryo with the fundaments of the
palatal processcs (after His), » 10,

nasal fossa, between the middle and the inferior turbinal proc-
esses, becomes the antrum of Highmore; this is formed in
the sixth month. Other evaginations produce the ethmoidal,
the frontal, and the sphenocidal 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 canal in the septum
(Fig. 173, J), running from before backward and ending in
a blind extremity. It is the so-called organ of Jacobson,
which, in man, iz 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.






CHAPTER XVII.

THE DEVELOPMENT OF THE MUSCULAR SYSTEM.

THE STRIATED OR VOLUNTARY MUSCLES.

THE voluntary muscular system, genetically considered, is
divisible into (1) the muscles of the trunk and (2) those of the
extremities. The muscles of the trunk include two distinet
sets: (a) the muscles of the trunk proper, or the skeletal
muscles, and (b) the muscles of the visceral arches or the
branchial muscles.

To arrive at a proper comprehension of the evolution of
the museular system it is necessary 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 ceelom, or body-cavity. As pointed out in
Chapter I'V., 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 situated
one on each side of the median longitudinal axis of the future
embryonic body, the paraxial mesodermic tracts, undergo
division or segmentation, in lines transverse to the long
axis, into a series of pairs of irregularly eubiecal masses
of mesodermic cells. These masses are the mesoblastic
somites or primitive segments, often inappropriately called
the protovertebre. The somite first formed corresponds
with the future occipital region, the second one 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
363
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segmentation of the paraxial mesodermic 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 iz connected with the more laterally placed
lateral plate—by the separation of which latter into two
lamelle the ccelom is formed—Dby a smaller mass of tissue,
the nephrotome, also called the middle plate, or intermediate
cell-mass (Fig. 174, 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. 174, sk). The sclerotomes spread out and blend with
each other, forming a continuous mass of tissue which envel-
ops the chorda and the neural canal, and which also extends
laterally between the myotomes, separating them from each
other and constituting the ligamenta intermuscularia (vide p.
875) ; this tissue, being concerned in the production of the
permanent vertebree, has no further interest in this connee-
tion.

What remains of the primitive segment after the forma-
tion of the nephrotome and of the sclerotome is the myotome
proper or the muscle-plate. Although, as previously stated,
the primitive segments of the higher vertebrates contain no
cavity, the myotome and the nephrotome each enclose a
space, that belonging to the former being known as the
myoceel. The myotomes or musele-plates are =o called be-
cause they give rise to the voluntary musculature of the
trunk. But not all of the cells of the muscle-plate undergo
transformation into muscular tissue. While the cells on the
mesial or chordal side of the myoceel are going through
certain alterations preparatory to their metamorphosis, the
cells nearer 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. 174, ep). The cutis-plate and the remaining
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The embryonic muscle-fibers are smaller than the mature
elements and increase in size until the third month.

It is considered highly probable by most embryologists
that muscle-fibers undergo multiplication during embryonic
life. There are several theories as to the method of this
multiplication. The most generally accepted view is that
put forth by Weismann, the essential feature of which is
that the fibers multiply by longitudinal division or fission.
Reference was made above to the repeated division of the
nueleus of the cell as one of the initiatory steps in the forma-
“tion of the muscle-fiber. According to the fission theory,
there is one class of fibers in which the nuclei are arranged
in a single row, and the fibers of this class do not undergo
fission ; while there is another eclass, the fibers of which have
their nuclei 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
mugscular 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 function
there is necessarily a concomitant alteration of structure.

The museular 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 somatopleure, to produce the muscular structures of
the ventrolateral body-wall. The off-choots of the myotomes
which thus penetrate the body-wall in the fourth week pro-
duce, in the fifth week, a muscle-mass which, for the most
part, is non-segmental, and which gives rise to a dorsal and
a ventrolateral division ; the dorsal division, derived from all
the spinal myotomes, being destined for the musculature of
the back, while the ventrolateral division, springing from the
thoracie myotomes alone, gives rise during the fifth, sixth, and
seventh weeks to the muscles of the thoracie and abdominal
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no adult structures ; while the seventh, the eighth, and the
ninth segments become metamorphosed into the muscles that
connect 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 cervical nerves, develops from myotomes in the neck
region, and subsequently moves down to become attached to
the scapula and the ribs.

The Branchial Muscles.—This 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 wisceral arches and acquire connections
with structures 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 account of the growth of the visceral
arches the reader is referred to Chapter VII. From this
account and from that found in Chapter 1V., it will be seen
that the formation of the wvisceral 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 ewlom 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 ecavity is a constricted-off part of the body-cavity or

! See “ Development of the Ventral Abdominal Walls in Man,”” Frank-

lin P. Mall, Jokns Hopkins Papers, vol. iii.,, 1808,
24
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notochord, a eylindrical rod composed of cellular or gelatinous
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 body-axis, 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 cartilage, at which point development is arrested, the
stage of ossification never being attained. The eartilaginons :
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 cartilaginous 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, varions gra-
dations in the degree of differentiation of the skeleton, so in
the course of development does the osseous system of every
higher vertebrate pass through 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, includes the bones of
the trunk and those of the head. Logically the development
of the former will first claim attention.

The Development of the Trunk.

The Stage of the Chorda.—The formation of the
chorda dorsalis or notochord is the earliest indication of the
axis of the embryonic body and it will be recalled that it is
also one of the earliest embryological processes. The mode
of development of the chorda from the entodermal epithelium
has been described at p. 73. The chorda serves the pur-
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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 selerotome spreads
out headward and caudalward, and dorsad and ventrad, sur-
rounding both the chorda and the neural eanal, until both these
structures become enclosed in a common, continuous sheath of
embryonal connective tissue. That part of this tissue which
surrounds the chorda is often designated 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 canal, but they also spread
out laterally into the intervals between the muscle-segments
to constitute the ligamenta intermuscularia or the bands
or strips of connective tissue which separate adjacent muscle-

rst spinal nerve

Ligamenium
Trfermuscnlarinm
2d spinad nerve
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Skeletogenons sheath of chordal Mhorda

P1a. 175, —Frontal projection from a series of sections through a cow embryo of
£8 mm.(0.35 in.). (From Bonnet, after Froriep.)

segments from each other (Fig. 175). It is worthy of note
that while this skeletogenous sheath of the chorda originates
from segmented structures, the somites or primitive segments,
and is to that extent related to the segmentation of the body,
it now presents no trace of segmentation.
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chymatous sheath of the chorda on the caudal side of the
hypochordal brace. The intervertebral ligament is developed
from the perichordal tissue on the dorsal side of the hypo-
chordal brace. Bardeen’s primitive disk ineludes this at;]uge
of the intervertebral ligament plus the hypochordal brace of
Froriep, which latter Bardeen regards as a transitory thick-
ening of the ventral edge of the disk. :
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F16. 176.—Cross-section through the anlage of the third cervical vertebra of & cow
embryo of 12 mm. (< in.) (Bonnet).

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 effect the transformation 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.

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. 176). 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 cartilagincus half-
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between the vertebral bodies, originating, as stated above, in
condensations of the mesenchymal sheath of the chorda on
the dorsal aspect of the hypochordal braces, become the
intervertebral ligaments (Bardeen’s primitive disks) upon
their fusion, in mammals, with the hypochordal braces.
Subsequently they become the intervertebral disks. The
tissue between the cartilaginous arches becomes differenti-
ated 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 vertebre 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 constrictions. 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
within the vertebral bodies are lost as soon as ossification
occurs, while in the intervertebral disks parts of it persist
as the soft pulpy cores of the latter.

Thus the eartilaginous vertebral bodies or centra originate
in masses of mesenchyme situated between the primitive
vertebral bows and are, according to Froriep, segmental, that
is, they correspond in position with the muscle-segments,
each centrum being developed within the limits of a single
segment ; while the processes develop from the lateral parts
of the wvertebral bow and later unite with the body. Bar-
deen, on the other hand, refers the origin of each vertebral
body to two segments, since, according to his observations, the
body grows at the expense of the next anterior primitive
disk.

The cartilaginous trunk is completed by the chondrification
of the ligamenta intermuscularia to form the cartilaginous
thorax.

The Osseous Stage.—The process of ossification begins
in certain parts of the trunk at the end of the second month,
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vertebre, 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 vertebra
do. Unlike other vertebrz, 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 376. 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 acquires
bony union with the lateral parts between the fifth and
sixth years.

The axis or epistropheus develops from the usual centers of
ossification and from an additional one for its edontoid proc-
ess. Bony union of the odontoid process with the proper
body of the axis occurs in the seventh year. The odontoid
process, in common with every other vertebral hody, is
traversed in the cartilaginous stage by the notochord.

The transverse processes of the lumbar vertebra, like those
in the cervical region, include not only the transverse proe-
ess proper but also the rudiment of a rib.

The sacral vertebra each present the usual ossific centers.
Inasmuch as they become articulated firmly with the pelvie
bones 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
consists, as in the cervical and the lumbar vertebra, 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 sacral
vertebrse begin to ossify in the eighteenth year, the process
being completed in the twenty-fifth year.
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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
goon coalesce, thus forming on either side of the median line
a continuons 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 circumstance
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 begins 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 cartilaginous and becoming the adult costal carti-
lage. Accessory centers of 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 vears of life, but for the most part
remaing cartilaginous.

Although, as stated above, the ribs of adult human anat-
omy are limited to the thoracic region, their rudimentary
representatives are found throughout the other regions of
the vertebral column. In the cervical, 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 process that
the anomaly of a free cervical rib results ; while the presence
of a thirteenth or lumbar rib, as occasionally met with, is due
to the unusual development of the first lumbar rudimentary
rib.



384 TEXT-BOOK OF EMERYOLOGY.

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 circulation 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 chambers;
and also a ventrally situated apparatus which econstitutes
both a receptacle for the oral and the pharyngeal parts of
the digestive system and a mechanism for the mastication of

ok gk zf S

F1G. 178. —_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; +%, third ventricle; +4, fourth ventricle; Sw, aqueductus
Bylvii: gk, cercbral vesicle; =k, between-brain (thalamencephalon): mh, mid-
brain; kk, cerebellum; sf, pineal process; kp, hypophyseal {or Rathke's) pocket;
ch, 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 hand,
the ventral parts, as the jaws and the hyoid bone and related
structures, constituting the so-called visceral skeleton, develop
from the mesodermic tissue of the visceral arches. As in the
case of the trunk skeleton, the cranium is first ontlined in
membranous tissue resulting from the differentiation of the
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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 cranium. The metamorphosis of the membranous cranium
into cartilage brings about the cartilaginous stage of the
cranium, while the replacement of the cartilage by bone is
the final step in the process.

Bones that develop from centers of ossification in pre-
viously formed masses of cartilage are styled primordial
bones, while those that are produced independently of car-
tilage, either in the skin covering the membranous craninm,
or in the mucous membrane lining indentations in its walls,
are known as covering or dermal bones. The development
of bone is therefore said to be either endochondral or mem-
branous. For the most part, the bones of the base of the
skull are of endochondral formation, while those 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 is differentiated from the mesenchymal 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. 178). 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 is 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 eover the brain-vesicles. From the terminal point of the
chorda, beneath the inter-brain, the sheath advances ante-
riorly to invest the fore-brain, which latter at this stage is

25
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respectively chordal and prechordal (Kolliker), or vertebral
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. 179,1). Farther forward,

FiG. 170.—First fundament of the cartilaginous primordial cranium (from
Wiedersheim): 1. Firel Sfage: C, chorda; PE, parachordal cartilage; T, Rathke's
trabecul: cranii; PR, passage for the hypophysis ; N, A, O, nasal pit, optic vesi-
cle, otocyst. 2. Sreond Stage: O chorda; B, basilar plate; Tr, trabeculs cranii,
which have become united in front to constitute the nasal septum (5) and the eth-
mold plate; O, AF, processes of the ethmoid plate enclosing the nasal organ ; 01,
foramina olfictoria for the passage of the olfactory nerves; PR, postorbital proc-
ess: NK, nasal pit; A, 0, optic and labyrinthine vesicles.

in the prechordal region, another pair of cartilaginous masses
is produced, known as the trabecule cranii. The latter are
not straight bars, but have somewhat the form of a pair of
calipers. In a short time the cranial trabecul® unite with
each other, but not throughout 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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has to do with the formation of certain of the ossicles of the
middle ear as well as, to a limited extent, with the develop-
ment of the mandible.

In the second wisceral or anterior hyoid arch, chondrifica-
tion also 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 forerunner 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 (see Fig. 185).

In the third visceral 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 bhony condition of the head
skeleton 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 membranous ossifica-
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 by
ossification in cartilage and are hence called primordial bones;
and that the bones of the vault of the cranium, and for the
most part of the face, result from the membranous method of
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parts, the squamosal or squamozygomatic, the petrosal or petro-
mastoid or periotic, and the tympanic. At the time of birth
these three elements of the bone are still separate from each
other, the tympanic being an incomplete ring, and the petro-

F16. 181. —Occipital bone at birth, external gurface: ip, interparietal; so, supra-
oceipital ; eo, exoccipitals; bo, basi-occipital.

mastoid being still without a mastoid process. The petro-
mastoid 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 cranium by
membranous tissue.

The squamozygomatic (Fig. 182) is ossified in previously
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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. 182), which con-
stitutes the bony part of the wall of the external auditory 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 canal, from which
point the process of bone-formation extends upward on either
side so as to form an incomplete bony ring, open above.
This tympanic 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
growth of the tympanic ring heing in the outward direction,
it becomes a curved plate or imperfect eylinder of bone
which constitutes the bony wall of the external auditory
canal. 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
tympanie 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 bone 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 tympanohyal, gives rise to the base of the process
(Fig. 186); it begins to ossify before birth and soon unites
with the temporal. The other segment, the stylohyal, under-
goes ossifieation 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
separate parts, the posterior body, or basisphenoid, or post-
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but remains throughout life a distinct 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. 184, m). The

Fic, 184.—Cross-section through the head of an embryo pig § em. (1.2 in.) long,
crown-rump measurement. The nasal eavities are seen o be in communication
with the oral eavity at the places designated by a *: K, cartilage of the nasal sep-
tum ; m, turbinal eartilage; J, organ of Jacobson; J', the place where it opens into
the masal cavity; gf, palatal process; of, maxillary process; =, dental ridge
{Hertwig).

latter represents the anterior extension of the cartilaginous
trabecule eranii so modified as to constitute a receptacle for
the olfactory epithelium. The anterior part of this capsule
remains cartilaginous throughout 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 crista galli, and of the
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visceral-arch skeleton are partly primordial and partly mem-
branous.

The superior maxilla comprizes 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 bone constituting
the important and conspicuous 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 five nuclei of origin, one for the palate proeess,
one for the malar or external part of the bone, one for the
portion internal to the infra-orbital foramen and a part of
the nasal wall (orbitonasal center), one for the part of the
bone between the frontal process and the canine tooth, and
one for the premaxilla. 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. 172). The horizontal plate
of the palate bone develops similarly and very shortly after,
and thus is 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 ecleft-palate results. 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 maxille, the line of union being indicated by a suture
which is apparent upon the oral surface of the palate proe-
esses. The intermaxillaries contain the germs of the four
incisor teeth. As previously mentioned, deficiency of nnion
between the maxilla and the intermaxillary results in the
deformity of hare-lip. Obviously, the hiatus in hare-lip
will be found to be not median, but lateral, corresponding to
the position of the line of normal union.
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grows toward the roof of the mouth-cavity and becomes a
separate segment. The piece of cartilage remaining, which
represents the proximal end of the original bar, undergoes
ossification, becoming the incus (Fig. 185, am). The poste-
rior or proximal extremity of Meckel’s cartilage, becoming
a partly separated cartilage, the articulare, ossifies to pro-
duce the malleus (Fig. 185, ha). Though the form of the
malleus is recognizable, it is still in direct continuity with
Meckel’s cartilage. In the opposite direction it is artienlated
with the incus. As the tympanic ring develops, and the in-
terval below, between this ring and the petrosa, is gradually
narrowed to the petrotympanic or Glaserian fissure, the mal-
leus comes to lie within the tympanic cavity, being continuous,
through the fissure, with Meckel’s cartilage. Upon the sepa-
ration of the malleus 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 cartilaginous bar of the first visceral arch
divides—that is, between the palatoquadratum and the repre-
sentative of Meckel’s cartilage, the mandibulare. In mam-
mals, however, the malleus, 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 carti-
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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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 cartilaginous bar known as Reichert's carti-
lage. This is parallel with Meckel’s cartilage, and, like it, is
in contact by its dorsal or eranial end with the outer wall of
the auditory labyrinth. A shorter bar of cartilage appears
in the third visceral arch, which latter is known also as the
posterior hyoid arch. Together, these two cartilaginons ele-
ments furnizh 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

Thyrofyal

Larynx

Fig. 186.—Hyoldean 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. 186). 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 earti-
lage ; the hyoid body, known in comparative anatomy as the
basihyal, and the greater cornua, or the thyrohyals, ossify
26
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chiefly by embryological investigations upon the lower verte-
brates, and is borne out by the fact that each extremity
receives its merve-supply from a series of spinal nerves in-
stead 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
earliest stage of a pair of curved bars of cartilage, each of
which is made up of a dorsal limb oceupying 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 scapula is developed, except its coracoid process,
from the dorsal part of the primitive shoulder-girdle. This
soon acquires a form resembling that of the adult seapula
with the infraspinous portion of the bone very much short-
ened. Ossification begins at the neck of the seapula about
the eighth week, and in the third month extends into the
spine. The ventral part of the cartilaginous shoulder-girdle
extends almost to the median line of the chest-wall, It
divides into twe diverging bars, the lower one of which
undergoes ossification in birds and in some other vertebrates
to form the conspicuous coracoid bome. In mammals, how-
ever, it aborts and gives rise to a smaller element, the
coracoid process of the !'i[!ll.pll]ﬂ+ 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 nuclei
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 eoracoid and the adjacent part of the glenoid cavity,
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of the limb, both as to extent and order of appearance (see
page 406). Nuelei of chondrification now appear, oné. in
the center of each skeleton-piece, from which cartilage forma-
tion extends toward either end. The several cartilaginons
elements thus produced present approximately the res.-‘»pemiw"_-
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
shaft or diaphysis ossifies from a single center, while the two
epiphyses each present several centers. The centers for the
diaphyses appear at abont the eighth week, ossification pro-
ceeding at such rate that at birth only the ends of the long
bones are cartilaginous. The centers for the epiphyses appear
at various times after birth. Osscous union between the
diaphysis and the epiphyses does not oceur until the growth
in length of the bone is completed. As the details concern-
ing the time of appearance and the number of these centers
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
nuclei. The bones of the carpus are entirely cartilaginous at
birth, their ossification beginning in the first year 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
nuclei 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 years.

The metacarpal and the metatarsal bones and the phalanges
present each a center of ossification for the shaft and one
epiphyéun] 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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the bud for the leg, at first attached at the region of the lower
four lumbar and first sacral myotomes, extends toinclude the
first lumbar and the second and third sacral segments,
assuming later a more caudal position.

In the fifth week each limb-bud becomes divided, by a
transverse groove, into two segments (Fig. 59, 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
of each (Fig. 59, 14). By 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 cells, 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 project
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 270).

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 body (dorsad),
the future flexor surface toward its anterior aspect (ventrad),
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TABULATED CHRONOLOGY OF DEVELOPMENT (Continued ).

BTAGE OF THE FETUS.

FirtH WEEK.

SIxTH WEEE.

Body shows dorsal concavity in neck-
Wl
Glmln and lateral nasal processes.
Lacrimal oV,
Third fnuﬂli:lcg]lill-ctam disappear in
8

Uibilial ead lomger avd piral
e and more spiral,
Uﬁbﬂmﬂl vesicle beging to ahm:k.
Length of fetus 1 ¢m. (§ inch).

Larynx indicated.

Nasofrontal, lateral nasal, and maxil-
_lary processes unite.

Umbilical vesicle shrunken.

Ammnion larger,

Primitive aorta divides into aorta and
ulmonary artery.
e only corpuscular elements of the
blood during the first month are the
primitive nucleated red blood-gells,

Vitelline circulation atrophic and re-
placed by allantoie cireulation.

Intestine shows flexures, notably the
U-loop, inangurating the distinction
between large and small bowel.

Amnal pit.

First indication of teeth in the form of |
the dental ghelf, |

Submaxillary gland indicated by epi- |
thelial outgrowth.

Duodenum well formed

;fEouUm ; Tec- |
tum {end of week). |

Right and left bronehi divide into three
and ﬂm tubes respectively (5th to Tth
Week).

I
| Larynx indicated as dilatation of prox- |
imal end of trachea, '
Aryienoid cartilages indicated (though
not cartilaginons). [
Thyrold and thymus bodies begun, |

Genital ridges appear on wall of body-
ecavity an

soon become the indiffer-
ent genital Elands.
Duets of Miiller appear.

Genital tuberele, genital folds, and gen-
ital ridge (external genitals).

Epidermis present as two layers of
eells,

Cells of eutis-plate prolifierate and grad-
ually 5pmn£nut beneath epidermis,

Olfactory lobe heging,
Arcuate and choroidal fissures on me-
ginl surfaces of fore-brain vesicles,
Colls of central canal of cord ciliated.
Elﬂrﬁ-iit& thickening of roof of mid-
m.

Membranes of brain and ¢ord indicated.

Pineal body begins.

Dorzal roots of spinal nerves,

Some tracts of spinal cord indicated,
and its lnmen alters (Fig. 139).

Semicireular canals indicated.

Semiecirenlar canals.

from gide | Concha of external ear.
!{&H fiE i oen (rom 6 ﬂul;-er fibrons and middle vascular tu-
nics of eye.
Eyelids.
Mandibles unite (35th day). Lower jaw begins to ossify.
Meckel's cartilage. Clavicle begins to ossify.

Limb-buds s ent.
Digitation indieated (32d day) for hand.

Ribs begin to ehondrify.

Fingers as separate outgrowths.

Bodies of vertebrse are cartilaginous.,

























INDEX, 419
Canalis renniens, 349 Chorion, 92
Capsule of Bowman, 238, 240 frondosum, 93
of kidney, 241 leve, 93
Cardinal veins, 164 primitive, §2
anterior, 169 true, 92
posterior, 169 Choreid, coloboma of, 341
Carotid artery, common, development development of, 340
of, 166 fissnre, 306, 307

external, development of, 166
internal, development of, 166
body, 325
Carpus, development of bones of, 405
Cartilage, formation of, 126
Meckel’s, 115, 398
. Reichert's, 115
Cartilage-cells, 126
Cartilaginous capsule of cochlea, 352
craninm, lﬁﬂgﬁ
ear-capsale, 351
ibs, 382

ribs, i
sheath of spinal cord, 378
stage of skeleton, 373
of trunk skeleton, 377
vertebral bodies, origin of, 370
processes, origin of, 379
Caudal aorta, 166
Cavity, amniotic, 54, 84
cleavage-, 50
plenroperitoneal, 66
entation-, H
Cell-cords, 150
Cell-mass, inner, 50
intermediate, 77, 232
onter, 50
Cells, sexnal, 31
mesenchymal, 66
Cementum of tooth, 137
development of, 141
Central canal of cord, formation of,
286
lobe, formation of, 303
Centrolecithal ova, 27
Centrosome, 45
Cephalic flexure, 112, 288
ganglia, development of, 320
Ceratohyal, 402
Cerebellum, development of, 292
Cerebral fissures, development of, 302
vesicles, 287, 288
Cernminons glands, 273
Cervical fistula, 116
flexure, 112
rib, 380, 383
Chalazae, 20
Chambers of eye, 342
Chin ridge, 135
Chorda dorsalis, 73
formation of, 373
stage of, 373
Chords tendinese, 162
Chordal epithelium, 374
plate, 74
region of primitive skull, 387
Choriata, 94
Chorioeapillaris, 340

plexus, 308
plexuses of fourth ventricle, 201
Choroidal fissure, 330, 341
Chromaffine cells, 325
Chromatin, 27
Chromoesomes, reduction of, 23
Cieatricula, 28
Ciliary body, development of, 341
ganglion, 320
munscle, development of, 341
processes, development of, 333, 341
Cirenlation, allantoic, 80, 163
placental, 147
portal, 157
vitelline, formation of, 147
Claustrom, 303
Clavicle, development of, 404
Cleavage, kKinds of, 47
of ovam, 45
partial discoidal, 48
peripheral, 45
total equal, 47
unequal, 47
Cleavage-cavity, 50
Cleavage-nucleus, 43
Cleavage-planes, 4G
Cleft palate, formation of, 137
sternnn, 453
canze of, =2
nynla, formation of, 137
Clefts, visceral, 112
Climacteric, 33
Clitoris, development of, 258
Cloaca. 1), 196, 256
Cloaeal {Ilr]:n-:'iii'lu'n, 197, 256
Closing membrane, 113, 117, 196
Coceygeal body, 326
curve, 112
vertebree, ossifiecation of, 382
Cochlea, bony, development of, 352
Cochilear duct, Tormation of, 347
ganglion, 321
nerve, Jid
Ceelenteron, 52
Ceelom, 63, 66, 214
Collateral fissure, 303, 308
Collecting tubules of kidney, 237
Coloboma of choroid, 341
of iris, 343
Colon, nscending, formation of, 203
descending, formation of, 201, 203
transverse, formation of, 203
Columnme carnese, 154
Commissures of brain, development
of, 303
of cord, white, 285
Conarium, 208
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Genital groove, 258

ridge, 243, 258
in famnie. 259
ridges, 31
Genitorurinary system, development
of, 232, 409-416

yers,
derivatives of, 67
Germinal epithelium, 29, 31, 244
spot, 25, 27
vesicle, 25, 27
Germinative disk, 25
Giraldés, organ of, 247
Glands of alimentary tract, formation

y 200G

of Bartholin, 261

of Brunner, development of, 206

of Cowper, development of, 265

of intestine, development of, 206

of Lieberkiihn, development of,

206

of Moll, 273

of stomach, development of, 206
Glandular area, 275

hypospadias, 262
(3lans clitoridis, formation of. 259

penis, formation of, 259, 262
Gilaserian fissure, 393, 399
Globular processes, 118, 132, 360
Glomerulus of kidney, 233, 233, 240
Glomus caroticus, 325
Goll, tract of, myelination of, 414
Graafian follicle, 29

development of, 251
formation of new, 252

Gray matter of brain, formation of,

of meduolla, development of, 224
Great ﬂc'geumm, formation of, 204,

Groove, dental, 140
lacrimal, 119, 132
medullary, 71
naso-optic, 345
primitive, 60
pulmonary, 223
transverse, crescentie, 398

Gubernaculum testis, 245

Gum, development of, 136

Gut, postanal, 196

Gut-tract, 80, 81, 186, 188

Gyrus fornicatus, 315
uncinatus, 315

Harg, development of, 271
Hair-bulb, 271

development of, 272
Hair-follicle, 271

development of, 272, 273
Hair-germs, 272
Hard palate, development of, 397
Hassal, corpuscles of, 230

423

Head, muscles of, development of,
a6
of epididymis, 246
of spermatozoon, 20, 22
Head-fold, 580
of amnion, 80, 83
Head-gut, 158
Head-kidney, 232
Hmdvp:"]mm of primitive streak, 62,

i
Head-zogpments, 364
Head-skeleton, development of, 334
Heart, development of, 152
lymph-, 128
posterior, 128
metamorphosis of single into double,
1546
valves, development of, 161
Helix, formation of, 358
Hemal arch, formation of, 376
Henle's loop, 240
Hen's egg, deseription of, 27
Hensen's node, 62
Hepatie eylinders, 200
vein, development of, 151
Hermaphroditism, 263, 267
Hernia, congenital, 249
umbilical, 205
Highmore, antrum of, development
of, 361
Hilum follienli, 31
Hind-brain, 286, 202
secondary, 287
vesicle, 73, 202
Hindgut, 81, 158
Hippocampal fissure, 307
Hippocampus major, 307
minor, 303
Hiz, canal of, 145, 227
Holoblastie ova, 47
Homogeneous twins, origin of, 59
Homologies of the sexual system, 263
Hyaloid artery, formation of, 339
canal, 339
membrane, formation of, 339
Hydatid of Morgagni, 247
sessile, 247
stalked, 247
unstalked, 247
Hydramnios, 86
Hymen, formation of, 261
Hyoglossus, origin of, 370
Hyoid arch, anterior, 359
posterior, 359
arches, 115
bar, 380
bone, development of, 389, 401
Hyoidean apparatus, 401
Hyomandibular eleft, 115
Hypoblast, 52
Hypochordal brace, 376
Hypophysis, 300
formation of, 135
Hypospadias, 262
glandular, 262
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INDEX.

Nuclear memhbrane, 27
spindle, 45
Nucleus amygdale, 303
cleavage-, 43
of ovum, 27
segmentation-, 43
Nutritive yolk, 26
Nymphs, formation of, 259

OBEX, 202

Oceipital bone, ossification of, 390
lobe, 306

Odontoblasts, 141

Odontoid process, development of,

381
Olfactory bulb, 314
epithelium, 359, 362
lobe, 314
nerve-fibers, 362
plates, 132, 145, 358
tract, 314
Omental bursa, 204, 218
Omentum, gastrohepatic, 200, 220
formation of, 205
gastrosplenie, 214
great, formation of, 204, 220
lesser, 220
formation of, 205
phrenicosplenie, 214
Omphalomesenteric veins, 151
Ontogeny, 17
Dacytes, 32
Obgenesis, 29
Oogonia, 32
Ophthalmic ganglion, 320
Opisthotic center of ossification, 392
Optic cup, 328
secondary, 330
lobes, formation of, 205
nerve, development of, 335
thalami, 206
vesicle, 287, 337 _
Ora serrata, 331
Oral eavity, development of, 192
fossa, 192
pit, 108, 117, 131, 135, 192
late, 130, 134, 192
Orbitonasal center, 397
Orbitosphenoids, 354
Organ of Corti, 349
of Giraldés, 247
of Jacobson, development of, 361
of Rosenmiiller, 254
Organs of Zuckerkandl, 325
Osseous craninm, 389
stage of trunk skeleton, 379
tissue, formation of, 126
Ossicles of ear, development of, 356
Oasification of ribs, 353
of skull, 3580
of sternum, 353
of vertebree, 380
Ostium interventriculare, 158
Otie vesicle, 109, 346
Otocyst, 346

e
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Outer cell-mass, 50
Ova, alecithal, 26

centrolecithal, 27

classification of, 26

formation of, 29

holoblastic, 47

meroblastic, 48

primitive, 31, 245, 250

telolecithal, 26
Ovaries, change of position of, 254
Uvary, development of, 249
Oviducts, development of, 253
Owvists, 18
Cwvulation, 38

relation of, to menstruation, 40
Ovam, 24, 251
embedding of, 85, 96
maturation of, 32
ripening of, 32
segmentation of, 45
stage of, 18, 106

ParaTe hone, ossifieation of, 306
formation of, 136
process, development of, 397
Palate-shelves, 360
Palatoglossus, origin of, 370
Palatopharyngeus, origin of, 370
I"alpebral fascise, 344
fissnre, 343
Pancreas, development of, 211
dorsal, 211
first rudiment of, 199
veutral, 211
Pancreatic duct, development of, 211
Pander's nucleus, 28
Panniculus adiposus, 269
Papillse of tongue, formation of, 145
Parablast, 66
Parachordal cartilages, 357
Paradidymis, 247
Parathyroid bodies, 220
Paraxial mesoderm, 63
Parietal bones, ossification of, 396
elevation, 258
eye, 208
foramen, 2098
layer of pleara, 177
lobe, 306
zong, 706
Parieto-oceipital fissure, 308
Paroiphoron, 254
Parovarium, 254
Pars ciliaris retinge, 334
intermedialis, 259
iridica retinse, 334
membranacea septi, 158
optica retinge, 333
Parthenogenetic eggs, 34
Patulons foramen ovale, 157
Pectoral girdle, development of, 403
Pelvie girdle, 404
Pelvis of kidney, primary, 257
Penis, development of, 259
Perforated lamina, anterior, 315
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Prosencephalon, 256

Prostate gland, formation of, 257

Prostatic urethra, formation of, 257

Protoplasmic processes, 254

Protovertebra, 63

Proximal convoluted tubule of kid-

ney, 240
Pterygoid plate, internal, develop-
menk of, 354

Pubic rod, 404

Pulmonary alveoli, development, 225
artery, development of, 154, 165
diverticulum, 223

roove, 223

Pulp of spleen, development of, 213
of teeth, 137

Pupil, 330
congenital atresia of, 333
development of, 342

Pymmgigﬂal process of thyroid gland,

tracts, anterior development of, 280

erossed, of cord, myelination of, |

415

Ramus communicans, 325
Rathke's pocket, 136, 193, 301
Rauber's layer, 50
Receptacula chyli, 125
Receptive prominence, 42
Recessus labyrinthi, 347
wvestibuli, 547
Rectom, 197
Recurrent laryngeal nerves, 163
EReduction of chromosomes, 23
Reduction-division, 23
Reichert's cartilage, 115, 334, 401
Reil, island of, 305
Reissner, membrane of, 355
Renal vein, left, 173
vesicles, 240
Reproduction, theories of, 17
Respiratory system, development of,
202 400-416
Restiform bodies, development of, 200
Rete mucosum, 270
testis, formation of, 246
Retina, development of, 328
Rhinencephalon, 314
Rhombencephalon, 286
Bhomboidal fossa, 201
Rib, cervical, 380, 353
" lnmbar, 353
thirteenth, 353
Ribs, development of, 352
Ridge, Eﬂnit-a.l,i'd:i
- terminal, 55
Ring lobe, formation of, 304
Ripening of ovum, 32
Rod-and-cone layer, formation of, 332
Rod-visual cells, 331
RBolando, fissare of, 308
Roof-plate, 281, 282
Rotation of stomach, 203, 217
Round ligament of liver, 184

| Round ligament of liver, formation
of, 210
of uterus, 248, 255

BACCULE, development of, 348
Saccus endolymphaticns, 347
Hacral vertebrm, cssification of, 331
HSaernm, formation of, 351
Balivary glands, development of, 143
Santorini, duct of, 212
Sauropsida, blastula of, 51
Scala media of cochlea, development
of, 347
tympani, development of, 355
vestibuli, development of, 355
Seapula, development of, 403
Schwann, white substance of, 319
deposit of, upon fibers of tract of
cord, 414, 415
Selerotome, 77, 365, 375
Serotum, development of, 263
Sebaceouns glands, development of, 274
Second month, development in, 118
pair eranial nerves, development of,
G423
week, development during, 409
Secondary hair, 273
optic cup, S
| Becreting tubules of kiduey, 237, 239
Segmental duet, 233
Segmentation of body of embryo, 78
of ovum, 45
Segmentation-cavity, 50
Sesmentation-nucleus, 43
Semicireular canals, bony, 351
development of, 345
Semilunar valves, development of, 165
Seminal ampullae, 246
vesicle, formation of, 247
| Beminiferous tubules, formation, 240
Sense organs, development of, 326,
400-416
Sensory epithelium of retina, 331
nerve-fibers, development of, 317,
318
| Septa placentse, 102
| Septal cartilage of nose, 395
| Septum, aortic, 159
i auricalar, 157
intermedium, 156
lucidunm, formation of, 312
primum, 157
secundum, 157
spurium, 159
transversum, 164, 175
Serosa, =1
Serous membranes, development, 126
Sertoli's columns, 21, 246
Sessile hydatid, 247
Seventh month, development during,
191, 415
pair cranial nerves, development
of, 323
week, development during, 412
Sexual cells, 31
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TAIL of spermatozoon, 20, 22
Tail-fold, 80
Tarsal ligaments, 344
plates, 344
Tarsus, development of bones of, 405
Teeth, development of, 137
permanent, development of, 141
eruption of, 143
temporary, development of, 137
eruption of, 142
Tela choroidea, 207
Telencephalon, 257, 302
Telolecithal ova, 26
Temporal bone, ossifieation of, 390
lobe, formation of, 34
Temporary teeth, development of, 137
eruption of, 142
Temporomaxillary articulation, 4050
Tendon, development of, 125
Tendon-sheaths, development of, 128
Tenth pair cranial nerves, develop-
ment of, 324
Terminal filament of spermatozoon,
20, 21
ridge, H5
Testicle, development of, 245
descent of, 245
Thalamencephalon, 287, 206
Thebesius, valve of, 161
Theca follienli, 29
Thecal sacs, development of, 126
Theory of evolution, 17
of nnfolding, 17
Third eyelid, 344
month, development in, 120, 413
pair eranial nerves, development
of, 323
ventricle, formation of, 206
week, development during, 410
Thirteenth rib, 353
Thoracic prolongations of abdominal
eavity, 175
Throat-pockets, 113, 185, 193
Thymus body, 194, 250
Thyroglossal duct, 145, 227
Thyroid body, accessory, 227
development of, 194, 226
cartilage, 226
duet, 227
foramen, 404
Thyroids, lateral, 226, 228
Tissue fungus, 97
Toes, development of, 407
Tongue, development of, 143, 194
Tonsil, development of, 194
Tonsillar pit, 195
Trabecuale cranii, 387
Trachea, development of, 225
Tragus, formation of, 355
Transverse colon, formation of, 203
crescentic groove, 50
fissure of brain, 208 S
processes of vertebre,
Trigeminal ganglion, 320
Trophoblast, 92

431

True chorion, 92
Truncus arteriosus, 113, 151, 154, 165
Truuk:,ﬁﬂituletﬂu of, development of,
&
osseous stage of, 379
Trunk-muscles, development of, 363
Trunk-segments, 364
Tuber cinercum, 206, 300
Tubereles, cornicular, 226
cuneiform, 226
Tuberculum impar, 144, 194
Tubotympanic sulens, 356
Tunica albugines of ovary, 250
of testicle, 246
fibrosa, S0
propria, 30
vaginalis testis, 249
vasculosa, 20
lentis, 337
Turbinal folds, 361
Turbinate bone, inferior, ossification
of, 395
Turbinated bones, development of,
T H |
Twelfth pair cranial nerves, develop-
ment of, 324
Twins, origin of, 59
Tympanic eavity, formation of, 194
membrane, 194
development of, 357
portion of temporal bone, develop-
ment of, 393
Tympanohyal, 402
cartilage, 3593
Tympanum, development of, 356

UMRILICAL aperture, 87, 186

arteries, 103, 165

cord, 102

hernia, congenital, 206

urinary fistula, 25t

vein, 103, 165, 169

vesigle, 80, B7, 186

function of, 89
human, 89

vessels, 103
Uneinate gyvros, 315
Unstriated muscle, development, 371
Urachus, 91, 256
Ureter, 237

development of, 232
Urethra, female, 257

male, formation of, 262

prostatie, formation of, 257
Urinary fistula, umbilical, 256
Urogenital aperture, 257

sinus, 180, 196, 256
Uskow, pillars of, 177
Uterns bicornis, 253

development of, 253

double, 253

mascnlinus, 247, 257
Utricle, development of, 348
Uveal tract, development of, 340
Uwula, formation of, 137












SAUNDERS’ BOOKS

on

Nervous and Mental
Diseases, Children,
Hygiene, Nursing, and
Medical Jurisprudence
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THE SUPERIORITY OF SAUNDERS' TEXT-BOOK
In a series of articles entitled

“WHAT ARE THE BEST MEDICAL TEXT-BOOKS?"

a well known medical journal compiled a tabulation of the
text-books recommended in those schools which are members
of the American Association of Medical Colleges. The text-
books were divided into twenty (20) subjects and under each
subject was given a list of the various books with the number
of times each book is recommended. Saunders’ books head
ten (10) of the twenty (20) subjects, the largest number head-
ed by any other publisher being three (3). In other words,
Saunders’ books lead in as many subjects as the hooks of all the other
publishers combined.

A Complete Catalogue of Our Publications will be Sent upon request







DISEASES OF CHILDREN. 3

Kerr’s Diagnostics ¢f
Diseases ¢f Children

Diagnostics of the Diseases of Children. By LeGraxp KERR,
M. D., Professor of Diseases of Children, Brooklyn Postgraduate Med-
ical School, Brooklyn. Octavo of 542 pages, fully illustrated. Cloth,
$£5.00 net; Half Morocco, $6.50 net.

FOR THE PRACTITIONER

Dr. Kerr's work differs from all others on the diagnosis of diseases of children
in that the edjective symptoms are particularly emphasized. The constant aim
throughout has been to render a correct diagnosis as early in the course of the
disease as possible, and for this reason differential diagnosis is presented from
the very earliest symptoms. The many original illustrations will be found
helpful.

New York State Journal of Medicine
i The illustrations are excellent and numerous. It will meet the needs of the great mass
of physicians who treat the diseases of infancy and childhood.”

Kerley’s Treatment ¢f
Diseases ¢gf Children

Treatment of the Diseases of Children. By CuarrLes GILMORE
KEerLEY, M. ., Professor of Diseases of Children, New York Polyclinic
School and Hospital. Octavo of 628 pages, illustrated. Cloth, $s5.00
net ;: Half Morocco, £6.50 net.

THE NEW (2d) EDITION

This work has been prepared for the physician engaged in general practice.
The author presents all the modern methods of management and freatment in
greater detail than any other work on the subject heretofore published. The
methods suggested are the results of actual personal experience, extending over a
number of years of hospital and private practice. There is an excellent illus-
trated chapter on Gymnastic Therapeutics.

The British Medical Journal
* Dr. Kerley's book is one of the best on the subject that has come under our notice. All
through it shows evidence of ripe experience and sound judgment,”






NURSING. .

Macfarlane’s Gynecology for Nurses Hlustrated
A RrerFereNcE Hanp-Book oF GYNECOLOGY FOrR NURses. By CaTh-
ARINE MACFARLANE, M. D., Gynecologist to the Woman's Hospital of
Philadelphia. 32mo of 150 pages, with 7o illustrations. Flexible
leather, $1.25 net.

A. M. Seabrook, M. D., Woman's Medical College of Philadeiphia.

It is a most admirable little book, covering In a concise but attractive way the subject from
the nurse's standpoint,”™

Aikens’ Primary Studies for Nurses [lustrated
Primary Stupies For Nurses: A Text-Book for First-year Pupil
Nurses. By CHArLOTTE A. AIKENS, late Director of Sibley Memorial
Haospital, Washington, D. C. 12mo of 450 pages, illus. Cloth, §1.75 net.

This work brings together in concise form well-rounded courses of lessons
in all subjects which, with practical nursing technic, constitute the primary
studies in a nursing course.

Trained Nurse and Hospital Review

# It is safe to say that any pupil who has mastered even the major portion of this work would
be one of the best prepared first-year pupils that ever stood for examination,"

* -
De Lee’s Obstetrics for Nurses Newi (3d) Edion

OBsTETRICS FOR NURses. By Josepn B. DE Leg, M. D., Professor of
Obstetrics in the Northwestern University Medical School. r12mo vol-
ume of 512 pages, fully illustrated. Cloth, $2.50 net.

J. Clifton Edgar, M. D.,
Frofessor of Obstetrics and Clinical Midwifery, Cornald Madical School, N. F.

“ It is farand.away the best that has come to my notice, and I shall take great pleasure in recom-
mending it to my nurses and students as well.™

Dﬂ?ii’ Ob!tEtl'iC Nﬂl‘Sil‘lg New (3d) Edition

OBSTETRIC AND GYNECOLOGIC NURSING. By EDWARD P. Davis, A M.,
M. D., Professor of Obstetrics, Jefferson Medical College and Philadel-
phia Polyclinic. 12mo of 436 pages, illustrated. Buckram, g1.75 net.

The Lancet, London

# Mot only nurses, but even newly qualified medical men, would learn a great deal by a perusal of
this baok. It is written in a clear and pleasant style, and is a work we ean recommend.”

Beck’s Hand-Book for Nurses New (2d) Edition

A RErFErENcE Hanp-Book rFor NURsEs. By AMANDA K. BEck, of
Chicago, Ill. 32mo of 200 pages. Flexible leather, §1.25 net.

This little book contains information upon every question that comes to a
nurse in her daily work, and embraces all the information that she requires
to carry out any directions given by the physician.

Boston Medical and Surgical Journal

# Must be regarded as an extremely useful book, not only for nurses, but for physicians.*






NURSING. ,

Nursing in Diseases of the
F.ye, Ear, Nose, and Throat

Nursing in Diseases of the Eye, Ear, Nose, and Throat. By the
Committee on Nurses of the Manhattan Eye, Ear, and Throat Hospital:
J. Epwarp Gires, M. D., Surgeon in the Eye Department ; ARTHUR B.
Duger, M. D. (Chairman), Surgeon in the Ear Department; HARMON
Smit, M. D, Surgeon in the Throat Department. Assisted by Jonn
R. SuannoN, M. D., Assistant Surgeon in the Eye Department; and
Joun R. Page, M. D., Assistant Surgeon in the Ear Department. With
chapters by HErBerT B. Wircox, M. D., Attending Physician to the
Hospital ; sand Miss Eveexia D. Avers, Superintendent of Nurses.
12mo of 300 pages, illustrated.

JUST READY

This is a practical book, prepared by surgeons who, from their experience in
the operating amphitheater and at the bedside, have realized the shortcomings of
present nursing books in regard to eye, ear, nose, and throat nursing. The scope
of the work has been limited to what an intelligent nurse should know, and the
style throughout is simple, plain, and definite. A short discourse on anatomy
precedes each division. It is one of the most valuable books in the nursing field.

Stoney’s
Materia Medica for Nurses

Practical Materia Medica for Nurses, with an Appendix containing
Poisons and their Antidotes, with Poison-Emergencies ; Mineral Waters ;
Weights and Measures; Dose-List, and a Glossary of the Terms used
in Materia Medica and Therapeutics. By EmiLy A. M. SToNEY, of the
Carney Hospital, South Boston. 12mo of 300pages. Cloth, g1.50 net.

THE NEW (3d) EDITION

In making the revision for this new third edition, all the newer drugs have
heen introduced and fully discussed. The consideration of the drugs includes
their sources and composition, their various preparations, physiologic actions,
directions for administering, and the symptoms and treatment of poisoning.

Journal of the American Medical Association

u Sq far as we can see, it contains everything that a nurse ought to know in regard to drugs.
As a reference-book for nurses it will without question be very useful.”






NURSING AND CHILDREN. 9

Paul’s Fever Nursing
Nuuslml; IN THE AcUTE InrFEcTiOUS FEVERS. By Georce P. Paut,
M.D., Assistant Visiting Physician to the Samaritan Hospital, Troy, N. Y,
12mo of zoo pages. Cloth, $1.00 net.

Dr. Paul has taken great pains in the presentation of the care and management of each
fever. The book treats of fevers in general, then each fever is discussed individually, and
the latter part of the book deals with practical procedures and valuable information.

The London Lancet

i The book is an exmlle.nt one and will be of value to those for whom it is intended.
It is well arranged, the text is clear and full, and the illustrations are good.”

Paul’s Materia Medica for Nurses

MATERIA MEDICA FOR NURrsEs. By Georce P. Pavr, M.D., Assistant
Visiting Physician to the Samaritan Hospital, Troy. 12mo of 240 pages.
Cloth,-$1.50 net.

Dr, Paul arranges the physiologic actions of the drugs according to the action of the
drugr and not the organ acted upon. An important section is that on pretoxic signs,

giving the warnings of the full action or the beginning toxic effects of the drug, which,
if heeded, may prevent many cases of drug poisoning.

The Medical Record, New York

“ This volume will be of real help to nurses; the material is well selected and well
arranged, and the book is as readable as it is useful.”

Pyle’s Personal Hygiene The New (3d) Edition

A ManuaL oF PErsoxaL HycieNE: Proper Living upon a Physiclogic
Basis. By Eminent Specialists. Edited by Wavrer L. Pyir, A. M.,
M.D., Assistant Surgeon to Wills Eye Hospital, Philadelphia. Octavo
volume of 451 pages, fully illustrated. Cloth, $1.50 net.

To this new edition there have been added, and fully illustrated, chapters on Domestie
Hygiene and Home Gymnastics, besides an appendix containing methods of Hydro-
therapy, Mechanotherapy, and First Aid Measures. There is also a Glossary of the
méedical ierms used,

Boston Medical and Surgical Journal

“The work has been excellently done, there is no undue repetition, and the writers
have succeeded unusually well in presenting facts of practical significance based on sound
knowledge.™

Galbraith’s Four Epochs of Woman’s Life second Edition

Tue Four ErocHs or Woman's Lire. By Anya M. GALBRAITH,
M.D. With an Introductory Note by Jou~ H. Musser, M. 1., Univer-
sity of Pennsylvania. 12mo of 247 pages. Cloth, $1.50 net.
Birmingham Medical Review
“We do not as a rule care for medical books written for the instruction of the public;

but we must admit that the advice in Dr. Galbraith's work is in the main wise and whole-
some.""

Starr on Children Second Edition

AMERICAN TEexT-Book ofF Diseases oF CHiLDrREN. Edited by Louis

Starr, M.D., assisted by THompson 5. WESTCOTT, M.D. Octavo, 1244
pages, illustrated. Cloth, $7.c0 net; Half Morocco, $8.50 net.



1 1 l
1 LTI
L] | LU = :
1 - ] I !
3
. e - 1 :
[ . !
| 1 | -
: aleT 1 1
. : il
| e entire I 4 I Cl K h :
" Ho 11 ¥ 1! fl 1 el
A BT ! .
= " - . F
1 [ W
1 ]
F 1 ey | [] 4 |
lET] ¥ ch # |
11 LN EWW 1! L LU= - :
| i WLT i ihlig | TR iIng ] nCi ;
. i | } e .
il { 1 [l 1 I | ey ! ;
1
. W Tl
1] 5 I LY i 1
| 1% 18 LT E ! i
1 Thal [t | :
. . \ 1 k L# = Lo :
= 1 a [ il izl | b -
1 | 1
o 1L




INSANITY AND HYGIENE. IT

Brower and Bannister
on Insanity

A Practical Manual of Insanity. For the Student and General
Practitioner. By Danier R. Browegr, A. M., M.D., LL. D.. Professor
of Nervous and Mental Diseases in Rush Medical College, in affiliation
with the University of Chicago; and Hexry M. BannisTER, A. M.,
M.D., formerly Senior Assistant Physician, Illinois Eastern Hospital
for the Insane. Handsome octavo of 426 pages, with a number of
full-page inserts. Cloth, $3.00 net.

FOR STUDENT AND PRACTITIONER

This work, intended for the student and general practitioner, is an intelligible,
up-to-date exposition of the leading facts of psychiatry, and will be found of in-
valuable service, especially to the busy practitioner unable to yield the time for a
more exhaustive study. The work has been rendered more practical by omitting
elaborate case records and pathologic details, as well as discussions of speculative
and controversial questions,

American Medicine

* Commends itself for lucid expression in clear-cut English, so essential to the student in
any department of medicine. . . . Treatment is one of the best features of the book, and for
this aspect is especially commended to general practitioners.”

Bergey’s Hygiene

The Principles of Hygiene: A Practical Manual for Students,
Physicians, and Health Officers. By D. H. Bercey, A. M., M. D,
Assistant Professor of Bacteriology in the University of Pennsylvania.
Octavo volume of 555 pages, illustrated. Cloth, $3.00 net.

RECENTLY ISSUED--THE NEW (3d) EDITION

This book is intended to meet the needs of students of medicine in the
acquirement of a knowledge of those principles upon which modern hygienic
practises are based, and to aid physicians and health officers in familiarizing
themselves with the advances made in hygiene and sanitation in recent years.
This hew third edition has been very carefully revised, and much new matter
added, so as to include the most recent advancements.

Buffalo Medical Journal

* It will be found of value te the practitioner of medicine and the practical sanitarian : and
students of architecture, who need to consider problems of heating, lighting, ventilation, water
supply, and sewage disposal, may consult it with profit.”
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CHILDREN AND HYGIENE. 13

Griffith’s Care of the Baby

The Care of the Baby. By J. P. Croger GrirriTh, M. D., Clinical
Professor of Diseases of Children, University of Penn.; Physician to the
Children’s Hospital, Phila. 12mo, 455 pp. Illustrated. Cloth, $1.50 net,

THE NEW (4th) EDITION

The author has endeavored to furnish a reliable guide for mothers. He has
made his statements plain and easily understood, in the hope that the volume
may be of service not only to mothers and nurses, but also to students and practi-
tioners whose opportunities for observing children have been limited.

New York Medical Journal
" We are confident if this little work eould find its way into the hands of every trained
nurse and of every mother, infant mortality would be lessened by at least fifty per cent.”

Crothers’ Morphinism

Morphinism and Narcomania from Opium, Cocain, Ether, Chloral,
Chloroform, and other Narcotic Drugs; also the Etiology, Treatment,
and Medicolegal Relations. By T. D. CroTnERs, M. D., Superintendent
of Walnut Lodge Hospital, Hartford, Conn. Handsome 12mo of 351
pages. Cloth, $2.00 net.

The Lancet, London

“An excellent account of the various causes, symptoms, and stages of morphinism, the
discussion being throughout illuminated by an abundance of facts of clinical, psychological, and

Aikens’
Clinical Studies for Nurses

Clinical Studies for Nurses. By CuarrorTe A. AIKENS, formerly
Director of Sibley Memorial Hospital, Washington, D. C.  12mo of
510 pages, illustrated. Cloth, $2.00 net.

RECENTLY ISSUED

This new work is written along the same lines as Miss Aikens’ former work on
«+ Primary Studies,” to which it is a companion volume. It takes up all subjects
taught during the second year, and takes them up in a concise, forceful way,
The text is illustrated with helpful illustrations.

Dietetic and Hygienic Gazette

 There is a large amount of practical information in this book which the experienced
nurse, as well as the undergraduate, will consult with profit. The illustrations are numerons
and well selected.”™






LEGAL MEDICINE, 15
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Draper’s Legal Medicine
A Text=Book of Legal Medicine. Dy Fraxgk Winturor DRAPER, A, M.,
M. D., Late Professor of Legal Medicine in Harvard University, Boston.
Octavo of 573 pages, illustrated. Cloth, $4.00 net ; Half Morocco, £5.50 net,
Hon. Olin B:rya.n. LL. B., Baltimore Medical Collepe.
A eareful rEﬂdil\g of Dmpul"s Legal Medicine convinees me of the excellent character

of the work. It is comprehensive, thorough, and must, of a necessity, prove a splendid
acguisition to the libraries of those who are interested in medical jurisprudence.”

Chapman’s Medical Jurisprudence Third Edition

Medical Jurisprudence, Insanity, and Toxicology. Dy Hexey C
CuarMaN, M. D., late Professor of Institutes of Medicine and Medical Juris-
prudence in Jefferson Medical College, Philadelphia. 12mo of 329 pages,
illustrated. Cloth, $1.75 net.

Golebiewski and Bailey’s Accident Diseases
Atlas and Epitome of Diseases Caused by Accidents. Dy Dr. Ep,
GOLEBIEWSKI, of Berlin. Edited, with additions, by PEArcE BaiLey, M, .,
Consulting Neurologist to St. Luke's Hospital, New York. With 71 colored
illustrations on 4o plates, 143 text illustrations, and 549 pages of text. Cloth,
24.00 net. Jfu Saunders’ Hand-Atlas Series,
Hofmann and Peterson’s Legal Medicine Hang Atisi
Atlas of Legal Medicine. DBy Dr. E. vox Hormanxy, of Vienna.
Edited by FREDERICK PETERsSON, M. D., Professor of Psychiatry in the
College of Physicians and Surgeons, New York. With 120 colored figures
on 56 plates and 193 half-tone illustrations. Cloth, $3.50 net.

Jakob and Fisher’s Nervous System
and its Diseases In Saunders’ Hand-Atlases
Atlas and Epitome of the Nervous System and its Diseases. DIy
ProrEssor Dr. Cur. Jakop, of Erlangen. From the Second Revised
German FEdition, TEdited, with additions, by Epwarp D. Fisuer, M. D.,
Professor of Diseases of the Nervous System, University and Bellevue
Hospital Medical College, New York. With 83 plates and copious text.
Cloth, £3.50 net.

Abbott’s Transmissible Diseases Second Edition

The Hygiene of Transmissible Diseases: Their Causes, Modes of Dis-
semination, and Methods of Prevention. By A. C. AsporT, M. D)., Pro-
fessor of Hygiene and Bacteriology, University of Pennsylvania. Octavo of
351 pages, illustrated. Cloth, $2.50 net.
























