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CHAPTER 1.

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

EmeBryYOLOGY 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 prinei-
ples of agreement in essential features. In tracing the his-
tory of human development, therefore, frequent recourse
must be had to the development of animals, since in this
way only is it possible at present to fill up the gaps in our
knowledge of human embryology.

That a new individual may be called into existence, the
union of the male element, or spermatozoon, with the female
element, or 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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MALE AND FEMALE SEXUAIL ELEMENTS, 19

occupies nine calendar months or about ten lunar months—
that is, from 273 to 280 days. The period of human gesta-
tion is arbitrarily divided by His into three stages : (1) The
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Fig. 1.—1 to & Various stages of the development of the spermatozoon of the
mouse; 9, the spermatozoon of the mouse (after F. Hermann); 10 and 11, spermato-
zoa of the dog; 10, as seen from the side ; 11, a8 seen from the broader surfuce (after
Bonnet).

stage of the ovum, comprising the first two weeks of develop-
ment ; (2) The stage of the embryo, extending from the end

of the second week to the fifth week, during which time the
germ begins to assume definite form ; and (3) The stage of






THE SPERMATOZOON. 21

The power of locomotion which the spermatozoon exhibiis
is conferred by the vibratile movement of its tail, accom panied
by a rotation about its long axis through an are 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 feeundating ova until the following spring.

Spermatogenesis.—The details of spermatozoon-formation,
or spermatogenesis, vary in diflerent animals. A cross see-
tion of a seminiferous tubule (Fig. 3) shows a layer of

Fra. 3—Section of teaticle of musk-rat ; seminiferous tubule seen in erose section
a, wall of tubule; & parietal cells; ¢, mother-cells; o, spermatoblasts,
cuboidal cells ecalled parietal cells, lying in contact with
the basement membrane of the tubule wall. This layer con-
sists of the so-called Sertoli's columns, or sustentacular cells,
and of the spermatogenic eells. The sustentacular ecells are
merely supporting ; the spermategenic cells give rise to the
spermatozoa. The immediate offspring of the spermatogenic
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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 ig 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-

Fi6. 4.—Egg from a rabbit’s follicle which was 0.2 mm. {3dg inch) in diameter
(after Waldeyer). It iz surrounded by the zona pellucida (= p.), on which there
rest at one place follicular cells (£ 5.). The yolk contains dentoplasmic granules
{i). In the germinative vesicle (k. b) the nnclear network (L n.) is especially
marked, and contains a large germinative dot (& L),
ferred to as the egg-envelopes ; and 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 ovum. Between the zona pellucida and the ovum is the
small perivitelline space. The radial striation of the zona is
generally regarded as due to the presence of minute canals
opening into this space. The canals are thought by some to
facilitate the ingress of spermatozoa, thus corresponding in
funetion 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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dant deutoplasm iz accumulated at one szide of the ovum,
called the vegetative pole, while the protoplasm appears as a
flat germ-disk at the animal pole on the opposite side.  Here
belong the eggs of birds, reptiles, and bony fishes (see Fig. 5).

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

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

The germinal vesicle or nucleus is the most important part
of the cell, since, us will be seen hereafter, it is essentially
by the conjugation, or more accurately by the fusion, of the
nuclei of the male and female parent-cells that generation is
effected. As a rule, there is but one nuelens, 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 a network of nuclear fibrils or chromatin,
substance, and nuclear juice or achromatin, the former econ-
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 eceentric
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 uvtilized
for the study of development, it will be profitable to consider
briefly its structure. The ovum or egg-cell is represented hy
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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 oviduet, 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 ovum, 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-
ac contains but one ovum, though sometimes two, and more
rarely three are present.

The Graafian follicle, in 1ts 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 zoma 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 abdeminal eavity, 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 inerease in thickness, and, with the progress of
other changes, finally become, in the female, the owvaries.
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, earrying with
them certain of the surface-cells (see Fig. 112). Conspicuous
among these are the large sexual cells, or primitive ova; while
smaller cells, likewise from the germinal epithelium, are
also present. The sexual cords become divided into groups
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MATURATION OF THE OVUM 31

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

Fia. 10.—Portions of the ova of Asferias glacialis, showing ehanges affecting the
germinal vesicle at the beginning of maturation (Hertwig): a, germinal vesicle ;

4, germinnl spot, composed of nuelein and paranuclein (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. 11); this separated piece, with the

Fia. 11.—Formation of the polar bodies in the ova of dsferias glacialis |Hert-
wig): ps, polar spindle; pb', first polar body pl*, seeond polar body ; n, 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
nuelear spindle, a second one is formed, which in the same
manner extrudes the second polar body. What remains of
the nueleus now moves toward the center of the cell and
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tion. As the time for this event approaches, the wall of the
follicle at the site of the stigma becomes much thinned and
finally ruptures, and the ovum passes into the Fallopian
tube (Fig. 13). If, instead of passing into the tube, the

[ F—_— - il v all
Fra, 13.—0vary with mature Graafinn follicle about ready to burst (Ribemont-
Dessaignes).

ovum maintains its connection with the ovary and is fertil-
1zed there, it may undergo partial development in sifu ; such
a condition constitutes one variety of extra-uterine pregnancy
or ectopic gestation.

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

After the escape of the ovum, hemorrhage into the empty
follicle occurs, the resulting clot being the corpus hemorrhagi-
cum. According to Leopold, if rupture gccurs during the
intermenstrual period instead of at the time of menstruation,
hemorrhage will be small or entirely wanting, the resulting
corpug luteum being called then afypical, to distinguish it
from the fypieal 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. 14). The color of the corpus varies considerably in

3
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observations have been confirmed by Leopold, that as a rule
Graafian follicles burst during menstruation, though they may
rupture before or after this event. It has also been shown
that in the rabbit sexual intercourse hastens the rupture of
the follicle.

MENSTRUATION.

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

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

In temperate climates, the menses are established between
the thirteenth and seventeenth years and cease between the
ages of forty and fifty. In the tropics, they appear some-
what earlier ; in cold climates, somewhat later. The funetion
is suspended during pregnaney and, usually, during lactation.

The quantity of the discharge, though subject to consider-
able variation, is usually from 4 to 6 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 oceupies the six to seven
days preceding the discharge, the mucous membrane of the
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MENSTRUATION. 37

ceding stage to the end of the cycle, or, in other words, to
the beginning of the next constructive stage.

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

The Relation of Menstruation to Ovulation and
Conception.—The function of menstroation and the ex-
trusion of ova from the Graafian follicles, though closely
associated, are not dependent upon each other. Owvulation
oceurs perhaps most commonly during the time of the men-
strual discharge, but it may take place before or after this
event. While it is now generally accepted that the two
funections are not mutually interdependent in the sense that
one is a neces=ary part of the other, vet, since the turgescence
incident to sexual intercourse has been shown to hasten the
rupture of the follicles, it seems reasonable to suppose that
the ovarian hyperemia attendant upon the menstroal epoch
would exert a like influence.

Since the function of menstruation is normally suspended
during pregnancy, the relation between menstruation and
ovulation, and of these to conception, are of practical inter-
est in determining the date of labor. The duration of preg-
naney is from 270 to 280 days, nine calendar, or ten lunar,
months, and it dates from the moment of conception.  But
since the ovum retains its vitality for abont 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 eoitus. It is now believed by most
embryologists that the ovum is fertilizable only while it 1s
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
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the perivitelline space. It is believed by many investigators
that the canals of the zona constitute the avenues of entrance
for the spermatozoa. In the rather firm egg-envelopes of
insects and some fishes, there is a small aperture, the micro-
pyle, through which the spermatozoa gain entrance.

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

As the spermatozoon is about to strike the vitelline mem-
brane, the protoplasm swells up at the point of contact into
the receptive prominence (Iig. 15). Through this the sper-
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Fia. 15.—Portions of the ova of Asterins glacialis, showing the approach and
fusion of the spermatozeon with the ovum (Hertwig): a, fertilizing male element
b, elevation of protoplasm of egg; I, b, stages of fusion of the head of the sgper-
matozoon with the ovum.

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

Since the spermatozoon is the metamorphosed nueleus of a
cell formed in the testicle, and since the female pronuclens is
a part of the nuclens of the ovum, it follows that the seg-






CHAPTER 11,

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

Wuire the fertilized ovum is passing along the Fallopian
tube to the uterns—a journey believed to require seven or
Eig‘llt da}*s in man '—it lmllﬁl‘g'ues l'clll:atnd m}gnmmutinn, or
cleavage, becoming a more or less globular mass of cells or
blastomeres. This mass iz the mulberry-mass or morula.

The details of the process of division correspond closely
to those of ordinary indirect cell-division, or karvokinesis,
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-nucleus
forms a nuclear spindle in the ordinary manner, with a cen-
trosome or pole-corpuscle at cach apex. The centrosome
is surrounded by the polar striation or attraction-sphere.
After the nsnal 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 daughter-cell divides into
two, and each of these two into other two, the cell-division
continuing until there results the mass of cells, or morula,
already mentioned (Plate I, Fig. 1).

These processes have been followed the most accurately in

! 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 oviduet.
41
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The first cleavage-plane always cuts the axis of the nuclear
spindle perpendicularly at its center; the second bisects the
first, 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
ovam 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 ovum 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. 4) and of amphioxus, to the segmen-
tation of which the above deseription 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. 17). These eggs being

Fig. 17.—Diagram of the division of the frog's eer: A, =tage 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 eight segments; p, pig-
mented surfuce of the egg at the animal pole; pr, the part of the egg which is
richer in protoplasm; d, the part which i8 richer in dentoplagm : p, nuclear
spindle (Hertwigl.

telolecithal, the lignier protoplasmic animal pole is directed
upward, while the deutoplasmic vegetative pole is under-
neath. The inequality of the resulting segments, as well as
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1, 2, 8. Diagrams illustrating the segmentation of the mammalian ovum (Allen Thomsaon,
after van Beneden). 4. Diagram illustrating the relation of the primary layvers of the blasto-
derm, the sepmentation-cavity of this stage corresponding with the archenteron of amphioxus
(Bonnet).






THE STAGE OF THE BLASTULA. 45

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
divizion 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 nueclei, and thus the
central unsegmented nutritive-yolk becomes enclosed in a
sac composed of small cells.

THE STAGE OF THE BLASTULA.

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

What may perhaps he regarded as the primitive form of
the blastula is that of the lancelet, or amphioxus lanceolatus,
one of the lowest vertebrates, a fish-like animal several inches
in length inhabiting the Mediterranean Sea.  The blastula in
this case is a simple sac composed of cells which surround
the cleavage-cavity as a single layer (Fig. 21, A4). The cells
in the region of the vegetative pole are larger and more tur-
bid, because more deutoplasmic, than those at the animal
pole, as shown in the same figure.

The mammalian blastula is a hollow sphere, whose wall is
a layer of cells, the outer cell-mass, and info whose central
space, the cleavage-cavity, projects an irregular mass of gran-
ular cells constituting the inner cell-mass (Plate L., Fig. 2).
The cleavage-cavity contains an albuminous floid, It is
during this stage that the germ, in the case of mamials,
reaches the uterus. As a peculiarity of the mammalian
ovum, the blastula now increases greatly in size, the cleav-
age-cavity becoming dilated. The zona pellucida, which
still surrounds the ovum, is by this time quite attenuated,
and is called the prochorion. The outer cell-mass, likewise
much thinned-out, constitutes Rauber's layer (Plate L., Iig.
4). The significance of the cells of Rauber’s layer is un-






CGHAPTER III.

THE GERM-LAYERS AND THE PRIMITIVE STREAK.

THE STAGE OF THE GASTRULA.

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

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

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

out the murp]mlugiu:]l identity of the adult form of the ewlen-
a7



. 1 3 ilatiom o | | ! L - -
| AT L
O 0f LAY L 1 L . d
1 4 : ;
i L b I ! - T :
T
|
Cieriidc v L =~ - =
i : { I 1
Wil ik
Nl L ! 3 = -
| o 1 2 T 5 L L1




THE STAGE OF THE GASTRULA 49

The ectoderm and the entoderm are produced from the
inner cell-plate of the blastula. This mass gradually flattens,
becoming at first lens-shaped ; spreading out peripherally on
the inner surface of Rauber’s layer, it is at length differen-
tiated into the two primary germ-layers, the ectoderm and
the entoderm.

The cavity of the vesicle is the archenteron, or ceelenteron,
As previously stated, the process of gastrulation and the form
of the gastrula are modified in the ease of ova possessing a
large proportion of deutoplasm. In the case of the frog,
for example, as well as in other amphibians, the blastula has
the form shown in Fig. 19. By an invagination of the blas-
tula-wall at the place of transition from the animal cells to
the vegetative cells, all of the latter and a part of the former
are carried into the interior of the blastula to form the lining
of the archenteron (Fig. 22). Compare this with the amphi-
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Fia, 22 —Bagittal section through an egg of triton (afler the end of gastrulation):
ak, outer germ-layer; i, inner germ-layer: ds, volk-cells; of and «, dorsal and
ventral lips of the ewlenteron; wed, celenteron; o, vitelline plug; mk, middle

germ-layer (Hertwig).

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

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

or invagination oceurs, as in the frog's 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, 23. Its archenteron is a
4
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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

Fia. 23.—Longitudinal section through the germ-disk of a fertilized unincubated
egg of the nightingale (after Duval): ak, outer, & Inner [,El.'!l'l.ﬂ-lll}"&‘l.'; wed, celen-
teron: o, anterior, i, posterior lip of the blastopore (crescentic groove).

a round whitish spot, the embryonal area. Its position corre-
sponds to that formerly held by the inner cell-plate of the
blastula, as shown in Plate I., Fig. 2. It is only in this
region that the wall of the vesiele is, at this particular stage,
composed of more than a single layer of cells, the ectoderm
and the entoderm not extending much, it at all, beyond its
periphery.

The embryonal area, soon becoming oval (Fig. 24) and,
later, pear-shaped, exhibits, at its posterior margin, a trans-

ag it

A &

Fig, 24.—Blastula of the rabhit seven days old without the outer egg-mem-
branes. Length 4.4 mm. (after Kdélliker). Magnified ten diameters. Seen in 4
from above, in B from the side: ag, embryonic spot (area -:mhrj.'r:mal.lnj: ae, the line
up to which the blaztula js two-layvered.

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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THE STAGE OF THE GASTRULA. ol

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. 23), or em-
bryonic shield, appears while the egg is yet in the oviduet.

FiG. 25.—Two germ-disks of hen's egg in the first hours of incubation (after
Koller) : of, area opaca; Af, area pellucidn; & crescent: sk, crescent-knol 5, 21l -
bryonle shield; pr, primitive groove,

Its embryonic crescent eorresponds 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 (Fig. 23) composed of several layers of
cells, rests by its margin upon the partially liquefied volk.
The central region of the blastoderm, which overlies the
liquefied portion of the volk, from its translucenee is known
as the area pellucida (Iig. 25), 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 alzo in the mammalian egg.

It is in the embryonal avea 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, etc.

Partial longitudinal division of the embrvonic arvea dur-
ing development results in the production of some form of
double monster ; its complete cleavage gives rize to homologous
or homogeneous twins, which are twins of the same sex and
of almost absolutely identical structure. 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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THE STAGE OF THE GASTRULA. 53

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. 21), the two germ-layers after the

Frimiiive prosve, Beginning
] amnion foid,

(- Primiifre sivenk,

F Eniodermic Hning Mesoderm. §
[ af gri-fract,

Viscerval faver
af mesoderm. Entoderm,

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

union of the edges of this opening are in intimate association
under the primitive streak, as shown in Fig. 28.
Morphologically the primitive streak of the higher verte-
brates is regarded as the fused and extended blastopore of
lower types. The terminal ridge of the mammalian embry-
onic area, as well as the 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 conerescence, the transversely di-
rected terminal ridge, which lies at the posterior edge of the
embryonal area, and which remains a fixed point, becomes a






THE STAGE OF THE GASTRULA. 1]

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
side of the mid-line. These entodermic folds, containing
each a cavity, the enteroceel, grow out laterally between the
inner and the outer germ-layers. By transverse constrietion,
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 elearly made out. Some investigators hold that it
arises in essentially the same manner as does that of amphi-
oxus—that is, by evagination or ontfolding of the entoderm
bounding the cwlenteron; the investigations, however, of
Bonnet and of Duval respectively upon sheep and chick
embryos, point to a different conelusion.  Bonnet’s observa-
tiong show that the mesodermic 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. [t may be said, therefore,
that the mesoderm originates from a double source, clicfly
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. 27 and 28}
shows the mesoderm to be a distinet and independent layer,
sharply defined from the other germ-layers everywhere except
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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, lving one on
each side of the median line, and extending from the head-

Fia. 831.—Diagrammatic surface view of rabbit’s ovam of 211 hours (after Tour-
nenx). The darkly shaded area indicates the extent of the mesoderm. 1, Periph-
eral limit of area opaca; 2, of area pellucida; & of parietal zone; 4, of steny-zone;
6, Hensen's node ; ¥, pronmnion,

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 eubical masses, the mesoblastic
somites, or primitive segments, often improperly called the
protovertebree, The presence and position of the primitive
segments are indicated by transverse parallel lines on the
surface of the germ, which constitute a series on either side
of the primitive streak and its head-process (Figs. 31 and
87). 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 lamellzw,
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referred to the two fundamental processes of specialization,
or the adaptation of structure to funetion, and of unequal
growth, which latter results in the formation of folds, ridges,
and constrictions.

From the ectoderm are produced :—

The epidermis and ifs appendages, including the nails, the
epithelium of the sebaceous and sweat-glands and their invol-
untary muscles, the hair, and the epithelium 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 anditory canal, includ-
ing the outer stratum of the membrana tympani :

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

The epithelium of the conjunctiva and of the anterior part
of the cornea, the erystalline lens.

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

The epithelivm 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 car and of the Eustachian
tube.

The epithelium of the thymus and thyroid bodies.

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






CHAPTER 1YV.

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

THE germ, in the stages thus far considered, has the form
of a hollow sphere or vesicle. It will be seen, in following
the further history of development, that the layers of cells
constituting the walls of the vesicle give rise to the alterations
of external form and to the rudiments of the varions organs
of later stages by processes which, thongh scemingly com-
plex, 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 struet-
ure to function, that we find an explanation of the various
developmental processes.

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

The primitive streak and its head-process have been already
deseribed. After their appearance the further evolution of
the embryonie 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.
i1
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Aririon,

Plewropericar-  Pevicardial Etension
dial eavity. pflates, af Carlont,
Fi1g. 33.~Transverse section of a sixtecn-and-a-half-day sheep-cmbryo {Bonnet),

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

Medullary L left
Jurromw. Frloderm. MESAA T Amrnron.

Parietal
i sodeF.

—— :'..}'H:;Hrr_

Fisceral
FUTIEN AT

Nofochord. Someite. Gut enfoderm,
Fic, 34, —Transverse section of a sixteen-and-a-half-day sheep-embryo possessing
six somites (Bonnet).

row or groove (Figs. 32, 33, and 34). The curling margins
of the plate carry with them, as they rise, the adjacent
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Tt 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 struet-
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. [t is by the multiplication and

Axiad zone. Newral canal

Somrte,

Cawity within somite.

Lateral ﬁffﬂfar
body-walis, Parietal merodermt,
Lateral plates for ;
Plewroperitoneal
fubtract, caTiiy.

AMiddfe plate.

Primifive aorice,

Fitelline vern,

F16. 36.—Transverse scction of o seventeen-and-a-hal fday 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 cervieal region,
the cephalic part of the canal remaining open for a time.
From the neck region the closure of the tube progresses
toward either end of the embryo,

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

5
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they unite to form the neural canal, the primitive streak falls
within itz 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 communiea-
tion between the latter and the ewlenteron or primitive enteric
cavity; this communication is the neurenteric canal. In
mammals, as alzo 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 embryvo, as well as in the groups
above mentioned. The canal iz a temporary structure and
gives rise to no organ of the adult

The Somites or Primitive Segments.—The meso-
blastic somites are cuboidal masses of 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 piofovertebiree, 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. 37); the position
of the lateral plates is indicated by the peripheral lighter
parietal zone. The stem-zone soon exhibits, on each side of
the primitive streak and medullary groove, a series of parallel
transverse lines, produced by the transverse furrowing of the
axial plates, preparatory to their division into the primitive
segments, The first pair of somites is formed in the future
cervical region, before the medullary folds have united to
form the neural® tube, and when the primitive streak is yet
present, After the appearance of the first pair, the forma-

vl ph k ¥ 4
Frg. 87.—Nabbit embryo of the ninth day, seen from the dorsal side (after

Killiker). Magnified 21 diameters. The stem-zone (=) and the parietal zone (pz)

are to be distinguished. In the former 8 pairs of primitive segments have been

established at the side of the chorda and neuntral tobe; ap, area pellucida; rf,

medullary groove: vh, fore-brain;: ab, eye-vesiele; mh, mid-brain: hb, hind-brain;
wt, primitive segment ; sfz, stem-zone ; pe, parietal zone; A, heart; ph, pericardial

part of the body-cavity; od, margin of the entrance to the head-gut (vordere
Darmpforte), seen through the overlying structures; of, amniotie fold; wve, vena

omphalomesenterica.

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

The first somites appear on the 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 notochord is differentiating from the entoderm, and the
lateral plates of mesoderm are splitting to form the body-
cavity or ceelom.
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In structure the primitive segments of lower vertebrates

eonsist of columnar cells arranged around a central cavity

(Figs. 34 and 36). The cavity, in the amphioxus, communi-
cates for a time with the cwelenteron, 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 hefore
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. 36). This is
known as the intermediate cell-mass or middle plate. Later,
the separation of these is effected, the mesial part of the
somite being the myotome, the intermediate cell-mass
benﬂming the nephrotome. FEach one of these parts
contains a eavity, that of the myotome being ecalled the
myocel. From the inner, mesial side of the myotome,
embryonic connective-tissue cells (mesenchyme) develop,
constituting the sclerotome, or skeletogenous tissue, The
selerotomes, 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. The re-
maining part of the myotome, that situated dorsolaterally,
constitutes the muscle-plate or myotome proper ; it gives rise
to the voluntary musculature of the trunk.

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






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 iz necessary, for the sake of clearness,
to consider successively the development of each structure
from its inception to its completion.

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

In the stages of development thus far considered, the part
of the ovum that is to become the embryo—that is, the
embryonic area—is represented by a localized thickening of
the wall of the blastodermie vesicle, of the shape and relative
size shown in Fig. 24, 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
lamelle, between which is the body-cavity or ecelom. The
cavity of the germ until the occurrence of the transforma-
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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 II., Fig. 3); by the continued upward
growth of this amnion-fold and the simultaneous settling
down of the embryo upon the volk-sac, the margins of the
fold come to lie above the embryvonic body, and, approaching
each other, they fuse over its back, in this manner enclosing
it in a cavity. It is obvious that the fold just described iz a
double layer of somatopleure. After the union of its edges,
the two layers become completely separated, the inner one
constituting the ammnion, while the outer layer is the false
amnion, or serosa, or chorion (Plate 11., Figs. 4-6).

Since the infolding of the splanchnopleure begins at the
periphery of the much elongated embryonic area, the result-
ing gut-tract has the form of a straight tube extending from
the head-end to the tail-end of the embryo (Plate IIL.).
When the caudal and the cephalic portions of the splanehno-
pleurie fold have advanced but a comparatively short dis-
tance, in consequence of which the communication between
the gut-tract and the umbilieal 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 respee-
tively the foregut and the hindgut, the orvifices of which are
designated the intestinal portals. At this particular stage,
therefore, the cavity of the gut-tract iz incompletely closed
off from that of the umbilical vesicle.

It is evident that the gut-tract, being a tubular cavity
enclosed by splanchnopleure, iz lined with entodermal cells;
this simple straight tube develops subsequently into the adult
intestinal eanal 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 (zee Plate 111., Fig. 2).

An amnion is found in birds, veptiles, and mammalg, 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 surface-
view of the blastodermic vesicle of the first day of incuba-
tion in the case of the chick, or of about the eighth day of
development in the rabbit, shows a curved line or marking
at the anterior edge of the embryonic area (Fig. 32); this is
the anterior marginal groove, in front of which is another
marking, the head-fold of the amnion. Very soon the lateral
and posterior marginal grooves appear at the sides and poste-
rior edge respectively of the embryonic area; the outer ele-
vated edges of these marginal grooves constitute the lateral
folds and the tail-fold of the amnion, The grooves and folds
increase in length in each direction until they meet, when
they form one continuous furrow, which cirenmseribes 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 IT.). 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 ovom estimated to be four
days old.
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6 ; the groove, or furrow, however, of which the amnion fold
is the peripheral or outer elevated edge, becomes deeper, and
the bottom of the groove is carried toward the middle of the
future ventral surface of the embryo, its ventrad growth eon-
tinuing until it reaches the position of the future umbilicus
(Plate IL.: Fig. 4, transverse section ; Figs. 5 and 6, longi-
tudinal section). The layer of somatopleure constituting the
inner wall of the groove—that is, on the side toward the
embryonic area—becomes the lateral and ventral walls of
the body of the embryo, as deseribed above ; in this manner
is effected the transition from the flattened or layer-like em-
bryonic area to the definite form of the embryonic body.
The ventral body-wall is continuons at the margins of the
numbilicus with the amnion, since the somatopleure, forming
the outer boundary of the original groove, is a part of that
membrane. After its completion, therefore, the amnion en-
velops the body of the embryo on every side, lying closely
applied to it, since the amniotic cavity is at first very small.
With the progress of development and the increase of the
fluid the amnion requires more room, until, in the third
month, it fills out the entire space within the chorion, with
the inner surface of which it acquires a loose connection.
The umbilical vesicle and the allantois have meanwhile
undergone regression. The walls of the amniotic sac con-
tain contractile fibers; it is to these that the rhythmical con-
tractions observed in the amnion are due. Its lining is at
first a single layer of flattened epithelial cells ; at the fourth
month the cells are cubical for the most part, but to some
extent columnar.

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

The function of the amniotic fluid is two-fold ; it serves as
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liquefied and absorbed, while some of them contribute to the
lining of the intestinal canal.

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

In the Amniota (p. 75) the development and structure of
the yollk-sac are modified by the presence of the amnion. In
these groups the yolk-sac and the gut result from the division
of the archenteron by the folding-in of the splanchnopleure
alone, since the somatopleure grows away from the splanchno-
pleure to form the amnion-fold, and thus only partially in-
vests the yolk-sac (Plate I1., Fig. 4).

Since the yolk-sac cuntuuh Lhe store of food destined for
the nutrition of embryos that develop outside of the maternal
body, and since the mammalian embryo, which leads an intra-
uterine existence, is endowed with a relatively small quantity
of such store, the yolk-sac of mammals would seem to indi-
cate the descent of the latter from oviparous ancestors.
Further and stronger evidence of such descent is found
in the fact that the eggs of the lowest order of mammals,
the Monotremata, comprising the echidna and the ornitho-
rhynchus, are ““laid” and undergo erfra-uterine development.
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derm and visceral mesoderm.  Blood-vessels develop in the
mesodermic stratum, the principal trunks, the two allan-
toic arteries and weins, being connected at their proximal
ends with the primitive heart ; this system of vessels consti-
tutes the allantoic circulation and iz the avenue through
which the growing embryo is supplied with nutritive mate-
rial and oxygen. As the fundus of the allantois inereases
in gize, it spreads itself out upon the inner surface of the
false amnion or chorion (Plate II1., Fig. 1), into whose villi
its vaseular tissue penetrates, and with which it becomes
intimately blended. The union of the allantois and the false
amnion produces the true chorion of some authors,

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

T T o e

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

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

The function of the allantois in egg-laving animals, and
possibly in some others, is to serve as a nutritive :.uul re-
spiratory organ and as a receptacle for the fetal urine; in

B
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oval, or fusiform cells, and is at first devoid of blood-vessels.
The latter, in the form of capillaries, make their appearance
at some time during the second week, probably as extensions
of the blood-vessels of the allantois.

The outer ectodermic or epiblastic cells of the chorion at

a very early period, certainly as early as the third day,
undergo proliferation to form a layer of tissue called the
trophoblast, which is from one to several layers of cells in
thickness. The trophoblast layer is thickest at the place of
attachment of the ovam to the uterine mucosa. The inner
cells of the trophoblast are cubical, and have large, finely
granular, round or oval nuclei. In the youngest human
ovum as yet examined—that of Peters, estimated to be three
or four days old—the trophoblast was found to present many
little projections in the form of strands and buds, these
being the foundations of the future villi of the chorion. The
trophoblast layer was not solid, but was honeyeombed with
little spaces or vaenoles filled with maternal blood, which
spaces were partly lined with a nueleated 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 tissue 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 developed villi of the chorion.

The early development of villi is characteristic of the
human chorion (Fig. 39 and Plate I1., Fig. 6). At first the
villi, either covering the entire surface of the chorion or
leaving the two opposite poles free, are of uniform size ; in
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 numerons, 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-
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guished as the chorion frondosum (Plate I11., Figs. 1 and 2);
the latter acquires a close relation with the mueous membrane
of the uterus and becomes the fetal part of the lmlncpnta_
The willi in their earlier condition are somewhat club-shaped
elevations, which later become branched to form secondary
villi. Each fully developed villus consists of a core of
mesoblast, covered with ectodermic epithelinm and contain-
ing blood-vessels (Fig. 44 and Plate IV., @). Their miero-
scopic appearance is so characteristic that they afford a
means of positively determining whether a mass discharged

Fig, 3. —Human ovom of about twelve  Fig, 40 —=Front view of ovam shown in
days (Reichert), side view. Fig. 89,
In both figures the villi are limited in distribution, leaving the poles free.

from the uterus is or is not a product of conception. The
further alterations in the villi as well as in the trophoblast
in general, including the syneytium, will be considered in
Chapter V1.

A chorion iz present, as a rule, in those animals whose
embryos develop within the uterus ; this would include the
entire class Mammalia, with the exception of the mono-
tremes, whose eggs undergo extra-uterine development, and
the marsupials, whose embryos, though nourished in the
womb, never acquire villi on the serosa, nutriment being
absorbed by simple contact of the latter with the uterine
mucous membrane. The Mammalia are therefore divided
into the Achoria, comprising the monotremes and marsupials,
and the Choriata, including all other mammals,
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THE DECIDUAE AND THE EMBEDDING OF THE OVUM.
THE PLACENTA. THE UMBILICAL CORD.

THE DECIDUAE AND THE EMBEDDING OF THE OVUM.

TraE decidua (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 mucous mem-
brane of the womb becomes much
thickened and unusually vaseular,
the purpose of these changes being
evidently the preparation of the
uterus for the reception of the
ovum in the event of impregna-
tion. If impregnation has not
occurred, the thickened mueosa,
the decidua menstrualis, is in great
part cast off as a part of the men-
strual discharge ; if, on the other
hand, coneeption has taken place,
the mucous membrane undergoes
still greater hypertrophy. On sec-
tion, it is seen to consist of a super-
ficial compact stratum and a deeper
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Fii. 41, —Cross section through
the mueons membrane of the
uterns at the beginning of preg-
naney (after Kundrat and En-
gelmann).

spongy layer reposing directly upon the muscular wall of the
uterus. In the compact layer are the necks of the much
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the tissue fungus (Plate IV.). The overhanging edges of the
excavation constitute the beginning of the reflexa, which is
obviously, therefore, not produced by the upgrowth of a
cirenlar 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 putriment, and that by phagocytic action
they open up the blood-spaces of the serotina, thus bringing
them into communication with the lacunze of the trophoblast.

The blood-lacune of the trophoblast form a system of in-
tercommunicating spaces, the beginnings of the later inter-
villons spaces of the placenta ; they ave filled with maternal
blood from the serotina, and are lined with syneytinm (Fig.
43), the latter being thin in places and resembling an endo-
thelium. There is no extension, however, of the endothelium
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 lacuns, 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 syneytium 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-
puseles of the maternal blood are appropriated by the
syneytium, 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 afier the
formation of the syneyvtium is the layer of Langhans.

The ciliated epithelium of the uterine mucous membrane
disappears by the end of the first month of pregnaney (Minot) ;
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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 muecosa 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 deciduata—including man,
rodents, and Insectivora—in which there is a loss of the
greater part of the uterine mucous membrane after the

Fia. 42.—=Mature placenta: a, entire organ, showing fetal surface with membranes
attached to the periphery: b, a portion of attached surface.

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 ; since it results from the union of the chorion frondo-
sum with the decidua serotina, it consists 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 synevtium of
the chorionie lacuna, now the intervillous spaces, increases in
quantity, and not only lines the spaces, but exists in the form
of magses, 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

Fic. #.—Schematie representation of the development of the placenta (after
Feters): A, mesoblast; 7., trophoblast; Sy, syvneytinom : Er., endothelinm; Ca.,
maternal eapillaries: fe., fetal caplllaries; d.s, deeidual septum; Fb., fibrin;
i.R., intervillons 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 syneytium. 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 sifie, 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 eonvex 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,






PLATE IV w

Dingrammatic representation of relationship of ovam to decidua: 1, in latter
half of first week; 2, o few days later; 3, a few months later, when placenta is well
defined (Webster) : a, fetal mesoblast, showing indieations of beginning extension
into trophoblast stalks in 1, actual extension in 2 and 3: b, trophoblast, being
redueed in 3 and constituting here the layer of Langhans: e, trophoblast lacuna
in 1, enlarged in 2 and 8 as an intervillous space ; d, syneytinm, seen in its enrliest
stage im 1; ¢, decidua; f, maternal blood-sinus; g, endethelium lining maternal
ginus; k. ecpiblastie covering of cond : {, amniotic epiblast; j, umbilical vein; &,
nmbilical artery ; {, amniotic mesoblast: m, extension of decidua on under surface
of chorion at edge of placenta; n, large villug-stem.
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latter structure, as it grows from the ventral wall of the gut-
tract into the so-called allantoie or abdominal stalk, becomes
the seat of development of the two allantoie arteries and of
an equal number of allantoie 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 throngh 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 venosus, 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 essentially of the
three blood-vessels mentioned, containg also the remnant of
the allantoic stalk and of the umbilical vesicle, these struet-
ures being surrounded and held together by a quantity of
embryonic connective tissue, the jelly of Wharton, which
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 umbilieal cord has an average length of 55 em., or 22
inches, but varies between the extremes of 15 em. (6 inches)
and 160 em. (64 inches); its thickness is about 1.5 em.
(2 inch). The cord presents the appearance of being spi-
rally twisted ; it is probable, however, that the appearance
of torsion is conferred by the spiral or coiled arrangement
of its arteries, due to their excessive growth, rather than by
a twist of its entire mass. There may be one or more true
knots in the cord, produced by the slipping of the fetus
through a loop.

The position of attachment of the cord to the placenta is
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L. Bemi-diagrammatic section of gravid uterus, showing contained ovam of about five weeks (modified from Allen Thomson), 2. Semi-
diagrammatie section of uterus, showing relations of fetal and maternal placenta (Ahlfeld).







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,
mvolves a consideration of the external form of the embryo
and fetus during the suecessive stages of growth.

In the preceding chapters it was pointed out that the cells
of the segmented ovum arranged themselves in such a man-
ner as to form a hollow sphere, the blastodermic vesicle
(Plate I.); that this vesicle, having at first a single-layered
wall, came to consist of two layers of cells, the ectoderm s
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, beecame 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 I1.). 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 bady-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.

While, as a matter of convenience, the deseription of
L
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THE STAGE OF THE EMBRYO. i

dermie vesicle becomes folded in to produce the walls of the
embryonic body, IFig. 46 shows a human embryvo of about
the fifteenth day, whose form is as vet imperfectly differ-
entiated, the ventral wall of the body being incomplete,
sinee the gut-tract is still in communication with the nmbili-
cal vesiele throughout almost the entire length of the embryo.
The back and sides of the embryo arve enveloped by the
amnion, and the dorsal outline is concave. The caudal pole

FiG. 46.—Human embryo of abont the thirteenth day (His). The caudal pole of
the embryo is connected with the blastodermic vesicle by means of the abdominal
or allantoic stalk ; the amnion already completely encloses the embryo, and the
lnrge vitelline sac eommunieates throughout the greater part of the mitral surfuce
by means of the uneloged Fut-tract.

is seen to be connected by means of the allantoic stalk with
the primitive chorion, which latter structure, however, is not
represented in the figure. The concavity of the dorsal out-
line is peculiar to the human embryo of this stage. The
development of the head is closely associated with the dilata-
tion of the cephalic end of the neural tube and the subse-
quent division of this dilated extremity into the three primary
brain-vesicles, the fore-brain, the mid-brain, and the hind-
brain. The oral pit, the first indication of the future mouth,
is present in the early part of this stage; it is a depression
7
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Fig. 48.—Early human embryos, all enlarged about two and o half times (Fis)
14, from twelfth to fifteenth day: 5, 8, from cighteenth to twenty-first day ; 7, 8,
from twenty-third to twenty-fifth day; 9-12, from (wenty-seventh to thirtieth day ;
18-17, from thirty-first to thirty-fonrth day, am, amnion ; we, nmbilical or vitelline
vesicle ; als, allantoic or abdominal stalk ; e, o, broin-vesicles ; b, heart ; va, visceral
arches: o, optic vesicle; of, otie vesiele; of, olfnctory pit; L 2, upper and lower
extremities ; s somites ; od, candal process; o, primitive nmbilical cord.






Fi6. 49.—Human embryo of about three weeks, showing visceral arches and fur-
rows and their relations to aortic arches (His) : me, mn, maxillary and mandibular
processes of first viseeral arch: a I-a I'V, first to fourth nortie arches; fu, ey, primi-
five jugular and cardinal veins; d¢, duct of Cuvier: af, v, atrium and ventricle of
primitive heart; vs, vitelline sac; va, da, ventral and dorsal aorts : o, of, optie and
otie vesieles; ur, na, umbilical veins and arteries ; v, vitelling vein; of, allantols.
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number of the clefts is four, in reptiles, amphibians, and
bony fishes, five elefts appear, and in some fishes (selachians)
the number is six. In all aquatic vertebrates, the thin
epithelial closing membranes rupture, thus establishing com-
munications between the alimentary tract and the exterior,
through which openings water passes in and out. The mar-
eins of the clefts—except the first or hvomandibular eleft—
become the seat of a rich supply of capillary blood-vesselg,
the blood of which obtains oxvgen from the water and vields
to the latter its carbon dioxid; while the viseeral arches,
excluding the first and second, become known in these classes
as branchial arches from their producing bony arches which
support the branchiw or gills. With the exceptions noted,
the visceral arches and elefts with their capillary plexuses
therefore funectionate in these classes as a respiratory ap-
paratus,

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

The growth of the visceral arches and clefts bears an inti-
mate relation to the differentiation of the head- and the neck-
regions of the embryo. They first muke their appearance at
about the twenty-third day and attain their greatest develop-
ment by the end of the fourth week. Both the arches and
the clefts appear earliest and are best developed at the ce-
phalic end of the series, the fifth arch being exceedingly ill-
defined. During the fifth week the obliteration of the arches
and elefts as such begins, since certain of them become meta-
morphosed into permanent stroctures while the remainder
undergo regression.
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buried by the growth of the third and second arches. The
sinking-in of the lower arches and clefts (Fig. 50) results in

Fig. 5l.—Human embryo of about twenty-cight days (His): f=V, brain-vesicles ;
SR s, cephalie, cervieal, dorsal, and lumbar flexares ; op, eve; of, otie vesi-
cle; ol, olfactory pit; mz, md, maxillary and mandibolar processes of first visceral
arch; sp, sinus praccervicalis; &', 42 heart; [, 1, limbs: aly, allantoic stalk ; ch, vil-

lons ehorion.

the formation of a fozsa or fissure on the lateral surface of the
neck, the sinus precervicalis (Fig. 51, sp), which subsequently
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embryo presents a well-developed tail. By the termination
of the fourth week the volk-sac has attained its maximum
size, and the presence of the somites is indicated by trans-
verse parallel lines on the dorsal surface of the body.

THE STAGE OF THE FETUS.

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

During the second month the rate of growth is far less
rapid than in the preceding stage. The marked eurvature
of the long axis of the body gradually dimishes, the embryo
assuming a more erect posture. Owing to the partial disap-
pearance of the cervical flexure, the head becomes raised.

During the fifth week the vitelline duct is seen to be
long and slender ; the umbilical cord has become longer and
more spiral, and may contain a coil of intestine ; the abdo-
men is very prominent, and in the neck-region is a charac-
teristic dorsal concavity. At this time also the nasal pits
become conspicuous as depressions sitnated on either side of
the nasofrontal process (Fig. 56). The nasofrontal process
meanwhile undergoes differentiation into the globular processes,
which econstitute the inner boundaries of the nasal pits, and the
lateral frontal processes, which limit these depressions exter-

FicG. 52.—Human embryo of about s1x weeks, enlarged three times (His),

nally and separate them from the depressions for the eyes,
The nasal pits are still in communication below with the
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cloaca into the rectum and the genito-urinary passage, and
the presence of the projecting genital tuberele with the ae-
companying genital folds and genital ridges. The external
genitals as yet show no distinetion of sex. From the end
of the second month to the time of birth, fetal growth is, in
great measure, merely the further development of organs
already mapped out; it is held by many authorities, there-
fore, that if malformations are ever due to maternal impres-
sions, such impressions could be operative only in the event

Fii. 5. —Human embryo of about seven weeks, enlarged three times.

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

Dur’ing the third month, the face, although definitely
formed, still presents thick lips, a pointed chin, and a rather
broad and triangular nose. At this time the limbs are well-
formed and assume a characteristic attitude, and the fingers
and toes are provided with imperfect nails, The external
genitals, which, until the close of the second month, pre-
served the indifferent type, now begin to show sexual
distinetion. :

In the fourth month, a growth of fine hair, the lanugo,
appears upon the sealp and some other parts of the body ;
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the end of the seventh month may survive, but usually they
do not.

In the eighth month the lanugo begins to disappear.

In the ninth month the testicles are found in the sero-
tum, while, in the case of the female, the labia majora are in
contact with each other. The contents of the intestinal canal,
the meconium, eonsisting of intestinal and hepatic secretions
mingled with epidermal cells and hairs swallowed by the
fetus, is now of a dark greenish color. The umbilicus is
almost exactly in the middle of the body,

The weight of the fetus at full term is from 3 to 2.5 kilo-
grams (from 6 to 7 pounds), the average weight of the male
child being about ten ounces greater than that of the female.,
While variations from these figures are not uncommon, state-
ments of excessive weight are to be received with reservation,
since it has been found, upon careful observation by compe-
tent authorities, that the weight of a new-born infant rarely
exceeds ten pounds. The weight of the child, besides de-
pending upon the physical condition of both parents, is in-
fluenced by the age of the mother, young women having the
smallest, and women between the ages of thirty and thirty-
five having the heaviest children ; by the number of previous
pregnancies, the weight being greater with each succeeding
pregnancy, provided the successive children arve of the same
sex and are not born at too short intervals; and also by the
weight (Gassner) and height (Frankenhaiisen) of the mother,
the ratio being a direct one. Minot believes that these
various influenees operate chiefly by prolonging or abbreviat-
ing the period of gestation, and that therefore the variations
in weight at birth are referable to two principal canses—
differences in the age at birth, and variations in the rate of
intra-uterine growth.

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

The approximate age of an embryo or fetus muy be esti-
mated by the characters peculiar to each stage as above
noted, and also by employing the rule formulated by Haase.
According to Haase, up to the end of the fifth month, the






CHAPTER VIII.

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

THE CONNECTIVE TISSUES.

TaE variously modified forms of connective tissue distrib-
uted throughout the body, including such diversified tissues
as the blood and the lymph, areolar tissue, fibrous and elastic
tissue, adenoid tissue, tendon, eartilage, bone, and dentine,
as well as the connective-tissue stroma of various organs, all
result from alterations affecting the middle germ-layer or
mesoderm. As pointed out elsewhere (Chapter IIL.), the
inner and the outer germ-layers are concerned in producing
the epithelial structures of the body (with the exception of
the epithelium of the greater part of the genital apparatus
and of the kidney and ureter), the ectoderm giving rise not
only to the epithelium of the surface of the body, but also,
by processes of infolding, to such important structures as
the central nervous system and the internal ear, while the
entoderm differentiates into the epithelial parts of the respira-
tory and digestive systems with their associated glandular
0rgans,

The proliferation of the cells of the mesoderm goes hand
in hand with the differentiations of the inner and outer germ-
layers, so that even at an early stage of development the
middle germ-layer, besides having given rise to the mesothe-
lium of the body-cavity and to the primitive segments, con-
stitutes a loose aggregation of cells that fll the spaces be-
tween the germ-layers and spread about the developing
embryonic organs. This primitive relation of the meso-
dermic tissue foreshadows its future office as the supporting

framework not only of the body, but of the functionally
8 113
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ure of tendon. When the intercellular substance rives rise
to a seant amount of fibrons material and the cells become
distended with oily or fatty matter, adipose tissue results.

A still greater degree of density of the intercellular sub-
stance gives the matrix of cartilage, the cells being enclosed
in spaces, the lacung, as the cartilage-cells. [Partial differ-
entiation into either fibrous or elastic bundles confers the
character of either fibrous or elastic cartilage upon the
produet.

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

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

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

The mode of development of the serous membranes and of
the closely allied synovial, bursal, and thecal sacs may be
inferred from what has been said about the origin of the
endothelium. The connective-tissue stroma of the mem-
brane, upon which the endothelium rests, is simply a con-
densed and differentiated lamella of connective tissue,
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optic nerve, and the perilymphatic spaces of the internal
ear similarly develop as vacuolations of the mesodermic
tissue. The same iz trae of the joint-cavities, bursal sacs,
sheaths of tendons, and the small lymph-clefts found in the
areolar tissue and throughout most organs.

* The lymphatic vessels apparently develop, after the man-
ner of blood-vesszels, from anastomosing cords of cells that
are of direct mesodermic origin.  These solid cell-cords are
afterward hollowed out, and thus become tubez. The endo-
thelial cells lining the vessels are probably the metamor-
phosed descendants of the cells of the original cords, The
earliest lymphatic vessels formed are the subentaneous ves-
sels, which are present in a human embryo of 2-5 e.m.! At
a somewhat later period the deeper vessels appear,

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

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

1 (. Schultze: “Grundriss der Entwickelungsgeschichte des Menschen
und der Siugethiere,”” Leipzig, 1807.
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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. 46). The oral plate is now the pharyngeal
membrane (Fig. 55). Reference to the sagittal section will

Fia, 55.—Median section through the head of an embryo rabbit 6 mm. long
{after Mihalkovicg) : vk, membrane between stomodeum and fore-gat, pharyngeal
membrane (Rachenhaut.; Ap, place from which the hypophysis is developed ; &,
heart; kd, lumen of fore-gut; ck, chorda; », ventricle of the cerchrum; »%, third
ventricle, that of the between-brain (thalamencephalon): o4, fourth ventricle, that
of the hind-brain and afier-brain (epencephalon and metencephalon, or medulla
oblongata); ok, central canal of the spinal cord,

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

A second important factor in the development of the face
is the appearance of the first and second visceral arches,
which occurs in the third week. As pointed out in a pre-
ceding section, the first visceral arch divides into the mandi-
bular arch and the maxillary process (Fig. 51), the latter
being the smaller and appearing to spring from the mandi-
bular arch. Both the maxillary processes and the mandi-
bular arches grow toward the median line of the ventral
surface of the body. Owing to the growth of these struct-
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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. 6.—Development of the face of the human embryo (His): A, cmbryo of
about twenty-nine days. The nasofrontal plate differentisting into proccssus
globulares, towarnd which the maxillary processes of first visceral arch are extend-
ing. B, embryo of about thirty-four days: the globular, Iateral 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 frontal processes and with the
nasofrontal process (Fig. 56, B and (7). In this manner
the nasal pits become separated from the oral fossa, each of
these openings acquiring more definite boundaries. It is
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the development of the visceral arches, this area becomes a
depression, the oral pit. The pit is at first bounded candad
by the cardiac prominence and cephalad by the fore-brain
vesicle (Fig. 46). In the third week the oral pit becomes a
five-sided fossa, owing to the growth of several new struct-
ures, These are the unpaired nasofrontal process, which
bounds the fossa above, the mandibular arches, which bound
it below, and the maxillary processes, which form the lateral
boundaries (Fig. 56). The mandibular arches do not actually
unite with each other until the thirty-fifth day. The angle
between the maxillary process and the mandibular arch
corresponds to the angle of the future mouth. In the sixth
week—about the fortieth day—the oral fossa acquires a new
upper boundary, which separates it from the nasal pits, by
the growth of the maxillary and lateral nasal processes
toward the median line to unite with the nasofrontal
process,

The primitive oral cavity, as before mentioned, is at first
separated from the gut-tract by the pharyngeal membrane
(Fig. 55). This structure ruptures at some time during the
fourth week, thus bringing the mounth into communieation
with the npper 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 certain, however, that
the primitive mouth includes more than the limits of the
adult oral cavity, comprising, in addition to the latter, the
anterior part of the adult pharvnx. Reference to a sagittal
section, ag in Fig. 55, shows the relation of the oropharyngeal
cavity to the brain-case ; in the tissue separating the two the
floor of the eranium is subsequently formed. A little evagi-
nation from a point (hp, Fig. 55) 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 wvesicle. With the development of the floor of
the cranium, the hypophysis becomes entirvely isolated from
the oral eavity. A little pouch or recess nsually demonstrable
in the median line of the roof of the pharynx of the child,
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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
calcified papille of the skin, capped by a layer of peculiarly
modified and calcified 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, occurring 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 epithelium. 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 throughout life, are denominated
polyphyodondt. .

The development of the teeth is inangurated in the sivth
weelk of embryonic 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
carliest 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 medinn
fissure, constitutes the deformity, cleft palate. This deficiency may he
limited to the hard or to the =oft palate, or it may affect both, or it may
be seen in the uvula, either alone—dleft or bifid uvule—or in conjunction
with cleft 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-gacs 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.  Thiz dental
papilla, of mesodermie origin, is the parent of the dentine
and of the pulp of the tooth. When the dental papilla and
the enamel-sac meet, the sac becomes invaginated, its under
surface assuming a coneave form. The enamel-sac at this
stage therefore is a double-walled cup which caps the dental
papilla. It is at about this time that the connection of the
enamel-organ with the surface ectoderm 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; between the two is
a group of less characteristic epithelial elements. The cells
of the dEEIl ]:!}'ﬂ]‘, the enamel;c:e]]ﬂ, 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 (I%ig. 58). They are virtually maodi-
fied osteoblasts. Forming a continuous layer, they have
been styled the membrana eboris. Between this layer of
odontoblasts and the enamel-organ a layer of intercellular
substance appears, the membrana praformativa. 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 ecalcified, and these are the adult dentinal fibers
occupying 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
rudimentary tooth. Only that part of the follicle which
covers the future root of the tooth is of subsequent import-
ance, however ; undergoing partial transformation into true
bony tissue, it gives rise to the cementum or crusta petrosa,
while the unossified external fibrous layer constitutes the
lining periostenm of the alveolus (Fig. 57).

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

9
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TEMPORARY DENTITION,

Central incizors . . . . . . « o« o« =« Bkito T months.
Lateral incisors - . . . . . . . . . . . T tol0months,
First molars. . . . . . ... « « + .« -12 to 14 months.
Canines - . . . . .. + . . v .v . . .4 to 20 months.
Second molars. . . . . . . . . . .. .18 to36 months
Permaxext DENTITION,
Hirst molars. . . - . . - . .. . ¢« . Bthyear
Central ineisors . . . . . . . . . . . . Tthyear.
Lateral incisors: . . - .. . . . . . . . 8th year.
First premolars % s v n o4 2 s - 9th year
Becond premolars . . . . . . . . . . .10th year.
BT T A .« 11th to 12th year.
Becond molars . . . . . .. ... .. .12thto 15th year
Third molars (wisdom teeth) . . . . . .17th to 2Ist vear.

The Salivary Glands.—The salivary glands, which in
mammals congist of three pairs, the parotid, the submaxillary,
and the sublingual, develop as outgrowths of epithelium
from the lining mueous 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 {:ﬂp.‘ilﬂﬂ from the surrou m_ling mesoderm, It
is not until the middle of the fifth month that the lumen of
the gland appears. This is brought about by the moving
apart of the epithelial cells composing the eylinders and
their branches. The main duet of the gland first becomes
hollow, then its branches, and finally the lumina of the
alveoli make their appearance. The respective sites from
which the several glands grow correspond in a general way
to the positions at which the ducts of the adult glands open
into the mouth-cavity.

The Tongue.—Although the tongne 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 beeause of its relations in the mature
organism. This organ, composed chiefly of muscular sub-
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posteciorly 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 junec-
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 hehind
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 deseribed 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. Ior a more detailed
account, the reader is referred to Chapter XV L

The first indication of the organ of smell is in the form
of the two patches of thickened ectoderm, the nasal areas or
olfactory plates, which appear on the headward side of the
oral fossa in the third week of development. At the end of
the fourth week the areas are depressed and constitute the
nasal pits (Fig. 56, A). The nasofrontal process, a mass of
thickened mesodermie tissue, lies between them. During the






CHAPTER X.

THE DEVELOPMENT OF THE VASCULAR SYSTEM.

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

While the heart 1s formed within the body of the embryo,
the blood and the earliest blood-vessels have their origin in
an extra-embryvonic stroeture, the yolk-sac. It is note-
worthy that all parts of the vascular system proceed from
mesodermic tissue, the heart and the vesselz originating from
clefts within thiz 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 ecertain 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
cireulation, 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-sac, entirely outside of
the body of the embryo. The wall of the yolk-sac, the
reader may be reminded, consists of the extra-embryonic
gplanchnopleure 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.
Interspersed throughout this network, as part of it, are
groups of mesodermic cells known as the blood-islands of
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intestinal tube and empty into the lower or eandal end of
the primitive heart. The trunks which are to constitute the
vitelline arteries, after entering the body with the vitelline
duet, pass upward along the dorsal body-wall, within the
dorsal mesentery, to become continuous with large arterial
trunks that have proceeded from the primitive heart.

The large trunks referred to are the visceral-arch vessels,
which unite to form the primitive aortwe. The visceral-arch
vessels (see Fig. 49) are a series of five pairs of arteries that
arise by a common stem, the truncus arteriosus, from the
upper end of the primitive heart. They pass along the
respective visceral arches toward the dorsal surface of the
body where all the vessels of one side unite into a common
trunk, the primitive aorta. The two primitive aorte, pass-
ing caudalward in the dorsal mesentery, give off, as their
largest branches, the two omphalomesenteric or vitelline
arteries above referred to. The development and the re-
gression of the visceral-arch vessels correspond with the
growth and the deeadence 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 he
considered in a later section.

This system of vessels constitutes the vitelline circulation,
the manifest function of which is to convey nutritive mate-
rial from the yolk-sac to the embryo. While the vitelline
circulation is of great importance in any ovuam provided
with abundant nutritive yolk, such as that of the bird, it is
of comparatively slight consequence in man and the other
higher mammals, and it must be regarded as a vestige of the
avian or reptilian ancestry of the mammalian ovum, or, at
least, as a reminder that the mammalian ovum was originally
provided with an abundant yolk. It must be borne in mind,
however, that the mammalian blastodermie vesicle imbibes
from the walls of the uterus a richly nutritive albuminous
fluid, which may be taken up later and carried to the em-
bryo’ by the vitelline circulation. This system of yolk-sac
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region of a sheep- or rabbit-embryo shows the tubes cut
across, since their long axes are parallel with that of the
body (Fig. 62). With the folding in of the splanchnopleure
and the union of the edges of its folds, the tubes are carried
toward each other, and subsequently, by the disappearance
of the tissue intervening between them, their cavities become
one (Fig. 61, B and ). After the formation of the rut-
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Fi6. 62—Transverse section of a sixteen-and-a-half-day sheep-embryo (Bonnet).

tract, therefore, and the simultaneons appearance of the
ventral body-wall, the heart-fundament is a single straight
mesodermic tube, situated in the pharyngeal vegion, in close
relation with the ventral wall of the hod lv, between the latter
and the fore-gut. Reference to Fig. 61, € will show that
the heart-tube is separated from the body-eavity (or ccelom)
on each side 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 posterins. These folds
temporarily divide the upper portion of the body-cavity into
two lateral parts.
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tremity receives the vitelline veins above referred to. Ex-
cessive growth in length, each end of the tube being more
or less fixed in position, necessitates flexion or folding, the
form which the heart-tube assumes in consequence being that
of the letter S placed obliquely (Fig. 64, A). The venous

Fig. 64.—A, heart of human embryo of 215 mm. (Hig): a. troneus arteriosus;
b, primitive ventricle; e, venous segmoent. B, heart of human embryo of about
3mm, (Hig): a, truneus arteriosus; b, venous segment (behind) ; e, primitive ven-
tricle (in front).

limb of the S lies candad and toward the left, the arterial seg-
ment being directed headward and toward the right, so that
the two lie almost in the same coronal plane. These rela-
tions are soon altered by such a rotation around a longitudinal
axis that the venous part of the heart comes to lie nearer
the dorsal wall of the body, with the arterial portion ventral
to it, both being brought at the same time into practically
one transverse plane by the headward migration of the
venous, and the tailward migration of the arterial, moiety.
At this time the heart is relatively so large, and the ventral
body-wall covering it so thin, that the organ appears as if
situated outside of the embryo’s body (Fig. 51, p. 104).
Simultaneously with these alterations in position, the ar-
terial part of the heart is being marked off’ from the venous
segment by a transverse constriction, the former hecoming the
ventricle, the latter the auricle or atrium (Fig. 64, A). The
narrow communication between the two is the aurieular or
atrioventricular canal, which soon acquires the primitive
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ridges or valves, shaves in this partition, becoming thereby
the right and the left auriculoventricular orifices.  The
separation of the atrium, however, is not complete, since
there remains in the septum an aperture, the foramen ovale,
which persists until birth or shortly after.’

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

Fic. 06.—A, section of heart of human embryo of 10 mm, (His): a, septum
gpurinm; b, interauricular geptum ; ¢, mouth of sinug reuniens ; o, right auricle;
e, left auricle: f, aurleular eannl; g, right ventriele ; A, interventricular septum ;
i, left ventriele. B, section of heart of human embryo of about the Afth week
(His): o, septum spurinm: b, aurieular septum; ¢, opening of sinus reuniens
{leader passes through foramen ovale); o, right atrium; ¢, left atrium; J, septum
intermedinm ; g, right ventriele ; &, ventrienlar septum ; 4, left ventricle,

From the internal surface, corresponding to the position of
the suleus, a median centrally projecting ridge appears and
develops into a septum, thus producing the right and the left
ventricles ([Migs. 66 and G7).

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

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

venous blood to mingle with the arterial, the surface of the body is bluish
or evanotic, and a child thus affected is said to be a *“ blue baby."”
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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 interaurienlar septum, and on its ventricular
aspect by the ventricular septum, into a right and a left half
(Fig. 67, B). Since the ridges, at their points of union with
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FiG. 67.—Two diagrams (after Born) to elucidate the ehanges in the mutual
relations of the interventricular orifice and the ogtium interventricnlare as well
g8 the division of the ventricle and large arterics. The ventricles are imagined to
have been divided fnto halves; one looks into the posterior (dorsal) halves, in
which, moreover, the eardiae trabeculs, ete., have been omitted for the sake of
gimplifying the view. A, heart of an embryo rabhit, in which the head is 3.5-5.8
mm. long. The ventricle is divided by the ventricolar partition (ks) into & left
and a right half as far as the Interventricular orifice (04). The right end of the
foramen atrioventriculare commumne (F. or, o) extends into the right ventricle ; the
endocardial cushions (0. e, w ek} are developed. B, heart of an embryo rabbit,
head 7.5 mm. Inng, The endocardial cushions (o, ek, w, ek} of the foramen ateloven-
triculare commune are fued, and thereby the foramen atrioventriculare communge
ig now sgeparated into a foramen atrioventriculare dextrom (£ ae. o) and sinistrom
{F av.g). The ventrieular partition (k=) has likewise fosed with the endocardial
enshions, and has grown forward as far as the partition (£) of the trunces arterio-
sus. By the closure of the remnant of the ostium interventriculare (04 the sep-
tum membranaceum ig formed; ok, right, i, left ventricle; bs ventricular parti-
tion; Pu, arteria pulmonalis; Ae, aorta; s partition of the trunens arteriosns; O,
ostinm interventriculare : F oae. ¢, fornmen strioventrienlare commumne ; £ . il
and F av s foramen atrioventrienlare dextrum and sinistrom; o ck, . ok, upper
and lower endothelial or endocardial enshions.

the septa, fuse likewise with each other, the original orifice
is hisected into the right and left auriculoventricular aper-
tures, the only valves of which are the ridges or enshions in
question,

To trace the further development of the fully formed

valves, it will be necessary to consider the changes which
10
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with trabeculs that have remained museular, the adult mus-
culi papillares.

The semilunar wvalves 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. 69, 4). By the di-
vision of this vessel into the pulmonary artery and the aorta
(Fig. 69, B and C), the lateral leaflets 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, fallz 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. 69, C). In the fully developed heart, however, it is
found that the aorta has two posterior leaflets and one ante-
rior, and that the pulmonary artery presents one posterior

Fia. 60.— Echeme showing division of truncus arteriozus and its valve-leaflets
into aorta and pulmonary artery with their leaflets. The division begins in #, the
lateral leaflets dividing respectively intoa, e, and ¢, . Rotation from right to left
ghown in .

and two anterior segments. In the division of the truncus
arteriosus, the anterior half, or the pulmonary artery, fulls
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.
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the body of the mother, as in the case of birds, reptiles, and
fishes, in which classes the allantois is the organ of nutrition
from the time that the yolk-sac ceases to perform that fune-
tion until development is complete.  In man, however, as in
all other mammals except the monotremes and marsupials,
the allantoic cirenlation may be looked upon as, in a measure,
rudimentary, since it serves to convey nutriment from the
chorion to the fetus only until the formation of the placenta,
The placental system of blood-vessels, appearing
in the third month with the development of the placenta,
includes the prineipal trunks of the former allantoic system,
the allantoic arteries and veins having become the umbilical
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
currents being separated by the very thin walls of the capil-
laries, through which osmosis occurs. The purified blood
returns to the fetus throngh the umbilical veins and reaches
the right auricle through the inferior vena cava, a portion of
it having passed through the liver. The two umbilical veins
which are present for a time fuse subsequently to form a
single vein. The complicated details of the arterial and the
venons trunks, and the relation of the latter to the develop-
ment of the liver and its special system of vessels, may be
advantageously considered in separate sections.

THE FETAL ARTERIAL SYSTEM.

The truncus arteriosus, the large artery which arises from
the, as yet, undivided ventricle of the heart, bifurcates into
two trunks, the first pair of visceral-arch vessels (Fig. 70, 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 eurve downward and pass caudalward, one on each side
of the median line, in front of the primitive vertebral eolumn.
Very soon there arise from the truncus arteriosus below the
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found in the adult. These changes arve due to the atrophy
of some trunks and the preponderance of others,  IFrom the
point where the dorsal extremity of the fourth arch joins
the fifth, a branch passes to the rudimentary arm (Fig. 71).

Vagus nerve.

Frfersal cavolid,

Trternal carotia,
B wfer of i,

Commton caratidf. —__ | |

f // Vertebral arfery,
/\ 1

Recurvend laryugeal Arch af aoria.
HEFTE. :
| J’g’: sabelasians,
Kight subclavian.

o {nctis arieriosus,

Tancminale ariery.

Fulmonary frunk.
Ascending aoria.

Pescending aerii.

Fic. 71.—Diagram {llustrating the fate of the aortie arches in mammals and man
(modified from Hathke).

The first and second arches, except their ventral and dorsal
limbs, undergo atrophy. The ventral limbs of the first and
second arches persist and become the external carotid artery,
while their dorsal extremities, with the third visceral-arch
vessel, become the internal carotid artery. The ventral stem
of the third arch constitutes the common carotid. The right
fourth-arch vessel hecomes the right subelavian, 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-
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For example, if the right fourth arch, which usually becomes
the right subelavian artery, be suppressed from its origin to
the point where the artery for the right upper extremity is
given off, the blood must find its way into the latter vessel
through the dorsal stem of the fourth arch, and this dorsal
stem will then become the right subelavian artery. In such
case, the right subclavian of the adult will be found to arise
from the left extremity of the arch of the aorta and to pass
obliquely upward to the right side of the neck behind the
trachea and the esophagus.

THE FETAL 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-sac in the manner
already described in connection with the vitelline circulation,
The two vitelline or omphalomesenteric veins, which resnlt
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 conrse headward along the intestinal eanal to open
into the eaudal end of the primitive heart-tube (Fig. 70,1, 1).
At a later period they open into the sinus venosus of the heart,
and still later, when the sinus venosus becomes a part of the
general atrial cavity, into the atrium itself. Near their termi-
nation these veins communicate with each other by anastomos-
ing trunks that encircle the future duodenal vegion of the in-
testinal tube. As the volk-sac diminishes in size and impor-
tance, the vitelline veins decrease in caliber, and the umbilical
veins, conveying blood from the allantois and subsequently
from the placenta, functionally replace them. The proximal
parts of the vitelline veins have an important connection
with the cireulation of the liver, as will be seen hereafter,

The umbilical veins, which are developed in the mesodermie
tissue of the allantois, pass from the placenta along the
umbilical cord and, entering the fetal body at the umbilicus,
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portal system, however, may be deferred for separate con-
sideration (see page 161).

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

Fis. 72 —=chematie repregentation of the human venous system, with three
snceessive stages of development (after Hertwig): 1, vena eava inferior; 2, cardi-
nal velns: 3, vena azygos major; 4, vena azygos minor; 5, renal veins; 6, external
iline vein: 7, Internal iliae vein: 8 and 9, common iliae veins; 10, early superior
ven® cave: 11, ducts of Cuvier; 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.

tween the primitive kidneys (Fig. 72, A4,1). This constitutes
the upper or cardiac segment of the inferior vena cava. The
lower extremity of this trunk anastomoses by two transverse
branches with the right and the left cardinal veins (Fig. 72,
B). The cardinal veins of the two sides are further con-
nected by a transverse trunk at their lower extremities and
by one that passes across the vertebral column just below the
heart. In like manner the two superior venw cave commu-
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of which the blood is diverted from these wveins into the
transverse anastomosing branches before mentioned as con-
necting the respective cardinal veins with the lower end
of the unpaired caval trunk (Fig. 72, B and ¢, 5). As
~a result, the lower half of the right ecardinal vc:iﬁ, now
receiving at its distal end the two common iliae veins, he-
comes directly continuouns with the unpaired caval tronk, and
with it constitutes the inferior vena cava. The inferior vena
eava, 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 eardinal vein,
eonveying now a relatively small part of the blood-stream,
becomes the vena azygos major, the termination of which in
the superior vena ecava is explieable 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 iz, the newly-formed left
common iliac vein—the part of the left eardinal vein below
the kidney retrogrades and disappears. The part of the left
cardinal above the renal region lagging behind in growth,
the blood from the left kidney is conveyed to the inferior
vena cava by the transverse trunk that conneets the 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 spermatie 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-
matie 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 thi= point remains an incon-
spicuons vessel, and that part of it intervening between the
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first indication of the separation of this space from the future
ahdominal 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. 73, B and (), the two folds ap-
proaching and finally meeting with the ventral mesentery
in the median plane. The septum transversum thus formed
contains in the region nearer the intestine a mass of em-
bryonal connective tizssue which is called the liver-ridge or
prehepaticus from the fact that the {Im'e]uping liver grows
into it. Since the septum transversum, exclusive of the
so-called liver-ridge, is the primitive diaphragm, it will be
geen 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 abdominal part, as shown in TFig.
73, 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 ecavity. At this stage, then, the four great
gerous sacs of the body, the two pleural, the pericardial, and
the abdominal, are indicated, but are still in free communi-
cation with each other.

The pericardial cavity i= the first one of these to he closed
off ; subsequently the pleural sacs are delimited from the
abdominal space. Just as the transverse septum, which
partly forms the floor of the thoracie eavity, holds an im-
portant relation to the ecourse of the vitelline and the umbili-
cal veins on their wav to the heart, 20 iz a vertical septum

L 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 distinet 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, econneeted 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 carrving it away
from the esophagus (Fig. 74, B), and thus they acquire an
mvestment of serous membrane, which 1s the visceral layer
of the pleura. The Iﬂj‘(:r of serous membrane in contact
with the body-wall is the parietal layer of the plenra. 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. Oeceasion-
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 throngh which a portion of the
intestine may pass into the thoracie cavity. Such a condition
constitutes a congenital diaphragmatic hernia.

The heart and itz pericardial sac occupy 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. 74, B. As the lungs increase in diameter,
they spread out ventrally and gradually displace the parietal
layer of the pericardium (Fig. 74, B) from the lateral wall
of the chest, erowding the pericardium forward and toward
the median plane of the body (see Fig. 74, (') until finally
the adult relationship of these structures is established.

THE PORTAL CIRCULATION.

The cireulation of the adult liver is peculiar in that the
organ is supplied not only with arterial blood for its nutrition
11
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duodenum by trunks that encirele the bowel, these connect-
ing vessels collectively constituting the annular sinus (Fig.
75, B and ). The liver originates from a small diver-
ticulum which is evaginated from the ventral wall of the in-
testinal canal. Growing forward between the folds of the
ventral mesentery, this little tubularysac 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 venz hepaticee advehentes
(Fig. 75, 10, 10). These afferent vessels break up within
the liver into a system of eapillaries, 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 cirenlating 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 vene hepaticwe
advehentes and the vens hepatiese revehentes become obliter-
ated (Fig. 75, B and €). The vitelline veins, therefore,
leave the intestinal canal at the duodenal region and traverse
the liver on their way to the heart. [In this early stage of
the development of the liver, then, it receives ils nutrition from
the yolk-sae, through the vitellive 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. 75, 4, 4, 4). The two
umbilical veins fuse to form one, and this one effects commu-
nications beneath the liver with the venwe hepaticwe advehentes
from the vitelline veins. As the needs of the liver exceed the
capacity of the vitelline veins, more and more of the blood of
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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 eireulation of the fetus at birth and the changes ensu-
ing immediately thereafter may now be easily understood.
The fetal blood being sent to the placenta through the hypo-
gastric or umbilical arteries, receives oxygen there and is
returned to the body of the fetus 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, Iying
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 thenee, 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 auricle, from
which cavity it passes, through the tricuspid ovifice, 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 iz 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 Ithmugh the hypogastric or umbilical arteries to the pla-
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centa for aération. It is evident that no part of the fetal
blood, excepi that in the umbilical vein, is entirely pure, the
venous and the arterial blood being always more or less
mixed,

With the detachment of the placenta at birth, several
marked alterations occur. The eirculation through the
umbilical vein ceases, that part of this vessel which inter-
venes between the umbilicus and the portal fissure of the
liver becoming, in consequence, an impervious fibrous cord,
the round ligament of the liver. The ductus venosus like-
wise suffers obliteration. Since the lungs now assume their
proper function of respiration, the communication between
the right and the left sides of the heart and also that between
the pulmonary artery and the aorta cease. Hence, the re-
spective avenues for these ecommunications, the foramen ovale
and the ductus arteriosus, become obsolete. There being no
further need for the hypogastric (umbilical) arteries, the cir-
culation through them ceases, and they become mere cords
of fibrous tissue, whose presence is evidenced by two ridges
in the peritoneum on the inner surface of the anterior wall
of the abdomen. The proximal parts of these arteries persist,
however, as the superior vesical arteries,
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blastodermic vesicle into the body of the embryo and the
embryonic appendages. It will be remembered that, after
the splitting of the parietal plate of the mesoderm into its
two lamellse, and the union of the outer of the layers with
the ectoderm and of the inner with the entoderm to form
respectively the somatopleure and the splanchnopleure, these
two double-layered sheets undergo folding in different direc-
tions. Before the folding oceurs, the germ is a hollow
sphere whose cavity is the archenteron and whose walls
are the somatopleure and the splanchnopleure.!  While the
somatopleure in a zone corresponding with the margin of the
embryonic area becomes depressed and is earried under that
area to form the lateral and ventral body-wall of the embryo
(Plate II., Figs. 2, 3, and 4), and also more distally folds
up over the area to produce the amnion and the false amnion,
the splanchnopleure, likewise in a line corresponding with
the periphery of the embryonic area, is depressed and carried
inward from all sides toward the position of the future
umbilicus. This folding in of the splanchnopleure effects
the division of the archenteron into two parts, a smaller
cavity falling within the body of the embryo, which latter
is forming at the same time, and a larger extra-embryonic
compartment, which is the yolk-sac or umbilical vesicle. The
intra-embryonic cavity is the gut-tract. The constricted
communication between the two is the vitelline duct. While
the vitelline duet iz still a rather wide aperture, the anterior
and posterior parts of its intestinal orifice are designated
respectively the anterior and the posterior intestinal portals.

As the somatoplenre closes in around the vitelline duet, it
forms the wall of the abdomen, the opening left, which is
traversed by the duet, being the umbilical aperture,

It is evident therefore that the lining of the gut-tract is
constituted by the innermost germ-layer, the entoderm, and
that all its epithelial elements are consequently of entodermic
origin,. The folding in of the splanchnopleure begins at
about the end of the second week, and is so far advanced

i Strictly speaking, the somatopleure and the splanchnopleure are not
formed before the folding oceurs, but the processes go on at the same time.
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Fia. 78.—Reconstructions of human embryo of about seventeen days (His) : on,
optie and of, otic vesicles: ne, ne’, notochord ; hdy, head-gut; g, mid-gut ; hg, hind-
gut: vs, vitelling sac; 4, liver; v, fa, primitive ventricle and truncus arteriosus;
pa, da, ventral and dorsal aorte; aa, aortie arches; jr, primitive jugular vein; ev,
eardinal vein: dC, duct of Cuvier; up, ua, umbilical vein and artery; al, allantois;
ue, nmhbilical cord.

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

The closed head-end of the gut-tube corresponds with the
floor of the primitive mouth-cavity, the two spaces being
separated by a thin veil of tissue, which consists of the
entoderm and the ectoderm and.is called the pharyngeal
membrane (Fig. 79). A considerable proportion of the so-
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Fi5. 79.—Median section through the head of an embryo rabbit 6 mm. long
{after Mihalkovies): #h, membrane between stomodanm and fore-gut, plaryngeal
membrane (Rachenhaut): hp, place from which the hypophysis is developed ; A,
heart: kd, lomen of fore-gut; of, chorda: », ventricle of the cerebrum; »?, third
ventricle, that of the between-brain (thalamencephalon); »4, fourth ventricle, that
of the hind-brain and after-brain (epencephalon and metencephalon, or medulla
oblongata); of, central eanal of the spinal cord.

called head-gut constitutes the primitive pharynx.  This
region of the tube has a relatively large caliber, and pre-
sents on its lateral and ventral walls the series of recesses
or evaginations known as the throat-pockets or pharyngeal

pouches (Fig. 60).
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While the inner, entodermic layer of the gut-tube becomes
the intestinal mucosa, the outer, mesodermic stratum produces
the muscular and the connective-tissue parts of the bowel-
wall, the most superficial layer of the latter with its meso-
thelial or endothelial cells forming the visceral layer of the
peritoneum. Since the mesodermic layer of the splanchno-
pleure of each side is continuous with the corresponding
mesodermic layer of the somatopleure on either side of the
embryonic axis, the primitive intestinal canal has a broad
area of attachment with the dorsal wall of the body-cavity
(Fig. 80). The ventral wall is likewise connected with the

IWesoderm.
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Fia, 80, —Transverse section of a sixteen-and-a-half-day sheep-embryo ( Bonnet)

.
ventral body-wall throughout the anterior or upper part of
its extent by the continuity of the splanchnopleurie 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 angmented, in conse-
quence of which the masses of connective tissue uniting the
dorsal and the ventral surfaces of the gut with the corre-
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sponding walls of the body-cavity become drawn out 5o as to
constitute in each case a median vertical fold consisting of
two closely approximated layers of serous membrane with a
little connective tissue between them. These folds are the
dorsal and the ventral mesenteries (Fig. 81). While the

A
Fic. 8l.—Diagrammatic eross-sections of the body of the embryo in the region
of the heart at level of future diaphragm : a, esophageal segment of gut-tract; b,
dorsal mesentery; ¢, mesocardium posterius; d, mesccardinm anterius; & begin-
ning of septum transversum, containing vitelline and allantoie veins: f, septum
transversum ; g, thoracic prolongation of abdominal cavity ; ne, neural eanal.

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

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

To repeat, we have now, in the third week of development,
the alimentary canal represented by a single straight tube
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vitelline veins, which bring the blood from the yolk-sac and
convey it to the primitive heart. On the ventral wall of the
gut is the wide aperture of the vitelline duet. Farther
caudad, also on the ventral surface of the bowel, is the orifice
of the allantois. These conditions may be better understood
by reference to Figs. 78 and 82. Before tracing the further
development of the abdominal part of the alimentary system,
it will be proper to note gertain very imlmrt;mt. processes
pertaining to its anterior or head-extremity, and also to con-
sider the formation of the anus.

THE MOUTH.

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

The oral cavity is produced by a folding in of the surface-
ectoderm, the fossa thus formed becoming deeper until it
meets the head-end of the gut-tract. From the walls of this
fossa the salivary glands are developed as evaginations, in the
manner already described, while the teeth are specialized
growths of its ectodermal lining and of the underlying meso-
derm (vide p. 125). The first intimation of this infolding
is apparent at the twelfth day in the form of a localized
thickening of the surface-cells on the ventral surface of the
body of the embryo near the head-end. The thickened area
is the oral plate, which speedily becomes depressed, produc-
ing the oral pit or fossa. By the third week, the oral fossa
or stomodeum is a well-marked pit of pentagonal outline, its
boundaries being the nasofrontal process above, the maxillary
processes laterally, and the mandibular arches below. The
original oral plate, having receded farther and farther from
the surface and forming the posterior limit of the mouth-
cavity, now separates that cavity from the pharyngeal region
of the gut-tube and comes into contact with the anterior wall
of the latter. It i= called the pharyngeal membrane (Fig. 79).
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absent from the pharyngeal pouches, the ectoderm and the
entoderm are in contact, and constitute the closing membrane.
As previously mentioned, this closing membrane ruptures in
aquatic vertebrates, in consequence of which the pharyngeal
cavity in such animals acquires a number of openings. In
man, as in other mammals, and in birds, such rupture prob-
ably never occurs. Since the visceral arches and clefts are
fully considered in Chapter V1L, it will be necessary in this
connection to refer only to such derivatives of them as per-
tain directly to the pharynx.

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

The third pharyngeal pocket or third inner visceral cleft,
by an evagination of its entodermal epithelinum, gives rise to
the epithelial parts of the thymus body, the conneetive-
tissue elements of this “ gland 7 being furnished by the meso-
dermic cells which surround the epithelial diverticulum and
ultimately enclose and isolate its branching processes. In a
similar manner, the fourth pocket produces the lateral lobes
of the thyroid body.

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

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

The tonsil develops as masses of lymphoid tissue about

]l'r
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tive tail, and since the axis of the body becomes ventrally
curved, the anal plate is earried around somewhat toward
the ventral aspect of the body. During the following fort-
night the anal plate becomes depressed so as to form a small
fossa, which is often designated the anal pit or proctodeum.
The position of the anal pit does not correspond, in any
vertebrate, to the end of the intestine, but to a point short
of it ; the gut, therefore, extends beyond the position of the
anus. This portion of the bowel is the postanal gut of ver-
tebrate morphology. Ultimately it entirely disappears,
While the anal pit is forming, the allantois is growing
forth as a diverticulum from the ventral wall of the gut
(Fig. 84). The intra-embryonic part of the allantois is

Fro. 84.—8agittal section of candal extremity of cat embryo of & mm. : 1, eloaca ;
2 cloacal membrane; 3, intestine; 4, post-anal gut; 5, allantoic canal; 6, chorda
dorsaliz; 7, medullary canal (Tournenx).

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

The surface depression referred to above as the anal pit is
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tois are connected with its ventral surface (Fig. 82). The
umbilical vesicle having reached the limit of its development
in the fourth week and having begun to shrink, the vitelline
duct likewise begins to retrograde and very soon becomes
an inconspicuous structure.

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

Middfe fobe
of thyreid gmland,
i ¢ Pharyngeal
Thymns gland. JFonches.
Lateral fobe
of thyroid gland.
Trackea,
Ln::__,-f.
Stowrach.
MRCPEAS,

Rické lobe of Hoer Left Iobe of liver,

Suialf cntestine.

Vitelline aduct.

Lavee infestine,

F1c. 85 —Scheme of the alimentary ¢anal and fts accessory organs (Bonnet).

latation is the beginning of the future stomach. The part
of the canal on the cephalic side of the stomach lags behind
somewhat in growth, corresponding in this respect with the
relatively smaller size of the adult esophagus. The esoph-
agus begins to lengthen in the fourth week. At this time,
also, the beginning of the liver is indicated by a small diver-
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It may be said then that the gut-tract has now, in the
fourth week, reached the stage of differentiation into the phar-
ynx, the esophagus, the stomach, and the intestine, with the
liver, the pancreas, the respiratory system, and the allantois
fairly begun.

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

Fig. 87.—Outline of alimentary eanal of human embryo of thirty-five days
(His): pb, pituitary fossa; fg, tongue; le, primitive larynx; o, esophagus ; e,
traches; Ig, lung; & stomach ; p, panereas; hd, hepatic duct; ¢, cmenm; of, clonea ;
E, kidney; e, anus; gp, genital eminence ; £, candal process.

sists therefore of the entoderm and the visceral mesoderm—
although destined to produce in part the permanent bladder,
functionates for a time, after its union with the false amnion
to form the chorion, as an organ of respiration ; while the
permanent respiratory system, as we have seen, likewise
develops from the entodermal epithelium of the gut-
tract. The entoderm, therefore, sustains an important re-
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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 increased
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, cecum, 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 eecum and a part of the colon, is lifted, as it were,
over the upper limb and comes to occupy a position above it
(Fig. 89, A), the cecum assuming a position in the right

Fic. 8. —Three successive stages showing the development of the digestive
tube and the mesenteries in the human fetus (modified from Tourneux): 1, sLloam-
ach; 2, duodenum; 3, small intestine ; 4, eolon; 5, vitelline duet ; &, cmenm ; 7, great
omentum ; 8, mesoduodenum ; 9, mesentery ; 10, mesocolon. The arrow points Lo
the orifice of the omental bursa. The ventral mesentery is not shown,

hypochondriac region, and the colon passing thence frans-
versely across the abdomen ventrad to the duodenum,
This shifting of position on the part of the colon brings
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by which the lower or pyloric extremity moves somew hat
upward and to the right, and the cardiac end goes tailward
(downward) and to the left (Fig. 89). By this double rota-
tion the stomach is made to assume approximately its adult
position. The longitudinal rotation of the stomach, in which
the lower portion of the esophagus takes part, explains the
relation of the vagus nerves in the adult. The nerves, before
the rotation, lie one on each side of the esophagus and stom-
ach, but since the left surfaces of both turn forward and the
right surfaces turn backward, the left vagus lies on the
anterior surface of the esophagus and of the stomach, while
the right nerve is in relation with their posterior surfaces.

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

In like manner the ventral mesentery (Figs. 82 and 90),
which connects the anterior or ventral surface of the stomach
with the ventral body-wall, and in which the liver develops,
is altered from a mesial fold to a transverse fold by the rota-
tion of the stomach. As the liver migrates to a position
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distinetion between inner circular, and outer longitudinal,
layers. The surface-cells of the mesodermic stratum of the
primitive stomach and bowel become the endothelium of the
serous coat.

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

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

The glands and villi of the intestine are likewise produets
of the entodermal lining of the gut. Their evolution begins
in the second month, and they are fairly well formed by the
tenth week. As in the case of the gastric glands, the glands
of the bowel develop from cylindrical masses of entodermal
cells which are at first solid, but which later become hollowed
out to form tubular depressions or follicles. In the region
corresponding to the upper part of the small intestine many
of these follicles branch to give rize to the glands of Brunner,
while unbranched, simple, tubular depressions distributed
throughout the entire length of the bowel become the glands
of Lieberkiihn. While the surface entoderm is thus growing
into the underlying mesodermie tissue to form the glands, it
becomes elevated into minute projections between the mouths
of the gland-duets, forming the villi of the intestinal mucosa,
The connective-tissue core of the villus is derived from the
underlying mesodermic tissue, the cells of which, proliferat-

¢ ing, grow forth into the entoderm. The villi at first are
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ticulum in a human embryo of 3 mm. The single diver-
tieulum ' very speedily bifurcates at its distal extremity (I'ig.
85). The very short time that elapses between the first
appearance of the evagination and its division into two
branches explains the statement made in some text-books
that two diverticula are present from the first. The hepatic
diverticulum is said to grow into the septum transversum
(vide Development of the Diaphragm, p. 158). The dorsal
part of the septum transversum or primitive diaphragm, the
region just ventral to the bowel, containg a mass of young
connective tissue, rich in cells and blood-vessels, which has
been designated the prehepaticus, and the liver-ridge, by His
and Kolliker respectively (Fig. 78).
and cellular mass that the liver
diverticulum inserts itself, The
geptum transversum is united in
the median plane of the body with
the ventral mesentery, and since
the ventral mesentery is connected
withtheregionoftheintestine from
which the hepatic diverticulum
is evaginated, the latter passes
between the two lavers of the
mesentery to reach the liver-
ridge (Fig. 90). This fact con-

It is into this vasceular

Fig., . =Diagram to show the
original positions of the liver,

stitutes the key to the topo-
graphical relations of the liver
and its peritoneal *ligaments,”
as will appear hereafter.

The two diverticula resulting
from the division of the original
single evagination embrace be-
tween them the two vitelline
veins, and by repeated branch-
ing produce the right and the
left lobes of the liver. DBefore

gtomach, duodennm, pancreas, and
gpleen, and the ligamentous appa-
ratug pertaining to them. The
organs are seen in longitudinal
section = L liver; m, spleen; », pan-
ereas ; dd, small intestine ; dy, vitel-
line duet : Md, ceecum ; md, rectum ;
ke, lesser curvaiure; g0, greater
eaurvature of the stomach: mes,
mesentery;  En, omentum
(lig. hepatogastrienm and hepato-
duodenale) ; 15 ligamentum sus-
pensorium hepatis (Hertwig).

lesser

hranching, the diverticula

become greatly thickened at their distal extremities by

1 Single, according to His, Kolliker, Hertwig, Minot, and Piersol.
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septum transversum, the liver will be found, in the early
stages of its development, embedded between the lamelle
of this mesentery, which is a median vertical fold of peri-
toneum (Fig. 90). The liver is therefore enclosed in the
peritoneum and is connected below, by a part of the ventral
mesentery, with the lesser curvature of the stomach, which
gtill lies in the median plane of the body, and above and in
front, with the diaphragm and the ventral body-wall by the
upper and anterior part of the same structure. The latter
fold iz somewhat modified by the intimate association of the
early stage of the liver with the primitive diaphragm, the
liver having developed within a portion of the septum trans-
versum, the liver ridge. As development advances, a par-
tial separation of the liver and the diaphragm is effected, the
peritoneum, as it were, growing between the two from both
the ventral and the dorsal edges of the liver, The region
which is not invaded by the peritoneum represents the non-
peritoneal surface of the adult liver between the lines of re-
flection of the two layers of the coronary ligament. Since the
peritonenm on the under surface of the diaphragm is reflected
from that musele, both in front of and behind this area of
contact, to become continuous with the peritoneum on the
convex surface of the liver, there are formed two transverse,
parallel, but separated, folds which constitute the coronary
ligament of adult anatomy. The lateral prolongations of
these folds to the lateral wall of the abdomen constitute the
lateral ligaments of the liver.

The rotation of the stomach to assnme its permanent rela-
tions alters the position of the fold that connects its lesser
curvature with the liver, bringing this fold into a plane par-
allel, approximately, with the ventral wall of the abdomen.
This fold is now the lesser or gastrohepatic omentum.

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

13
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first step in its development, recognizable at about the
end of the second month, is the acecumulation of numerous
lymphoid cells with large granular nuclei. The mass is ang-
mented by the addition of cells immediately beneath the
peritoneal surfaces of the mesogastrium, 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-vessels and from those of the fusiform aggerega-
tions, processes 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 nucle-
ated 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 corpuscles appear
before the end of the fourth month. By the sixth month,
the spleen attains its characteristic shape and the fibrous cap-
sule is clearly indicated.

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

THE EVOLUTION OF THE PERITONEUM.

- The arrangement of the peritoneum being subordinate to
the position and relations of the viscera contained within the
abdomen, the development of this complex membrane can be
properly described only by tracing the growth of the digestive
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two lamelle of the mesoderm are continuous with each other
through the medium of the mesenteries mentioned above
(Fig. 92, 4 and B). The space thus enclozed by the meso-
dermic strata is the body-cavity or ceelom or pleuroperitoneal
cavity. The surface-cells of both strata flatten and assume
the character of mesothelial, the later endothelial, cells. If,

Fig. 92.— 4, B, two transverse sections, A through thoracic, B through abdom-
inal region; C, sagittal section (Tourneux) : 1, dorsal mesentery; 2 ventral mesen-
tery ; 8, mesocardium posterius; 4, megocardinm anteriug: 5 lesser omentum ; 6,
suspensory ligament of liver; 7, esophagus; 8, lungs; 9, heart; 10, panereas; 11,
stomach: 12, liver: 13, spleen ; 14, loop of intestine with vitelline duct; 15, caecum ;
16, trachea.

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

This simple arrangement of the primitive peritoneum is
transformed into the complicated membrane of the adult,
primarily, by the inerease in length and consequent tortuosity
of the alimentary tube; and, secondarily, by the fact that
certain opposed portions of the serous membrane, which have
been brought into contact by the altered relations of the
bowel and the stomach, undergo conecrescence or fusion
with each other. Simultaneously with these alterations, the
original pleuroperitoneal cavity suffers division into the ab-
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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
gastm-intcstinal tube in the possession of the common dorsal
mesentery, loses its mesenterial connection with the abdomi-
nal wall and becomes thereby a fixed part of the intestine.
Mention was made above of the fusion of the transverse
mesocolon with the peritoneum of the ventral surface of the
duodenum. At about the same time, the duodenal mesentery
(Fig. 89, A) fuses with the parietal peritoneum of the poste-
rior abdominal wall, the result being that the lower layer of

Fia, 93.—A4, B. Two successive stages of the development of the mesenteries
{schematie representation showing sagittal axial geetion of trunk, after Gegenbanr
and Hertwig): 1, stomach; 2, duodenum; 3, trinsverse aolon @ 4, small Intestine;
5, panereas; G, liver; 7, lesser omentum ; &, 10, different stages of great omentom
9, transverse mésoeolon; 11, mesentery : 1s, Suspensory ligament of liver; 16, cay-
ity of omental bursa or lesser peritoneal sac; 14, dinphragm.

the transverse mesocolon, as it passes downward, is now con-
tinuous with the parietal peritoneum, there being no longer
any serous membrane between the transverse part of the
duodenum and the abdominal wall (Fig. 93, B). This part
of the duodenum therefore becomes retroperitoneal, there
being an investment of serous membrane only on its anterior
or ventral surface.
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dorsal wall of the abdomen, where its two lamelle separate
to enclose the pancreas, one lamina passing over the ventral
surface of the panereas to become continuous with the paricetal
peritoneum, while the other layer passes between the pancreas
and the abdominal wall. The latter layer is in continuity
here with the parietal peritoneum, which almost immediately
leaves the abdominal wall to form the upper layer of the
transverse mesocolon.

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

The great omentum of descriptive anatomy, resulting from
the downwardly projecting process of the omental bursa,
consists originally of two layers of membrane, each one
having two serons surfaces. At the time of bhirth these
two layers are still separate—the permanent condition in
some mammals—but during the first year or two after birth
they become adherent, the great omentum thus coming to
comprise but a single layer.
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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 communieation between the two, the foramen of Winslow,
situated behind the free right border of the lesser omentum,
is the constricted orifice of the early omental bursa.

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

The peritoneum does not acquire all the characteristic
features of a serous membrane until about the third month.
The histological alterations begin in the fourth week, from
which time until the sixth week the superficial cells, the
mesothelium, pass through various phases of fransition to
reach the condition of somewhat flattened elements. By the
eighth week they have acquired the form of true endothe-
lium. 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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Anatomieally 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-
upment of the hmgs i= the ont- Fia. Q&—Tmnsvcr;an:-, gection to show

¥ R : i outgrowth of pulmonary anlage from
pouehmg “{. 1‘.11(‘_! ‘E“tr'jl “ﬁll gut-inbe (after Tourneux): 1, dorsal

of the esophagus throughout mesentery; 2, ventral mesentery in-

s ¢ eluding %, mesocardium posterins; 4,
its entire length. The lon- sy it

mesocardium anteriug ; 7, esophagus;
gitlldinﬂl median CrOOve thus & diverticulum which becomes the
. lungs, the trachea, and the larynx;
formed is the pulmonary groove. o neart.
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, =0 that the tube retains 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 ecommon pedicle with the primitive pharynx (Figs. 95
and 96), and this condition is present in the fourth week.

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






THE THYROID AND THE THYMUS BODIES. 207

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 cilia.
From the anatomical standpoint, the lungs now present the
characters of compound saccular 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.

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

The development of the pleurz has been deseribed in con-
nection with that of the pericardium and of the diaphragm

(p. 158).
THE THYROID AND THE THYMUS BODIES.

These organs may be considered in this connection, as a
matter of convenience and because of their embryological
relationship to the respiratory system, being developed, like
the latter, from the epithelium of the gut-traet.

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

The median portion originates from an evagination of the ven-
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hyoid bone ; and again, according to His, isolated persistent
segments of the duct constitute the little vesicles in the
neighborhood of the hyoid bone which are known respect-
ively as the accessory thyroid, and the suprahyoid and pre-
hyoid glands.

The lateral lobes of the thyroid body begin their devélop-
ment somewhat later than does the median lobe. In the
embryo of 10 mm., the fourth inner visceral furrow or throat-
pocket of each side pouches out to form a vesicle (Fig. 99,
8). As the vesicle grows, its pedicle becomes attenuated and
finally disappears. After their isolation from the throat-
pockets, the vesicles give out small bud-like processes after
the usual manner of the development of glands and gradu-
ally approach the median lobe (Fig. 100, B). The three parts

Halr b e |
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Fig, 100 —Semi-diagrammatic illustrations to show the ultimate position of the
thymus, thyroid gland and aceessory thyroid gland on the neck of the chick (4)
and the ealf (B), after de Meuron ; &, thyroid gland ; nad, accessory thyroid gland ;
th, thymus; ', accessory thymus; fr, trachea: A, heart; o, vena jugularis; ea,
carotid vein,
unite probably in the seventh week. In the vertebrates
below mammals the lateral parts of the thyroid do not unite
with the median segment, and in certain animals they remain
widely separated from it as the suprapericardial bodies.

After the union of the three portions of the gland, the latter
consists of a network of cords of cells, the meshes of which
reticulum are occupied by embryonal connective tissue. Sub-
sequently the cords of cells become hollowed out and exhibit

14



210 TEXT-BOOK OF EMBRYOLOGY.

alternating enlargements and constrictions, By the inerease
of the constrictions the continuity of the eell-cords is inter-
rupted at short intervals, and so the network is converted
into numerous closed follicles lined with epithelium, the forma-
tion of follicles beginning in the eighth week. The follicles
later undergo econsiderable inerease in size on aceount of the
seeretion by their epithelial cells of a peculiar colloid material,
characteristic 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 Thymus.—What remains of the thymus after the
second year of life is made up chiefly of lymphoid and con-
nective tissue, embedded in which are characteristic little
epithelial bodies, the corpuseles of Hassall.

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

The entodermal epithelinm of the third inner pouch be-
comes evaginated (Fig. 99) to form an epithelial sae whose
connection with the pharyngeal cavity is subsequently lost.
The isolated and elongated sac soon gives ont small lateral
buds or processes at the distal extremity. While the original
sac has from the first a cavity, the bud-like branches are
solid masses of epithelium. The branching continues and
affects not only the lower or distal extremity of the thymus
sac but also the proximal end, the structure now resembling
an acinous gland (Fig. 101). While this growth is taking
place, the epithelial mass is being invaded by lymphoid cells
and young connective tissue with developing blood-vessels.
The encroachment by these elements continues to such an

R e
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extent that lymphoid tissue becomes the predominant con-
stituent of the thymus, the epithelial parts suffering redue-
tion, relatively, and becoming finally broken up into isolated

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

Fre. 101, —Thymus of an
embryo rabbit of sixieen
days (after Kolliker), magni-
fied ; a, canal of the thymus;
b, upper, e, lower end of the
OTgan.

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

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

Axial zene, Newral canal,

Sarerte.

Lateral zomne. Cawdly within somile,

Body-wadiz, 55 f-!_‘:-_q:, it fiz )| Farietal mesadire,
-Ehfy s 8 WAL S ey
g ey 1..;#;;_1 3 -"-'im* i
Lateral plates for -J‘J‘J{_‘l_f J{t"rﬁ&m;&* E Plenvaperiioneal
gut-dract, :E"" e CaTILY.

Y Gt emioderm,

Frimifive aorie.

Fritelfine vefn.
Fre. 102.—Tranverse section of o geventeen-and-a-half-day sheep embryo (Bonnet).

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

The Mesonephros or Wolffian Body.—As in the case of the
pronephros, the origin of the mesonephros is to he found in
the parietal mesothelium of the hod y-cavity or ewelom. Ref-
erence has been made, in treating of the primitive segments,
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Fia. 105.—Transverse section of soventeen-day sheep embryo (Bonnet): am,
amnion ; ag, amniotic sac; n, neural canal; & somite differentiated into muscle-
plate; Wd, Wolfllan duct; Wb, Wolflian body; pm, parictal mesoderm ; v, vis-
c¢eral mesoderm : a, a, fmsing primitive aorte; 7, intestine.

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

L |

Fia. 106.—Disposition of the genito-urinary organs in the embryo of the hog—
6.5 cm (2.2 in.) long (Tourneux): 1, Wolffian body ; 2, ovary; 8, inguinal ligament
4, diaphragmatic lignment; 5, stomach ; 6, intestine ; 7, bladder; & umbilical artery.

the primitive vertebral eolumn, and opening at the caudal end
of the embryo into the cloaca ; and of a series of transverse
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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 seale of
evolution.

The Metanephros or Permanent Kidney.— W hile the Wolffian
body is temporarily performing the office of a kidney, a
structure is evolving from its caudal extremity which is
to form the permanent organ. It has been stated that
the duct of the Wolflian body opens into the cloaca,
From this cloacal end of the duet, a little diverticulum or
evagination (Fig. 104) grows forth and soon lengthens
into a tube which extends head-
ward toward the position of
the Wolffian body. The upper
or anterior end of the tube
branches to form a number of
smaller tubes (Fig. 107). At
the same time, the surrounding
indifferent mesodermic  tissue
(Fig. 108) is altered in charac-
ter, becoming condensed and vas- M7

; Fig. 107.—Diagram to show exten-
cular. The blind end of each ion and branching of kidney evagi-
little tube, hecoming dilated and ;ﬁmI:::_'“l;;:mf[;ﬂ:;': fl.rp':ilﬂf.':-i
gacecular, is invaginated by capil-  ureter: p, pelvis of ureter; W,
lry blood-vessels. This. trans- Yo duc 2 adder; e
formation produces the Mal-
pighian corpuscles. The sacculated end of each tubule is now
a capsule of Bowman, while the tuft of capillaries enveloped
by it is the glomerulus. It should be borne in mind that the
glomerulus is not contained within the cavity of the tubule,
but that the dilated end of the latter, still a shut sae, folds
around the tuft of capillaries, enclosing it within a two-
lavered wall.

The tubules, assuming tortuous and convoluted form,
owing to excessive growth in length, constitute the urin-
iferous tubules of the adult kidney. According to Minot,
the capsule of the kidney, which is produced by the sur-
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are derived solely from this source is not as yet definitely
made out.

The origin of the suprarenal body is variously ascribed by
different investigators—1, to a group of connective-tissue
cells found at the upper end of the primitive kidney; 2, to
the germinal epithelium of the anterior or head-end of the
genital ridge; and 3, to epithelial outgrowths from the
mesonephros or primitive kidnev. The last named is re-
garded by Hertwig and by Minot as being the most probable
source. The epithelial outgrowths referred to bud forth from
the glomeruli of the primitive kidney and divide, each into
two branches, one of which grows into the indifferent sexual
gland to produce a part of its structure (as deseribed in the
sections on the ovary and on the testis), while the other turns
dorsad and spreads out to form eventually the cortical part
of the suprarenal body.

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

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

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

! Entwickelungsgeschichte, fifth edition, Jena, 18496,






PLATE VII.

Diagrammatic representation of the development of the genito-urinary system, the
Wolffian body and its derivatives being eolored red, the Millerian duct and its de-

rivatives, green: 1, indifferent type; 2. indifferent type, later stage, the Wolflian and

Miillerian ducts and the primitive ureter now opening into the urogenital sinus;

3, male type, lower ends of Milllerian ducts fused to form the sinus pocularis; 4.
female type.
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Further differentiation of the genital ridge results in its
transformation into the so-called indifferent sexual gland (P'late
VII,, Fig. 1), a structure common to both sexes at this stage.
The essential feature of this process is that the thickened
mesothelial cells overlying the genital ridge become modified
in character and penetrate the ridge in the form of cords or
strands of cells. These mesothelial elements were called by

Fia. 100, —Cross-section throngh the mesonephros, the fundament of the Miil-
lerian duct, and the sexual gland of a chick of the fourth day (after Waldeyer),
magnified 100 diameters: m, mesentery; L, somatopleure; o', the region of the
germinal epithelium from which the Miillerian duct (z) has been invaginated; a,
thickened part of the germinal epithelium, in which the primary sexual cells, O
and o, lie; E modified mesenchyme out of which the stroma of the sexual gland
is formed ; WK, mesonephros; i, mesonephric duct.

Waldeyer the germinal epithelium, becanse, after their exten-
sion into the interior of the ridge or gland, they give rise to
the germ-cells, namely, the ova or the spermatozoa as the case
may be. The cell-cords include two kinds of elements, the
smaller mesothelial cells and the primitive sexual cells, which
latter are larger and less numerous than the mesothelial cells
and have large nucleolated nuclei. The primitive sexual
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surrounding mesoderm, the sexual cords are divided into
roundish masses, each of which is made up of many of the
smaller elements and a less number of the large seminal
cells. These follicle-like masses become hollowed out to
form the seminal ampulle, which afterward, by undergoing
great increase in length, are transformed into the seminiferous
tubules. During fetal life, however, and even to the period
of puberty, the “ tubules” remain solid cords of cells. The
exact relation of the two kinds of cells to the production of
the spermatozoa, whether or not the small cells give rise to
Sertolli’s columns, and the primitive seminal cells to the
spermatozoa, is still involved in obseurity.

Spermatogenesis, or the development of the spermatozoa
from the cells that line the seminiferous tubules of' the fune-
tiohating testicle, has been considered in Chapter 1.

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

Fig. 110.—Internal generative or- from the transformation of the
eeks (Waldosery: ¢ tosones o oo indifferent genital gland, the
didymis; ﬂ",t\"u'ulll'mn duet; w, lower  secretory cells having ﬂ]ﬁil‘
::?E ::L:i!.;.:lmun body; g, gubernacu- {lrigin in the germinal epithe-

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

The series of tubules connected with the upper extremity
of the Wolffian duct, the remnant of the pronephros or head-
kidney, frequently persists as a little pedunculated sae at-
tached to the upper part of the epididymis; it is known as
the stalked hydatid and sometimes also as the hydatid of
Morgagni. The posterior or lower set of 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).

The duct of Miiller remains atrophie, in the male, throngh-
out its entire extent, and in fact, with the exception of its
two extremities, it usnally 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 duet, uniting with its fellow, becomes
converted into the sinus pocularis or uterus masculinus of the
prostate gland (Plate VIL., Fig. 3). If the intervening part

e

.

“}.ﬂ" e ol of sy e i s,



THE INTERNAL GENERATIVE ORGANS. 225

of the tube persists to post-natal life and remains patulous,
it is known as the duct of Rathke.

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

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

! Non-descent of the testicles, with consequent emptiness and flabbiness
15
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epithelium (IFig. 109). Coincidentally, the primitive connec-
tive tissue—mesodermic tissue—underlying the germinal
epithelium proliferates, contributing to the thickness of the
genital ridge. By the sixth
or seventh week, the ger-
minal epithelium consists of
several strata of cells, groups
of which begin to penetrate
the underlying mesodermic
tissue in the form of cord-
like processes (Fig. 112,
¢, sch). The indifferent
mesodermic tissue at  the
same time increases in quan-
tity, in turn penetrating
between the groups of ad-
vancing cells, so that what w.
takes place might be de- fuasofabont fourtoen weeks (Waldeyen
seribed as a mutual inter- @ ovary: ¢ epophoron or parovarium;
. w', Wolffian duct; m, Millerian duct: i,
growth. The presence of 1ower part of the WolMian body.
the growing connective tis-
sue accentuates the grouping of the cells into cylindrical
masses. These latter are the sexual cords or egg-columns
(Piiger’s egg-tubes). They contain two special kinds of
cells, the large sexual cells or primitive ova (Ifig. 112, we),
and the smaller but more numerous mesothelial cells.
The conneetion of the sexual cords with the germinal epi-
thelium is mueh more obvions in this ease than in the
case of the developing testicle, and the primitive sexual eells
are much more abundant. The egg-columns, surrounded by
young conneetive tissue, constitute the nucleus of the cortical
part of the future ovary. This mass is later sharply marked
off from the free or peritoneal aspect of the gland, the region
of the germinal epithelium, by a zone of proliferating meso-
dermic ecells which become the tunica albuginea of the ovary.
An important change now takes place in the egg-columns ;
the primitive ova, or large sexual cells, inerease in size, their
nuclei becoming especially well developed, while the small
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The question of the origin of the follicular ecells is still an
unsettled one, though it seems probable that they are derived
from the cells of the egg-columns, and Minot believes that
they are probably descended from the primitive ova.

The formation of new Graafian follicles, and consequently
of ova, begins in the deeper part of the ovary and advances
toward the surface. The production of ova and follicles is
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Fie. 112.—Section of human ovary, ineluding cortex @ a, germinal epithelivm
of free surface; b, tunica albuginea; ¢, peripheral stroma containing immature
Graafian follicles (d); e well-advanced follicle from whose wall membrana granu-
loga has partially separated ; f, cavity of liguor folliculi; g, ovum surrounded by
cell-mass constituting diseus proligerus (Piersol).

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

What has been =aid above refers to the development of the
cortex of the ovary. The medulla is produced by the growth
toward the egg-columns of cord-like processes, the medullary
cords, from the epithelial walls of’ the Malpighian corpuscles
of the primitive kidney or Wolffian body, the cords becoming
surrounded by connective tissue and forming a network. The
fetal medullary cords are represented in both the cortex and
the medulla of the mature ovary by the groups of interstitial
cells disposed between the bundles of the stroma-tissue,
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persists, as in the male, in the form of a small pedunculated sae,
the stalked hydatid or hydatid of Morgagni. When present, it
is to be found in the broad ligament, in the neighborhood of
the outer extremity of the ovary. The middle or sexual
series of the Wolflian tubules with the adjacent part of the
Wolffian duct, which, in the male type, develop into the
epididymis, become in the female, an atrophic structure
known as the epotphoron or parovarium, or organ of Rosen-
miiller (Fig. 111). This structure, which is almost con-
stantly found between the layers of the broad ligament in
close proximity to the ovary, consists of a larger horizontal
tube representing a segment of the Wolffian duet, and of
shorter vertical tubes joining this at a right angle and rep-
resenting the transverse Wolflian tubules. The lower set
of small Wolflian tubules, those which, in the male become
the paradidymis, give rise in this case to a similar atrophic
body, the paroéphoron. This is also situated in the broad
ligament, usually to the inner side of the ovary. The
Wolffian duct, with the exception of that portion of it that
assists in the formation of the parovarium, usually entirely
disappears. Oeceasionally, however, it persists as a small
eanal traversing the broad ligament close to the uterus and
passing on the dorsal side of the npper part of the vagina to
be lost upon the wall of the latter or, more rarely, to open
near the urinary meatus. When thus persistent, it is known
as the duct of Gartner.

The change of position of the ovaries i= similar to, though
less marked than, that of the testes. The inguninal ligament in
the female (Plate VII.) extends from the primitive position
of the ovaries in the lumbar region of the abdominal eavity
to the groin, where it passes through the abdominal wall,
traversing the inguinal canal, to terminate in the labium
majus. The upper part of this ligament, containing invol-
untary muscular substanee, firmly unites with the ovary. In
the third month the ovary descends to the lower part of the
abdominal eavity and is now connected, by the suceceeding
portion of the inguinal ligament, with the uterns.  This con-
nection may be a factor in the final change of position of the
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Obviously, with the severing of the umbilical cord after
birth, all this extra-embryonic part of the allantois disap-
pears, giving rise to no adult organ.

Its intra-embryonie portion consists of a tube extending
from the caudal end of the intestine to the umbilicus (Plate
II., 5 and 6). As early as the second month, the middle
segment of this tube dilates and assumes the form of a spindle-
shaped sae, which becomes the urinary bladder (Plate VI1I.).
The part of the tube connecting the summit of this sac with
the umbilicus remains small, gradually loses its lumen, and
constitutes in the adult the (usually) impervious cord known
as the urachus. Should the cavity of the urachus persist in
its entirety, and should there be at the same time an external
opening at the umbilicus, the condition would constitute an
umbilical urinary fistula. The proximal part of the allantois
—that is, the portion intervening between the bladder and
the intestine—is designated the sinus urogenitalis, while the
caudal end of the intestine, which is, in effect, a pouch in
which both the allantois and the intestine terminate, is known
as the cloaca (Fig. 84). The lu'n;_:c-.nil.si] sinus receives the
terminations of both the Miillerian and the Wolflian duets
(Plate VII.).

In the sixth week or slightly earlier, there appears upon the
surface of the body, in the region corresponding to the position
of the cloaca, a depression, the cloacal depression (Fig. 84),
which later, except in man and the higher mammals, meets
the cloaca, and thus establishes a communication between it
and the exterior. In the Amphibia, in reptiles, and in birds,
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 al=o
the genital products, 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 erowth of
three ridges or folds, of which one springs from each side
of the cloaca and one from the point of union of the uro-
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about the same period an encireling elevation, the genital ridge
(Fig. 114, A, 4), is geen to surround this depression. Within
the genital ridge, at the anterior part of the cloacal fossa, a
small tubercle, the genital eminence, appears at the same time.

Fi16. 114.—Four suceessive stages of development of the external genital organs
(indifferent type) of the human fetus of 24 to 34 min. (0.95 to 1.35 inch) (Tournenx) :
1, genital eminence or tubercle; 2, glans; 3, genital groove; 4, genital ridge; 5,
cloacal depression; 6, coccygeal eminenee.

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

The genital eminence becomes the pemis or the elitoris,
according to the sex of the fetus, It 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
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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

F16. 115.—Four successive stages of development of the external genital OFEAnS
of the human female fetus (Tourneux): 1, clitoris; 2, glans clitoridis; 8, urino.
genital fissure; 4, labla majora; 5, anus; 6, coceygeal eminence: 7, labia minora.

even by the end of the second month a rudimentary glans and
an indication of a prepuce, elongates somewhat and becomes
the clitoris. The genital folds bounding the genital groove
on the under surface of the genital eminence (Figs. 114 and

|
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115, A) never unite with each other as they do in the male,
but become prolonged in the direction of the future anus and
constitute, by the fourth month, the lateral boundaries of the
orifice of the urogenital sinus, or, in other words, of the ves-
tibule of the vagina (Fig. 115, 3). These folds, continuous
over the dorsum of the clitoris with its rudimentary prepuce,
ave the nymphz or labia minora (Fig. 115, I), 7) of the fully-
formed state. The masses of erectile tissue in close
relation with each labium minus, the pars intermedialis
and the bulbus vestibuli, are the homologues respectively
of a lateral half of the male corpus spongiosum and its
bulb. The genital ridge, which, from the first, encircles
the genital eminence and the cloacal depression, and, eon-
sequently, the later clitoris and the aperture of the sinus
urogenitalis, increases greatly in thickness. The part of it
situated on the ventral side of the elitoris becomes the mons
veneris, while the lateral parts of the ridge become the labia
majora of the vulva. The several parts of the female geni-
talia develop to such a degree during the fourth month that
their sexual characters at this time are well marked.

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

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

The Male External Genitals.—The male external organs
represent a farther stage of development than the corre-
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The groove on the under surface of the penis becomes
deeper, and the genital folds, which bound the groove laterally,
increase in size. This groove extends from the orifice of the
urogenital sinus to the glans penis,  The genital folds, which
in the female, remain distinet and become the nymphse, unite
with each other in the male and convert the groove into a
canal, which latter is practically an extension of the uro-
genital sinus along the entire length of the penis to the
glans. The canal thus formed is the anterior part of the
male urethra, or, in other words, it ineludes all of the urethra
except its prostatic portion, which represents the urogenital
sinus. The orifice of this newly-formed canal, situated in
the glans, is the meatus urinarius. Iailure of union of the
genital folds, either wholly or in part, results in total or in
partial deficiency of the floor of the urethra, this anomaly
being known as hypospadias. If the defective closure in-
volves only the glans, the condition is denominated glandular
hypospadias.

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

The genital ridge becomes differentiated into two promi-
nent folds or ponches placed one on either side of the root of
the penis. In the fourth month these unite to form the
scrotum, the line of union being indieated 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.
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temporarily functionating organ, the mesonephros, performs
the office of a kidney during a part of fetal life, and this
latter is preceded by the pronephros, an organ which, though
represented in the higher vertebrates by a vestigial remnant,
is functionally active only in larval Amphibia and in bony
fishes,

4. The Promephros.—The mesothelial cells of the outer or
parietal wall of the body-cavity become invaginated in a line
parallel with the axis of the body, and the cord of cells thus
formed becomes hollowed out to constitute the pronephric or
segmental duct. At several points this duct retains its con-
nection with the surface-cells by means of cell-cords, which
latter become tubes and acquire glomeruli. The long tube
and the shorter tubules with their glomeruli constitute the
pronephros,

9. The Mesonephros.—The transverse segmentation of the
middle plate, which connects the paraxial mesoderm with
the parietal plate, results in the formation of a series of
cell-masses, the nephrotomes. Itach nephrotome becomes
a tube and acquires one or more glomeruli, The deeper
ends of the tubes become connected with the pronephric
or segmental duet, which latter iz known henceforth as
the mesonephric or Wolffian duct. These tubes, with the
adjacent part of the Wolffian duct, constitute the mesoneph-
ros, which functionates, for a time, even in the human fetus,
as an organ of urinary excretion. The entire Wolffian duet,
with the pronephric tubules and the mesonephrie tubules,
constitutes the Wolffian body. The Wolffian duet opens at
its lower or candal extremity into the cloaca.

6. The metanephros or permanent kidney develops from
a small diverticulum that pouches out from the lower or
caudal end of the Wolffian duet. The uriniferous tubules and
the pelvis of the kidney correspond to the dilated and sub-
divided fundus of this diverticulum, while the ureter repre-
sents its stalk. The surrounding mesodermic tissue furnishes
all the component elements of the ureter-walls and of the
kidney except the epithelial parts, which latter, as noted
above, proceed from the Wolflian body.

16
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of the epididymis, the vas deferens, the vesicula seminalis,
and the ejaculatory duct. The duect of Miiller remains un-
developed and is represented in the adult by the atrophic
sesgile hydatid and the uterus maseulinus,

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

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

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

16, The female external genitalia are produced by the
further development of the three structures mentioned above,
The genital eminence hecomes the elitoris. The genital folds
on the under surface of the clitoris become somewhat pro-
longed to constitute the labia minora. The genital ridge
becomes, anteriorly, the mons veneris and laterally the labia
majora. The orifice of the urogenital sinus is represented by
the vestibule, and sinee the Miillerian duets 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 rveceives the termination of the






CHAPTER

X1V.

THE DEVELOPMENT OF THE SKIN AND ITS
APPENDAGES.

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

THE SKIN.

The skin, consisting of the epidermis or cuticle and of the
true skin, or derm, or corinm, is derived from two sources,

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

The corium, the connective-
tissue component of the skin, is
an outgrowth of the cutis plates
of the primitive segments or
somites (Fig. 117). It first ap-
pears in crude the
second month as a layer of
spindle-cells beneath the ecto-
derm. In the third month, the
more superficial part of this
layer acquires more definite and
distinetive character, the rather
loose aggregation of cells having
differentiated into a tissue which
is a mesh-work of bundles of

form in

Fic. 117.—Cross-section through
the reglon of the pronmephrog of a
selachian embryo in which the myo-
tomes are in process of being comn-
stricted off (Hertwig): nr, neural
tuls: ch, chorda: ao, aoria; mp,
muscle-plate; ¢p, cutis plate; b,
middle plate; sk, skeletogenons tis-
g1 ; am, pronephros ; mk, miE, pari-
etal and vieceral mesoderm; 0,
body-cavity ; ik, intestinal ecto-
derm : &, cavity of somite,
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active desquamation of superficial cells, and as the degenerate
and east-off cells become mixed with the produects of the
sebaceous glands, there is formed a sort of cheesy coating
of the skin, the vernix caseosa or smegma embryonum. This
is first easily recognizable in the sixth month, and first covers
the entire surface of the body in the eighth month. It serves
to protect the epidermis of the fetus from maceration in the
amniotic fluid.

The completion of the epidermis, aside from the develop-
ment of its accessory parts, consists simply in further increase
in thickness and in the modification of the superficial cells
to produce the characteristic scale-like elements of the cor-
neous layer of the skin, accompanied by the differentiation
of the deeper cells into those of the rete mucesum or stratum
Malpighii. The extent to which these modifications are car-
ried varies in different regions of the body.

THE DEVELOPMENT OF THE APPENDAGES OF THE SKIN.

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

The elaw-like primitive nail, hetween the ninth and twellth
weeks, becomes surrounded by a groove, which serves to sepa-
rate it from the general ectodermic
surface. These claw-like rudiments
of the human nails are quite similar )"
to the primitive elaws of many mam-
mals, the primitive nail in each case  Fi. 18— Longitudinal sec-
g H 5 tion through the too of a Cer-
including a dorsal part, the nail- . jiteens @ner Gegenbaur):
plate, and a portion which heiung:—; ;g”:-;:i’:llrl:ﬂT“lll::;:ﬂ;;fﬂ
to the ventral surface of the digit,
called the plantar horn (Fig. 118). The striking difference
hetween the nails of the human adult and the claws and

nat Ak mp

' Or ninth week, Minot. * A genus of long-tailed African monkeys.
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hair is entirely of ectodermic origin, being derived from the
epidermal layer of the skin, while the hair-follicle is partly
derived from the epidermis and in part is a product of the
corium. The hairs are homologous with the feathers and
seales of the lower animals.

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

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

Fig. 119.—Two diagrams of the development of the hair (Hertwig): 4 and B,
two different stages of the development of the hair in human embryos; ho, cor-
necus layver of the epidermis; sehl, mucoung layer; pa, hair-papilla; Ak, germ of
hair; ks, bulb of hair; ha, voung hair; aw, 0o, outer and inner sheaths of the root
of the hair: kb, hair-follicle ; 4, sebaceous gland.

in length is due to the proliferation and specialization of the
cells of the bulb. The papilla of the underlying corinm
indents the deep surface of the hair-bulb, this close relation
of the two structures enabling the papilla the better to fultil
its function of providing nourishment to the bulb.
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specialization into muscular tissue, thus producing the involun-
tary muscles of the sweat-glands.

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

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

The development of the milk-glands is begun as early as
the second month. At this time the deep layer of the
epidermis, in the sites of the future glands, becomes thick-
ened by the multiplication of its cells, the thickened patch
encroaching upon the underlying corium (Fig. 120, 4, b).

This thickened area enlarges somewhat peripherally and its
margins become elevated, owing to which latter eircumstance
the patch appears relatively depressed (B).  The depression is
known as the glandular area, and it corresponds with the
future areola and nipple.

From the bottom of the glandular area, numerons small
masses or bud-like processes of cells grow down into the
corium. Some of the buds aequire lateral branches. By
the hollowing out of these cell-buds the latter are transformed
into tubes (¢), which open upon the glandular area. The branch-
ing of the cords begins in the seventh month and is carried
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milk-ducts as well as the blood-vessels and connective-tissue
elements which surround the duects. In the dermal con-
stituent of the rudimentary nipple unstriated muscular tissue
develops. The region of the glandular area not concerned
in the formation of the nipple becomes the areola.

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

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



1 :
L | ol
[ P = - i
(¥ I
18 - . :
11
MR I 101N
2l ) |
i - i 7 -
={ Bg] Nt HA 1l
K 1.
14 1] {
SIAl: e’ o
S 2l | . aln 1




THE DEVELOPMENT OF THE NERVOUS SYSTEM. 255

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

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

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

Since the medullary folds similarly meet and unite with
each other—their union slightly preceding that of the edges
of the plate—the neural tube comes to lie entirely beneath
the surface-ectoderm and soon loses all connection with it.
The closing of the tube and the union of the medullary folds
occur first near the anterior end of the 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
evolred,

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

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. 126). 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 eanal 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 neural tube, although consisting at first
of a single layer of epithelial cells, is not of uniform thick-
ness throughout its circumference. While the external out-
line is oval, the lumen of the tube is a narrow dorsoventral
fissure (Fig. 36, p. 65). The eavity is therefore bounded on
the sides by thickened lateral ecolumns, 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.

17
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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.

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

Fi1G. 124 —Cross-section through the spinal eord of a vertebrate embryo (after
His): a, outer limiting membrane ; b, outer neuroglia layer, region of future white
matter; ¢, germ-cells; d, central eanal; e, inner limiting membrane or ependymal
layer; f, spongioblasts; g, neuroblasts (mantle layer) ; A, anterior root-fibers.

the spongioblasts coalesce with each other, forming thus the
internal limiting membrane, while the peripheral extremities
interlace with each other to form a close network. As the
walls of the neural tube increase in thickness, the spongio-
blasts become more and more broken up to form the delicate
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relatively fixed in position because of their failure to expand,
while the lateral walls of the tube undergo great expansion,
in both the ventral and dorsal directions, as well as laterally.
In this way a median longitudinal cleft is produced on the
ventral wall of the spinal cord and a similar one on the
dorsal wall. These are the anterior and posterior median
fissures. Since the so-called posterior median fissure is not a
true fissure but merely a septum, it differs from the anterior
fissure, and it is held by some authorities that this septum is

Hohite Dovsal Dovzal
Eoladerem, matier, SN ISR, rool,

Spinal ganglion,

Dorsal roct,
Feniral roof,

Spinal merpe, -

Cuter medullary sone.  Cemtral canal, Notochord,  Vewtfwal commmeissure,

F1a. 125.—=Transverse gection of developing spinal cord of a twenty-two-day sheep-
embryo (Bonnet).

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

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

As the walls of the neural canal thicken throngh the mul-
tiplication of the cells, the cavity of the tube is gradually
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sion into two, the secondary fore-brain and the inter-brain,
and the primary hind-brain vesicle likewise dividing, a little
later, into the secondary hind-

brain and the after-brain. ARiecior Srala weis

The division of the primary Meddle be arnarericts.
fore-brain is preceded by the ruterior braimvesicte
appearance upon each of its
lateral walls of a small bulged-
out area which soon assumes the £ 2 vesicle
form of a distinet diverticulum. Sfmehﬂ:ﬁit. e
This is the optic vesicle, the ear- Midd-brain ——
liest indication of the develop- e i
ment of the eye (Fig. 126). In 30 i
the further process of growth
the base of attachment of the
optic vesicle becomes lengthened Inter-brain,
out into a relatively slender ped- Mid-brain.
icle, which remaing in connec-
tion with the lower part of the
lateral ‘.Wﬂ“ of the brain-vesicle. Fig, 126, —Diagrams illustrating
Following the appearance of the e primary and secondary sew
optic vesicle, the anterior wall of  Mmentation of the brain-tube (Hon-
the primary fore-brain vesicle '
projects as a small evagination, which latter is then distinetly
marked off from the parent vesicle by a groove on either side.
This anterior diverticulum is the secondary fore-brain vesicle
or the vesicle of the cerchrum, and the orignal or primary
fore-brain vesiele iz now the vesicle of the inter-brain.

The division of the primary hind-brain is effected by the
development of a constriction of its lateral wall, this resulting
in the production of the secondary hind-brain or the vesicle
of the cerebellum, and the after-brain or the vesicle of the
medulla oblongata.

While the three primary vesicles at first lie in the same
straight line, they begin to alter their relative positions
shortly before division. The change of position is coinecident
with the flexures of the body of the embryo that oceur at this
time. Three well-marked flexurés appear, the result being

Foredramn.

Fore-brain. -

Primary optic vesicle.

Eind-Srain. —

After-brain.
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and the neuroglia resulting from the differentiation of the
original ectodermic epithelium of which the wall of the tube
is composed, and the connective-tissue stroma growing into
these from the surrounding mesoderm.

There is a marked disproportion between the rate of growth
of the tube in different parts of its circumference. The
great thickening of the ventral and lateral walls produces the
several parts of the medulla oblongata. In the dorsal wall

F16. 128.—Diagram of a sagittal section of the brain of a mammal, showing
the type of strueture and the parts that develop from the several brain-vesicles
{modified from Edinger).

growth oceurs to such slight extent that the wall in this
region remains a thin layer of epithelium. As a consequence,
the cavity of the neural tube is not encroached upon on its
dorsal side and the eentral canal of the spinal cord therefore
expands in the metencephalon into a much larger space, the
lower half of the future fourth ventricle. This relative ex-
pansion of the central canal begins to be apparent in the third
week in the human embryo, from which period it continues
to increase. A cross-section through the lower part of the
developing medulla shows a eavity which is narrow laterally
but which has a considerable anteroposterior extent. A see-
tion at a higher level discloses a triangular space, the base of
the triangle being the dorsal wall of the cavity.
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ment. This gray matter, althongh in part peculiar to the
medulla, is in great measure but the continuation of the gray
matter of the spinal cord rearranged and differently related
because of the motor and sensory decussations and of the dor-
sal expansion of the central canal. A notable feature of this
rearrangement is the presence of masses of gray matter im-
mediately beneath the floor or ventral wall of the now ex-
panded cavity or fourth ventricle.

As stated above, the dorsal wall of the after-brain vesicle
remaing an extremely thin epithelial lamina, and the cavity
in consequence expands toward the dorsal surface. Owing
to the excessive delicacy of this dorsal wall of the cavity, it
is easily destroyed in dissection, with the effect of disclosing
a triangular fossa (Fig. 135) on the dor=al surface of the
medulla, which in connection with a similar depression on
the dorsal surface of the pons, eonstitutes 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 eentral eanal does not,
in reality, open out to the surface, although it may appear to
do so beeause of the attennated condition of its dorsal bound-
ary. The thin epithelial roof or dorsal wall of the after-
brain becomes adherent to the investing layer of pia mater,
thus forming the tela choroidea inferior, which roofs over
the lower half of the fourth ventricle (Fig. 128). The pia
mater invaginates the epithelial layer to form the choroid
plexuses of the fourth ventricle. Althongh apparently
within the cavity of the ventricle, the choroid plexuses
are excluded from it by the layer of epithelium, the mor-
phological roof of the after-brain, which they have pushed
before them.

While, for the most part, the roof of the after-brain con-
sists of the thin epithelial layer referred to above, there are
glight linear thickenings, the ligule, along its lateral margins,
and at its lower angle, the obex. At the upper margin of the
roof, at the place of junction with the hind-brain, there is
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understood. These bands of fibers become evident, the in-
ferior in the third month, the middle in the fourth month,
and the superior in the fifth month.

While the posterior part of the roof of the hind-brain
thickens and develops into the cerebellum, all the remaining
part of this roof remains relatively thin and becomes the

A
th mb  is A TV
i - e C

F1o. 181.—Brains of human embryos, from reconstructions by His: A, brain
from fifteen-day embryo: B, from three-and-a-half-week embryo; C, from seven-
and-a-half-week fetus: fb, i, mb, &b, ab, fore-, inter-, mid-, hind-, and after-brain
vesicles: o, optie vesicle; ov, otic vesicle ; in, infundibnium ; m, mammillary proe-
ess; of, pontine flexure; I'Vre, fourth ventricle; nk, ecervieal flexure; of, olfactory

lobe; b, basilar artery ; p, pituitary recess.

anterior medullary velum or the valve of Vieussens (Fig. 128).
The relations of this structure in the mature brain, stretching
across, as it does, from one superior cercbellar peduncle to
‘the other and being continuous posteriorly with the white
matter of the cerebellum, are easily explained in the light of
the fact that all these parts are but the specialized dorsal and
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rapid, their ventral parts or crustz becoming separated from
each other and including between them the posterior per-
forated lamina.

The roof or dersal wall of the mid-brain vesicle under-
goes considerable thickening (Fig. 131), especially in the
Sauropsida (birds, reptiles, fishes). In the fifth week a longi-
tudinal ridge appears 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, 132-135), which, in birds, attain to a much

bl
Fra. 132.—Brain of human fetus of about eight weeks: A, enlarged ; B, actual

glze; Fb, fore-brain; b, inter-brain; b, mid-brain ; b, hind-brain; Ab, after-
brain; F, 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 corpora 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
produce the several parts of the mid-brain encroaches so
much upon its cavity that an exceedingly small eanal, the
aqueduct of Sylvius, remains. It is scarcely necessary to
point out that this canal is a part of the ventricular system
of the brain, establishing a communication hetween the fourth
ventricle and the third ventricle or cavity of the inter-brain.
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The Metamorphosis of the Inter-brain Vesicle,—
The inter-brain vesicle results from the division of the pri-
mary fore-brain vesicle, comprising what is left of the latter
after the outgrowth from it of the diverticulum that becomes
the secondary fore-brain, The thickening of the walls of
the inter-brain vesicle produces the structures which surround
the third ventricle in the mature condition, and which consti-
tute collectively the thalamencephalon or inter-brain, the cavity
of the vesicle persisting as the adult third ventricle. These
structures are the optic thalami, which are formed from the
lateral walls; the velum interpositum and the pineal body,
which develop from the roof; and the lamina cinerea, the

el
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Fri. 153, —A, mesial section through brain of & huoman fetus of two-and-a-half
months (His): eh, cerebral hemisphere; o, optie thalamus; fin, foramen of Monro;
off, olfactory lobe; p, pituitary body ; me, medulla oblongata; o, corpora quadri-
gemina; ob, cerebellum. B, brain of human fetus of three months (His): olf,
olfactory lobe; csf, corpus striatum; eg, corpora quadrigemina; ob, cerebellum ;
g, medulla oblongata.

tuber cinereum, the infundibulum, the posterior lobe of the
pituitary body and the corpora albicantia, which are differ-
entiated from the floor of the vesiele.

The lateral walls of the vesicle undergo the most marked
thickening. The cell-multiplication here is so rapid that
each lateral wall is converted into a large ovoid mass of cells
with intermingled bands of fibers, the optic thalamus.

The roof of the inter-brain vesicle, in notable contrast
with the lateral walls, remains extremely thin throughout
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the greater part of its extent (Fig. 128). 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 case of the roof of the after-
brain. This epithelial layer adheres closely to the pia mater,
which covers it in common with the other parts of the brain.
As the fore-brain expands, it covers the inter-brain, the
under surface of the cerebral hemispheres of the former
being closely applied to the roof of the latter. As a econ-
sequence, the pia mater on the under surface of the fore-
brain is brought into contact with and adheres to the pia
covering the roof of the inter-brain. Thus the thin epithelial
roof of the inter-brain becomes closely united with the two
layers of the pia mater to form the velum interpositum or
tela choroidea anterior or superior of adult anatomy. Ob-
viously, the edges of the velum interpositum rest upon the
optie thalami, and its piamatral layers are continued into the
cavities of the lateral ventricles (Fig. 134). The space oceu-

1K

F16. 134—Brain of fetus of three months, enlarged. The outer wall of the right
hemisphere has been removed ; LH, left hemisphere; O, part of corpus striatum ;
F§, site of fossa of Sylvius; V, vasenlar fold of pin mater which has been invag-
inated through the mesial wall of the hemisphere; Wb, mid-brain: €, cerebellom
M, medulla oblongata.

pied by the velum is designated the transverse fissure of the
brain, and it is often stated that the pia mater is pushed in

from behind, between the optic thalami and the cerebral hemi-
18
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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 vision.

In man and other mammals and in birds the pineal diver-
ticulum does not reach the degree of development that is
attained in certain of the Reptilia. The evagination from
the roof of the inter-brain begins in the sixth week in the
human embryo. The peripheral end of the process enlarges
somewhat and small masses of cells projeet from it into the
surrounding mesodermic tissue. These cellular outgrowths,
giving off secondary projections, become converted into small
closed follicles lined with columnar eiliated cells.  The folli-
cles in the ease of mammals very soon become solid or nearly
g0 by the accumulation of cells in their interior. Solid con-
cretions of ealeareons 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 beecomes
thus altered, the remaining part constitutes the relatively
slender stalk of the pineal body, the stalk being solid at
maturity except at its point of attachment to the inter-brain,
where a portion of the eavity 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 iz muoch more highly developed in some of the
lower members of the same series.  Its true significance is
still a matter of conjecture. Although resembling the eye in
its structure, and although regarded by some on that 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 pereception.

The floor of the inter-brain vesicle presents several interesting
metamorphoses. The anterior part of the floor remains quite
thin and becomes the lamina cinerea of the mature brain (Fig.
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week, shortly after the rupture of the pharyngeal membrane.
The little pouch is the pocket of Rathke. The pouch grows
upward and backward toward the floor of the inter-brain and
meets the end of the infundibulum. As the pharyngeal
divertieculum lengthens, its stalk becomes a slender duet,
which for some time retains its connection with the pharynx.
As the membranous base of the skull becomes cartilaginous,
the duet 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 duct the enlarged
extremity of the diverticulum becomes a closed vesicle lying
now within the cavity of the brain-case, in contact with the
end of the infundibulum. From the wall of the vesicle nu-
merous little tubular projections grow out into the enveloping
mesodermic tissue, and these, by detachment from the parent
vesicle, become closed tubes or follicles. The entire structure
hecomes converted in this manner into a mass of elosed fol-
licles held together by connective tissue, after which event
this mass acquires intimate union with the infundibular lobe.

Thus the pitnitary body consists of two genetically distinet
parts, the anterior lobe being derived from the ectoderm of
the primitive pharvngeal or buceal eavity, and the posterior
lobe from the ectoderm of the central nervous svstem. 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-
scribed, is the third ventricle of the adult brain, and the
aperture of communication 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 henece 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 iz gradually encroached
upon until the mature condition of the brain is attained,
when the ecavity 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-eylin-
der processes, lengthen out to form the axiz 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 layvers 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 produetion of a large ganglionic mass,
the corpus striatum, and of two smaller agoregations of cells,
the claustrum and the nucleus amygdale. These basal ganglia
are in reality an infolded part of' the cortex.

Inasmuch as the cortical matter develops more rapidly, as
regards superficial extent, than does the medullary substance,
the cortex becomes thrown into folds, forming thus the con-
volutions and fissures of the hemispheres,

Some of the fissures of the brain are 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,

Fic. 136.—Brain of human fetos of approximately three months: A, enlarged ;
B, actual size; H, hemisphere; Mb, mid-brain; ¢ cerebellum; M, medulla ob-
longata; S, fossa of Sylvius.

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

Fic. 137.—Brain of human fetus of three months, with right half of fore-brain,
inter-brain, and mid-brain removed: Ib, cavity of inter-brain; Hy, site of hyp-
ophysis: Mbr, mid-brain roof; Mbe, mid-brain cavity ; , cerebellum ; M, medulla
oblongnta.

central lobe or island of Reil, which is subsequently broken
up, by secondary fissures, into from five to seven small con-
volutions,
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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-
eircling the striate body.

The arcuate fissure is the more peripherally placed of the
two. Its anterior portion lies just above the region through-
out which adhesions subsequently develop between the two
hemispheres, or in other words, above the position of the
future corpus callosum (Fig. 138, a.f.). This part of the arcu-

Fia. 188 —Mesial surface of left fore-brain vesicle of brain shown in Fig, 1232 ( Fb):
L. M, foramen of Monro, or opening into inter-braing a7, arcuate fissure; chf cho-
roid fissure ; n* randbogen,” corresponding to future corpus eallosum and fornix ;
olf, olfactory lobe.

ate fissure iz 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 deseribed
by the arcuate fissure, encircles the corpus striatum more
closely (Figs. 138, 139). It begins at the foramen of Monro,
and its anterior part lies under the position of the body of
the future fornix., It then sweeps around into the temporal
lobe and terminates near the anterior part of the latter. The
fissure of the choroid plexus, like other total fissures, is an
infolding of the wall of the cerebral vesicle. It 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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cells. The pia mater, which everywhere closely invests the
surface of the brain, is infolded with the vesicle-wall, the in-
folded part becoming very vascular and constituting the
choroid plexus of the lateral ventricle. The choroid plexus,
although within the limits of the ventricle, is excluded,
strictly speaking, from its cavity by the layer of epithelium
which still covers it and which has been simply pushed before
it into that cavity. Since the epithelial layer is very thin
and easily ruptured, the choroid fissure is apparently an
opening into the cavity of the ventricle through which the
pia enters ; in the adult it is called the great transverse fissure
of the brain.

The calcarine fissure, another of the total fissures, develops
in the latter part of the third month as a branch of the
arcuate fissure. It bulges into the mesial wall of the poste-
rior horn of the ventricle, producing the elevation known as
the calcar avis or hippocampus minor. Since the posterior
horn of the ventricle is developed as an extension of the cav-
ity into the backward prolongation of the ring lobe which
forms the oceipital lobe, the calcarine fissure necessarily is
later in appearing than the fissures above deseribed.

The parieto-occipital fissure is added in the fourth month
as a branch of the ecalearine, effecting the definite demarea-
tion between the parietal and occipital lobes,

The fissure of Rolando develops in the latter part of the
fifth month in two parts, The two furrows are at first
entirely separated from each other by an intervening area of
cortex. Subsequently this part of the cortex sinks be-
neath the surface, as it were, since it expands less rapidly
than the adjacent regions, and in this way the upper and
lower limbs of the fissure become continuous. The sunken
cortical area is to be found even in the adult brain as a deep
annectant gyrus embedded in the Rolandic fissure at the po-
sition of its superior genu. The development of the fissure
of Rolando effects the division between the frontal and pari-
etal lobes,

The collateral fissure appears in the sixth month as a
longitudinal infolding of the mesial wall of the hemisphere
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below and parallel with the hippocampal fissure. Being a
total fissure, its presence affects the wall of the eavity 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 suleus, with the collateral fissure (Fig. 141).
These three fissures constitute the peripheral boundary of a
region of the mesial wall which is known in morphology
as the faleciform or limbic lobe.

The longitudinal fissure in the carly 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-bram ;
here the two sacs are united by that part of their eommon
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 oceurs in the position of
the body of the fornix and of the body and splenium of’ the
corpus callosum.

Although the central white medullary matter of the cere-
bral hemisphere is covered almost universally by the cortical
gray matter, there is a limited area of the mesial surface from
which the gray matter is absent, leaving the white matter
exposed. The area of uncovered white matter has the form
of a narrow band, which begins at the base of the hemisphere,
in front of the opening into the inter-brain, extends upward
along the anterior wall of the inter-brain, then passes back-
ward along its roof and eurves downward and outy rard 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 fornmen of Monro. When, further, one considers the
relation of the fimbria to the apparent opening into the ven-
tricle, throngh which the pia mater is invaginated (the trans-
verse fissure), it is explained why the edge of the fornix
appears as a narrow white band, not only as viewed from
within the ventricular cavity, but also in a mesial section of
the brain (Fig. 140, C),

B Fu-(
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F1G. 140.—Fetal brain at the beginning of the eighth month (Mihalkovies) :
A, superior, B, lateral, C, mesial surfuce : R, fissure of Rolando; pre, precentral
fissure ; Sy, Bylvian filssure; inip, interparietal fissure; por, paricto-oceipital fissure :
pll, parallel fissure; callm, callosomarginal fissure; wire, uneus; cale, calcarine
fissure.

Another important region of fusion of the opposed mesial
surfaces of the hemispheres is that corresponding to the
future corpus callosum. Throughout this area the hemispheres
closely unite with each other. The line of fusion begins
at the bases of the vesicles, some little distance in front
of the anterior parts of the fimbrie (Fig. 139, c.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
gystem 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 cortieal matier.

The limbic lobe has been referred to as that part of the
mesial surface of the hemisphere which is circumseribed by
the ecalloso-marginal fissure, the post-limbie suleus, and the
collateral fissure. It is limited centrally by the fissure of the
corpus callosum and the hippoeampal fissure, which are
represented in the fetal brain by the single uninterrupted
arcuate fissure. Hence the limbiec lobe wonld 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 limbie lobe
all the surface of the mesial wall of the hemisphere included
between the arcuate fissure and the fissure of the choroid
plexus (Fig. 138), designating it the falciform lobe (Fig. 141).
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Fic, 141.—Diagram of the limbie lobe (after Quain).

The falciform 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 eallosal and den-

_tate fissures) and being limited centrally by the fissure of the

choroid plexus (the great transverse fissure of the adult
19
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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. 142),

F1G. 142.—Base of dog's brain: ol., olfactory lobe ; a.p.s., region corresponding to
anterior perforated space, which i8 included in the olfactory lobe @ L5 fizzure of
8ylvius; gk, hippocampal gyrus, developed to a greater degree than in human
brain; &, sectional surface of olfactory lobe; o, olfactory sulons,

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 Sylvins 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 langnage of human anatomy,
the outer or lateral root of the olfactory tract is connected
with the gyrus uncinatus, while the inner or mesial root may
be traced to the fore part of the gyrus fornicatus.

After what has been said, the reader need scarcely be re-
minded that the olfactory bulb and tract, often erroncously
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

=
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Fig, 143.— A4, cross-section throngh an embryo of Pristiurus (after Rabl). The
primitive gegments are still connected with the remaining portion of the middle
germ-layer. At the region of transition there is to be seen an outfolding (sk) from
which the skeletogenous tissue is developed ; ek, chorda; spg. spinal ganglion : mp,
musecle-plate of the primitive segment ; gofi, subchordal rod ; as, aorta; ik, inner
germ-layer; pmb, parietal, vmb, vizeeral middle layer. I, eross-section through a
lizard embryo (after Sagemehl) @ rm, spinal cord; spy, lower thickened part of the
neural ridge ; spg’. its upper attenuated part, which is continuous with the roof of
the nenral tube; we, 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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view of His be accepted, from the region of the ectoderm
from which the tube originates, their connection with the
axis being maintained by the gradually lengthening out axis-
eylinder process.

The development of the motor nerve-fibers differs from
that of the sensory. These fibers, or at least, the axis evlin-
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. 124).  On the distal side of the nu-
cleus of the ecell, the protoplasm first becomes massed and
then lengthens out to form an axis-cylinder process or neurit,
which in all vertebrate animals grows out from the cerebro-
spinal axis to form a motor nerve-fiber.

Although, in the case of the spinal nerves, the motor and
sensory fibers are separated from each other at their origin
from the cord, they soon intermingle to constitute a spinal
nerve-trunk. In certain lower types, as cvelostomes 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. Doth these
investments are derived from the mesoderm. The cells of
the latter apply themselves to the nerve and, penetrating
between the fibers, become arranged as an enveloping laver
upon each axis eylinder, ultimately forming a complete
sheath, the neurilemma. The persizstent nuclei of these cells,
seantily surrounded with protoplasim, constitute the nerve-
corpuscles of the neurilemma. The medulla, or white sub-
stance of Schwann, is formed at a considerably later period
within the neurilemma. The deposit of the medullary sheath
varies as to time for different groups of fibers—although the
time is constant for each group—and proceeds always in a

direction away from the eell from which the fiber originates,
or, differently expressed, in the direction in which the fiber
conveys impulses. Thus, in the spinal cord, groups of afferent
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fibers may be distinguished from those that are efferent by
observing the direction in which the medullary sheath devel-
ops—that is, whether the sheath appears first at the upper end
of the fiber or at the lower end.

The cranial nerve-fibers in their development follow in the
main the same general principles that govern the growth of
the spinal nerves, That is to say, the motor fibers grow out
as extensions of the axis-cylinder processes of nerve-cells of
the cephalic part of the neural tube and the sensory fibers
proceed from the cells of outlying ganglia, or in the case of
at least one nerve, the olfactory, from infolded and highly
specialized cells of the ectoderm.

The cephalic ganglia, four in number, have been referred
to as resulting from the segmentation of the head-region of
the neural crest. As previously stated, the neural crest
begins to grow first in the region of the hind-brain and
extends from this point both forward and backward, oceupy-
ing a position upon the roof or dorsal wall of the hind-brain.
The part of the neural crest belonging to the head-region
then divides into the four masses or head-ganglia which are
designated respectively the first or trigeminal, the second or
acusticofacial, the third or glossopharyngeal, and the fourth
or vagal, ganglia.

The trigeminal ganglion, which is very large, becomes di-
vided into a smaller anterior portion, the ophthalmic or ciliary
ganglion, and a larger posterior segment, the trigeminal
ganglion proper. These two become widely separated during
the progress of development, since they constitate respec-
tively the later ciliary and Gasserian ganglia, the ciliary
ganglion belonging to the ophthalmic division of the fifth
nerve, while the trigeminal belongs to the superior maxillary
divizion and the sensory part of the inferior maxillary divi-
sion of the fifth. Their nerve-cells give rise to the sensory
fibers of these trunks in the same manner that the cells of
the spinal ganglia produce the sensory fibers of the spinal
nerves. By some observers, the sphenopalatine (Meckel’s)
ganglion and the otie, and possibly the submaxillary ganglia,
are to be regarded as offshoots from the Gasserian ganglion,
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The acusticofacial ganglion, after its migration from its
original position on the dorsum of the hind-brain, lies just
in front of the otic vesicle. This ganglion subsequently
divides into the facial and the acoustic ganglia. The facial
ganglion, the geniculate ganglion or intumescentia ganglio-
formis of the facial nerve, situated 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
Afrom 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 situated in the spiral
canal of the modiolus. It is considered probable that the
lateral accessory auditory nucleus, which is conneeted with
the cochlear fibers of the anditory nerve and lies on the outer
side of the restiform body, is also a part of the acoustic
ganglion. From the cells of the vestibular ganglion, which
is situated in the internal meatuns, centrifugal fibers develop
to form the vestibular nerve, while other centripetally growing
fibers become the ventral or mesial (vestibular) root of the
anditory nerve. The cochlear ganglion in the same wayv 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-eylinder 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,

While the motor fibers of the cranial nerves develop by
the outgrowth of the axis-cylinder processes of the motor
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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
gpinal 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 eranial nerves may be briefly
considered seriatim :

First Pair.—The olfactory nerve-filaments grow centri-
petally from the olfactory epithelinm of the nasal muecous
membrane.

Second Pair.—The optic nerve is not a true nerve (see
Chapter XVIL.).

Third Pair.—The oculomotor nerve represents a persistent
lateral motor root of the first head-segment (the ophthalmic
division of the fifth nerve being the sensory root of the same
segment).

Fourth Pair.—The trochlear nerve represents a lateral
motor root and belongs to the second head-segment.

Fifth Pair.—The trifacial or trigeminal nerve, containing
sensory and motor fibers, represents a persistent lateral motor
root and a dorsal sensory root. The ophthalmic portion of
the sensory root belongs to the first head-segment, while all
the remaining fibers, with the fourth nerve, are assigned to
the second =egment.

Sixth Pair—The abducens develops as a ventral motor
root and belongs to the third and possibly to the fourth
gegments.

Seventh and Eighth Pairs.—The acusticofacialis nerve, or
the facial and auditory nerves, develop as a single nerve with
several roots. The auditory nerve and the sensory fibers of
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are provided by the other constituents of the eyeball. Fur-
ther protection is furnished by two folds of modified skin
and subeutaneous tissue, the eyelids, and lastly for the
lubirication 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 eve is the growth
of a diverticulum from the side of the primary fore-brain
vesicle (Fig. 144). These optic evaginations are quite large

Fiz. 144.—A, brain of two-day chick-embryo: B, brain of human embryo of
three weeks (His). Shows the development of the optic vesicles and brain-vesi-
cles; fb, fore-brain; b, inter-brain; ov, optic vesicles,

as compared with the brain-vesicle. They begin to be evi-
dent even before the neural tube 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. Henee 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. 131, A and C).

The optie vesicle expands luterally 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. 145), the stalked condition

Fig. 145.—Part of a section through the head of an early human embryo, show-
ing the conmection of the primary optic vesicles with the fore-brain (His): olf,
olfactory area of epiblast; ch., part of fore-brain which gives rise to cerebral hem-
fspheres; th, thalamencephalon; po.v., primary optie 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-

FiG. 146.—Three snceeassive stages of development of the eve, showing forma-
tion of secondary optie cup and erystalline lens in human embeyos of 4 mm. (4),
6 mm. (£, and 8 mm. (7, (Tourneux): a, a, primitive optie vesieles; b, oxternal
layer of secondary optic cup (fature pigment-layer of retina) ; e, inner layer of enpe
{retina proper) ; d, lens-pit (thickened and depressed ectoderm) ; e, lens-vesicle,

diately under the epidermis, separated from it by only a thin

layer of embryonal connective tissue. This lateral position

of the optic vesicles is characteristic of the early stages of

development. After the end of the first month the eyes
20
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The further metamorphosis of the optie 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 inereased growth of the wall, and thus there is
a zone bordering this orifice which is anterior to the lens,
holding the same relation to the latter body that the future
iris holds, A second zone corresponds with the periphery
of the lens, while a third region, the fundus of the cup,
includes all the remaining part of its wall,

The fundus of the cup undergoes much greater specialization
than the other regions. The outer layer of the cup remains
thin, consisting of a single laver 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 eells,
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 carly
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 Miller’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 iz in contact with the pigment-
laver. The stroma of the retina receives a small eontribu-
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
—ithat 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-cylinder 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 eat 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 nuelear layer—the ganglion
retinse—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 selera, 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 funetionating portion of the
retina, or the pars optica retinz, the anterior termination of
which is indicated by the orra serrata.

The lenticular zone of the optic eup, 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 eonsists of cells which at first are euboidal, but which
later become eylindrical. At the end of the second month,
or the beginning of the third, the two layers of the lenticular
zone become plicated, owing to excessive growth in super-
ficial extent. The folds are nearly parallel and are arranged
radially with reference to the lens, the margin of which they
surronnd. These folds are the first indication of the eciliary
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11I. Fundus of cup. Functionating part of retina, or pars
optica reting, including :
A. Outer laver. A. Pigment-layer of retina.
B. lunner layer. B. 1. Neuro-epithelial laver, made

up of layer of rods and eones (the pro-
cesses of the rod- and cone-visual cells) ;
membrana limitans  externa; outer
nuclear layer (the bodies of the rod-
and cone-cells).

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

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

The optic nerve is the metamorphosed stalk of the optic ves-
icle. When the distal and under surfaces of the vesicle suffer
invagination, the stalk participates in the process, its under
surface being marked by a groove which is a prolongation of
the choroidal fissure of the optic cup (Fig. 147). By this in-
folding, the eavity of the stalk is obliterated and the stalk is
converted into a double-walled tube enclosing mesodermie
tissue which follows the invaginating ventral wall. In this
mesodermic tissue i= developed the arteria centralis retina.
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 appavent that
the outer layer of the tube thus formed is directly continuous
with the outer laver of the optic cup, while the invaginated
lamina is the prolongation of the inner wall of the cup or
of the part that becomes the retina proper, since not only
the distal wall of the optic vesicle is invaginated, but its
under or ventral wall as well.

The primitive 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. 148).

The lens at this stage is composed, therefore, of a thin
superficial or anterior stratum of euboidal 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. DBetween the two laminwme iz 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 suceessive 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
cellz 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 is evineed by the
presence of a nucleus in each fiber of a voung lens.

The lens-capsule results from the differentiation of the
mesodermie tissue which surrounds the lens, It s from this
enveloping vaseular lamina, the tunica vasculosa lentis, that
the growing lens derives its nutrition. The capsule i= 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 vascular membrane begins
to undergo retrograde alterations, the final result of which is
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the hyaloid membrane, which anteriorly acquires union with
the capsule of the lens,

The blood-vessels of the vitreous disappear during the last
two or three months of fetal life. The hyaloid artery per-
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 eve, 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 museular and vaseular elements,
and on the other hand the evolution of a tissue essentially
fibrous in structure, These two tunics are distinguishable
in the sixth week.

The cornea is formed from the thin layer of mesoderm that
penetrates between the lens-vesicle and the surface ectoderm.
The lens-vesicle lies very near the surface, and the thin
stratum of mesoderm that is interposed between the two is
the anterior layer of the lens-capsule (Fig. 148).  This ante-
rior layer thickens by the immigration of other cells and =sub-
sequently splits into two laminwe, a superficial one which pro-
duces the cornea (Fig. 148, k), and a deeper, which is now the
proper anterior wall of the lens-capsule. Thus a space filled
with fluid appears between the primitive cornea and the lens,
which corresponds with the future anterior and posterior
chambers of the eye, the division of the space into these two
chambers being effected subsequently by the development of
the iris. The further development of the cornea consists
simply in the differentiation of the mesodermic cells and the
intercellular substance into the several characteriztic elements
of the adult structure.
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All the characteristic or important elements of the ciliary
body are, therefore, derived from the mesoderm, while the
thin layer of tissue on its inner surface, representing an
undeveloped part of the optic cup, the pars ciliaris, is of ecto-
dermic origin.

The iris, the most anterior zone of the uveal tunie, is pro-

~duced from the same mesodermic tract that gives rise to the

Fia. 149.—Sagittal section through the eye of an embryo rabbit of eighteen
days ¥ 30 (Kdlliker): o, optie nerve; p, hexagonal pigment-layer; r, retina ; re,
eiliary 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 vessols from
the arteria centralis reting enter it; 4, iris; mp, membrani pupillaris; e, cornea
with epithelinm e; pp, pa, palpebre; ! lens; I, lens-epithelium; f, sclerotic; m,
rectl muscles.

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-vesiele and the surface ectoderm splits

‘into an anterior layer, which becomes the cornea, and a pos-
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mesodermie tissue, from which are produced the conneetive-
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 epithelinm 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 elose 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-
version into fibrous eonnective tissue, thus producing the
tarsal plates of the upper and lower lids, with the palpebral
fascize and tarsal ligaments by which the plates arve attached
to the margins of the orbit.

During the period when the edges of the lids are adherent,
the Meibomian glands and the eye-lashes are formed. The
glands develop from solid cords of epithelial cells that grow
from the deepest or Malpighian layer of the primitive epi-
dermis into the tarsal plates. The cords become hollow
tubes by degeneration of their central cells,

In addition to the two prineipal folds that produce the
lids, a third, vertical fold appears at the inner, nasal side of
the conjunetival space, beneath the lids, This fold remains
quite small in man and forms the plica semilunarig, but in
most other vertebrates it attains much greater size as the
third eyelid or nictitating membrane. A small part of this
third fold develops sebaceons glands and a few hair-follicles
and becomes the lacrimal caruncle.

The lacrimal gland is developed in the same manner as
the Meibomian glands, by the growth of solid epithelial
cords from the conjunctiva. The cords grow into the under-
lying mesoderm at the outer part of the line of reflection of
the conjunctiva from the inner surface of the upper lid to the
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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 nerve-fibers and interpolated ganglia with the
central nervous system, and of protective and auxiliary
structures. The neuro-epithelial struetures, including the
organ of Corti and the cells of the criste and macule
acusticze, result from the specialization of certain of the
epithelial cells which line the membranous labyrinth. The
perilymphatie space, which iz a lymph-space, together with
its bony walls, the osseous labyrinth, serve for the protec-

Fig. 150.—Three transverse sections showing development of otic vesicle of
human embryo (Tournenx): A4, from embryo of 3 mm,, showing anditory pit; H,
from embryo of 4 mm., showing the transformation of the pit into the otic vesicle;
£ from embryo of 6 mm., showing otie vesicle detached from surface ectoderm,
and presenting a posterior divertioulum, the recessus vestibuli.

tion of the delicate neural elements, while the middle ear
and the external ear act as media for the conduction of
sonorous vibrations.

The internal ear being the essential part of the organ of
hearing and being also the part first formed may properly
receive first consideration.

The Internal Ear.—The membranous labyrinth of the

21
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150, '), lengthens out into a slender tube, the ductus endo-
lymphaticus (Fig. 152), the slightly dilated end of which,
the saccus epdolymphaticus, is found in the adult occupying
the aqueductus vestibuli of the temporal bone.,

The opposite, anterior or ventral extremity of the otic
vesicle also bulges out into a small evagination, which grad-
ually elongates until it is a tapering tube, slightly curved
inward toward the median plane. This lengthens still more
and becomes spirally coiled, forming the cochlear duct or
scala media of the future cochlea (Fig. 152). The vesicle
itself becomes constricted in such manner by an inward pro-
Jjeetion of its wall as to indieate its division into an upper
larger and a lower smaller sae, the terms upper and lower
referring respectively to the head-end and the tail-end of the
embryonic body. Before the constriction oceurs, the wall
of that part of the vesicle which is to become the future
upper or utricular division presents two pouched-out areas
(Fig. 1561, B). One of these gives rise to the external semi-
circular canal, while from the other are formed the superior
and posterior canals. The pouch that produces the external

-

Fic. 152.—Diagram to illustrate the nltimate condition of the membranons laby-
rinth (after Waldeyer): w, utriculus; s, sacculus; er, canalis reuniens; r, ductus
endolymphaticus ; ¢, cochlea; &, blind sae of the cupola; v, vestibular blind sac
of the ductus cochlearis,

canal is semicircular in form and flat, lying in the horizon-
tal plane, its upper and lower walls being in contact with
each other. The opposed walls fuse, except at the periphery
of the pocket, and hence all that remains of ifs cavity is a
small marginal tube or channel, corresponding with its bor-
der and opening at each end into the cavity of the vesicle,
Throughout the region of fusion of the walls, the latter be-
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The structures so far considered—the utricle, the saccule,
the semicircular canals, and the cochlear duct—heing the prod-
uet of the ectodermic otic vesicle, represent simply the adult
epithelial linings of those eavitics, 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, some of the cells specialize into neuro-epi-
thelium. The most marked gpecialization of this sort oecurs
in the cochlear duet, where most of the cells on that wall of
the duet which may be called its floor—the part correspond-
ing to the 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.

In the utricle and the saceule, as well as in the ampulle
of the semicircular canals, there is a similar but less marked
specialization of epithelial cells to produce in the former case
the macule acustica, and in the latter, the eriste acustice of
the ampullee. While, therefore, the cells of the otie vesicle
which are to serve as the lining mucous membrane of the
membranous  labyrinth become flattened polyhedral ecells
arranged as a single layer, those cells which are to function-
ate as the peripheral part of the acoustic mechanism become
the specially modified eolumnar cells, many of them with
cilium-like appendages, of the maculwe, the eristwe, and of the
organ of Corti.

From the first the otic vesiele lies in elose relation with
the acusticofacial ganglion (Fig. 151, B). As pointed out
in a preceding chapter (p. 297), this ganglion subsequently
divides into two parts, corresponding with the two divisions
of the auditory nerve. This division of the ganglion and of
the nerve is correlated with the separation of the otic vesicle
into a cochlear part, the cochlear duct, and the two vestibular
vesicles, the saceule and the utricle. While the cochlear duet
i= still a short, slightly curved tube, the cochlear part of the
ganglion lies in close proximity to the tube, in the concavity
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which are separated from the latter by embryonal connective
tissue.

The bony semicireular canals are almost exact reprodue-
tions, on a larger seale, of the epithelial canals, and they are
formed by the ossification of the cartilaginous petrosa. Even
hefore this ossification oceurs the soft connective tissue
between the cartilage and the epithelial semicireular canals
differentiates into three layers. The inner layer, hecoming
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 membranous
canals, Its blood-vessels serve for the nutrition of the
eanals, The outer layer also undergoes eondensation and
-forms a fibrovascular membrane, the perichondrium, which
later becomes the internal periosteum of the honv canals,
The middle layer, on the contrary, becomes softer—by the
liquefaction of the intercellular substance and the degenera-
tion of the cells—so that gradually increasing, fluid-filled
cavities make their appearance, and these latter becoming
lm’gﬂr and many of them coaleseing, a space iz formed
around the membranous canals which is filled with fluid, the
perilymph. This perilymphatic space iz bridged across at
intervals by connective-tiszue processes that serve for the
conveyance of blood-vessels to the membranous canals,

The vestibule of the internal ear iz formed in practically
the same manner as the bony semicircular canals, the epi-
thelial saccule and utriele acquiring their conneetive-tissue
congtituents in the same way. There is the difference, how-
ever, that the bony vestibule does not conform to the shape
of the vestibular parts of the membranous labyrinth, sinee
it is a single undivided eavity enclosing the two little ves-
icles, the saceule and the utricle.

The bony cochlea, while developed upon the same general
plan as the other parts of the bony labyrinth, presents cer-
tain conspicuons modifications. The epithelial cochlear duet,
as stated above, in its early stage iz a short, tapering, and
slightly eurved tube. While it is still in this condition,
chondrification of the petrous bone oceurs, whereby the
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about which the duct is spirally wound. Within the carti-
laginous capsule, filling all the space not oceupied by the
spirally coiled duct and the cochlear nerve with its length-
ened-out ganglion, is the embryonic connective tissue of
which formerly the entire ecartilaginous petrosa consisted.
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.
153, «), a fact which has an important bearing upon the
further stages of growth.

The embryonal connective tissue within the capsule now
undergoes important modifieations, which vary greatly in dif-
ferent regions. That portion of this tissue which immediately
envelopes the cochlear nerve becomes first dense connective
tissue, which is afterward directly eonverted into bone, con-
stituting the meodiolus, or axis, of the cochlea. The proc-
esses of condensation and subsequent ossification extend
outward from the modiolus in a spiral line, which corresponds
with the intervals between the successive turns of the coch-
lear duct, until they meet the wall of the original capsule,
thus producing the bony cochlea. That is, by the develop-
ment of this spiral plate and its connection internally with
the modiolus and externally with the wall of the capsule, a
tube at first partly membranous and partly cartilaginous,
and at a later stage osseous, is produced, which encloses the
much smaller cochlear duet, and like it is wound spirally
around the modiolus. To repeat, the original simple cavity
of the eartilaginous eapsule is subdivided by the growth of
the modiolus and of the spiral shelf’ in such manner as to
become a spirally coiled tube.

The cochlear nerve, enclosed within the coil of the coch-
lear duet, sends branches (Fig. 153, N) in a continuous
spiral line to the duct, and the soft tissue surrounding and
supporting these branches condenses to form a connective-
tissue plate which extends outward from the modiolus to
the eochlear duct and which, therefore, has a spiral course
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about the modiolus, its entire inner edge being attached
to that central axis, while its outer border is, throughout
its entire extent, in continuity with the inner wall of the
duct. At a later stage this spiral plate undergoes direct os-
sification to form the two lamell@ of the bony lamina spiralis.
Thus it is that the ganglion spirale and the successive ter-
minal branches of the cochlear nerve come to be enclosed
within the spiral lamina. Recalling the condition of the
cochlea before the growth of the spiral lamina, it will be seen
that the latter, in connection with the epithelial cochlear duct,
divides the tube into two parts (Fig. 153, SV, ST, I
will be evident, too, that the epithelial cochlear duct now
holds a relation to the larger tube of the future bony cochlea
which is similar in principle to the relation of the mem-
branous semicircular canals to the bony canals, but with
the difference that the outer wall of the epithelial duet is in
close contact with the outer wall of the future hony canal
at 2, 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
mesodermic tissue, except on the side farthest from the
modiolus, where its wall is in contact with and finally
adheres to the wall of the eartilaginous capsule. The lamina
spiralis divides this tissue into two parts which respectively
oceupy 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 eochlear duct, becomes fibrous
connective tissue and constitutes the fibrous layer of the adult
cochlear duet ; that is, on the side of the duct toward the
seala tympani, it becomes the connective-tissue layer of the
membrana basilaris, while on the side toward the scala ves-
tibuli it forms the fibrous stratum of the membrane of Reiss-
ner (Fig. 153). The peripheral zone of indifferent tissue,
that in contact with the now cartilaginous wall of the future
bony cochlea, as well as that which lies against the lamina
spiralis, also undergoes condensation and forms a fibrous,
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or fibrovascular, membrane, the internal perichondrium or
future 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
is the perilymph. This perilymphatic space is in communi-
eation with that of the vestibule. Therefore, while the coch-
lear duet or seala media encloses an epithelium-lined space,
as do the saccule, the utricle, and the membranous semi-
circular canals, and in common with those struetures con-
tains the so-called endolymph, the scala vestibuli and the
scala tympani are in the same eategory 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,
is developed from the back part or dorsal end of the first
inner visceral furrow. The external ear, comprising the ex-
ternal anditory meatus and the auricle, comes from the dor-
sal extremity of the first outer furrow and the tissue about
its margins, the tympanic membrane representing in part the
closing membrane which separates the inner furrow from the
outer.

The first inner visceral furrow, in common with the
other inner furrows, is an evagination of the lateral wall
of the primitive pharyngeal cavity, or head-end of the gut-
tract. The ventral end of this groove suffers obliteration,
but the dorsal segment, designated the tubotympanic sul-
cus, becomes converted into a tube by the growing together
of its edges. The tube is composed therefore of entodermic
epithelial cells. It elongates in the dorsal and outward
direction, and its dorsal extremity becomes enlarged to pro-
duce the cavity of the tympanum, the remaining part of the
canal becoming the epithelial lining of the Bustachian tube.
The canal being formed before the development of the
cranium, and approximately its posterior half being sur-
rounded by the mesodermic embryonal connective tissue
that afterward becomes the petrosa of the temporal bone, the
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which forms part of the wall of the meatus is dealt with in
the chapter on the development of the skeleton.

The auricle is derived from the tissue around the margin
of the unclosed back part of the first outer cleft (Fig. 155, C).
Six little elevations make their appearance here, the projections
being mesodermic tissue covered with ectoderm. The meso-
dermic component of the elevations differentiates into the
cartilaginous and other connective-tissue parts of the auricle.
The nodules marked 2 and 3 in Fig. 154 becoming a continu-

Fi1G. 1. —8howing the gradual development of the paris of the external ear
from prominences upon the mandibular and hyoidean vigceral arches (His), vari-
ously magnified: 1, 2, prominenees on mandibular arch; 3, prominenee between
the two arches, prolonged posteriorly in second figure to 3e; 4,5, and 6, promi-
nences on hyoidean or second visceral arch: K, lower jaw. Prominence 1 forma
the tragus; 2, 8, 3¢, the helix; 4, the antihelix ; 5, the antitragns ; 6, the lobule.

ous ridge, produce the helix, while nodule 4 becomes the anti-
helix. The tragus and antitragus develop respectively from
the projections 1 and 5. At the end of the second month,
these parts are so far advanced as to be easily distinguish-
able, and the connective-tissue basis of the ridges and pro-
jections and the continuous plate-like mass to which they
all are attached begin to undergo chondrification.  IFrom
the third month onward, this primitive auricle, by continued
growth and greater separation from the side of the head,
assumes more and more the characters of the fully formed
member. The lobule, however, which results from the
growth of the little elevation marked 6, lags behind the
other parts in development and is rather indistinct until the
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walls on every side except below, where they are directly
continuous with the oral fossa.

In the latter end of the sixth week the nasofrontal proe-
ess, which, it will be remembered, constitutes the upper

F1a. 156, —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, Interal frontal, and max-
illary processes are in apposition ; the primitive opening is now better defined. C,
embryoof about the eighth week : immediate boundaries of mouth are more defi-
nite and the nazal orifices are partly formed, external ear appearing. D, embryo
at end of 2econd month.

limit of the oral fossa, is joined on each side by the united
maxillary, and lateral nasal, processes. This effects a divis-
ion between the oral fossa and the nasal pits, and forms,
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of mesodermic tissue which develops into cartilage and sub-
sequently into bone, forming respectively the three turbinated
bones. The cartilaginous character of these folds becomes
apparent at the end of the second, or the early part of the
third, month. An evagination on the lateral wall of each

Fi6. 157.—Croas-section throngh the head of an embryo pie 8 e, (1.2 1n.) long,
crown-rump measurement. The nasal eavities are seen to be in communication
with the oml eavity at the places designated by a #: K, cartilage of the nasal sep-
tum ; m, tarbinal cartilage ; J, organ of Jacobeon ; J°, the place where it opens into
the nasal eavity: gf, palatal proeess; of, maxillary proeess; =/, dental ridge
{Hertwig).

nasal fossa, between the middle and the inferior turbinal proe-
esses, becomes the antrum of Highmore; this is formed in

‘the sixth month. Other evaginations produce the ethmoidal,

the frontal, and the sphencidal sinuses, the last two of which
are not completed, however, until after birth. Very early in
the development of the nose a small invagination appears on
the mesial wall of the nasal pit. In the fourth month of
gestation this invagination has become a eanal in the septum
(Fig. 157, J), running from before hackward and ending in
a blind extremity. It is the so-called organ of Jacobson,
which, in man, is merely a radimentary structure, but which,
in most other mammals, is more highly developed, being
surrounded by a cartilaginous capsule and receiving a special
nerve-supply from the olfactory nerve,

The olfactory plates hecome separated from the fore-hrain
vesicle and consequently from the later brain and its out-

23






CHAPTER XVII.
THE DEVELOPMENT OF THE MUSCULAR SYSTEM.

THE STRIATED OR VOLUNTARY MUSCLES.

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

To arrive at a proper comprehension of the evolution of
the muscular system it is neecessary to revert to an important
fundamental embryological process, the segmentation of the
body of the embryo, or, as it iz sometimes expressed, the seg-
mentation of the ecelom, or body-eavity. As pointed ont in
Chapter IV., this process of segmentation occurs 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
embryonie body, the paraxial mesodermie traets, undergo
division or segmentation, in lines transverse to the long
axis, into a series of pairs of irregularly cubical masses
of mesodermic cells. These masses are the mesoblastic
somites or primitive segments, often inappropriately called
the protovertebree. 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 eephalic end of the embry-
onic area, and seven more, behind the first, are added almost
gsimultaneously. The formation of the primitive segments
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segmentation of the paraxial mesodermic traet, this tract has
become separated from the remaining lateral plate of the
mesoderm. The separation is not complete, however, and
therefore, after the appearance of the primitive segments,
each segment is connected with the more laterally placed
lateral plate—by the separation of which latter into two
lamelle the ecelom is formed—by a smaller mass of tissue,
the nephrotome, alzo called the middle plate, or intermediate
cell-mass (Fig. 158, vb). As development progresses the dis-
tinetion 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 eells which form a mass called the sclerotome
(Fig, 158, 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, being con-
cerned in the production of the permanent vertebrse, has no
further interest in this connection.

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
myoeel. The myotomes or muscle-plates are so called be-
cause they give rise to the voluntary musculature of the
trunk. But not all of the cells of the musele-plate undergo
transformation into muscular tissue.,  While the cells on the
mesial or chordal side of the myocceel 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 eorium of
the skin (Fig. 158, ep). The cutis-plate and the remaining
part of the musele-plate are continuous around the myocel,
the transition from one to the other being more or less grad-
ual. To summarize, the primitive segment iz differentiated






THE STRIATED OR VOLUNTARY MUSCLES. 343

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
nucleus 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 nueclei are arranged
in a single row, and the fibers of this class do not undergo
fission ; while there is another elass, 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 nuelel

Although many of the details of the development of the
muscular system are still involved in obscurity, it is a gen-
erally accepted fact that each fiber is derived from a single
cell, the pmtuplﬂsm of which develops the funetion of eon-
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 muscular mass resulting from the transformation of
each myotome grows in the ventral direction between the eeto-
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. It grows also and to a greater
extent in the dorsal direction, covering, and acquiring points
of attachment to, the vertebral column, which has mean-
while been forming. In addition to the ventral and dorsal
extension of the musele-plates, each one grows both forward
and backward—cephalad and candad—in such manner that
overlapping and intermingling result.

What has been said above concerning the evolution of
the trunk-musculature from the primitive segments refers to
those muscles that are developed from the segments of the
trunk. As to the evolution of the head-segments compara-
tively little iz definitely known. Tt is generally accepted
that in elasmobranchs—a group including sharks and rays—
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account and from that found in Chapter I'V., it will be seen
that the formation of the visceral arches and elefts is in
reality the segmentation of the ventral mesoderm of the head-
region of the embryo, or to express it in another way, it is
the segmentation of the ventral ceelom of that region. It is
interesting to note that whereas in the trunk the segmenta-
tion of the mesoderm is restricted to the dorsal part of the
body, in the head-region the ventral mesoderm also partiei-
pates in the process. Hence the visceral arches, as might be
expected, consist of s0 many masses of mesodermie tissue,
each arch containing a small cavity lined with mesothelium,
which cavity is a constricted-off part of the body-cavity or
celom. It is these mesothelial cells that produce, by their
differentiation, the. museles under consideration.  While so
much eoncerning the origin of this group of museles is prac-
tically assured by observations upon the embryos of the
lower vertebrates, the details are still obscure.  His assumes
the origin of the palatoglossus, the styloglossus, and the levator
palati from the second or hyoid arch ; of the stylopharyngeus,
perhaps the palatopharyngeus, the hyoglossus and the superior
constrictor of the pharynx from the third arch: and of the
middle and inferior pharyngeal constrictors from the fourth
arch, Further, it is held by Rabl that the museles of the
face, including those of the scalp and the platysma—the
muscles of expression—orizinate from the mesothelium of
the hyoid arch in the form of a thin superficial sheet, which,
gradually spreading out from the place of origin, breaks up
into the individual musecles,

The Muscles of the Extremities.—Of the develop-
ment of these there is little to be said. Enough is known
of the development of the limb-muscles to establish two im-
portant facts : that these museles develop as buddings from
the muscle-plates of the trunk, and that the muscles of each
extremity arise not from one but from several myotomes,
the exact number being uncertain. The observations have
been chiefly upon selachians (sharks, ete.), and in these em-
bryos each myotome gives off two buds, each of which






CHAPTER XVIII.

THE DEVELOPMENT OF THE SKELETON AND
OF THE LIMBS.

AvtnovaH the skeleton is the framework of the body in
the anatomical or mechanical sense, it is not so embryologic-
ally, since its development is not begun, at least not to any
important extent, until nearly all the principal organs are
well differentiated, and its growth is largely subsidiary to
that of the structures which, in the mature state, it supports
and protects. Morphologists speak of the exoskeleton and
the endoskeleton, the former having reference to the hard
structures found superficial to the soft parts, for whose pro-
teetion they serve, such as the carapace of the lobster, and
the hard seales of certain fishes; while the latter term
sigmifies the cartilaginous or bony structures found within
the bodies of most vertebrate animals. Even in the highest
vertebrates, certain bones, such as those of the vault of the
eranium, are usually considered by morphologists as being
the representatives of part of the exoskeleton of lower types.

The skeleton, using the word in its ordinary sense, con-
sists of the axial skeleton and the appendicular skeleton, or
skeleton of the limbs. The former, including the head and
the trunk, is common to all vertebrates; the latter is not
found in the lowest members of this class and hence is to be
regarded as a later acquisition in the evolution of the skeleton,

In studying the development of the skeleton, as in con-
sidering that of other systems and organs, clearer conceptions
of the growth of the individual may be obtained by com-
paring it with the evolution of the type. For example, the
simplest form of skeletal apparatus is that of the amphioxus.
In this animal the only representative of the skeleton is the
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pose, as it were, of an axis about which the permanent ver-
tebral colomn and a part of the skull are, at a much later
date, built up. The anterior or headward termination of the
chorda corresponds to the position of the later hypophysis, or
pituitary body, and thus the chorda is coextensive, not only
with the vertebral column, but also with a portion of the
eranium. The cells of the chorda enlarge and become dis-
tended with fluid, the protoplasm of each eell being reduced
to a thin layer. The peripheral cells, however, constituting
a distinet layer, the chordal epithelium, remain small, and it
is by their proliferation that the chorda inereases in size. In
the amphioxus the chorda is the only “skeleton” that is ever
acquired, and in this animal it is a permanent structure. In
all other vertebrates it becomes surrounded by embryonal
connective tissue, mesenchyme, which latter undergoes chon-
drification, and in the higher types ossification also.  While
in some of the lower vertebrates, as in certain classes of
fishes, the chorda persists as a structure of more or less im-
portance, in the higher members of the series, birds and
mammals, it retrogrades as the processes of chondrification
and ossification go on, until finally it is represented only by
the pulpy centers of the intervertebral disks.

The Membranous Stage.—The notochordal stage of
the development of the vertebral column is sueceeded by the
membranous stage. The transformation is effected by the
appearance of an ensheathing mass composed of embryonal
connective-tissue cells which surround not only the chorda
but also the neural eanal or fundament of the nervous system
(Fig. 158, k). The source of thiz embryonal connective tissue
or mesenchyme bears an important relation to the primitive
segments. As the development of the primitive segments
was described in the last chapter, and also in Chapter IV,
it will suffice to remind the reader that each primitive seg-
]meut undergoes differentiation into the myotome or muscle-
plate, the cutis-plate, the nephrotome, and the sclerotome (Fig.
158), the selerotome occupying the mesial surface of the seg-
ment and lying in elose proximity to the chorda,

While the myotome originates from the flattened or meso-
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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-
tilaginons 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.

As a preliminary step to the formation of the cartilaginous
vertebree, the ensheathing membranous tissue exhibits, at
regular intervals, areas of condensation of its connective-
tissue elements. It is in these condensed areas that the
process of cartilage-formation begins, and each such area,
which has the form of a somewhat obliquely placed how or
half-arch, corresponds approximately but not accurately to a
future vertebra. This half-arch of condensed mesenchymal
tissue is called the primitive vertebral bow by Iroriep, whose
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FiG. 160.—Cross-section through the anlage of the third cervical vertebra of & cow
embryo of 12 mm. (% in.) (Bonnet).

investigations established many of the facts known concern-
ing the development of the skeleton (Fig. 160). The median
part of the bow is on the ventral side of the chorda and is
known as the hypochordal brace. The extremities of the bow
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with their fellows on the dorsal side of the spinal cord, and
in the fourth month the corresponding arches of the two
sides become united, thus completing the cartilaginous sheath
of the cord.

The masses of connective tissue occupying the intervals
between the vertebral bodies are known as the intervertebral

‘arachordal cartilage
Bow of occipital vertebra 4

Beginuing of cartiloginons
body of eccipilal veriehrn

Beginning of caritlaginons
body of first cervical ver-
febra

Fertebral fow of second

cermical verfebra

Darsal profections of the
bifurcaled primifive ver-
debral bows

Chorda

Fia. 161.—Frontal projection from a series of sections through a cow embryo
of 17 mm. (067 in.), dorsal view (from Bonnet, after Froriep): Connective tissue
stippled ; eartilage white.

ligaments. Subsequently they become the intervertebral disks.
The tizsue between the cartilaginous arches becomes differ-
entiated into the ligamenta subflava.

While the unsegmented skeletogenous sheath of the
chorda is gradually differentiating into the separate elements
of the cartilaginous vertebral column, the chorda itself begins
to retrograde.  Within the bodies of the vertebre its devel-
opment is completely arrested, while those portions of it con-
tained within the intervertebral digks 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

23
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between them, is surrounded by the two processes, and thus
the adult eervical transverse processes differ from those of
the other vertebrse in the possession of a foramen.'

The atlas and the axis, being strikingly maodified cervieal
vertebree, require speeial 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 vertebrae
do. Unlike other vertebrm, 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 picce of cartilage which
results from the chondrification of the hypochordal brace,
referred to on page 352, This forms the cartilaginons 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
osgification and from an additional one for its odontoid proe-
ess, Bony union of the odontoid process with the proper
body of the axis ocenrs in the seventh year. The odontoid
process, in common with every other vertebral body, is
traversed in the cartilaginous stage by the notochord.

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

The sacral vertebrz each present the usual ossific centers.
Inasmuch as thev 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

1 The point is made by some authorities, as Minot, that the bone does
not grow around the artery, but that the artery grows through the ossifying
tissue.
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consists, as in the cervical and the lumbar vertebrs, 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

vertebre begin to ossify in the eighteenth year, the Dprocess
being completed in the twenty-fifth year.

The coccygeal vertebrz are quite rudimentary. Each one
is ossified from a single piece of cartilage, and usually from
but a single center of ossification. Occasionally the first
piece of the coceyx develops from two ossific centers, the proe-
ess beginning at birth. Ossification begins in the second
vertebra between the fifth and the tenth years ; in the third,
shortly before puberty ; in the fourth, soon after puberty.
The lower three pieces fuse into one before middle life, and
this unites with the first, and the latter with the sacrum, at
variable periods thereafter.

The Development of the Ribs and Sternum.—
Reference has been made in the preceding pages to the liga-
menta intermuscularia as strips or bands of embryonal con-
~ nective tissue lying between adjacent muscle segments, which
have originated, in common with the sheath of the chorda,
from the cells of the selerotomes. The ligamenta intermus-
cularia become invaded by the costal processes of the primi-
tive vertebral bows, the costal process, which is the ventral
division of the tip of the bow, growing ventrad and pene-
trating the substance of the ligament to constitute a curved
rod of connective tissue, the forernnner of the future rib.
Thus there are formed connective-tissne representatives of
the ribs, each of which is embedded in the looser connective
tissue of the corresponding intermuscular ligament. It is
by the development of cartilage within these curved rods of
condensed mesenchyme, the membranous ribs, that the cartil-
aginous ribs are produced. The process of chondrification
commences in the second month, but does not involve the
proximal ends of the ribs, the tissue here becoming liga-
mentous and serving to bind together the ribs and the verte-
bre. Ribs are formed throughout the entire extent of the
vertebral column, except in the coceygeal region, but while in
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the lower vertebrates the entire series goes on to mature de-
velopment, in mammals, including man, their growth is
arrested in the cervieal, lumbar, and sacral regions, In the
eaze of man and mammals only the thoracie ribs persist and
become adult structures,

As the distal (ventral) extremities of the ribs advance
toward the ventral median line, the tips of the first five, six,
or seven each exhibit an enlargement. These broadened ends
soon coalesce, thus forming on either side of the median line
a eontinuous 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 ossifieation 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 manubrinm and from six to
twelve for the gladiolus. The ensiform acquires a center of
ossification in the early years of life, but for the most part
remains 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 eolumn. In the cervieal, lumbar, and sacral
regions each rudimentary rib becomes blended with the
transverse process of the corresponding vertebra to form the
transverse process of human anatomy. It is from the per-
sistence of the seventh rudimentary cervieal rib and its fail-
ure to fuse with the corresponding transverse 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
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ease of the trunk skeleton, the eranium is first outlined in
membranous tissue resulting from the differentiation of the
embryonal connective tissue which ensheaths the head-end
of the chorda, and alzo of the connective tissue of the visceral
arches, this differentiation producing the membranous primor-
dial cranium. The metamorphozis of the membranous eraninm
into cartilage brings about the cartilaginous stage of the
eranium, while the replacement of the cartilage by bone is
the final step in the process,

Bones that develop from centers of ossifieation in pre-
viously formed masses of cartilage are styled primordial
bones, while those that are produced independently of ear-
tilage, either in the skin covering the membranous cranium,
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 fizhes.

The Membranous Cranium.—The membranous brain-
case is differentiated from the young connective tissue which
ensheaths the anterior or head-end of the chorda.  As pre-
viously stated, the anterior end of the chorda is at a point
ventrad to the mid-brain vesicle, in the angle formed by the
latter with the fore-brain, at a position corresponding with
that of the pituitary body (Fig. 162). The skeletogenous
sheath of the chorda, in this situation as elsewhere, results
from the multiplication of the cells of the sclerotomes, since
this region of the body undergoes segmentation in common
with the trunk. The number of head-segments 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 ont dorsad
to cover the brain-vesicles. From the terminal point of the
chorda, beneath the inter-brain, the sheath advances ante-
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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. 163,1). Farther forward,
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Fig. 163.—First fundament of the eartilaginous primordial cranium {from
Wiedersheim): 1. First Stage: €, chorda; PE, parachordal cartilage; Tv, Rathke's
trabeculse cranii; PR, passage for the hypophysis; N, 4, 0, nasal pit, optic vesi-
cle, otocyst. 2. Sceond Stage: €, chordn; B, basilar plate; Tr, trabeeule cranii,
which have become united in front to constitute the nagal septum (%) and the cth-
moid plate; ¥, AF, processes of the gthmold plate encloging the nasal organ ; (138
foramina olfaetoria for the passage of the olfactory nerves; P'F, postorbital proe-
ess: NK, nazal 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 eranial trabecule unite with
each other, but not thronghout their entire extent, an aperture
being left at the position of the pituitary body. It is through
this aperture that the oropharyngeal diverticulum, which
forms the anterior lobe of the pituitary body, projects to
come into relation with the diverticulum from the inter-brain,
which produces the posterior lobe. At a later period ossifi-
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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 oceurs, 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 tissue 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 Iig. 169).

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 eartilage, the copula, belonging to
the arches of the two sides, which later develops into the
body of the os hyoides.

To summarize, the head skeleton in the cartilaginous stage
of development presents an imperfect cartilaginous brain-case,
capsules for the organs of smell, sight, and hearing, and a
cartilaginous visceral skeleton, the several parts of which map
out the lower jaw, the hyoid bone, the styloid process, and
the ossicles of the middle ear.

The Osseous Stage.—The bony condition of the head
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 anditory ossicles,
the ethmoid, and the inferior turbinated bone, are produced by
ossification in cartilage and are hence ealled primordial hones ;
and that the bones of the vault of the eranium, and for ihe
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 irth
these three elements of the bone are still separate from each
other, the tympanic being an incomplete ring, and the petro-

Fia. 165—0ccipital bone at birth, sxternal surfece: dp, interparictal; so, supra-
aeeipital ; eo, exoecipitals; bo, basi-oceipital.

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 eranium by
membranous tissue.

The squamozygomatic (IFig. 166) 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. 166), 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 eanal, from which
point the process of bone-formation extends upward on either
side so as to form an incomplete bony ring, open above,
This 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 being in the outward direction,
it becomes a curved plate or imperfect evlinder of bone
which constitutes the bony wall of the external auditory
eanal. At birth, the pars tympanicus still has the form of
the incomplete ring, its further development taking place
during the first few years of life. The extremities of the
ring unite with the squamozygomatic before birth.  The
tympanic unites also with the petrosa except in a region
adjacent to the proximal end of Meckel’s cartilage, where
an aperture is left which is the petrotympanic or Glaserian
fissure. Since upon the part of Meckel’s cartilage which is
thus enclosed by the union of the two bones is formed the
long process of the malleus, the presence of this process in
the Glaserian fissure is accounted for,

The styloid process of the temporal bone belongs to the
viseceral-arch skeleton. Tt 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. 170); it begins to ossify before birth and soon unites
with the temporal. The other segment, the stylohyal, under-
goes ossification later and joins with the tympanohyal only
after adult age is reached. Sometimes it remains separate
throughont life.

The sphenoid bone is for the most part ossified in cartilage.
The body of the bone is represented in the fetus by two
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life a distinet bone, the ptervgoid. In man it fuses with
the external plate in the fifth month.

The presphenoid with its attached lesser wings, and the
basisphenoid, to which are united the greater wings and the
pterygoid plates, remain permanently separate bones in some
animals. In man, as noted above, the two parts of the body
of the bone unite shortly before birth, although the greater
wings remain separate until some months after that event.

The ethmoid bone and the inferior turbinate are formed in
cartilage, resulting from the ossification of the posterior por-
tion of the cartilaginous nasal capsule (Fig. 168, m). The

Fia. 168, —Cross-section through the head of an embryo pig 3 em. (1.2 in.) long,
erown-rump measurement. The nasal cavities are seen to be in eommunication
with the oral cavity at the places designated by a #: K, cartilage of the nasal sep-
tum : m, turbinal cartilage ; J, organ of Joeobson ; J, the place where it opens into
the naszal eavity; gf, palatal process; of, maxillary process; =, dental ridga
(Hertwig).

latter represents the anterior extension of the ecartilaginous
trabecul® cranii so modified as to constitute a receptacle for
the olfactory epithelium. The anterior part of thiz capsule
remains eartilaginons 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 angd
a part of the lateral masses. The ossification of the superior
turbinal, of the vertical plate, of the crista galli, and of the
24
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bones have been referred to above. These bones of the
visceral-arch skeleton are partly primordial and partly mem-
branous,

The superior maxilla comprises two parts, the superior
maxilla proper and the intermaxillary bone. While these
intimately unite in man, in some animals, as the dog, they
are permanently distinet, the intermaxillary 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 viseeral arch—from
an uncertain number of centers, Tt seems probable that
there are three nuclei of origin, one for the palate process,
one for the malar part of the bone, and one for the portion
internal to the infra-orbital foramen and a part of the nasal
wall. The formation of the antrum begins in the fourth
month by the development of a recess or fossa on the inner
or nasal wall of the bone,

The palate process is formed by the growth, on the inner
aspect of the bone, of a shelf-like projection which advances
toward the median line until it meets and unites with its
fellow of the opposite side (Fig. 156). The horizontal plate
of the palate bone develops similarly and very shortly after,
and thus 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 eleft-palate results. The intermaxillary segment bhegins
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
ineisor teeth. As previously mentioned, deficiency of union
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. 169, am). The poste-
rior or proximal extremity of Meckel’s cartilage, becoming
a partly separated ecartilage, the articulare, ossifies to pro-
duce the mallens (Iig. 169, 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 tympanie ring develops, and the in-
terval below, between this ring and the petrosa, is gradually
narrowed to the petrotympanic or (laserian fissure, the mal-
leus comes to lie within the tympanie cavity, being continuous,
through the fissure, with Meckel’s eartilage.  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 viseeral arch
divides—that is, between the palatogquadratum 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 membranons 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 easing 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 hone 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 wisceral 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 eartilage, and, like it, is
in contact by its dorsal or cranial 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 eartilaginous ele-
ments furnish the stapes of the middle ear and the hyoidean
apparatus, the latter consisting of the hvoid bone, the stylo-
hyoid ligaments, and the styloid processes. In man the
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Fie. 170.—Hyoidean apparatus and larynx of dog.

hyoidean apparatus is somewhat rudimentary, but in the dog
and many other mammals it is present in its typical form
(Fig. 170). In such animals the stylohyoid ligament of hu-
man anatomy is represented by a bone, the epihyal, the hyoid
bone being, therefore, connected with the skull by a series
of small bones articulated with each other. All the elements
of the hyoidean apparatus, save the body and the greater
cornua of the hyoid bone, ave produced by Reichert’s carti-
lage ; the hyoid body, known in comparative anatomy as the
basihyal, and the greater cornua, or the thyrohyals, ossify
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- gations upon the lower vertebrates, and is borne out by the
fact that each extremity receives its nerve-supply from a
series of spinal nerves instead of from the nerve-trunk of
any one segment.

The Development of the Pectoral and the Pelvic
Girdles.—The pectoral or shoulder girdle consists in its
earliest stage of a pair of curved bars of cartilage, each of
which is made up of a dorsal limb occupying approximately
the position of the future spine of the seapula and approach-
ing but not tonching 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 iz a shallow
depression, an articular surface, which represents the point
of articulation with the future humerus.

The seapula 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 scapula
with the infraspinous portion of the bone very much short-
ened, Ossification begins at the neck of the scapula about
the eighth week, and in the third month extends into the
spine. The ventral part of the cartilaginous shoulder-gi rdle
extends almost to the median line of the chest-wall. It
divides into two 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 scapula. At birth the human scapula
is but partially ossified, the coracoid process, the acromion,
the edges of the spine, the base, the inferior angle and
margins of the glenoid cavity being cartilaginous. The
coracoid process ossifies from a single center and acquires
osseous union with the body of the bone at about the age of
puberty. The acromion ossifies from two or three 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 coracoid 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 380). Nuclei of chondrification now appear, one in
the center of each skeleton-piece, from which cartilage forma-
tion extends toward either end. The several ecartilaginous
elements thus produced present approximately the respective
forms of the future bones. The larger cartilages are present
in the upper extremity in a six weeks’ embryo, but not until
somewhat later in the lower limb. All the bones of the
extremities are of endochondral origin.

The long bones develop in a fairly uniform manner. The
shaft or diaphysis ossifies from a single center, while the two
epiphyses each present several centers,  The centers for the
diaphyses appear at about the eighth weel, 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. Osseous 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 ossific
nuelei. The bones of the earpus 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 hegin 1o 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 exeeptions the tarsal bones
undergo ossifieation 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
epiphyseal center. In the case of the phalanges and of the
metacarpal bone of the thumb and of the great toe, the epi-
physeal center is at the proximal extremity, while in the
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of each (Fig. 48, 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 elefts, 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 weelk, 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 conneection with the origin of the skin (page 247).
The Position of the Limbs.—The paddle-like limb-
buds at first project laterally almost at right a ngles 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),
while the first digits—the future thumb and great toe—and
consequently the radius and tibia, occupy the side of the
member that is directed headward or cephalad, the future
little finger and fifth toe with the ulna and fibula looking
caudad. As the limbs enlarge and differentiate into their
respective segments, they apply themselves to the ventral
surface of the body, this change in position being facilitated
by the occurrence of the future elbow- and knee-flexions,
which cause the flexor surfaces of the forearm and leg, re-
spectively, to approach the corresponding surfaces of the
upper arm and thigh. At about the same time, the distal
segments, the hand and foot, become bent in the opposite
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Candal aorta, 150

Cavity, amniotic, 76
pleuroperitoneal, 58
segmentation, 45

Cpll-mass, inner, 45
intermediate, GY
outer, 45

Cells, sexual, 29
mesenchymal, 58

Cementum of tooth, 125
development of, 129

Central eanal of cord, formation of,

2062

lobe, formation of, 251
Centrolecithal ova, 25
Centrosome, 41
Cephalie flexure, 101, 264

ganglia, development of, 296
Ceratohyal, 576
Cerebellum, development of, 268
Cercbral fissures, development of, 275

vesicles, 262, 263
Ceruminous glands, 250
Cervical fistula, 105

flexure,

rib, 354, 357
Chaloeza:, 27
Chambers of cye, 318
Chorda dorsalis, 65

formation of, 348

stage of, 348
Chordae tendinem, 146
Chordal epithelium, 349

plate, G

region of primitive skull, 361
Choriata, 84
(Choriocapillaris, 316
Chorion, 82

frondosum, 84

leve, 83

primitive, 82

trae, 52
Choroid, coloboma of, 316

development of, 316

fissure, 282, 283

plexns, 234

plexuses of fourth ventricle, 267
Choroidal fissure, 306, 316
Chromatin snbstance, 25
Cicatricula, 26
Ciliary body, development of, 316

ganglion, 296

muscle, development of, 316

processes, development of, 309, 316
Circulation, allanteic, 81, 148

placental, 135

portal, 161

vitelline, formation of. 135
Clanstram, 2759
Clavicle, development of, 378
Cleavage, kinds of, 43

of ovum, 41

partial diseoidal, 44

peripheral, 44
total equal, 43

Cleavage, total unequal, 43
Cleavage-cavity, 45
UCleavage-nuclens, 39
Cleavage-planes, 42
Cleft palate, formation of, 125

ghernum, 357

canse of, 74

uvula, formation of, 125

Clefts, visceral, 101

Climacteric, 35
Clitoris, development of, 235, 236
Cloaca, 173, 179, 233
Closeal depression, 180, 233
Closing membrane, 102, 106, 177
Coceygeal curve, 101
vertebre, ossification of, 356
Cochlea, bony, development of, 327
| Cochlear duct, formation of, 323
ganglion, 2497
nerve, G240
Ciplenteron, 47, 49
Cioelom, 55, 58, 197
Collateral fissure, 279, 254
Coloboma of choreid, 316
of iris, 318
Colon, ascending, formation of, 186
descending, formation of, 184, 186
transverse, formation of, 156
Columns carncae, 140
Commissures of brain, development
of, 279
of cord, white, 260
Conarinm, 274
muodifieations of, 274
Cone-vizsnal cells, 307
Congenital atresia of pupil, 314
diaphragmatic hernia, 161
feeal fistuln, 190
hernia, 226
nmbilical hernia, 188
Coni vascelosi, formation of, 223
Connective tissues, development of,
113
Constroctive stage of menstrual
cyvele, 35
Copula of hyoid bone, 363
Corneoid bone, 377
process of seapula, 377

| Cord, spinal, development of, 257

| umbilieal, 92
Cords of cells, 135
Corinm, development of, 245
Cornea, development of, 315
Corona radiata, 23, 20
Coronary ligament, 193
of liver, 202
sinus of heart, 156
valve, 144
Corpora albicantia, 272
bigemina, 271
cavernosa, formation of, 238
qlmelri;;emilm, o271
Corpus callosum, formation of, 285,
287
hemorrhagicum, 33
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Eml}r{lu of thirteenth day, 97
of three weeks, 101
of twenty-eight days, 105
segmentation of body of, 69
stage of, 19, b6
Ewbryology, defined, 17
Embryonal area, 50
down, 250
Embryonic crescent, 51
Eminentia eollateralis, 285
Enumalmé:f milk teeth, formation of,

of teeth, 125
Enamel-ﬁe-tlla. 127
Enamel-germ, primitive, 126

Enamel-germs of permanent teeth,

129
Enamel-prisms, 127
Enamel-sae, 126
Endocardinom, 140
Endochondral bones, 359
Endolymph, 331
Endoskeleton, 347
Endothelinm, formation of, 58, 115
Enterocel, 55
Entoderm, 47, 438
derivatives of, 59
Epencephalon, 263
Ependyma, 286
Ependymal layer, 260
Epiblast, 47
Epidermis, development of, 215, 246
Epididymis, formation of, 223
head of, 23
Epigenesis, doctrine of, 18
Epihyal, 376
Epiotic eenter of ossification, 366
Epithelinm, germinal, 27, 29, pLatd |
Epitrichinm, 246
Eponychinm, 248
Epodphoron, 231
Ethmoid bone, ossification of, 369
eribriform plate of, 362
Ethimoidal sinus, development of, 337
Eustachian tube, development of, &3,
a32

formation of, 177
valve, 144
Evertebral region of primitive skull,
Sl

Exoccipitals, 364
Exoskeleton, 347
Exstrophy of bladder, canse of, 71
External anditory meatus, formation
of, 332
ear, development of, 331, 333
fertilization, 38
genitals, female, 236, 243
male, 237, 244
organs of generation, 234
Eye, development of, 122, 5k
Evelashes, development of, 319
Eyelid, third, 519
Eyelids, development of, 318
primitive, 122

395

Facg, development of, 106, 118
Facial ganglion, 287
Faleiform ligament of liver, forma-
tion of, 193
lobe, 285, 250
Fallopian tubes, development of, 230
False amnion, 73
Falx cercbri, 2758
Feeal fistula, congenital, 190
Femals external genitals, 236, 243
internal genital organs, &6
pronuclens, 32
sexual system, 243
Fertilization, 38
artificial, 40
external, 53
internal, 35
Fetal arterinl system, 149
membranes at birth, 94
vaarnlar system, final atage of, 165
venons system, 153
Fetus, length of, at term, 111
stame of, 20, 107
weight of, at term, 111
Fiber-tracts of cord, development of,
261
myelination of, 335, 350
Fibrille of mnsele, formation of, 342
Fibrous tunic of eve, development of,
315
Fifth brain-vesicle, metamorphosis
of, 264
month, devclopment during, 110,
5]
pair cranial nerves, development
of, 200
ventricle, 288
week, development during, 385
Fimbria, 255
Fingers, development of, 381
First pair ecranial nerves, develop-
ment of, 2
week, development during, 393
Fissure, arcuate, 252, 283
enlearine, 279, 284
ealloso-marginal, 285
chareid, 252, 283
choroiidal, 306G
caollateral, 279, 284
dentate, 279, 253
great transverse, 280, 284
hippocampal, 283
of choroid plexus, 223
of Rolando, 2854
of Sylvius, 279, 280
parieto-oceipital, 254
Fissures, cerebral, development of,
278, 279
median of cord, 261
Fistula, congenital fecal, 190
nmbilical urinary, 233
Flexure, ecphalie, 101, 264
nuchal, 264
pontal, 264
Floor-plate, 257, 258
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Hard palate, development of, 371
Hare-lip, 122, 371

Hassal, corpuscles of, 210, 211

Head, museles of, development of,

313
of epididymis, 223
of spermatozoon, 20
Head-fold, 72
of amnion, 72, 75
Head-gut, 171
Head-kidney, 212

Head-zegments, 340
Head-gkeleton, development of, 358
Heart, development of, 135
pahﬂmrphmis of single into double,
2
valves, development of, 144
Helix, formation of, 353
Hemal arch, formation of, 352
Hen's egg, description of, 25
Hensen's node, 54
Hepatic eylinders, 192
vein, development of, 164
Hermaphroditism, 239, 244
Hernia, congenital, 226
umbilical, 188
Highmore, antrum of, development
of, 336
Hilum follieuli, 29
Hind-brain, 262, 268
secondary, 263
vesicle, G5, 268
Hindgut, 73, 171
Hippocampal fissure, 253
Hippocampus major, 283
minor, 281
His, canal of, 133, 208
Holoblastic ova, 43
Homogeneous twins, ovigin of, 51
Homologies of the sexual system,
Hyaloid artery, formation of, 314
canal, 315
membrane, formation of, 315
Hydatid of Morgagni, 224
gessile, 224
stalked, 224
unstallked, 224
Hydramnios, 77
Hymen, formation of, 237
Hyoglossus, origin of, 345
Hyoid arch, anterior, 363
posterior, 363
arches, 104
bar, 363
bone, development of, 363, 375
Hyoidean apparatus, 375
Hyomandibular eleft, 104
Hypoblast, 47
Hyvpochordal brace, 351
Hypophysis, 276
formation of, 123
Hypospadias, 239
glandular, 239

397

Intac segment of pelvic givdle, 378
vein, lefi common, development of,
156
Imperforate anns, 150
Impressions, maternal, 109

| Incus, development of, 362, 373

Indifferent genital gland, 242
sexual gland, 221

Inferior medollary velum, 268
peduncles of brain, 266

4 | | Infandibula of lungs, development of,
Head-process of primitive streak, 54,
[

207
Infundibulum of brain, 272, 276
Inguinal lignment, 225
in female, 251
Tuner cell-mass, 45
[unominate artery, development of,
152
Inter-brain, 263, 272
vesicle, metamorphosis of, 272
Intermaxillary bones, formation of,
124, 371
Intermedial cell-mass, G, 341
Internal car, development of, 321
fertilization, 33
lateral ligament of lower jaw, 374
limiting membrane of spinal cord,
204
Interpallial fissure, 278
Intervertehral disks, 351, 353
ligament, development of, 352, 353
Intervillous spaces, 87, 92
Intestinal canal, formation of, 71
glands, development of, 155
mesentery, 195
mucosn, formation of, 172
villi, formation of, 189
portals, 73, 169
Intestine, small, development of, 153,
188

Intestino-body cavity, 47

240 | Intumeseentia ganglioformis, 324

Involuntary muscle, development of,

346

| Tris, colobama of, 218

development of, 317
Izchiatic rod, 378

| Island of Reil, 251

Jacomsox's organ, development of,
337

Jaw, upper, development of, 122

Jaw-arch, 104

Jelly of Wharton, 93

Joint-cavities, development of, 117

Jugular vein, primitive, 145, 154
trangverse, 156

Kipxgy, development of, 212

LARIA |]'H'Ijﬂm+ 23?
minora, formation of, 237
Labyrinth, bony, development of, 326
membranous, development of, 321
Lacrimal bones, ossification of, 370
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Membrana granulosa, 20 Micropyle, 23, 39
formation of, 2258 Mid-brain, 262, 270
preformativa, 120 prominence of, 264
Membrane, anal, 176 vesicle, 63, 270
closing, 102, 106, 177 Mid-gut, 171
unelear, 25 Middle enr, development of, 177, 331
of Nasmyth, 125 piece of spermatozoon, 20
of Reissner, S50 plate, 69, 212, 341
p!mr‘_ir_ngaa'l, 106, 119,171, 175 saeral artery, development of, 150
vitelline, 23, 24 tunie of eye, development of, 315
tympanie, 177, 332 Modiolus of cochlen, development of,
Membranes, enducous, 55 2240
deciduous, 83 Moll, glands of, 250
Membranons bones, 359 Monorchism, 326
craninm, 359 Monro, feramen of, 277, 252
labyrinth, development of, 321 Mons veneris, formation of, 237
ribs, 356 Morgagni, hydatid of, 224
stage of skeleton, 345 liguor of, 313
of trunk, 3449 Morula, 41
Menopauses, 35 Mother-cells, 22
Menstrual cxele, 356 Motor nerve-fibers, development of,
Menstruation, 35 205
relation of, to ovnlation and con- | Mouth, development of, 122, 175
ception, 57 Mucous tigsue, formation of, 114
Meroblastic ova, 44 Mulberry-mass, 41
Mesencephalon, 270 Miiller, duct of, 220, 224, 230, 242
Mesenchymal cells, 58 Miller's fibers, 307
muscle, 346 Musele, involuntary, development of,
Mesenchyme, 58 246
Mesenteries, 173 voluntary, development of, 339
Mesentery, intestinal, 108 Musele-plate, G689, 341
wentral, 187 metamorphosis of, 342
development of, 202 | Museles, branchial, development of,
Mesoblast, 54 - 344
Mesoblastic somites, 57, 67 of extremities, development of, 345
Mesocardium anterius, 139, 158 | of trouk, development of, 339
posterins, 139, 158 | Museular coat of intestines, forma-
Mesoeolon, ascending, production of, | tion of, 183
186 system, development of, 338, 3=3-390
formation of, 126 Muscali papillares, 147
Mezoderm, 54 | pectingti, 140
derivatives of, 60 Myocael, 311
gastral, 55 | Myotowme, G9, 341
paraxial, 57 |
peristomal, 55 | NATL-BED, 248

somiatic, Ht Nail-plate, 247
splanchnie, 58 Nails, development of, 247
structures developed from, 113 ef of toes, 245

B, Nail-welt, 248
Mesogastrinm, 187, 198 Nares, anterior, formation of, 134
Mesonephrie duet, 214 development of, 336
Mesonephros, 213, 241 Nasal areas, 133, 534
Mesorchinm, 225 bones, ossification of, 370
Mesothelinm, 58, 115 capsule, 362
Mesovarinm, 225 | eavities, development of, 336
Metacarpal bones, development of, | pits, 107, 120, 133, 334

379 process, 120, 534
Metamorphosis of single into double lateral, 320, 334

heart, 142 Nasmyth, membrane of, 128
Metanephros, 217, 241 Nasofrontal process, 104, 107, 120, 122,
Metatarsal bones, development of, 334, 360

379 ! in development of nose, 133
Metencephalon, 264 Naso-optic furrow, 120, 122
Metopic suture, 370 in formation of nose, 134

Metopism, 370 groove, $20
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Palate process, development of, 371
Palate-shelves, 336
Palatoglossns, ovigin of, 345
Palatopharyngeus, origin of, 345
Palpebral faseiw, 319
fissure, 319
Pancreas, development of, 194
first rudiment of, 152
Panereatic duet, development of, 194
Punder, blood-izslands of, 135
Pander's nucleus, 26
Panmniculus adiposus, 246
Papille of tongue, fornation of, 153
Parablast, 53
Parachordal eartilages, 361
Paradidymis, 224
Paraxial mesoderm, 57
Parietal bones, ossification of, 370
elevation, 264
eye, 276
foramen, 274
layer of pleara, 161
loba, 282
zone, 63
Parieto-oceipital fissure, 254
Paroiphoron, 231
Parovarium, 231
Pars ciliaris retinse, 310
intermedialis, 237
iridiea retims, 310
optica reting, 309
Parthenogenetic egas, 32
Patulons foramen ovale, 143
Pectoral girdle, development of, 377
Pelvie girdle, 378
Pelvis of kidney, formation of, 215
Penis, development of, 235
Perforated lamina, anterior, 201
space, posterior, 270, 271
Pericardial eavity, 150
Pericardinm, development of, 153
Perilymph, 327, 331
. Perilymphatic space, 327
Perineal body, 180
Perinenm, formation of, 180
Perionyx, 245
Periotic bone, 366
Periplheral eleavage, 44
nervons system, 2092
Peristomal mesoderm, 55
Peritoneal cavity, 188
Peritonenm, development of, 195
visceral layer of, 172
Perivitelline space, 23
Permanent kidney, 217
teeth, development of, 128
eruption of, 131
Petromastoid bone, 366
Petrotyvmpanic fissure, 373
Piliiger's ege-tubes, 227
Phalanges, development of, 379
Pharyngeal bursa, 124
constrictors, origin of, 345
membrane, 106, 119, 171, 155
in formation of mouth, 123
26

401

| Pharyngeal pouches, 102, 171, 176
| Pharynx, 176
Phrenicosplenic omentum, 195
Phyvlogeny, 17
Pial processes, 254
Pigment-layer of retina, 307
Pillars of Uskow, 161
Pineal body, 272

| or gland, 273, 274
eye, 200

| Pit, anditory, 322
oral, &7, 106
Pits, nasal, 334
| Pitnitary body, 276
| formation of, 123
| Placenta, =8
at term, 91
[ digeoiden, 29
| previa, 92
| zonaria, 29
| Placental sinnses, 90
| spaces, 92
system of blood-vessels, 149
Planes of cleavage, 42
Plantar horn, 247
Plate, chordal, 66
meduallary, 62
|  wertebral, 57
{ Plenra, parietal layver of, 161
viseeral layver of, 161
| Pleurm, development of, 155, 159
| Pleural sacs, formation of, 158, 159
Plenropericardial fold, 160
Plenroperitoneal cavity, b8, 197
| Plica semilunaris, 319
| Pocket of Rathke, 277
Polar hodies, 31
striation, 41
Polarity of egg, 25
Pole-corpuscles, 30
Polyphyodont, 125
Polyspermia, 39
Pontal flexure, 264
Pons, formation of, 268
Portal eirenlation, 154, 161
vein, development of, 164
venous system, 154, 161
Postanal gut, 178
Posterior chamber of eye, 318
nares, development of, 336
Post-limbie snlens, 285
Preformation theory, 18
Prehepaticns, 1589, 191
Prehyoid gland, 209
Premaxilla, 371
Prepuce, formation of, 238
Presphenoid, 368
Primary egg-tubes, 20
Primitive aorta, 137, 150
chorion, 52
enamel-germ, 126
eyvelids, 122
EToove, 52
heart-valves, 144
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Bumnrg“?awe-ﬂbam development of,

Septa placents, 92
Septal cartilage of nose, 369
Septum locidum, formation of, 238
transversum, 148, 159
Serosa, 79
Serous n:emhralms. development of,
115
Sertoli's, columns, 21, 223
Sessile hydatid, 224
Seventh month, development during,
110, 350
pair cranial nerves, development
of, 209
week, development of, during, 356
Bexual cells, 29
primitive, 221
cords, 29, 223
female, 227
gland, indifferent, 221
segment of Wolfian body, 219
system, female, 226, 243
homologies of, 240
indifferent type, 220
male, 222, 242
Shell of hen's egg, 27
Shell-membrane, 27
Shoulder girvdle, development of, 377
Sinns, annualar, 163
pocularis, 224, 234
preecervicalis, 105
reuniens, 144
terminalis, 136
urogenital, 173, 233
venozus, 144, 153
Sixth month, development during,
110, 388
pair cranial nerves, development of,
204

week, development during, 103, 335
Skeletogenous sheath of chorda dor-
salis, 350
tissues, GO
Skeleton, appendicular, 343
development of, 376, 353-300
axial, 318
development of, 347
of head, development. of, 353
of trunk, ecartilaginous stage of,
dal
chordal stage of, 318
development of, 348
membranons stage of, 349
Ehvimeml_. h.‘“‘:;:ﬂ ;
in, appendages of, 247
ﬂ&?ﬂl?}pmﬁﬂt' of, 245, 383-390
Small intestine, development of, 185
Smegma embryonum, 247
Somatic mesoderm, 58
Somatoplenre, 53, 16
Somites, 55, 67
mesoblastic, 57, 67
Space, perivitelline, 23
Spaces, intervillous, 87, 92

403

| Spermatic cord, 226
veing, 157
| Spermatids, 22
Spermatoblasts, 22
Bpermatogenesis, 21
Spermatogenie eells, 21
Bpermatoxoonn, 20
power of locomotion of, 21
vitality of, 21
| Sphenoid bone, ossification of, 367
| Sphenoidal sinus, development of, 337
Sphenopalatine ganglion, 296
Spinal cord, development of, 257
Spinous process of vertebra, develop-
ment of, 354
Splanchnic mesoderm, 58
| Bplanchuoplenre, 55, 16Y
Spleen, development of, 194
Spongioblasts, 253, 259
Spot, germinal, 25
| Bquamozygomatic bone, 365
| Btage of embryo, 19, 96
[ of fetus, 20, 107
|  of ovum, 19, 96
of quiescence of menstrual cycle,
St
of repair of menstrual eycle, 36
Stalked hydatid, 224
Stapes, development of, 363
Stem-zone, 67
Sternum, cleft, 357
development of, 357
[ Btigma, 20
i.‘:'.t‘il.ling, canal of, 315
| Stomach, development of, 186
first rudiment of, 151
glands of, development of, 130
rotation of, 186, 200
Stomodeam, 119, 175
Stratum Malpighii, 247
Streak, primitive, 51
Striated muscles, development of, 339
Stroma-layer of choroid, development
of. 316
Styloglossus, origin of, 345
Stylohyal, 376
cartilage, 367
Stylohyeid ligament, 363
Styloid process of hyvoid, 363
temporal, development of, 367
| Stylopharyngens, origin of, 345
Subelavian artery, left, development
of, 152
right, development of, 151
Snbmaxillary ganglia, 206
Submucosa of intestines, formation of,
158
Sulens interventricularis, 143
of corpus callosum, 253
Superior maxilla, ossification of, 371
Suprahyoid gland, 208
Supra-occipital bone, 364
ﬂupnlpuril‘ﬂﬂli;ﬂ hodies, 208
Suprarenal bodies, development of,
218, 242
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Uterus bicornis, 230
development of, 230
double, 230
mmufium 994 234
Utricle, development of, 324
Uweal tract, development of, 316
Uvala, formation of, 125

Vagina, development of, 230
median septum in, 230
Valve, coronary, 144
Eustachian, 144
of Thebesius, 144
of Vienszsens, 269
Valves, atrioventricular, 142
aunricnloventrienlar, 146
of heart, development of, 144
semilunar, development of, 147
Vas deferens, formation of, 223
Vasa efferentia, 223
recta, formation of, 223
Vascular area, 79

ajrutnala:ﬁ development of, 135, 383~

fetal, final stage of, 165
tunic of eye, development of, 315
Vegetative pole, 25
Vein, cardinal, 148
hepatic, 164

iliae, left common, development of, |

156
portal, development of, 164
renal, left, 157
nmbilical, 93
Veins, allantoic, 81, 148
cardinal, 154
omphalomesenteric, 136
primitive jugular, 154
spermatie, 157
umbilical, 149, 153
vitelline, 136, 153
Velum interpositum, 272, 273
Vena azygos major, 157
minor, 1
cava inferior, 155, 157
superior, 154
Vense hepatice advehentes, 163
revehentes, 163
Venous segment of heart, 141
system of fetus, 153
portal, 154
Ventral mesentery, 173, 187
development of, 202
Ventricles, separation of, 143
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‘i'ert(:h;:}li region of primitive skull,
i ]
Vesicle, germinal, 23, 25
otic, 98, 322
umbilical, 72, 78, 169
Vesicles, cerchral, 262, 263
lems, 89
Vestibular ganglion, 326
nerve, ST
Vestibule of ear, development of, 327
of vagina, 237
of vulva, 234
| Vestigial fokd of Marshall, 156
Vieussens, valve of, 269
| ¥illi of chorion, 83
of intestine, formation of, 188
\-'iswm!l arch, first, function of, 104,
11%
! arches, 101
metamorphosis of, 104
; maorphological significance of, 102
| elefis, 101
layer of peritoneum, 172
| of plenra, 161
- skeleton, 553
Visceral-arch vessels, 102, 137, 149
| Vitelline arteries, 137
cirenlation, formation of, 135
duet, 72, 78, 168
membrane, 23, 24
| veins, 136, 153
Vitellus, 23, 24
Vitreous body, development of, 314
Voeal cords, development of, 207
Voluntary muscles, development of,
339
Vomer, ossification of, 370

wricHT of fetus at term, 111
at different stages, 386-300
Wharton, jelly of, 93
White commissures of cord, 260
fibrous tissue, formation of, 114
matter of brain, formation of, 278
of cord, development of, 261
of hen's egg, 27
substance of Schwann, development
of, 205, 353, 453
Winslow, foramen of, 203
| Witches' milk, 253
Wolffian body, 213
duet, 215
in female, 230
rolif’s doctrine of epigenesis, 18

Vermiform appendix, development  Wreath, 41
|

of, 186

process of cerchellnm, 268
Vernix caseosa, 78, 110, 247
Vertebra, ossification of, 354
Vertebral bow, primitive, 351

eolumn, dnwﬁupment of, S45-350

membranous primordial, 350
plate, 57

' YorLk of ovom, 23
Yolk-sac, 72, TH, 168

| Zoxa pelluecida, 23, 29

| radiata, 20

| Zone, parietal, 65
gteme-, 65
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The American Illustrated Medical Dictionary.
Second Edition, Revised.

For Practitioners and Students. A Complete Dictionary of the Terms
used in Medicine, Surgery, Dentistry, Pharmacy, Chemistry, and the
kindred branches, including much collateral information of an encyclo-
pedic character, together with new and elaborate tables of Arteries,
Muscles, Nerves, Veins, etc. ; of Bacilli, Bacteria, Micrococci, Strepto-
cocel ; Eponymic Tables of Diseases, Operations, Signs and Symptoms,
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F.R.C.S., M. D., London. 220 pages. Cloth, $1.50 net.

Haynes’ Anatomy.
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graphs of the author’s dissections. Cloth, $2.50 net.

Heisler’s Embryology. Second Edition, Revised,
A Text-Book of Embryology. By Jou~ C. HeisLEr, M. D., Professor
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The Elements of Clinical Bacteriology. By Dr. Ernst Levv, Pro-
fessor in the University of Strasburg, and Feux KrLemperer, Privat-
docent in the University of Strasburg. Translated and edited by
Avcustus A. Esuner, M. D., Professor of Clinical Medicine, Philadel-
phia Polyclinic. Octavo, 440 pages, fully illustrated. Cloth, 2.50 net,

L] H e Second Edition,
Lockwood’s Practice ¢f Medicine. Revied il Balarged.
A Manual of the Practice of Medicine. By Grorce RoeE Lockwoon,

M. D., Professor of Practice in the Woman's Medical College of the
New York Infirmary, etc.

Long’s Syllabus ¢f Gynecology.
A Syllabus of Gynecology, arranged in Conformity with *‘An American
Text-Book of Gynecology.”” By J. W. Loxg, M. ., Professor of Dis-
eases of Women and Children, Medical College of Virginia, etc. Cloth,
interleaved, $1.00 net.

Macdonald’s Surgical Diagnosis an?d Treatment.

Surgical Diagnosis and Treatment. By J. W. Macponarp, M. D.
Edin., F. R. C. S. Edin., Professor of Practice of Surgery and Clinical
Surgery, Hamline University. Handsome octavo, 8oo pages, fully illus-
trated, Cloth, §5.00 net; Sheep or Half Morocco, $6.00 net.

Mallory an? Wright’s Pathological Technique.

Second Edition, Revised.
Pathological Technique. A Practical Manual for Laboratory Work in
Pathology, Bacteriology, and Morbid Anatomy, with chapters on Post-
Mortem Technique and the Performance of Autopsies. By Fraxk B.
Maviory, A. M., M. D, Assistant Professor of ]‘:!Lhc:!ﬂg}', Harvard
University Medical School, Boston; and James H. WERiGHT, A. M.,
M. D., Instructor in Pathology, Harvard University Medical School,

Boston.

McFarland’s Pathogenic Bacteria. e b ioo ages.
Text-Book upon the Pathogenic Bacteria. By Josern McFARLAND,
M. D., Professor of Pathology and Bacteriology, i‘uludn:u-(fl1irur;1c;ﬂ
College of Philadelphia, etc. Octavo volume of 621 pages, finely illus-
trated. Cloth, $3.25 net.
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Pryor—Pelvic Inflammations.
The Treatment of Pelvic Inflammations through the Vagina. By W.
R. Prvor, M. D., Professor of Gynecology, New York I-“ﬂlj,'u:iinic.
12mo, 248 pages, handsomely illustrated. Cloth, §2.00 net.

Pye’s Bandaging.
Elementary Bandaging and Surgical Dressing. With Directions con-
cerning the Immediate Treatment of Cases of Emergency. By WaALTER
Pye, F. R. C. 8, late Surgeon to St. Mary's Hospital, London. Small
12mo, over 3o illustrations. Cloth, flexible covers, 75 cts. net.

Pyle’s Personal Hygiene.

A Manual of Personal Hygiene. Proper Living upon a Physiologic
Basis. Edited by WaLTER L. PyLE, M. D., Assistant Surgeon to the
Wills Eye Hospital, Philadelphia. Octavo volume of 344 pages, fully
illustrated.  Cloth, $1.50 net.

L] - n ition,

Raymond’s Physiology. pevised and Greatly Entarged.
A Text-Book of Physiology. By Josern H. Ravmonp, A. M., M. D,
Professor of Physiology and Hygiene and Lecturer on Gynecology in
the Long Island College Hospital. :

Salinger an? Kalteyer’s Modern Medicine.
Modern Medicine. By Jurivs L. Savinger, M. D., Demonstrator of
Clinical Medicine, Jefferson Medical College; and I. ]. KALTEYER,
M. D., Assistant Demonstrator of Clinical Medicine, Jefferson Medical
College. Handsome octavo, 801 pages, illustrated. Cloth, $4.00 net.

Saundby’s Renal an? Urinary Diseases.
Iectures on Renal and Urinary Diseases. By ROBERT SAUNDEY, M. D.
Edin., Fellow of the Royal College of Physicians, London, and of the
Royal Medico-Chirurgical Society ; Professor of Medicine in Mason
College, Birmingham, etc. Octavo, 434 pages, with numerous illustra-
tions antd 4 colored plates. Cloth, $2.50 net.

Saunders’ Medical Hand-Atlases.
See pages 16 and 17.

Saunders’ Pocket Medical Formulary. Sixth Edition, Revised.
By WiLLiam M. PoweLL, M. D., author of ¢ Essentials of Diseases of
Children"’; Member of Philadelphia Pathological Society. Contain-
ing 1844 formule from the best-known authorities. With an Appendix
containing Posological Table, Formule and Doses for Hypodermic
Medication, Poisons and their Antidotes, Diameters of the Female Pelvis
and Fetal Head, Obstetrical Table, Diet List for Various Diseases, Mate-
rials and Drugs used in Antiseptic Surgery, Treatment of Asphyxia from
Drowning, Surgical Remembrancer, Tables of Incompatibles, Eruptive
Fevers, etc., etc. Handsomely Lound in flexible morocco, with side
index, wallet, and flap. §2.00 net.

Saunders’ Question-Compends.
See page 15.
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Stevens’ TherapEutics. Third Edition, Revised and Greatly Enlarged.

A Text-Book of !'.-IInd::rn Therapeutics. By A. A. STevens, A. M., M. D,

Lecturer on Physical Diagnosis in the University of Pennsylvania,

Stevens’ Practice ¢f Medicine. Fith Edition, Revised.
A Manual of the Practice of Medicine. By A. A. Srtevens, A. M.,
M. D., Lecturer on Physical Diagnosis in the University of Pennsyl-
vania. Specially intended for students preparing for graduation and
hospital examinations. Post-octavo, 519 pages; illustrated. Flexible
Leather, $2.00 net.

Stewart’s Physiology. Fourth Edition, Revised.
A Manual of Physiology, with Practical Exercises. For Students and
Practitioners. By G. N. Stewart, M. A., M. D., D. 5c., Professor of
Physiology in the Western Reserve University, Cleveland, Ohio. Octavo
volume of 894 pages; 336 illustrations and 3 colored plates. Cloth,

$£3.75 net.
Stoney’s Materia Medica for Nurses.

Materia Medica for Nurses. By Emiy A. M. StonEy, late Superintend-
ent of the Training-School for Nurses, Carney Hospital, South Boston,
Mass. Handsome octavo volume of 306 pages. Cloth, §1.50 net.

Stoney’s Nursing. Second Edition, Revised.
Practical Points in Nursing. For Nurses in Private Practice. By Fanvy
A. M. StoxEy, late Superintendent of the Training-School for Nurses,
Carney Hospital, South Boston, Mass. 456 pages, with 53 engravings
and 8 colored and half-tone plates. Cloth, $1.75 net.

Stoney’s Surgical Technic for Nurses.
Bacteriology and Surgical Technic for Nurses. By EMiLy A. M. StoxEY,
late Superintendent of the Training-School for Nurses, Carney Hospital,
South Boston, Mass. 12mo volume, fully illustrated. Cloth, 8§1.25 net.

L - -
Thomas’s Diet Lists. Second Edition, Revised.
Diet Lists and Sick-Room Dietary.. By Jerome B. Tuodas, M. D.,
Visiting Physician to the Home for Friendless Women and Children
and to the Newshboys' Home ; Assistant Visiting Physician to the Kings
County Hospital. ~Cloth, $1.25 net. Send for sample sheet.

Thornton’s Dose-Book an@ Prescription-Writing.
Second Edition, Revised and Enlarged.
Dose-Book and Manual of Prescription-Writing. By E. (). THORNTON,
M. D., Demonstrator of Therapeutics, Jefferson Medical College, Phila-
delphia.

Van Valzah and Nisbet's Diseases of the Stomach.

Diseases of the Stomach. By WiLLiam W. VAN VALZAH, M. D., Pro-
fessor of General Medicine and Diseases of the Digestive System and
the Blood, New York Polyclinic; and J. DovGLas NISBET, ‘M,l_'fl.,
Adjunct Professor of General Medicine and Diseases of the Digestive
System and the Blood, New York Polyclinic. Octavo volume of 674

pages, illustrated. Cloth, §3.50 net.
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