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ELEMENTS OF ANATOMY.
INTRODUCTION.
in its most

extended sense, is tlje science which deals with the
It is divided into departments according to its
such as Human Anatomy
Comparative Anatomy, or the study of the
subjects
and Vegetable Anatomy, comprehending the
structure of different animals

ANATOMY,

structure of organized bodies.

;

;

;

structure of plants.
On examining the structure of an organized body, we find that it is made up of
members or organs, by means of which its functions are executed, such as the root
stem and leaves of a plant, and the heart, brain, stomach and limbs of an animal ;

and

farther, that these organs are themselves made
named tissues or textures, such as the cellular,

up of

certain

constituent

woody, and vascular tissues
of the vegetable, or the osseous, muscular, connective, vascular, nervous, and other
tissues, which form the animal organs.
Most of the tissues occur in more than one organ, and some of them indeed, as
the connective and vascular, in nearly all, so that a multitude of organs, and these
materials

greatly diversified, are constructed out of a small number of constituent tissues ;
and parts of the body, differing widely in form, construction, and uses, may agree in
materials.
Again, as the same tissue possesses the
whatever organ or region it is found, it is obvious that
the structure and properties of each tissue may be made the subject of investigation
apart from the organs into whose formation it enters.
The foregoing considerations have led to the subdivision of anatomy into two
" General
"
branches, the one of which, under the name
Anatomy," or Histology,"
minute
the
structure
of
the
tissues
of
the
treats of
component
body ; the other,

the nature of their

same

component

essential characters in

named "

Special or Descriptive Anatomy," treats of its several organs, members, and
regions, describing the outward form and internal structure of the parts, their
relative situation and mutual connection, and the successive conditions which they

present in the progress of their formation or development.
To the description of the origin and formation of organs in the embryo, a special
chapter is devoted in this work, under the name Embryology.

The study of anatomy may be viewed

in two different aspects
viz., the physioand the morphological. In the former, anatomy supplies the materials
relating to structure from which an explanation is sought of the uses or functions
of organs by the physiologist
and for this purpose the study of histology is of
In its morphological aspect, anatomy investigates and combines
particular service.
the facts relating to the structure and relations of organs, from which may be
;

logical

;

deduced general principles as to the construction of the

human body

or that of

INTRODUCTION.
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In the determination of these general principles, or laws of morphology,
necessary to combine the knowledge of the anatomy and development of
animals with that of man.
animals.
it is

PLAN OP ORGANIZATION.
Vertebrate type. The general plan of construction of the human body agrees
closely with that which prevails in a certain number of animals, viz., mammals,
birds, reptiles, amphibia, and fishes, and is known as the vertebrate type of organiThe main feature of that type, and that from which its name is derived,
zation.
belongs to the internal skeleton, and consists in the existence of a median longitudinal column, which extends through the whole trunk, and is composed in the fully
developed state of a series of bones termed vertebra. This vertebral column is formed
in the early embryo around a simple rod-like structure, the primitive skeletal axis,
which is called the notochord, and which in most vertebrate animals disappears to a
The more solid portions of the
greater or less extent in the course of development.
vertebrae immediately surrounding the notochord are known as the Sadies or centra
(figs. 2 and 3), and constitute a pillar around which the other parts are grouped

with a certain regularity of structure. At one extremity of this pillar is situated the
head, showing in almost all the animals formed upon this type a greater development of
constituent parts ; and at the other the tail in which an opposite character or that
of diminution prevails
while on the sides of the main part or trunk, there project,
in relation with some of the vertebral elements, two pairs of symmetrical limbs.
The head and trunk contain the organs or viscera most important to life, such as
its

;

the alimentary canal and the great central organs of the vascular and nervous
systems, while the limbs, from, which such principal organs are absent, are very
variable and differ widely in the degree of their development among the various
animals formed upon the vertebrate type. In man and the higher animals the trunkis

divisible into neck, chest,

The

abdomen, and

vertebrate form of skeleton

pelvis.

invariably accompanied by a determinate and
conformable disposition of the other most important organs of the body, viz.
firstly, the existence on the dorsal aspect of the vertebral axis of an elongated cavity
is

:

and spinal cord, or central organs of the nervous
and secondly, the existence on the ventral aspect of the vertebral axis of a
larger cavity, the visceral cavity, body cavity or ccelom, in which are contained the
principal viscera connected with nutrition and reproduction, such as the alimentary
canal, the heart and lungs, the great blood-vessels, and the urinary and generative
or canal which contains the brain

system

;

organs.

The general disposition of the parts of the body and of the more important
viscera in their relation to the vertebral axis are shown in the accompanying
diagrams of the external form and longitudinal and transverse sections of the human
embryo at an early period of its existence.
Segmentation of the body. The vertebrate type of organisation in the repetition of
similar structural elements in a longitudinal series, has a segmented character, especially in
the axial portion of the body, and this segmentation affects more or less, not merely the
skeletal parts of its structure, but also, to some extent, its other component organs.
segmented plan of construction is by no means restricted to vertebrate animals, but exists
in several other classes of the animal kingdom, as is most conspicuously seen in the Arthropoda.
such as insects and Crustacea, and in the Annelida or worms. These animals, however, although
showing a serial repetition of parts of like structure, are not considered to belong to the vertebrate type of organization.
In the human embryo, as in that of all vertebrate animals, the segmentation is most marked
in the muscular system, the nervous and osseous systems becoming for the most part correspondingly marked off in the adult the osseous and nervous systems retain in great measure
the segmentation which has thus been produced, although in the muscular system it has

A

:
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Fig. 1.

DIAGRAM OF AN EARLY HUMAN EMBRYO.

(Allen Thomson.)

indications of the vertebral divisions along the line of the back ; r, u, upper limb ; t, f, lower
limb ; u, umbilical cord.
In the cranial part the divisions of the brain are indicated, together with
the eye, and
the auditory vesicle ; near b, the visceral arches and clefts of the head, forming inter
,
alia the rudiments of the upper and lower jaws.
s,

s,

'

2.

Fig.

FIGURE

SEMIWAGRAMMATIC VIEW OF A LONGITUDINAL SECTION OP THE EMBRYO REPRESENTED IN
1
SHOWING THE RELATIONS OF THE PRINCIPAL SYSTEMS AND ORGANS. (Allen Thomson. )
;

primary divisions of the brain in the cranial part of the neural canal ; n, n, spinal
cord in the vertebral part of the canal
ch, chorda dorsalis runs, spinous process of one of the vertebrae
ning through the axis of the vertebral centra ch', the same extending into the base of the cranium a,
dorsal aorta ; p, pharyngeal cavity
h, ventricular part of the heart, with
i, i,
alimentary canal
which the arterial bulb is seen joining the aorta by arches ; b, visceral arches of head I, liver ; w,
1
cl ; u, u , umbilicus.
\Yolffian body
v, urinary vesicle or allantois, joining the intestine in the cloaca,
1, 2, 3, 4, 5,

;

;

:

;

:

;

;

;

Fig.

3.

TRANSVERSE SECTION (DIAGRAMMATIC) OF THE TRUNK OF THE EMBRYO THROUGH THE UPPER
LIMBS.
(Allen Thomson.)

m, spinal cord

;

n, neural or dorsal arch, including bone, muscle, skin, roots of the nerves, &c. ;
by the vertebral body or centrum ; v, ventral or visceral arch, or wall
canal ; h, heart ; I, I, the rudimentary limbs.
i,

ch, chorda dorsalis, surrounded
of the body ; p, p, body cavity ;

Fig. 4.

alimentary

FIRST DORSAL VERTEBRA WITH THE FIRST RIB AND UPPER PART OF THE STERNUM, SEEN FROM
ABOVE.
.

C, centrum

;

N, neural cavity

;

V, cavity of the chest, visceral cavity.

B
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bocome greatly obscured. To the original segments in the embryo the terms protovertelira,
wesoblastic somites or myotomes have been applied ; those segments or metameres which are
traceable in the adult are often spoken of as vertebral segments. In the limbs, although there
is strong reason for believing that they have originated as outgrowths of certain segments of
the trunk, the repetition of such vertebral elements, and their primitive connection, are
greatly obscured.

Homology.

A

certain agreement in structure, situation

and connection

of

parts or organs constitutes what is called homology, and this term is generally
employed to indicate the morphological identity of representative parts in different

animals, which

may be considered to have its cause in community of origin (homoLankester), while the anatomical correspondence of parts which are repeated
in the same animal may be more exactly distinguished as serial homology (homodynamy, Gegenbaur). Thus the arm-bone or humerus of a man is homologous
ffcnt/,

(homogenetic) with the upper bone of the fore limb of a quadruped, or of the wing
of a bird, while it is at the same time serially homologous (homodynamic) with the
It has farther been
thigh bone of man himself, or any other vertebrate animal.

found convenient to express by the word analogy that kind of resemblance among
the organs of animals which depends upon similarity of function, and although it
may be accompanied by considerable agreement in structure, yet is not rendered
for example, the gills of a fish, .of
complete by anatomical relation and connection
a crab, and of a mussel, serving the same function, are analogous organs, but in no
sense homologous, as all morphological correspondence, or genetic relation, is wanting
between them. Thus also, the upper limb of a man, the fore limb of a quadruped,
the wing of a bird, and the pectoral fin of a fish are homologous but not analogous
structures, the wing of a bat and the wing of a bird are both homologous and
analogous, while the last is analogous to but not homologous with the wing of an
:

insect.

A

remarkable regularity of form pervades the organiSymmetry of form.
zation of certain parts of the body, especially the whole of the limbs, the head and
neck, and the framework, at least, and external walls of the trunk of the body.
Thus, if we conceive the body to be divided equally by a plane which passes from its
dorsal to its ventral aspect (median plane), the two halves, in so far as regards the
almost exactly with each other, excepting
parts previously mentioned, correspond

by
and the human body thus shows in a marked manner
symmetry. There is, however, a departure from this

their lateral transposition,
the character of bilateral

of certain of the internal organs, such
symmetrical form in the developed condition
as the alimentary canal from the stomach downwards, the heart and first part of the
great blood-vessels, the liver, spleen, and some other viscera.
Descriptive terms. In the description of parts so numerous, so various in

form, and so complex in their connections as those composing the human body, there
their
difficulty in finding terms which shall indicate with sufficient precision
the
This
the
rest
of
relation
to
their
and
actual position
difficulty is
organism.
farther increased by the exceptional erect attitude in which the trunk of the human
is

Hence, a
placed as compared with the horizontal position in animals.
of terms have long been in use in human anatomy which are understood in
For example, the median plane, already referred to,
a technical or restricted sense.
which the body might be divided into right and left lateral halves,
that

body

is

number

by
being
and the middle or median line being that in which the median plane meets the surface
of the body, the words internal and external are used to denote relative nearness to
and distance from this plane on either side, and may be replaced by mesial and
The terms sagittal, frontal, and coronal, are also used in indication of
lateral.
body sagittal denoting a dorso-ventral direction in or parallel
median plane, frontal or coronal a transverse direction perpendicular to that

direction within the
to the

:

DESCRIPTIVE TERMS.

5

The words anterior and posterior, superior and inferior) and several others
indicating position, are employed in human anatomy strictly with reference to the
But now that the more extended study of comparative
erect posture of the body.
is largely
and
development
embryonic
applied to the elucidation of the
anatomy
plane.

human structure, it is very desirable that descriptive terms should be sought which
may without ambiguity indicate position and relation in the organism at once in
man and animals. Such terms as dorsal and ventral, neural and visceral, cephalic
and caudal, central and peripheral, proximal and distal, axial and appendicular, preand postaxial, are of this kind, and ought, whenever this may be done consistently with sufficient clearness of description, to take the place of those which are

axial

only applicable to the peculiar attitude of the human body, so as to bring the
language of human and comparative anatomy as much as possible into conformity.
In many instances, also, precision may be obtained by reference to certain fixed
relations of parts,

such as the vertelral and sternal aspects, the radial and ulnar, and
and extensor surfaces of the limbs, and

the tibial and fibular borders, the flexor
similarly in other parts of the body.

EMBKYOLOGY.
By

E. A.

1

SCHAFER.

FORMATION OF THE BLASTODERM.
STBTTCTURE OF THE OVtJM AND CHANGES PBIOB TO SEGMENTATION.

THE human body with

all its tissues

and organs

is

the product of the development

of a single nucleated cell, the egg-cell, germ-cell, or ovum, which is formed within
The commencement of
the principal reproductive organ of the female or ovary.
development is preceded by certain changes in the ovum, which usually occur soon
after its discharge from the ovary, and consist (1) in the emission of certain
constituents of the nucleus which form the so-called polar globules ; (2) in the
nccession.of the nucleus of a sperm-cell or spermatozoon, which is formed within the

reproductive organ of the male (testicle), and which, blending with the remaining
part of the nucleus of the ovum, appears to take the place of the part which was
discharged in the form of the polar globules.

An account of the structure of the ovum, and of the manner in which the above
changes are effected, may therefore appropriately precede the description of the
actual course of development of the ovum.
Structure of the ovarian ovum. The human ovum resembles that of all other
mammals (with the exception of monotremes) in its minute size. Immediately
before the time of its discharge from the Graafian follicle of the ovary in which it
has been formed, it is a small spherical vesicle measuring about -j-f-^th inch ('2 mm.)
When it is
in diameter, and is just visible as a clear speck to the naked eye.
examined with the microscope, it is found to be invested by a comparatively thick,
This, when the centre of the ovum is exactly focussed, has the
appearance in optical section of a clear girdle or zone encircling the ovum (fig. 5),
But on more careful
and was hence named zona pellucida by von Baer (1827).
examination with higher magnifying powers, and especially by the examination of
sections, there is not much difficulty in making out the existence of striae passing

clear covering.

On this account, and especially since a
radially through the membrane (fig. 6, zp).
similar radially striated membrane forms a characteristic part of the investment of
the ovum in many animals belonging to widely different classes, it is more convenient,
name zona pellucida, which has been exclusively used to designate
investment in mammals, to employ the more general term zona radiata, or to
speak of it simply as the striated membrane of the ovum.
in place of the
this

radiata of the mammalian ovum is sufficiently tough to prevent the
of
the
contents of the ovum, even when subjected to a considerable amount
escape
of pressure.
If, however, the pressure be excessive, the tunic splits, and the soft

The zona

1

It is mainly owing to the researches of His, published principally in the important monograph
"
" Anatomie menschlicher
Embryonen (Leipzig, 1880-1885), that our knowledge of the development of
Ihe human embryo is now far more complete than was the case when the last edition of this work was
undertaken, and we are therefore able to keep more closely than was before possible to the human
For the elucidation, however, of many of
species in following the course of development of the ovum.

the details of development, especially in its earlier stages, it will still be necessary to refer continually
to facts which have been made out only from the study of the embryology of other mammals, as well as
birds, reptiles, fishes, and even invertebrata.

STRUCTURE OF THE OVUM.
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The striae in the membrane are believed to
(fig. 5, J).
be minute pores, and are supposed, while the ovum is yet within the Graafiau
follicle, to permit the passage of granules of nutrient material Jnto the interior of
contents are extruded

After the ovum is discharged from the follicle, the spermatozoa may
the ovum.
perhaps find their way into the ovum through these pores. According to Eetzius
the protoplasm of the ovum is united with the follicle-cells by fibres which pass
through the pores of the zona.
Immediately surrounding the zona radiata, as the ovum lies within the mature Graafian
a thin stratum of granular substance, probably deposited upon the exterior of the
ovum by the innermost cells of the discus proligerus, which immediately encircle the ovum
within the follicle. When the Graafian follicle bursts and the ovum is set free, this granular
material appears to imbibe water, and, as is specially noticeable in the ovum of the rabbit,
swells up into a clear gelatinous envelope, which has been termed, from a possible homology
with the white of the bird's egg, the albumen. But in the mammal this structure has not
the nutritive importance to the embryo which is possessed by the corresponding formation
in the bird, and it disappears during the passage of the ovum down the Fallopian tube.
follicle, is

The substance of
or yolk

(fig.

6, vi).

plasm, which

is

the
It

filled

Fig. 5.

ovum

within the tunica radiata

OVARIAN OVUM OF A HAMHIFER.

the entire ovum, viewed under pressure
surface, the germinal vesicle is seen in the yolk
increased pressure, the yolk protoplasm and" the
nal vesicle more freed from the yolk substance.
a,

;

OVUM

Fig. 6.

is

known

as the vitellus

a soft semi-fluid substance, composed mainly of protowith globules and granules (yolk-granules) of different

is

(Allen Thomson. )

the granular cells have been removed from the outer
burst by
substance within
6, the external coat or zona
germinal vesicle having escaped from within ; c, germiIn all of them the macula is^een.
;

OF THE CAT; HIGHLY MAGNIFIED.

zp, zona pellucida, showing radiated structure
seen ; yv, germinal vesicle gs, germinal spot.

;

SEMI-DIAGRAMMATIC.

vi, vitellus,

(E. A. S.)

round which a delicate membrane

is

;

Examined in the
sizes, but all small, and possessing a high index of refraction.
fresh condition, the protoplasm between the granules looks perfectly clear and
structureless, but after treatment with suitable reagents, it may be seen to consist of
a fine reticulum, which is especially fine and close near the periphery of the ovum,
and

also

around the germinal

amount than

.elsewhere.

vesicle, at

which places the yolk granules are in

less

The substances which occur within an ovum other than

the nucleus and protoplasm, may, as in cells generally, be collectively designated
"
"
the
deutoplasm
they are regarded as furnishing a supply of nutrient matter to
protoplasm during the earlier stages of development.
;

Embedded

in the protoplasmic vitellus, usually eccentrically,

is

a large spherical

STRUCTURE OF THE OVARIAN OVUM.
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nucleus, which was termed by its discoverer, Purkinje, the germinal vesicle?This,
which is about -^th inch in diameter, has all the characters of the nucleus of a
cell.
It consists of a nuclear membrane enclosing a clear material or matrix,

embedded within which may be seen strands of karyoplasm, enclosing one or more
well-marked nucleoli (fig. 6, gv). Frequently there is but one nucleolus, which is
then large and prominent, and has received the name of germinal spot (macula ger~
minativa, Wagner, 1835).
There is some doubt whether, before fertilization, there is another membrane (vitelline
membrane) enclosing the vitellus within the zona radiata. The evidence of the presence of
such a membrane is by no means clear, although its existence has been maintained by very
1

competent observers

(v.

Beneden, Balfour).

The mammalian ovum (that of monotremes alone excepted) differs from that of other
vertebrates in the relatively small amount of nutritive material (yolk granules, deutoplasm)
which is embedded in its protoplasm. In fishes, amphibia, reptiles, and especially in birds,
the amount of such nutritive material is vastly greater than that of the protoplasm itself, so
that the very existence of the latter is obscured in most parts of the ovum, and it is only in
the immediate neighbourhood of the germinal vesicle that the protoplasm can be distinctly

Fig. 7.

DIAGRAM OF A HOLOBLASTIC (ALECITHAL) OVUM (A) AND OP A MEROBLASTIC (TELOLECITHAL)
OVUM (B). (E. A. S.)

Only a small part of the latter is represented. The yolk or food material is represented in both by
which in B are seen vastly to preponderate, except in the immediate neighbourhood of

clear globules,

the germinal vesicle.

It is here also that, after fertilization, the more active changes in the
(fig. 7, B).
occur, and it is this part alone in which in the bird and most other oviparous vertebrates
the process of division or segmentation of the yolk and consequent formation of embryonic cells
Hence these ova are said to undergo a process of incomplete segmentation, only a
proceeds.
part of the ovum appearing to undergo development, and they are accordingly termed meroblastic to distinguish them from those (like the mammalian ova) in which the yolk or nutritive material is everywhere in relatively small proportion to the protoplasm, the whole of

recognized

ovum

which undergoes division after

fertilization, and participates in the formation of the embryo
This small amount of nutritive material in the mammal is obviously
(holoblastic ova).
related to the fact that the mammalian ovum early acquires an attachment to the maternal

system from which it is then able directly to derive its nutriment, whereas the meroblastic
of oviparous vertebrata necessarily contains all the nutriment required by the developing
bird, reptile, or fish, until it is sufficiently advanced in development to emerge from the egg
and obtain food independently. Although, however, the mammalian ovum is holoblastic, it
is none the less clear, from a comparison of the early stages of its development with that of
the bird, that the ancestors of the mammalia must have had ova of the meroblastic type.
Balfour has further conveniently distinguished between those ova in which there is a great
accumulation of nutritive or yolk material at one pole (telolecitlial ova, as in the bird.
reptile, and fish amongst vertebrates), those in which the accumulation of yolk is in the middle

ovum

ovum (crntrolecithal ova, as in arthropods), and those in which it is scattered pretty
equally in small amount throughout the protoplasm without any very marked accumulation
of the

V Purkinje discovered the germinal vesicle in the bird's
noticed by Coste in 1833.

ovum

in

1825

;

that of

mammals was

first

MATURATION OF THE OVUM.
It is clear that these conditions
(alecithal ova, as in mammals, AmpMoxus, echinodenns).
of arrangement of the proto- and deuto-plasm within the ovum are the main factors in determining variations in the process of segmentation.

Maturation of the ovum.
its

escape from the Graafian

Formation of polar globules. Either before
or immediately after, the ovum undergoes a

follicle,

of fertilizapeculiar change, preparatory to, but nevertheless altogether independent
tion, which consists of a process of unequal cell-division or germination, and results
in the extrusion from the vitellus of

On

(fig. 8),

which have

OVUM

OF THE RABBIT FROM THE FALLOPIAN TUBE, TWELVEI
HOURS AFTER IMPREGNATION. (Bischoff. )

Fig. 8.

space

two minute spherical bodies

the zona a, spermatozoa are seen, and others in the perivitelline
;
b, the polar globules.

\^

been termed the polar globules or directive corpuscles,
from a supposition that their presence determines the
pole

at

which the

should the

first

segmentation will take place
It is, however,
fertilized.

ovum become

is any constant relationship of
none the less clear, that the extrusion
of the polar globules is an event of the highest importance for the due development
of the ovum, since until this has happened the ovum appears to be incapable of
1
What is actually extruded is a small part
complete fertilization and segmentation.
of the nucleus of the ovum, or, to speak more precisely, two small parts of its nucler.s
Prior
in succession, probably surrounded by a very thin investment of protoplasm.

uncertain whether there
this kind,

but

it is

to this extrusion, the germinal vesicle approaches the periphery of the vitellus, loses
its distinctness of outline, and after passing through phases which are charac-.
teristic of a nucleus which is about to divide, does actually undergo a division into

two, the one part being extruded into* a space, (perivitelline), which has become
formed in consequence of the shrinking or contraction of the ovum, and the other

and
part remaining in the vitellus, only, however, to repeat the process of division,
The .remainder of the germinal vesicle, which is
to form a second extruded globjile.

now termed the female pro-nucleus, leave_s the periphery of the vitellus for a situation
nearer to the centre, where, if fertilization should supervene, it awaits the advent of
After the two prothe male pro-nucleus, which is formed from a spermatozoon.
nuclei haye come together, a new and complete nucleus is formed by their conjugation.

The actual formation of polar globules has not hitherto been observed in the human ovum,
although there is no doubt whatever that it takes place. In the rabbit various stages in the
process have been traced by E. v. Beneden and Rein, and it has also been noticed in other
But the details of the process have been made out most precisely (by Fol, Hertwig,
mammals.
and others) in the transparent ova of echinoderms, and more recently and minutely (by
E. v. Beneden, Carnoy, Boveri, Zacharias. and others) in Ascaris megalocephala, a thread-worm
parasitic in the horse, in which all the changes can be followed in one and the same ovum,
or the various phases fixed by means of reagents in different ova, and these may afterwards bo
The successive changes in such ova are
stained and studied with the utmost minuteness.
The polar globules remain visible for a time in the perirepresented in figs. 9 and 10.
vitelline fluid, and are even seen, should the ovum become fertilized, during the early stages of
segmentation, but they ultimately disappear and are not known to take any further part in
the subsequent changes which the ovum undergoes.
The fact that throughout the whole animal kingdom the extrusion of polar globules from
the ovum as it becomes mature is almost universal, and that a similar process has also been
observed to occur in plants indicates the great importance of the phenomenon. The significance will be further discussed after the process of fertilization of the ovum has been
described.
1

The ovum may, however, receive a spermatozoon before the completion

irlobules.

of the formation of polar

FORMATION OP POLAR GLOBULES.
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B

Fig. 9.

C

FORMATION OF THE FIRST POLAR GLOBULE IN THE EGG OF ASCARIS MEGALOCEPHALA.
(v.

Gehuchten.

)

A. The ovum with the germinal vesicle transformed into a spindle of (achromatic) fibrils
from the
At the equator of the spindle eight
poles of the spindle other fibrils radiate into the protoplasm.
portions of chromatin are visible ; cs, head of a spermatozoon which has previously entered the ovum,
and is becoming transformed into the male pro-nucleus m, gelatinous membrane of the ovum.
B. The chromatin particles are seen separated into two sets.
The achromatic fibrils are not shown
in this preparation.
The ovum is considerably shrunken.
C. Half of the germinal vesicle is extruded into a perivitelline space, and along with a portion of
The extruded half includes
protoplasm is becoming separated off from the ovum as a polar globule.
four of the chromatin particles ; the other four remain in the ovum ; m', membrane dividing the polar
globule from the ovum.
:

;

B

A

FORMATION OF THE SECOND POLAR GLOBULE

Fig. 10.

IN ASCARIS MEGALOCEPHALA.

A. The remainder of the germinal vesicle (after
extrusion of the first globule, g l ) has again become

transformed into a spindle of achromatic fibrils,
with the four remaining chromatin particles 'at the
equator of the spindle.
B. The spindle, now irregularly Y-shaped, is seen
l
approaching the surface of the ovum g first polar
globule
ns, male pronucleus which has become
formed from a spermatozoon.
C. Extrusion of half of the germinal vesicle
remainder.
D. Completion of the process
the second polar globule, y~, is now separated from the ovum ; it
contains two of the chromatin particles.
The other two remain in what is left of the germinal vesicle,
n3 .which now forms the female pronucleus ; ns, male pronucleus y l , first polar globule.
;

,

;

;

;

FERTILIZATION.
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The ovum, after its expulsion from the Graafian follicle is
end of the Fallopian tube. The fimbria? are covered by
fimbriated
the
upon
a prolongation of the ciliated lining of the tube, and the action of the cilia serves to
In this
propel the minute ovum into and along the tube towards the uterus.
Fertilization.

received

ha^ occurred, meet with the spermatozoa, one or
It is
penetrate the zona pellucida, and fertilize the ovum.
to occur on the fimbriated extremity of the
possible in some instances for fertilization
tube, or in the body of the uterus, but it is probable that in most cases it happens
passage it may,
more of which

if

impregnation

may

in the tube itself.
If it should
It is probable that normally only a single spermatozoon enters the vitellus.
happen that two or more enter, normal development does not as a rule occur. Exceptions to
this rule have, however, been recorded.

The changes

in the

ovum which accompany

fertilization have, like those

which

been studied most satisfactorily in the
In the former (fig. 11) the spermatozoa
ova
of
in
Ascaris.
echinoderms
and
transparent
result in the formation of the polar globules,

Fig. 11.

FERTILIZATION OF THE OVUM OF AN ECHINODERM.

(Selenka.

)

spermatozoon
m.pr, male pronucleus f.pr, female pronucleus.
1. Accession of a, spermatozoon to the periphery of the vitellus
2. Its penetration, and the radial
3. Transformation of the head of 'the spermatozoon into the male
disposition of the vitelline grannies
4, 5. Blending of the male and female pronuclei.
pronucleus
g,

;

;

;

;

;

be seen to penetrate the gelatinous investment which here takes the place of a
zona pellucida, and the head, of one only as a rule, to imbed itself in the periphery
of the ovum, which becomes slightly protruded at the point of contact.
According
to v. Beneden's account, the spermatozoon always enters in Ascaris at a particular
part of the ovum (polar disc), at which part there is an aperture in the vitelline

may

When once it has passed into the ovum, this aperture
(micropyle).
becomes closed, and the head of the spermatozoon rapidly increases in size, and
membrane

acquires the appearance of a nucleus which, in contra-distinction to the remains of
Soon
the germinal vesicle, or female pro-nucleus, is termed the male pro-nucleus.
leaves the periphery, and passes towards the centre of the ovum in the direction of
the female pro-nucleus.
In its passage through the protoplasm it appears to exercise a peculiar attraction upon the granules in that substance, for these become

it

The tail of the spermatozoon
arranged in its vicinity in radiating lines.
has in the meantime disappeared, whether by being cast off or by blending with the
protoplasm of the ovum has not certainly been made out. As the male pro-nucleus
approaches the female pro-nucleus, the latter moves somewhat to meet it, and presently the two pro-nuclei come into contact and together form a new nucleus, com-

FERTILIZATION.

With the blending of the two pro-nuclei
plete in all its structure and functions.
the act of fertilization is completed, and the ovum is now capable of forming
new

cells

by

division.

nucleus of a seminal

Since the head of the spermatozoon is formed from the
part of which appears to be thrown off prior to the com-

cell,

plete maturation of the spermatozoon (Renson, Brown), and the female pro-nucleus is
the nucleus of an egg or germ-cell, part of which has been removed in the form of the

polar globules, the process of fertilization may be described as consisting essentially
of the conjunction of part of the nucleoplasm of a sperm cell with part of the nucleoplasm of a germ cell, the result being the production of a complete nucleus endowed

with active properties of division and reproduction.
Although, as has been already stated, the changes which have just been described are most
clearly to be seen, and have been most completely studied, in the ova of echinoderms and
Ascaris, similar processes have been found to occur in most if not in all animals, and have
even been made out, although not very distinctly, in mammals (in the rabbit by v. Beneden}.
There is no doubt, therefore, that the phenomena of fertilization are essentially the same
throughout the whole animal kingdom. As to the exact details of the process there is still

much

discrepancy in the accounts given by recent observers. Of all those that given by
Beneden of the process of fertilization, and of the subsequent division of the resulting
nucleus in Ascaris, is the most explicit, and appears to negative the idea of a complete fusion
taking place between the elements of the pro-nuclei, at least so far as the chromatin is concerned.
According to this account (v. fig. 12), each of the two pronuclei is seen to possess, previous to their
conjunction, two short chromatin rods (chromosomes) imbedded in clear nuclear matrix. These
rods undergo various changes, resulting in the formation of a skein within each pro-nucleus
(II., III.), but eventually the skein resolves itself into two V-shaped loops or filaments (IV., V.).
On conjunction the matrix of the two nuclei may appear to blend, although it is doubtful if
v.

they actually fuse together, but the chromatin filaments retain their distinct individuality.
The nucleus which is thus formed by the conjunction, contains, therefore, four similar V-shaped
chromatin filaments, which now split longitudinally (VI., VII.), and after being arranged for
a time at the equator of the now spindle-shaped nucleus (VIII.), four of the resulting filaments
pass towards the one pole, and form eventually the chromatin of the one daughter nucleus,
and four towards the other pole, eventually forming the chromatin of the other daughter
nucleus (XL. XII.). It is stated by v. Beneden that of each set of chromatin filaments, or
chromosomes, which thus separate from one another, one half the number is derived from the
male and the other from the female pro-nucleus. If this is the case, and if it should further
be shown that in every subsequent process of division of the resulting cells, the chromatin
filaments of the daughter cells are derived half from male chromatin filaments and half
from female, it necessarily follows that every cell nucleus must be regarded as containing
both male and female morphological elements.
Meaning of the polar globules. Theory of Minot. The question of the hermaphroditism
of cells was first raised by C. S. Minot in connection with the separation of the polar globules.
According to the view advocated by Minot, every cell which results from the division of a
fertilized ovum is hermaphrodite, for the fertilized ovum is formed by the union of both male
1

Ha.
I.

V
Fig. 12.

FORMATION AND CONJUGATION OF THE PRO-NUCLEI
(E. v.

IN ASCARIS MEGALOCEPHALA.

Beneden.)
/, female pronucleus
m, male pronuclens p, one of the polar globules.
I. The second polar globule has just been extruded ; both female and male pronuclei contain two
chromatin particles those of the male pronucleus are becoming transformed into a skein.
II. The chromatin in both pronuclei now forms a skein.
Ila. The skein in the pronuclei is more distinct.
Two attraction-spheres, each with a central
Tho
particle, united by a spindle of achromatic fibres, have made their appearance near the pronuclei.
male pronucleus has the remains of the body of the spermatozoon adhering to it.
III. The pronuclei are enlarged ; the skein formation of the chromatin is complete.
;

;

;

.

MEANING OF THE POLAR GLOBULES.
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The skein of this is contracted and
Ilia. Only the female pronucleus is shown in this figure.
The attraction-spheres are near one side of the ovum, and are connected with its periphery
thickened.
e.c. equatorial circle.
by a cone of fibres forming a polar circle p.c.
III6. The pronuclei have approached one another, and the spin die -system is now arranged across
;

.

their

common

axis.

IV. Contraction of the skein and formation of two V-shaped chromatin filaments in each pronucleus.
V. The V-shaped chromatin filaments are now quite distinct ; the male and female pronuclei are in
close contact.

The V-shaped filaments are splitting longitudinally ; their structure of fine granules of
The conjugation of the pronuclei is
apparent in VII., which is more highly magnified.
apparently complete in these figures, but according to v. Beneden's description, the outlines of both
The attraction spheres and achromatic spindle,
can, under favourable conditions, be still made out.
although present, are not shown in IV., V., VI. and VII.
VIII. Equatorial arrangement of the four chromatin loops in the middle of the now elongated ovum
the achromatic substance forming a spindle-shaped system of granules with fibrils radiating from the
poles of the spindle (attraction-spheres) into the protoplasm ; commencing division of the ovum into
VI., VII.

chromatin

is

;

two

cells.

IX. Shows diagrammatically the commencing separation of the chromatin filaments of the conp.c. polar circle
jugated nuclei, and the system of fibres radiating from the attraction-spheres,
;

c.c. central particle.
equatorial circle
X. Further separation of the chromatin filaments. Each of the central particles of the attractionspheres has divided into two.
The chromatin filaments are becoming developed into the skeins of the daughter nuclei. These
are still united by achromatic fibres.
The protoplasm of the ovum is becoming divided.
XII. The daughter nuclei exhibit a chromatin network.
Each of the attraction-spheres has divided
into two, which are joined by achromatic fibres, and are connected with the periphery of the cell in
the same manner as the parent sphere shown in Ilia.

e.c.

;
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and female elements, and every one of its descendants must also contain a certain proportion
of each. For the sexual conjugation of two cells it is assumed to be necessary that the one
should get rid of the male elements, and retain only the female, and that the other should be
exclusively male. This is effected in the one case, according to Minot, by the extrusion of thu
polar globules, which, in this view, represent the male element of the originally hermaphrodite
generative cell, so that when they are extruded this remains wholly female in the other case
there is also a separation, and the separated part becomes disintegrated, leaving only the male
the separated part in this case represents, therefore, the female
portion, or spermatozoon
element of the generative cell.
Theory of Weismann. Minot's theory was adopted by Balfour, who looked upon the
formation of polar cells as having been acquired by the ovum for the express purpose of preventing parthenogenesis. According to this view no polar globules should be f ormed in parthenogenetic ova, and it was believed by both Minot and Balfour that they would not be found
to occur. It has, however, since been discovered by Weismann and Blochmann that parthexiogenetic ova do extrude one polar globule, although the ordinary ova of the same animal
;

extrude two.

a modification necessary in the view advocated by Minot
Such modification, or substitute, as it may perhaps more appropriately be
termed, has been furnished by Weismann in his theory of heredity ( Vererbungstheorie). This
theory assumes that every animal and vegetable cell contains two different kinds of living
substance. These are termed by Weismann the nuclear plasma and the nutritive plasma. The
former is endowed, with germinative, directing and hereditary functions, the latter with
assimilation of food and the more purely physical functions (contraction, nerve-conduction,
secretion, &c.), but these functions are assumed to be carried out under the direction ol the
nuclear plasma. The nuclear plasma is further supposed by Weismann to consist of two substances, viz., a germinal plasma which is the primitive form, and which alone is endowed with
heredity, and a histogenetic plasma which has been derived from the germinal plasma, and which
controls the division, growth, and differentiation of the cell. Fertilization consists in the
bringing to the ovum, of a certain amount of germinal plasma from a different individual,
and Weismann assumes that it is necessary for the ovum, prior to fertilization and development, to get rid both of its old histogenetic plasma and of so much germinal plasma as may
be brought to it by the spermatozoon, and that it effects this by the extrusion (1) of one
(histogenetic) polar globule, (2) of the other (germinal) globule. If this is what happens, the
primitive or germinal plasma is never wholly eliminated from the ovum, so that it may be
looked upon as transmitting all the accumulated ancestral characters which have been derived
from the vast number of its predecessors. A portion is, however, got rid of in the form of
the second polar globule, and what remains is not necessarily of quite the same constitution in
every case, nor is the portion of germ plasma brought by the spermatozoon necessarily always
similar these differences in the germinal plasma of the fertilized ovum may account, accord1
ing to Weismann, for the individual differences which occur in the progeny.
Weismann and Ischikawa have shown that in some animals the segmentation of the ovum
may have advanced through one or two stages before the entry of a spermatozoon. In this
It is clear that this fact renders

and Balfour.

:

case the spermatozoon (male pro-nucleus) blends with the nucleus of only one of the cells
which have resulted from the segmentation. Probably the sexual cells are the ultimate result
of this conjugation.
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EABLY CHANGES IN THE OVUM CONSEQUENT ON FERTILIZATION SEGMENTATIONFORMATION OF THE BLASTODERM THE PRIMITIVE STREAK AND GROOVE.
Segmentation of the ovum. Immediately after -the completion of the process
of fertilization, the ovum begins to show signs of division into two cells or segments.
The division is preceded by the formation of a spindle-shaped system of achromatic

Fig. 13.

FIRST STAGES OF SEGMENTATION OP A MAMMALIAN OVUM: SEMI-DIAGRAMMATIC.
(Drawn by Allen Thomson after E. v. Beneden's description.)

a, division into two segments
p.gl, polar globules
ect, larger and clearer
z.p, zona pellucida
segment ent, smaller, more granular segment b, stage of four segments c, eight segments, the ectomeres partially enclosing the entomeres d.e, succeeding stages of segmentation showing the more rapid
division of the clearer segments and the enclosure of the darker segments by them.
;

;

;

;

;

;

;

and by changes in the nucleus which are similar to those which take place in
the division of an ordinary cell (v. Histology).
According to v. Benedeu's observations in Ascaris these changes occur in each of the two pro-nuclei (fig. 12), and
one-half the number of resulting V-shaped filaments then passes from each to form
each daughter nucleus, which thus contains male and female chromatin elements in

fibres

the two segments which are thus formed speedily again divides
equal amount. Each of
in the same manner, so that four cells or segments now occupy the interior of the ovum.
process of binary division eight cells are formed, then sixteen, thirty-two,
until the originally simple ovum is eventually subdivided into a large
of small segments, each of which is a nucleated cell, which are aggregated

By a further
and so on

number

into a solid spherical mass, not

much

larger than the original

ovum, and known

as

The cells are not similar throughout, for those at the surface
the mulberry mass.
are clearer and less granular than those which occupy the interior of the mass.
According to v. Beneden's observations in the rabbit and bat, this difference in the
appearance of the

which
13, a).

is
1

The

cells is traceable

even in the

first

pair of daughter

cells,

one of

clearer than the other, which is darker and more granular (fig.
cells or segments which result from the division of each of these retain

larger

and

their respective characters,

and since the

clearer cells divide

somewhat more rapidly

than the darker ones, there are for a time at certain stages of the process of segmentation more of the clear cells
thus, at one stage there are eight clear cells, and only
;

four darker ones, the latter having not yet undergone division, and later there are
1
This statement is denied by Kb'lliker and other observers,
the size and appearance of the first segments.

who

assert that there is no difference in

FORMATION OF THE BLASTODERM.
sixteen clear cells

and only eight darker

cells, for

the same reason.
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Further,

it is

occupy the superficial part
of the ovum and almost entirely enclose the granular cells which fill the interior
found that as the segmentation proceeds the clearer

cells

(fig, 14, a).

The ovum next undergoes a rapid

increase in size

owing to the segregation of

between the clear superficial layer of cells and the enclosed granular segments,
which thus become separated from one another except at one part (fig. 14, &). At the
same time the superficial cells multiply, and, becoming flattened out like a pavement
The ovum is now a
the contained fluid.
epithelium, form a membrane enclosing
and
enclosed
fluid
thin-walled transparent sac, occupied by
by two membranes, one
fluid

eet.

cnt

Fig.

SECTIONS OF THE OVUM OF THE KABBIT
14.
DURING THE LATER STAGES OF SEGMENTATION,
SHOWING THE FORMATION OF THE BLASTODER-

MIC VESICLE.

(E. v.

Beneden. )

int.

a, Section showing the enclosure of darker cells,
ent, by clearer cells, ect ; 6, more advanced stage
in which fluid is beginning to accumulate between the inner and outer cells, the former comc, the fluid has much increased,
pletely enclosed
so that a large space separates inner from outer
cells except at one part
d, blastodermic vesicle, its
wall formed of a layer of flattened cells, with &
patch of dark granular cells adhering to it at one
;

;

part

;

z.p.,

zona pellucida.

being the thinned-out zona pellucida and
the other the epithelial

inner

membrane

ect.

just

Xf.

Adherent to one part of the

mentioned.

surface of this

membrane

is

the

which formerly occupied the whole interior of the
mulberry mass, and these cells give to the part of the ovum where they occur a
darker appearance, when it is viewed by transmitted light. At this stage of
development the ovum has been termed the blastodermic vesicle (fig. 14, c, d),

little

mass

of

dark granular

cells

although the actual blastoderm

not yet formed.
Soon the granular cells are found to be no
longer accumulated into a small mass but to be spreading out in the form of a
lenticular patch over the inner surface of the vesicle.
As this extension proceeds
the innermost cells separate off as a distinct layer, the separation starting from
is

Formation of the blastoderm.

the centre and progressing outwards.
section through the middle of the

A

ovum now shows three layers (fig. 15) an
which is the epithelial membrane of the blastodermic vesicle (Rauber's layer)
an inner, which may be termed the primitive entoderm, from the fact that it becomes
the innermost layer of the blastoderm, and an ill-defined middle stratum of somewhat
:

outer,

VOL.

;

i.

c
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granular

cells,

which represents the remainder of the inner granular mass of the
after

vesicle

blastoderniic

layers were believed

the

separation

Beneden

the

of

subjacent

layer.

The

three,

to represent the three

permanent layers of the
But it has been conclusively shown (by Kauber and Kolliker in the
blastoderm.
rabbit, and by Lieberkiihn and Heape in the mole) that the middle stratum of this
stage of development is not the permanent middle layer of the blastoderm, for it is
by

v.

SECTION OF PAKT OF THE BLASTODERMIC VESICLE OF THE RABBIT AT six DATS.

Fig. 15.

E.
a,

upper layer (Rauber's

cells)

(From

van Beneden.)

forming with

b,

the primitive ectoderm

;

c,

primitive entoderm.

ect.

eiil.

Fig. 16.
ect,

A

SECTION THROUGH PART OF A BILAMINAR BLASTODERM OF THE CAT.

primitive ectoderm

;

ent, primitive

entoderm

;

z.p.,

(E. A. S.

)

thinned-out zona pellucida.

before long converted into a layer of columnar cells which becomes closely applied to r
and soon blends with, Eauber's layer, so that the two now form but a single stratum,
which may be denominated the primitive ectoderm.
Kolliker describes the cells of Rauber's layer as undergoing a kind of atrophy and gradual
disappearance, taking no part in the formation of the primitive ectoderm. The observations of Lieberkiihn and Heape, on the other hand, tend to support the view which has been
given in the text.

but especially the primitive ectoderm, are somewhat thickened near
ovum over a circular or oval area, which appears slightly darker
it is known as the
than the rest of the ovum when this is viewed by transmitted light
1
The
a
area
entoderm
does
not
for
time
form
a
embryonic
(fig.
7).
long
complete investment to the blastodermic vesicle, for as we have seen it commences to form near the
centre of the ovum, and only gradually grows round within the epithelial investment,
In most mammals which have
BO that it terminates peripherally by a free border.
been investigated, it has not completely enclosed the ovum when the mesoblast has
begun to form, but in the cat its growth appears to progress more rapidly, so that,
for a time, the blastodermic vesicle has two complete and distinct epithelial invest-

Both

layers,

the middle of the

:

ments.

known

Whether complete

or incomplete, the two layers together constitute what is
the formation of which marks a distinct
(fig. 16),

as the bilaminar blastoderm

stage in the development of all the metazoa.
But the blastoderm does not long remain in the bilaminar condition. In the rabbit

and mole, and probably in most mammals, long before the primitive entoderm has
completely extended itself around the ovum, there-occurs a considerable thickening
of the primitive ectoderm at one end the posterior of the somewhat oval embryonic
This thickening has at first a crescentic form, with the concave edge looking forwards, and from the middle of this edge a longitudinal thickening extends for a certain
distance towards the centre of the embryonic area.
The thickening is produced by a
area.

proliferation of the cells of the primitive ectoderm, and its consequent downgrowth
towards the primitive entoderm, and it is visible when the ovum is viewed from

above by transmitted

light, as a streak or

shadow which

is

known

as the primitive
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Almost as soon as the primitive streak has become fully formed, it
(figs. 18,19).
be observed to be scored along its length, except at the anterior end which is that
the
directed towards the centre of the embryonic area, by a narrow groove
streak

may

The proliferating primitive ectoderm comes into close relationship
primitive groove.
below this groove with the primitive entoderm, and the two may be partly or

Fig. 17.

EMBRYONIC AREA OF MOLE IMMEDIATELY PRIOR TO APPEARANCE OP PRIMITIVE STREAK AND
FORMED OF TWO LAYERS ONLY.

Fig. 18.

EMBRYONIC AREA OF THE MOLE SHOWING THE PRIMITIVE STREAK AND GROOVE ENDING
POSTERIORLY IN A CRESCENTIC THICKENING.
The area

Fig. 19.

is

bilaminar in front, trilaminar in the posterior half.

A SOMEWHAT

LATER STAGE IN WHICH THE PRIMITIVE STREAK REACHES TWO-THIRDS OF THE
LENGTH OF THE EMBRYONIC AREA, AND ENDS BEHIND IN A KNOB OR THICKENING.
Figs. 17, 18,

and 19 are copied from Heape.

They are magnified 49

times.

union is closest at the anterior end of the primitive streak
where a continuous column of cells unites the primitive ectoderm and entoderm,
so that the two layers are here indistinguishable.

entirely blended, but the

The proliferation of the cells of the primitive streak subsequently proceeds chiefly
at the sides of the primitive groove, and the cells which are produced by this proliferation extend themselves laterally between the ectoderm

Fig. 20, A.

and B.

and entoderm to form

9

VIEWS OF THE EMBRYONIC AREA OF THE RABBIT SHOWING TWO STAGES IN THE
EXTENSION OF THE MESO BLAST.
(Kolliker.)

In A. the mesoblast extends on either side of the primitive streak over the posterior part of the
embryonic area and also behind the primitive streak beyond the limits of that area.
In B. the mesoblast extends over a circular area which surrounds the embryonic area.
The embryonic area is also trilaminar, except in the middle line in front of the primitive streak.
c 2
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third or intermediate layer.
This is mainly derived, as was first pointed out by
Kolliker, from the primitive ectoderm of the groove, but since in this situation the

two primary layers become eventually more or less blended, it is probable that the
primitive entoderm cells also take part in its formation, although this part is in the
mammal evidently a subordinate one. It is further maintained by many embry-

Fig. 21.

SECTION ACROSS THE POSTERIOR END OF THE EMBRYONIC
OF THE FIRST SIGN OF A PRIMITIVE STREAK.

;

(Kolliker.

)

ax, its axial- part undergoing proliferation (this is shown by the karyokinetic figures,
me, mesoblasi becoming derived from the proliferating axial epiblast ; hy, hypoblast.

ep, epiblast

k)

AREA OF A RABBIT AT THE TIME

Fig.

22.

;

LONGITUDINAL SECTION THROUGH THE MIDDLE LINE OF PART OF AN EMBRYONIC AREA (MOLE) IN
WHICH THE PRIMITIVE STREAK HAS BEGUN TO FORM. (Heape.)

The blastoderm

is

a few mesoperforated in front of the (short) primitive streak (? blastopore, blp)
; ep, epiblast ; hy, hypoblast ; p.sk, primitive streak.
;

blast cells are seen anterior to the perforation

Fig. 23.

Two SECTIONS ACROSS THE EMBRYONIC AREA OF A BLASTODERM AT THE STAGE SHOWN
FIG.

19.

IN

(Heape.)

A. Section across the anterior end of the primitive streak and groove.
B. Section across the posterior enlargement of the primitive streak.
The epiblast and hypoblast
are seen to be united along the primitive streak, p.sk ; laterally the mesoblast, m. the cells of which
have grown out from the uniting column of axial cells, separates the two primary layers.
m, mesoblast.
p.gr, primitive groove ; ep, epiblast ; hy, hypoblast
,

;
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Fig.

21

FOUR STAGES IN THE DEVELOPMENT OF AMPHIOXUS ILLUSTRATING THE FORMATION OF THE
GASTRULA.

(Hatschek.)

the cells at the lower pole are larger than the others, and filled with
Spherical blastoderm
granules.
II. Invagination of the lower pole producing a cupping of the vesicle.
III. Completion of the invagination
the blastoderm is now bilaminar, and forms a cup with
narrowed mouth, the blastopore, bl, and a double wall of epiblast, ep, and hypoblast, hy (or primitive
I.

;

;

ectoderm and primitive entoderm).

.

The ovum is now elongated the cavity of the gastrula forms a primitive alimentary canal, the
orifice of which is the blastopore, which is directed dorsally.
Extending from this along the dorsal
surface (right in the figure) a shallow groove is seen in optical section
this is the rudiment of the
IV.

;

:

nervous system.

from the lateral parts of both primary layers are added to the
intermediate layer, and assist in its extension. According to the observations of
Bonnet in the sheep, there is an addition to the middle layer from the peripheral
this has been long held to be the case with
(thickened) portion of the hypoblast
the blastoderm of the bird, and the cells thus derived (parablastic) have been
ologists that cells

;

considered to have the special function of forming the connective tissues and blood.
Whether, however, this is actually so, must be regarded as at present undecided.
However produced, the appearance of a middle layer causes the originally bilaminar

blastoderm to be trilaminar, and

mesoderm, and entoderm, or

its

three layers have received the

epiblast, rnesoblast,

names of ectoderm,

and hypoblast.

The gastrula condition of the vertebrate ovum.

It will be observed that in the
the two primary layers of the blastoderm, at least their principal part, are formed by
a separation into two strata 'of the cells of the inner granular mass which occupies the
interior of the ovum after segmentation. The bilaminar condition may therefore be said to
result from a process of delamination in an originally simple mass or stratum. But in

mammal
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Amphioxus amongst

vertebrates,

1

and in many invertebrates with holoblastic

(alecithal) ova,

produced, not by delamination, but by the invagination of one
pole of an originally simple hollow spherical blastodermic vesicle, the invaginated portion
becoming the primitive entoderm and the remaining part of the wall of the vesicle forming
This condition, which was discovered by Kowalewsky, is
the primitive ectoderm (fig. 24).
known as the gastrula stage, and it is regarded by most embryologists, following Haeckel, as
typical of the mode of formation of the bilaminar blastoderm throughout the animal kingdom.
The aperture of invagination by which the cavity of the entoderm communicates for a time
with the exterior has been termed the blastopore (Lankester).
It is not possible in this account of the embryology of the mammal (which must necessarily
be very short) to examine at any length the evidence upon which the opinion rests that a
gastrula stage can be shown to exist at an early stage in the development of the meroblastic
It will be sufficient for the present purpose to state that in
ova of the lower vertebrata.
fishes, reptiles, and birds, the ova of all of which are of a markedly meroblastic type, that
part of the ovum in which alone segmentation has occurred, and in which active development
subsequently proceeds, produces a bilaminar blastoderm as in the mammal by the separation off
as a distinct layer of a lower or inner stratum of cells to form the primitive entoderm,
whilst the remaining cells arrange themselves into an upper or outer stratum, the primitive
ectoderm. 2 At one part of the circular blastoderm which has thus been formed there now
occurs a crescentic thickening of the ectoderm, on the surface of which a pit or depression
becomes formed by an invagination of the ectoderm. This pit extends inwards until it abuts
against a subjacent entodermal thickening, and it may even penetrate the entoderm and
communicate with the cavity below the blastoderm (which afterwards becomes in part converted into the posterior end of the alimentary canal). The invagination in question has been
regarded as a rudimentary blastopore, its time of formation having become shifted to a later
period, and the entoderm having already been formed by delamination altogether independently
of, in place of resulting from, the invagination, as in the typical mode of gastrula formation.
In the mammal a similar invagination of the ectoderm also occurs at the posterior extremity
of the embryonic area, and this invagination has been described by Heape in the mole as
communicating for a time with the cavity of the blastodermic vesicle (fig. 22, blp~), which sub-

the bilaminar blastoderm

is

SURFACE VIEW OF AN EMBRYONIC AREA OF THE MOLE
WHICH THE MEDULLARY GROOVE HAS BEGUN TO APPEAR
AT THE JUNCTION OF
IN FRONT OF THE PRIMITIVE STREAK.
THE TWO A SMALL APERTURE IS SEEN
THIS 13 THE DORSAL
OPENING OF THE OBLIQUE NEURENTERIC CANAL. (Heape.)

Fig. 25.

IN

:

sequently becomes converted in part into the alimentary canal.
In birds and reptiles as well as mammals the invagination in
question soon becomes extended forward along the middle line
of the blastoderm as a linear groove (primitive groove), which
indents an ectodermal thickening (primitive streak), and if
the posterior invagination represents a blastopore. this
groove must be looked upon as an extension of such blastopore, a view which derives support from the fact that
there appears to be a tendency for the primitive groove, at
least its anterior end, to penetrate to the entoderm, and thus
to form here also a canal of communication between the cavity
below the entoderm and the exterior. Such a canal is designated " neurenteric," because the anterior end of the primitive streak and groove becomes
eventually enclosed by the neural tube, and the canal then effects a (temporary) communication between the neural tube and the enteric canal.
Another important point of resemblance between this invagination and the blastopore of
the typical gastrula is the fact that the middle layer of the trilaminar blastoderm begins to
develope from the margins of the invagination. But in this respect again there is a difference, for whereas in the simplest and most typical forms, such as Sagitta amongst invertebrates,
and
amongst vertebrates, the middle layer (mesoblast) originates as a pair of hollow

Amphioxus

protrusions of

mammals and

in
the primitive entoderm (ccelom-invaginations of Hertwig, figs. 28, 29)
it makes its first appearance in the form of solid outgrowths from the
;

birds

primitive streak.

3

Other views concerning- the gustrulation of vertebrates.

Kupffer regards the part

Hofmann, to some extent in elasmobranch fishes.
layer corresponding with Rauber's layer of the mammal is known to exist in lower vertebrates,
unless that layer is to be regarded as the homologue of the external (corneous) stratum of the epiblast,
which is found at a later stage in fishes and amphibia.
1

Also, according to

2

No

8
Ruckert has described an imperfect form
Hertwig in amphibia.

of

ccelom-invagination

in

elasmobranch

fishes,

and
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which has been above alluded to as invaginated ectoderm (primitive groove) as the homologue
of part of the entoderm of more typical forms. If this view be correct, many of the difficulties
in the way of regarding the aperture of the invagination as the blastopore, and in explaining
the differences in the mode of origin of the mesoblast are removed but, on the other hand,
other difficulties are introduced, and the subject is left by no means clear.
Another view, which was formerly extensively held, regards the blastopore of Themeroblastic
vertebrate ovum as bounded by the thickened edge of the bilaminar blastoderm (Haeckel).
According to this view, the cavity of the gastrula is entirely filled up by a mass of
unsegmented or but partially segmented yolk, which also projects for a considerable distance
through the blastopore, forming in fact the great mass of the ovum. The primitive groove
;

is regarded as a linear prolongation of this thickened edge of the blastoderm towards the
centre of the blastoderm (Balfour), so that the embryo, which developes in front of the
primitive streak, thus conies to have a pseudo-central position in the blastoderm instead
of developing altogether from its margin as in the lower vertebrata and in invertebrates.
In conformity with this idea, it may be noted that at the thickened rim of the
blastoderm of these meroblastic ova, the two primary layers are continuous with one another
as in the primitive streak.
In elasmobranchs an intermediate condition is observed, viz.. a
short groove, the margins of which are freely continuous with the margin of the blastoderm.
If, as His and others have described (vide infra), the mesoblast is in part (vascular
and connective tissue part) derived from the thickened rim of the blastoderm, this would
furnish another point of resemblance between the primitive streak and that margin.
Ed. v. Beneden has promulgated an entirely different opinion as to the mammalian blastopore from those above described. He regards the condition of the ovum, after the completion
of segmentation and before the formation of a blastodermic vesicle, as representing the
gastrula stage, and looks upon the point where the granular inner mass of cells comes to the
surface between the clear cells which form the outer investment as the blastopore (fig. 14, a).
In conformity with this view he considers the layer of clear cells to represent the whole of the
primitive ectoderm, and the granular inner mass the primitive entoderm. But since all the
more recent observations upon early mammalian ova agree in affirming the formation of
the three blastodermic layers from the granular inner mass, and that Rauber's layer either
takes no part at all, or only a subordinate part in the formation of the ectoderm of the
embryonic area. v. Beneden's view, in spite of the superficial resemblance of the ovum at

met with general acceptance from embryologists.
In the guinea-pig
blastodermic layers in some mammals.
(Bischoff), rat and mouse (Fraser, Selenka), and in some other rodents, an inversion of the
usual position of the blastodermic layers is found to occur, the epiblast being innermost,
the hypoblast outermost. The foundation of this inversion is laid early by a process of
invagination and formation of a central cavity in the mass of entomeres, so that when the
blastoderm is differentiated, the innermost cells which are next the (secondary) cavity thus
formed become the epiblast, and the outermost the hypoblast, the mesoblast subsequently
forming between the two by proliferation of epiblast at the primitive groove, as in other
mammals. (For details as to this process of invagination, the student is referred to the papers
by Selenka.)
Historical.
The existence of several laminae in the germinal substance of the egg was

this stage to certain gastrula forms, has not

Inversion

of the

suggested by C. F. Wolff in his celebrated work TJieoria Generationis, published in 1759,
his later Memoir On tlui Development of the Intestine., first published in Nov. Comment.
Acad. Petropol. in 1767 and republished in German by J. F. Meckel in 1812. It is, however, to
the researches of Pander, conducted under the direction of Dollinger of "\Vurzburg, and published in 1817, and those of v. Baer (1826-1837), that we owe the first consistent attempt to
connect the development of the several organs and systems of the embryo with the different
constituent parts or layers of the blastoderm. Pander recognised a trilaminar structure of the
blastoderm and distinguished the three layers composing it, in their order from above downwards, or from without inwards in the egg, as the serous, vascular, and mucous layers.
In 1 850-5-1 a further important advance was made in the knowledge of the constitution of
the blastodermic layers, by the discovery by Remak that the greater part of the middle layer
soon after its formation comes to be divided into two lamina?, separated by a space which
corresponds to the perivuceral cavity (cculom} a fact which had been partially stated by von
Baer. So marked a division of the middle layer and distinction of the parts which are
afterwards developed from its two laminae, has seemed sufficient to some authors to warrant
the recognition of four distinct layers in the blastoderm but it will be found on the whole
more convenient to consider the fundamental layers as only three, to which, following the
nomenclature of Foster and Balfour, the designations of epiblast, mesoblast, and hypoblast are
applied, terms which are synonymous with those of ectoderm, mesoderm, and entoderm,
first

and in

;

employed by many authors.
The terms ectoderm and entoderm were first applied to the two fundamental layers, shown
by Huxley in 1849 to constitute the whole body of ccelenterates. and which were correctly
regarded by him as homologous with the two layers of the bilaminar blastoderm, to which w
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have applied the terms primitive ectoderm and primitive entoderm. Since the middle layer
developed from one or both of these primitive layers their permanent representatives are
morphologically different, having lost the elements which go to form the middle layer, and it
is therefore convenient to accentuate this distinction by the adoption of different terms to
represent the permanent layers.
The generalisation that the formation of a bilaminar blastoderm is typically produced by
the invagination of a hollow spherical unilaminar blastodermic vesicle is due to Haeckel, and
was based largely upon the important researches of Kowalevsky, especially those on Sagitta
and Amphioxus. The process of delamination which in some animals produces the two
primary layers was originally regarded by Ray Lankester as the typical mode of formation,
but is now generally admitted to be a secondary modification. Finally, it has been shown
(Balfour, Lankester, R. and 0. Hertwig), as is set forth below, that the coelom or body cavity
is typically developed, not by a process of splitting of the mesoblast (although in some
animals this may occur as a secondary modification), but as hollow protrusions from the
primitive alimentary cavity, the cells which bound these protrusions forming the mesoblast.
Thus from an originally single blastodermic layer by successive processes of invagination
or folding, the three permanent lamina? are ultimately produced.
Such folds may be regarded as formed mechanically by local hypertrophic multiplication
of the cells of the lamince, an increased surface being thus found for the increased number of
In analogous manner the folds which accompany the formation and separation of the
cells.
body and the development of the several organs, e.g., the nervous system, alimentary canal,
This
amnion. may also be regarded as resulting mechanically from cell-multiplication.
mechanical theory of development was first enunciated by Pander, and has of late years been
applied extensively by several embryologists, notably by His (Entwicltl. d. Huknchens, 1868,
jind L'nsere Korperform, 1874), and Rauber.
is

Characters of the blastodermic layers. The three layers of the blastoderm
show from the first distinctive characters (fig. 26). The outer layer, or epiblast, is
epithelial in nature and consists of somewhat irregularly columnar cells closely set side

Fig.

26.

TRANSVERSE SECTION THROUGH THE FRONT END OF THE PRIMITIVE STREAK AND
BLASTODERM OF THE CHICK. (From Balfour. )
pr, primitive groove

;

m, mesoblast

;

ep, epiblast

;

liy,

hypoblast.

by side, forming a single stratum for the most part, except near the middle
becoming thinner and flatter towards the margins of the embryonic area.

The inner

layer or hypoblast

is

also epithelial,

but the

cells

are at

line,

and

first all

and appear therefore quite thin and linear in sections of the blastoderm.
At a later stage, the hypoblast cells become markedly columnar and enlarged, so
flattened,

that they considerably exceed the epiblast cells in size.
The middle layer, or mesoblast, which differs, as

we have seen, in its mode of
formed secondarily from one or both of the primary layers, also differs
from them entirely in its appearance and structure. Instead of consisting of cells
closely joined together into a continuous membrane after the manner of an
epithelium, the mesoblast is at first composed of cells which are not thus closely
arranged, but have, on the contrary, a considerable amount of intercellular fluid
between them.
They are most irregular in shape, and are often branched and
united with one another, so that much of the mesoblast early resembles an
origin, being

embryonic connective

tissue.
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HIS.

Before proceeding to describe the commencing development of the embryo it will
be instructive to enumerate the parts which are formed respectively from the three

The following

blastodermic layers.
,

I

'

is

the relation given in tabular form

The whole of the nervous system, including not only the central organs~(brain and
spinal cord), but also the peripheral nerves and sympathetic.
The epithelial structures of the organs of special sense.
The epidermis and its appendages, including the hair and nails.
The epithelium of all the glands opening upon the surface of the skin, including the
mammary glands, the sweat glands, and the sebaceous glands.
The muscular fibres of the sweat glands.
The epithelium of the mouth (except that covering the tongue and the adjacent
posterior part of the floor of the mouth, which is derived from hypoblast), and that of
the glands opening into it. The enamel of the teeth.
The epithelium of the nasal passages, of the adjacent upper part of the pharynx,
and of all the cavities and glands opening into the nasal passages.

The urinary and generative organs (except the epithelium
^

~

^
7?

of

the urinary bladder

and urethra).
All the voluntary and involuntary muscles of the body (except the muscular fibres
sweat glands).
The whole of the vascular and lymphatic system, including the serous membranes

jj.

g

:

of the

and spleen.
The skeleton and

all the

connective tissue structures of the body.

The epithelium of the alimentary canal from the back of the mouth to the anus,
and that of all the glands which open into this part of the alimentary tube.
The epithelium of the Eustachian tube and tympanum.
The epithelium of the bronchial tubes and air sacs of the lungs.
The epithelium lining the vesicles of the thyroid body.
The epithelial nests of the thymus.
The epithelium of the urinary bladder and urethra.

PARABLAST THEORY OF
The observations

HIS.

MESENCHYME THEORY OP HERTWIG.

His upon the development of the blood and connective tissues
in the bird led him to regard these tissues as originating, not from the mesoblast which
in the chick grows out from the sides of the primitive groove, but from cells
which,

Fig.

27.

of

VERTICAL SECTION THROUGH THE BLASTODERM OF A HEN'S EGG TAKEN NEAR THE
PERIPHERY.
(Strieker. )

H. hypoblast, passing at the periphery into an undifferentiated mass of yolk, A,
E, epiblast
(towards the centre of the blastoderm), mesoblast
containing large cells filled with yolk granules
(nearer the periphery), granular cells, apparently derived from A, and lying between the epiblast
;

M

;

M

;

and hypoblast.
originating either in the yolk or in the thickened rim of the spreading blastoderm, wander in
centripetally between the primary layers and fill up all the interstices of the centrifugallygrowing true mesoblast. These in-wandering cells being derived, not like the other cells of
the embryonic area from the more active primarily differentiated central parts of the blastoderm, but from the peripheral non-embryonic portion, were collectively named by His
parablatt, and the tissues (blood and blood-vessels, and all the connective tissues) supposed to
be formed from them were termed parablastic (all the other tissues of the embryo being
termed, in centra-distinction, archiblastic*).
His's theory was enunciated as long ago as 1868, although he afterwards introduced
into it certain modifications. For a considerable time it met with little acceptance, but of
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years it has obtained, in its modified form as above given, the adherence of many
R.
embryologists, and especially of R. and O. Hertwig, Kupffer, Kollmann, and Waldeyer.
and O. Hertwig have given the name of wesenchywe to His's parablast, while retaining the
designation of middle germinal layer or mesoderm for the rest of the mesoblast, from which
it differs (1) in its structure, consisting of loosely arranged wandering cells, as distinguished
from the epithelium-like lair, ell as, of which according to their description the rest of the
mesoderm is composed (2) in its derivation, arising as separate cells from the entoderm instead
of in the form of a coherent layer and (3) in its further development and destination, giving
origin to the connective tissues and blood-vessels, and perhaps to the plain muscular tissue,
whereas the mesoderm proper gives origin to the skeletal muscles and to the epithelium of the
ssrous cavities, and of the genital and urinary organs.
They describe the true mesoderm as
consisting of two epithelial lamella?, which form distinct layers of the blastoderm, so that
according to this view the complete blastoderm would consist of four layers (epiblast, outer
or somatic mesoblast, inner or splanchnic mesoblast and hypoblast) besides the mesenchyme
to which mubt be added a median strand of cells set aside for the formation of the notochord.
It appears evident from the researches of Kowalevsky in Sagitta and Amphioxus that what
is to be regarded as the typical origin of the mesoblast in Metazoa takes the form of a pair of
diverticula from the primitive archenteric cavity (fig. 28, la
fig. 29, I), which hollow diverticula become pinched off from the remainder of that cavity, and. their cavities becoming compressed laterally, are converted into the ccelom or body -cavity (serous cavities of vertebrata), the
two walls of this cavity on either side forming respectively the inner and outer mesodermic
In Sagitta, the diverticula occur in the neighbourhood of the
layers of R. and 0. Hertwig.
late

;

;

;

1

;

28.

Fig.

FORMATION OF MESOBLASTIC SOMITES IN
SECTION.

AMPHIOXUS,

SHOWN

IN

LONGITUDINAL

OPTICAL

(Hatschek. )

view of an embryo in which the mesoblast is beginning to form as two longitudinal folds
which are becoming subdivided from before back by constrictions into separate
same viewed in profile, showing the anterior three somites of one side, with their
cavities in free communication with the enteric
The neural canal, n.c., is continued
cavity.
posteriorly by a neurenteric canal into the enteric cavity ; ep, epiblast
II., dorsal
hy, hypoblast.
view of a more advanced embryo.
The somites are more numerous and are completely separate. In
all but the most anterior pair the communication with the enteric
is
still
seen.
cavity
III., dorsal
view at a still later stage.
The somite cavities are now completely closed. The cellular rod, ch, shown
running along the middle of the embryo is the notochord.
la., dorsal

of the hypoblast
somites.
L, the

;

blastopore, which is also the typical seat of origin of the mesoblast, but in Amphioxus they
are formed by longitudinal folds of the wall of the archenteric
cavity, which grow from
before backwards, and become separated up into segments in their
progress. In most vertebrates
above Amphioxus the mesoblastic outgrowths are from the first solid, not hollow (although a
split may early, and does eventually in any case, occur in them, the ccelom being thus produced), nor do they originate so distinctly from the entoderm, but arise rather at the junction
1

Except the Ccelenterata which have only the two primary

layers.
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margin of the blastopore, and in the higher forms, especially
largely derived from ectoderm. It is nevertheless for many reasons
probable that the origin in a pair of hollow diverticula, as above described, is to be looked
upon as the typical one, and that as a solid outgrowth, subsequently becoming split or hollow,
as a secondary modification. 1 It is questionable, however, whether there is e- considerable a
difference between the external and internal portions of the wall of the diverticulum that
of this with ectoderm at the

mammals, may even be

IT.

SECTIONS ACROSS AN AMPHIOXUS EMBRYO OF ABOUT THE STAGES SHOWN IN FIG. 28,

29.

Fig.

III.

I.

TO

(Hatschek.)

somite.
n.g., neural groove ; n.c., neural canal ; ch, rudiment of notochord ; rn.es. som., mesoblastic
its cavity is in free communication with the alimentary cavity ; ep, epiblast ; hy, hypoblast ; al,
,
In III. the cavity of the somite has extended on either side of the alimentary
alimentary cavity.

In

I.

canal and forms a ccelom, or body cavity

these

two

with the

(cce).

plates of mesoblast should be regarded each one as of equal morphological importance

epi-

and hypoblast.

also be doubted whether the parablastic or mesenchyme elements are essentially
different in their origin from the rest of the mesoblast. 2
In forms which are regarded as
It

may

typical, such as Sagitta and Amphioxus, they are not distinct in origin from that layer.
In the simpler forms amongst the Craniata, as Cyclostomata and Amphibia, no origin
distinct from the rest of the mesoblast has been described for these elements, nor has it been
seen in mammals, in which, indeed, it is difficult to conceive an independent source for them.
It is only in the highly modified meroblastic ova that appearances have been noted which have
seemed to justify the ascribing a peripheral origin to the parablastic elements. But the evidence
which has been hitherto adduced in favour of this view cannot be regarded as sufficient to
justify its unconditional adoption, and it must be regarded as equally open to consideration
whether the derivation from that part of the blastoderm which is most closely connected
with the source of nutriment, viz., the yolk, of those elements which are to form the blood
and blood-vessels, and otherwise to minister to the nutrition of the early embryo is not to be

most

explained by the modified physiological conditions of these telolecithal ova.
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EARLY CHANGES IN THE BLASTODERM, RESULTING IN
THE FORMATION OP THE EMBRYO.
FIRST APPEARANCE OF THE EMBRYO; FORMATION OF THE NEURAL GROOVE
AND MESOBLASTIC SOMITES.

Neural canal. The blastoderm in mammals, as we have seen, eventually
completely encloses the cavity of the ovum, and even in the large telolecithal ovum
of the bird, it gradually extends so as to cover a large part of the yolk.
But only
a small portion of this membrane takes part in the formation of the body of the
embryo, that portion namely which lies immediately in front of the primitive groove,

and

it is

here that what

may be regarded as the first trace of the embryo makes its
soon
after
the outgrowth of mesoblast from the sides of that
very

appearance

Fig.

30.

EMBRYONIC AREA, WITH OUTLINE OF PART OF THE VASCULAR AREA, FROM A RABBIT'S
OVUM OF SEVEN DAYS. \s
(From Kblliker.)
.

oo, vascular area

;

ag, embryonic area

;

pr, primitive streak and groove

;

rf,

medullary groove.

groove in the form of a shallow furrow (fig. 30, rf), wide behind where it
embraces the anterior end of the primitive streak, and at first narrow in front, and

bounded on

Fig.

31.

either side

and anteriorly by a

fold of epiblast

;

which

folds, in fact,

SECTION ACROSS THE ANTERIOR PART OF THE MEDULLARY GROOVE OF AN EARLY EMBRYO
OF THE GUINEA PIG.
(E. A. S.)

ep, folds of epiblast rising up on either side of the middle line, and thus bounding the medullary
;
mg, middle of medullary groove ; hy, hypoblast, which is in contact with the medullary
epiblast at the middle of the groove, but is elsewhere separated fro.ra it by mesoblast, me, which has

groove

burrowed forwards between the two primary
this is the

commencement

A

cleft
layers.
of the anterior part of the ccelom.

is

seen in the mesoblast on either side

;

FORMATION OF NEURAL CANAL.
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HI.

IV.

32.

Fig.

ep,

canal

;

SECTIONS SHOWING STAGES IN THE CONVERSION OP THE MEDULLARY GROOVE INTO THE
NEURAL CANAL. FROM THE TAIL END OF AN EMBRYO OP THK CAT. (K. A. S. )

me, hy, epiblast, mesoblast, and hypoblast
m.g., medullary groove; K.C. (in IV.), neural
notochord ; cos, ccelom ; am, tail fold of the amnion.
;

c/i,

THE NOTOCHORD.
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The groove which is thus
produce the groove which is enclosed between them.
in continuity with the
was
as
but
in
front
formed
not,
of,
formerly
supposed,
early
than the rudiment of the whole central nervous
primitive groove (Dursy), is no less
as the neural or medullary groove, the folds which
system, and it is accordingly known
bound it being termed the medullary folds. By the time that the neural groove is
formed, the mesoblast has generally extended forwards from either side of the
and as the folds become
primitive streak, burrowing between the epi- and hypoblast,
fills up the space below the epiblast, triangular in section,
mesoblast
this
developed,
which each fold encloses, so that on either side of the neural groove there is now a
longitudinal

thickening of mesoblast, entirely separated from its fellow of the
by the meeting of epi- aud hypoblast at the bottom of the neural
31), and gradually thinning off laterally into what is known as the

opposite side

groove

(fig.

Fig.

33.

MIDDLE OP THE SECTION SHOWN

MAGNIFIKD TO SHOW THE

1

IN

FIG.

31,

ETAILS OF ITS STRUCTURE.

(E. A. S.)

ep t me, hy, m.g.. as above
of median hypoblast.

;

nch, notochordal thickening

These two longiplate of mesoblast.
tudinal thickenings of mesoblast give origin to
most of the muscular and skeletal tissues of the
lateral

they form what may be termed the
paraxial as distinguished from the lateral mesoblast.
Somewhat later the medullary folds
become bent over the neural groove, and meet one another in the middle line
Here they blend together, and the groove becomes converted into a
(fig. 32).

body

;

nek-

canal

the neural canal.

Of

the

two layers of epiblast which are formed from

the folds, one is now the roof of the canal, the other is the epiblast of the dorsal
The layers are at first in contact with one another, but
surface of the embryo.
subsequently mesoblast passes between them (forming the membrana reuniens
superior of Remak).

The

closure of the neural groove begins

in the

posterior

cephalic region, and thence extends forwards and backwards.
Notocliord. Running along the bottom of the neural groove there may soon
be seen, when the blastoderm is viewed from above, a linear shading, which appears
to start from the anterior end of the primitive streak and passing forwards becomes
Transverse sections
gradually lost towards the anterior end of the neural groove.
across the latter show that this appearance of shading is due to a longitudinal

the central cells of
thickening of the hypoblast along the middle line (fig. 33)
this layer becoming enlarged and gradually separating themselves off to form a rodlike column, which lies between epi- and hypoblast just below the neural groove
When so separated, the column. is known as the chorda dorsalis, or
(fig. 32, di).
notochord, a structure which, along the middle line of the early embryo, replaces the
;

mesoblast, and which is at first, as before said, continuous with the united epi- and
The actual separation of the
hypoblast at the anterior end of the primitive streak.
cells from the hypoblast occurs first a little behind the anterior end of
neural groove, and progresses backwards, although the hypoblastic thickening occurs
first at the posterior end of the neural
groove and is in fact directly continuous with
the united column of epiblast and hypoblast which forms the anterior end of the

notochordal

The neurenteric canal passes through the thickened posterior
primitive streak.
of
the
notochord, where this is continuous with the anterior end of the
extremity
primitive streak (see fig. 34). It is continued in mammals a short distance along the
notochord as a canal (prolonged forwards into a groove)

(fig.

34, 5),

which has been
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III.

Fig.

34.

A

SERIES OP TRANSVERSE SECTIONS THROUGH THE NEURENTERIO AND NOTOCHORDAL CANAL
OP A MOLE EMBRYO.
(Heape.)

The embryo was slightly more advanced than the one represented in Fig. 25. The dorsal opening
shown in I., continued into the primitive groove the canal passes thence through the column of
cells which unites the epiblast and hypoblast at the front of the primitive streak (II. ), into the notochordal thickening of the hypoblast (III.), along which it extends for some distance (IV.), and
eventually opens ventrally (V. ) into a median groove, which is formed in the notochordal thickening
is

;

(n.ch.c.)
ep, trie, ky, epiblast, inesoblast, hypoblast ; p. (jr. (in I. and- II.), primitive groove
or notochordal canal ; m.ijr. (in III., IV., ami V.), medullary groove.

VOL.

I.

;

c,

neurenterio
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described under the

name

blast ic invagination,

which in Amphioxus

of the notochordal canal, and corresponds with the hypo(fig. 29, 1., ch) also forms the first stage in

the development of the notochord.

A

flattening out and even eventually a duplication of this canal occurs in the chick and in
mammals at a somewhat later stage than that given in fig. 34. According to Spee,
its cleft-like cavity may pass laterally into the commencing mesoblastic cleavage (coelom-

various

invagination

?).

The notochord is essentially an embryonic structure in mammals, although it does
not completely disappear, for traces of it are to be found throughout life in the
centre of the intervertebral discs.
When fully developed it is a cylindrical rod
clear epithelium-like cells, enclosed within a special sheath of

composed of

homo-

These cells, although they may become considerably enlarged
and vacuolated, undergo no marked histogenetic change and take no part in the
geneous substance.

formation of any tissue or organ of the adult.
Separation of the embryo from the blastoderm.

which thus

Fig.

35.

first

makes

its

The embryonic rudiment
appearance in the blastoderm, and which consists

MESIAL SAGITTAL SECTION THROUGH THE ANTERIOK END OF AN EARLY SHEEP EMBRYO
SHOWING THE COMMENCING FORMATION OF THE FORE-GUT. (Bonnet. )

ep, epiblast

;

hy, hypoblast

;

/#,

Below the foregut the cephalic ccelom

formed by folding over of layers am, amuion (head
becoming formed as clefts in the mesoblast.

foregut,
is

;

fold).

of neural groove, mesoblastic thickenings, and notochord, becomes
at a very early period marked off in front by a dipping down of the blastodermic
layers immediately in front of the anterior end of the neural groove, so as to form a
essentially

transverse curvilinear sulcus

the anterior limiting sulcus.

This

is

at first wide

and shallow, but soon deepens and narrows, and takes at the same time an oblique
direction, curving downwards and backwards under the front end of the neural
The sulcus is really due to a growth forwards of the anterior end of the
groove.
embryonic rudiment, over the part of the blastoderm immediately in front of it, so
that this anterior end now projects as a distinct head (fig. 35).
All the three layers are involved in the forward growth and overfolding which
produces the head, so that a prolongation from the blastodermic cavity, which is of
course lined by hypoblast, becomes included in the head, and the anterior part of
the primitive alimentary canal, orfore-gut (/.#.) is thereby produced.
Formed in this
way its front end is necessarily blind, and for a long while there is no mouth nor any
communication between the fore-gut and the exterior of the embryo. The mouth

becomes formed
In the

.

later

by invagination from the

exterior.

rabbit, and also in the chick, the blastoderm at this time is still bilaminar in and
near the middle line in front of the embryo, for the growth of the mesoblast has not yet
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extended to this part. The head end of the embryo grows forward over this bilaminar portion,
and since the embryo, as it becomes differentiated, tends to sink below the general surface of
the blastoderm, the head which now overlies the bilaminar part produces a depression of this
part towards the interior of the vesicle, so that the head of the embryo becomes-enelosed by
the bilaminar wall of the depression (fig. 36). The enclosing membrane, which is well marked
in the rabbit, has been termed by v. Beneden the pro-amnion : by an extension of mesoblast and
of the mesoblastic cleavage between its layers, it afterwards becomes split into somatopleure
and splanchnopleure, and the former becomes continuous with the true amnion (see p. 42).
The stage of pro-amnion, if it exists at all. must disappear very early in the human embryo.
1

Soon

after the appearance of the anterior limiting sulcus, two lateral limiting
running external and parallel to the medullary folds ; these lateral

sulci are seen
sulci,

Fig.

as they dip

down, mark

body of the embryo from the

off the

rest

of the

THE
DIAGRAMMATIC LONGITUDINAL SECTIONS THROUGH THE EMBRYO OP THE RABBIT.
SHOW THE MANNER IN WHICH THE PRO-AMNION IS FORMED BY A DIPPING DOWN OF
THE HEAD AND ANTERIOR PART OF THE BODY INTO A DEPRESSION OF THE BLASTODERM, WHICH
AT THIS PART IS FORMED OF EPIBLAST AND HYPOBLAST ONLY. THE DIAGRAMS ALSO ILLUSTRATK
THE MODE OF FORMATION OF THE ALLANTOIS AND OF THE TAILFOLD OF THE AMNION IN THIS
ANIMAL.
(Y. Beneden and Julin.)
36.

SECTIONS

me, mesoblast
hy, hypoblast
ep, epiblast
heart not being represented pr.a., pro-amnion
;

;

;

;

;

cos,

parts of the coelom

;

cne',

pericardial coelom, the
all. allantois ;
;

pi, seat of formation of the placenta

am, amnion.

blastoderm, but they do not for some time progress far in development, the middle part
of the future alimentary tract long remaining in free continuity with the cavity of the
blastodermic vesicle (fig. 45, and fig. 49, d), but becoming gradually more pinched off
from it. That part of the cavity of the original blastodermic vesicle which does not

form a part of the alimentary canal, but remains connected with it by a wide neck
At a later stage, when the body walls
of communication, is known as the yolk-sac.
are formed, and the yolk-sac, relatively greatly diminished in size, lies altogether
outside the body of the foetus, it is merely connected by a long narrow duct, which runs
D 2
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along the umbilical cord, with the intestine. This is termed the umbilical duct, and the
yolk-sac itself has received (in mammals) the name of umbilical veswle (figs. 50, 51).

embryo a hind-gut is produced. In the human
by a protrusion from the posterior blind end of the
the formation of the allantoic tube, but in most mammals

Lastly, at the tail end of the
this appears to be formed

embryo

enteric groove,

and

after

TRANSVERSE SECTION OF THE TAIL END OF AN EMBRYO CHICK OF THE LATTER HALF OF
37.
THE SECOND DAY, AT THE VLACE WHERE THE VERTEBRAL SOMITES CEASE. 8,R
(From KolHker. )

Fig.

.

m.f., medullary folds, the neural canal beginning to close ; p.m., paraxial mesoblast ; l.m., lateral
mesoblast ; ep. , epiblast ; hy, hypoblast ; ao, primitive aorta ; ch, notochord p, coelomic cleavage of
lateral plate of mesoblast.
;

and in birds it is produced by a folding over of the tail end of the embryo like that
which occurs at the head end to enclose the fore-gut (figs. 45 to 47). The hind-gut
Fig. 38.

EMBRYO CHICK AT THE END OF THE SECOND
BELOW.

L5

.

DAY, SEEN FROM

(From Kolliker.)

Vh, forebrain
Ab, primary ocular vesicles
Ch, notochord ; H, tubular
heart
om, vitelline veins ; Vd, entrance to the forepart of the alimentary
canal within the cephalic fold
in the middle part of the embryo, the
protovertebral somites are seen (to the number of thirteen pairs) on each side
of the canal of the spinal marrow and notochord.
;

;

;

;

II

1

Vd

remains for a considerable time blind, until the anus becomes
formed by invagination from the exterior.
Cleavage of mesoblast. Formation of body cavity.
At a very early period, soon indeed after the formation of the
neural groove, two important changes begin in the mesoblast.

One

is the cleavage of the lateral mesoblast (which is at
a continuous sheet) into two plates, one of which clings to
The cleft is at first
the epiblast, and the other to the hypoblast.

of these

first

37, p), but accumulation of fluid within it soon coninto a cavity, which gradually spreads until the separation
is very extensive (fig. 39,
The layer of mesoblast which
p.p.}clings to the epiblast eventually forms part of the body-wall,

small
verts

(fig.

it

and is known as the somatopleurc ; that which clings to the
hypoblast forms eventually part of the wall of the alimentary
as the splanchnopleure.
The cavity between these, which is

tract, and is known
formed by enlargement of the original

cleft, is

the ccelom or lody cavity (pleuro-

peritoneal cavity of authors).

Formation of mesoblastic somites.

The other change occurs not in the
but in the paraxial mesoblast, and consists in the occurrence at regular
intervals transversely along the mass, of a process of thinning which produces its
complete separation into distinct segments, so that when the embryo is viewed from
above or below, these segments appear on either side of the neural groove as a
lateral

linear series of small
quadrangular masses (fig. 38),

which were originally termed

FORMATION OF MESOBLASTIC SOMITES.
profover tebrcc, on the supposition (now
the rudiments of the future vertebrae
;

37

known

to be erroneous) that they are
they are more appropriately termed the

mesoblastic somites.

\
Fig.

39.

TRANSVERSE SECTION THROUGH THE DORSAL REGION OF AN EMBRYO CHICK OF 45 HOURS.
(FromBalfour.)

C, hypoblast
A, epiblast
Me, medullary canal Pv, protovertebra or mesoblastic somite
Wd,
intermediate cell-mass in which the Wolffian duct is becoming formed ; So, somatopleure
Sp,
splanchnopleure pp, pleuro-peritoneal cavity (cceloin)
op, inner margin of area opaca ; w. thickened
;

;

;

;

;

;

hypoblast of area opaca

;

;

ao, left primitive aorta

;

v,

blood vessels

;

ch, notochord.

in Amphioxus (figs. 28, 29), the protovertebrae are formed in common with the body cavity, and
are successively separated off from before backwards from the coelomic fold as hollow cuboid
somites, each of which extends upwards around the neural canal and downwards along the
sides of the alimentary canal, and subsequently divides into a dorsal or paraxial part which
forms the protovertebrae, and a ventral part which forms the lateral mesoblast. At first the
hollow somites communicate individually with the alimentary cavity, but they become shut
off from this long before the division which has just been mentioned.
The ventral segments
run together eventually, to form a continuous serous cavity. In sections of bird or mammalian
embryos (fig. 39), the protovertebraa, although on the whole compact masses of mesoblast, yet often show a tendency to have their central cells loosely arranged, so as to give the
appearance of an irregular cleft in their interior, and sometimes a definite cavity is formed in
them, which may even be continuous with the coelomic cleft in the lateral mesoblast.

Protovertebrse begin to be marked off in the paraxial mesoblast, a short distance
of the neural groove, in what will eventually become the

from the anterior end

cervical region of the embryo.
They are produced in succession from before backwards, one or two only being at first visible on either side, and others being gradually

added

as the embryo grows in length, until a large number may at length be counted,
extending from immediately behind the cephalic region to the region of the primitive

streak.

Cerebral vesicles. Meanwhile a change of importance has taken place inconnection with the anterior end of the neural groove, which has become enlarged,
and soon exhibits a succession of highly characteristic median dilatations, separated
from one another by slight constrictions (fig. 34). These dilatations, at a later
stage, after they have become roofed in, along with the rest of the neural groove,
are known as the cerebral vesicles.
There is at first a simple enlargement, and
behind this two others form in succession, so that the primary vesicles are three in

CEREBRAL VESICLES.
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niimber, but subsequently the most anterior (fore-brain) and posterior (hind-brain]
each forms two vesicles, whereas the middle vesicle (mid-brain) remains
permanently
undivided. Five vesicles are therefore then to be seen, and these
rise

give

eventually

SURFACE VIEW OF AN EARLY EMBRYO OF THE GUINEA PIG SHOWING THE COMMENCEMENT OF
THE THREE PRIMARY CEREBRAL VESICLES (1, 2, 3) AS ENLARGEMENTS OF THE MEDULLARY GROOVE.

Fig. 40.

Semi-diagrammatic.
pr, primitive streak and groove.

Fig.

41.

RABBIT EMBRYO OF THE 9iH DAY, FROM THE SURFACE. 2J. (Kolliker.)
is enlarged anteriorly and the primary optic vesicles are growing out from

The medullary groove

first cerebral enlargement.
On either side of the head, the (double) tubular heart" is seen.
pairs of protovertebrse are formed.

the

Eight

fundamental divisions of the brain, while from the sides of the fore-brain
the rudiments of the optic nerves and retinas grow out as hollow protrusions.
Heart and vascular system. While this change is progressing in the
to the five

neural canal, and the proto vertebrae are becoming formed in the paraxial mesoblast,
the first sign of a vascular system is beginning to make its appearance in the
mesoblast. saT'either side of the head in the form of a simple tubular vessel (fig.

whicnbecomes developed in the splanchnopleure in this situation. As
splanchnopleure and its accompanying hypoblast fold round on either side under
head to form the fore-gut, these two simple tubes necessarily come together in
middle line, and they then fuse together longitudinally to form a single tube,
41),

the

the

the
the

primitive heart (fig. 38) this tube runsfor a short distance in the mesoblast immediately
under the fore-gub, and then divides into two branches, which pass laterally, so as to
;

and thence course backwards along the body of the
notochord. These two vessels form the primitive
the
(primitive aorta},
part of each which encircles the fore-gut as it passes

partially encircle the fore-gut,
embryo on either side of the
arteries

dorsalwards being

known

as i\i& first aortic arch.

On

the other hand, the posterior
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end of the single tubular heart bifurcates at an obtuse angle to form two large
venous roots (primitive veins}, which receive the blood from the vascular area on the
These lwo_ primitive
yolk-sac when this is developed, and pass it on to the heart.
veins become the vitelline veins.
The heart begins to beat very soon after its appearance, even whilst still filled
only with a colourless fluid, and before receiving blood from the vascular area.

VASCULAR AREA OF THE RABBIT OF 10 DAYS.

Fig. 42.

The

arteries

and

arterial capillaries are represented red, the

(v.

Beneden and Julin.)

venous capillaries and veins blue.

when

receiving and propelling the red blood from that area, and
has become elongated and bent upon itself, it is one of the most
prominent objects seen on examining the embryo projecting as it does freely into
the yet widely open ccelom immediately behind and beneath the cephalic region of
the body.

Afterwards,

especially after

it

;

The

first vessels to be
developed are formed in mesoblast altogether outside the
and
within a circular area (vascular area), which surrounds the developing
body
embryo for a certain distance. The first appearance of red blood occurs in the form
of isolated red points (blood-islands of Pander), which are scattered ab.iut within
this area, and are especially numerous at its circumference, where
they form an

HEART AND VASCULAR SYSTEM.
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almost continuous chain.
These red points are small groups of coloured nucleated
blood corpuscles which have been developed within certain of the mesoblast cells in
the manner explained in another portion of this work
(see Histology, Development of
The mesoblast cells in question form the bloodblood-corpuscles and blood-vessels).
vessels of the vascular area by
becoming united with one another into a capillary
network, which becomes connected mesially with branches of the primitive aortas

Fig.

43.

The

VASCULAR AKEA OF THE RABBIT OP 11 DAYS.

(v.

Beneden and

Julin.

)

the capillaries are not shown.
In both the stages illustrated, the terminal sinus is seen to he arterial.
arteries are represented red, the veins blue

;

and peripherally with a circular vessel (terminal sinus), arterial in
in the chick, which forms the circumferential boundary of the
the capillary network of the vascular area the blood is collected
veins, which course backwards and inwards to carry the blood of the

(vitellim arteries),

mammals but venous
vascular area. From
into

two

vitelline

area to the venous roots of the heart.
of the vascular area.

This

is

the

first

circulation, or the circulation

It is also called the vitelline circulation,

because the vascular

developed in the mesoblast of the splanchuopleure layer which encloses the
vitellus, and its capillaries are an important meaus of bringing the food material of
area

is

the vitellus to the embryo.
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early changes in the blastodermic layers are dealt with in several of the papers enumerated

on pp. 27 to 29.
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DEVELOPMENT OF THE FCETAL MEMBRANES; ATTACHMENT
OP OVUM TO UTERUS.
Having thus sketched out the manner in which the principal organs of the
body first make their appearance, we may briefly consider the formation of certain
structures which have a purely embryonic existence, and are concerned either with
the nutrition of the foetus and its attachment to the mucous membrane of the
uterus (chorion, allantois, placenta), or serve the purpose of protecting the
against mechanical injuries by suspension in a bag of fluid (amnion).

embryo

Formation of the amnion and chorion. The amnion, which is only found
and mammals (amniota), is a membranous bag occupied by a clear

in reptiles, birds,

albuminous

fluid,

and covers the whole of the embryo.

It is developed

from

folds of

false cawvlcn/ or charte

DIAGRAM OP A TRANSVERSE SECTION OF A MAMMALIAN EMBRYO SHOWING THE MODE OP
FORMATION OF THE AMNION. THE AMNIOTIC FOLDS HAVE NEARLY UNITED IN THE MIDDLE LINE.

Fig. 44.

Epiblast, blue

;

mesoblast, red

;

hypoblast and notochord, black.

somatopleure, which are reflected from the head and tail ends and lateral boundaries
of the embryo at an early stage. 1
With the sinking of the embryo into the blasto-

dermic vesicle or yolk, these folds grow up over the back (fig. 44) until they meet and
coalesce with one another along the middle line, in such a manner as to form two
distinct membranes, one of which, the inner, is the amnion (true amnion), while the
outer membrane (termed the false amnion) becomes applied to the greatly thinned
remnant of the zona pellucida, and eventually forms a complete external covering
to the ovum and its contents.
This external covering of the ovum has been longknown as the chorion a name which has, however, been applied by some embry2
It is fixed to the uterus by villi, which are
ologists to other structures.
1
The head fold is preceded at a yet earlier stage by the bilaminar pro-amnion, the formation of
which has been already alluded to (p. 35).
2
The term " chorion" has been applied to various structures by embryologists. Originally used to
denote the external covering of the developing ovum, it was employed successively for the zona pellucida
(" primitive chorion "), the epithelial enclosing membrane of the blastodermic vesicle, and finally for
the external amniotic fold or false amnion, when this becomes formed.
Lately it has been used to
express the external albuminous envelope of the undeveloped ovum, so that it is probable that
much confusion may arise unless the meaning of the term be in each case clearly defined.
It
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attached to the uterine mucous membrane, and these villi subsequently become
ramified and vascular when the growth of the allantois has brought the umbilical
but except in the placenta, they at length all become
blood-vessels to the chorion
;

atrophied and disappear.
It will be seen from' the manner in which the true and false amnion are formed

by a fold of somatopleure, that these membranes are composed of both epiblast and
In the false amnion the epiblast becomes the outer layer in the true
mesoblast.
amnion it is the inner layer. The mesoblast of the one is separated from that of
1
the other by a space occupied by fluid, and continuous with the ccelom, with which
;

Fig.

45.

DIAGRAM OF A LONGITUDINAL SECTION OF A MAMMALIAN EMBKYO, AFTER THE COMPLETION
OF THE AMNION.

it remains continuous until the body walls of the embryo have entirely grown
round and coalesced on the ventral surface the final point of coalescence being the

in fact

umbilicus.

With

the amniotic fold

this enclosing growth of the body walls the line of reflection of
is also carried downwards, so that the amnion is eventually

attached around the umbilical cord, by which the foetus appears suspended in the
amniotic fluid (fig. 50).
In the guinea-pig, in which the epiblast is the innermost layer, the amnion is not formed
as a fold, but results from an extension of the mesoblastic cleavage around the dorsal aspect
of the central cavity ; this cavity thus becomes the cavity of the amnion.

Formation of the

allantois.

extra-embryonic structures,

i.e.,

Both the amnion and the chorion are entirely

they are external to the body of the embryo, and,

be used throughout this article in the sense in which it has hitherto almost invariably been
employed in human embryology, to denote that external membrane of the ovum from which the
villi (chorionic villi) which grow into the uterine mucous membrane spring, and this it will be seen
presently, is that part of the external investment of the blastodermic vesicle, v/hich, when the amnion is
formed, becomes the external amniotic fold or false amnion.
1
Except in the later stages of gestation, when the amniotic and chorionic mesoblast become loosely

will

united by jelly-like connective tissue.
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its protection and nutrition, take no part in the formation
But the case is different with the structure next to be
of any of its organs.
described, viz., the allantois, a part of which does in fact eventually become
converted into portions of the urinary and generative systems, although the greater

although they minister to

is also extra-embryonic, its function being to minister, through its accompanying
blood-vessels, to the nutritive and respiratory exchanges of the foetus.
The time of development of the allantois seems to vary much in mammals, and

part

reason to believe that it is found in the human embryo at a very early
indeed the earliest human embryos that have hitherto been described
In most animals in which its development has been
already possess an allantois.
studied the allantois has been found to begin as a hollow prolongation of the posterior
end of the primitive alimentary canal (fig. 46). It soon, however, becomes relatively
there

is

period

Fig.

46.

LONGITUDINAL SECTION THROUGH THE POSTERIOR END OF AN EMBRYO RABBIT, SHOWING THE

OUTGROWTH OP THE ALLANTOIS.

(Kolllker.

)

trunk
hd,
m, medullary or neural canal
ch, notochord
dd, hypoblast
h, epiblast
commencing hind-gut, which is becoming formed by a folding-over of the tail end of the embryonic
hind
from
mesoblastic
of
allantois
out
hind
into
blind
end
al,
aw,
ed,
gut
growing
gut
blastoderm,
of

;

;

;

;

thickening

am,

;

c,

tail fold of

;

;

df, splanchnopleure ; kp, somato-pleure passing superiorly into
epithelium of yolk sac
amnion ; s, is placed within the cavity of the amnion, and denotes the tail end of the
;

embryo.

shifted in position so as to come off from the ventral wall of the hind-gut, growing
into the posterior extension of the mesoblastic cleft and eventually into the space

between the false and true amnion, and carrying along with it its mesoblastic covering
It is therefore composed eventually of two parts, viz., (1) a hypo(figs. 36, 45).
blastic sac which communicates, at first widely but afterwards by a narrowed orifice,
with the hind-gut, and (2) an investment of mesoblast. This last is usually greatly
thickened and very vascular, and is directly supplied with blood by two arteries
(allantoic or umbilical arteries),

which appear at

first

as a direct continuation of

As the allantoic vesicle expands into the cavity of the false
the primitive aortae.
amnion, it carries the vascular mesoblast along with it, so that this mesoblast is thus
brought to the inner surface of the chorion, over which
so as to convert this hitherto non-vascular

its

membrane

blood-vessels then spread

into one

which

is

richly

The chorion has grown in the form of ramified
supplied with blood-vessels.
villi into
the substance of the uterine mucous membrane or decidua even
before this advent of the vascular tissue of the allantois, but the chorionic villi
now receive blood-vessels and thus become vascularized, the interchanges between
the foetal and maternal vascular systems, which are afterwards confined to one region
that which forms the placenta
occurring in the
only of the chorion and decidua
first instance over the whole superficies of the ovum.

FORMATION OF THE ALLANTOIS.
Like the amnion. an allantois
It varies chiefly in the extent to

Fig.

47.

is

4-5

1
only formed in the embryo of reptiles, birds, and mammals.
its hypoblastic part becomes developed.
In reptiles,

which

LONGITUDINAL SECTION AT A SLIGHTLY LATER STAGE THAN THAT SHOWN IN

The allantoic protrusion now springs from the ventral wall
(From Kolliker. )
Fig.

The embryo

is

48.

EAKLY HUMAN EMBRYO.

enclosed within the amnion am, and

stalk, all, to the chorion.

The yolk

sac,

i/s,

is still

of the hind gut.

FIG.

Lettering as in

46.
fig.

46.

(From His after Coste.)
is

distinct

attached at its caudal end by the allaatoic
from the allantoic stalk.

DIAGRAM OP LONGITUDINAL SECTIONS THROUGH THE HUMAN OVUM AT SUCCESSIVE STAGES
49.
SHOWING THE DIPPING DOWN OF THE EMBRYO-RUDIMENT INTO THE BLASTODERMIC VESICLE, AND
THE FORMATION OF THE FOREGUT, AMNION, AND STALK OF THE ALLANTOIS BY THE FOLDING OF
THE BLASTODERM. (His.)

Fig.

Am, head fold of the amnion (pro-amnion in b and c) Nb, yolk sac. a and d are conditions of the
embryo which have been seen and described b and c are intended to show how the conditions found
in d may be brought about, and especially how the stalk of the allantois may be regarded as a direct
continuation of the posterior end of the embryo, which according to His does not lose at any time its
The curved clotted lines in c
connection with the chorion or villous external membrane of the ovum.
indicate the formation of the amnion and false amnion by the upgrowing of lateral folds (which have
not as yet met in the median line).
;

;

1

For a discussion of the origin and meaning of the amnion and

Embryology,"

II., p.

256.

allantois, see Balfour,

"

Comparative
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and in some mammals, e.g. ruminants, this portion forms a large sac which occupies
the greater part of the cavity of the false amnion, and is filled by fluid (allantoic fluid) in
which many urinary products can be recognized. (The ducts of the embryonic renal organs open
into the pedicle of the allantois.) But in most mammals the development of the hypoblastic
sac is far less extensive, and in some, including the human embryo, the allantois is mainly
represented by a large mesoblastic outgrowth carrying the allantoic (umbilical) vessels to the
chorion. There is also considerable variation in the period at which the allantois begins to
develop. In the human embryo it is certainly formed at a very early period, probably even
before the amnion is completed. In the guinea-pig, also, it appears early, although after the
amnion. In this animal it is first developed as a solid outgrowth of mesoblast which projects
from the line of junction of the hinder end of the amniotic bag with the blastoderm, and
before the formation of a hind gut or of any part of the alimentary tube, a hypoblastic
In the earliest human ova in which the allantois
diverticulum being altogether wanting.
has been investigated, it is already a tube of hypoblast which forms a direct prolongation of
the posterior end of the primitive alimentary canal (fig. 49, d~), and is enclosed in a short
stalk of mesoblast, by which the posterior end of the embryo is attached to the chorion, and
through which, by the allantoic (umbilical) blood-vessels, the chorionic villi are freely
From the attachment of this stalk to the placenta (chorionic part),
supplied with blood.
The stalk in question is not the umthe hinder extremity of the amnion is reflected.
bilical cord, since it does not include the stalk of the yolk sac (vitelline duct), which only
It is termed by His the abdominal stalk (Bauchstiel),
later becomes bound up with it.
the term allantois being by him restricted to the hypoblastic diverticulum. It is further
considered by His to be probable that the human embryo never becomes completely detached
from the chorion, but that it always retains its attachment to the outer membrane
of the ovum at the hinder end, this abdominal stalk being regarded as a direct prolongation
If this should prove to be the case, the
of the tail end of the embryo (fig. 49).
human ovum would form an exception to the usual rule of a complete separation of embryo
from chorion at the formation of the amnion, and subsequent re-attachment by outgrowth of

in birds,

allantois.

Changes in the uterus. Mode of attachment of ovum to uterus.
The mucous membrane of the pregnant uterus is known as the decidua. It is
thicker and more pulpy than in the ordinary non-pregnant condition, and the
1

glands are longer in proportion, but it is otherwise of similar structure except in
here it undergoes important
the part where the placenta is about to be formed
The ovum, which has been fertilized and has passed through the
modifications.
first stages of development in the Fallopian tube, although considerably larger than
;

is still an extremely minute object when it reaches the
Here it speedily becomes imbedded in the soft and thickened mucous
membrane, and this is soon reflected over and completely encloses the ovum, which
thus comes to lie in a cavity within the decidua which is altogether shut off by the
Different names have been given
reflected part from the true cavity of the uterus.
to these parts of the uterine mucous membrane which immediately enclose the ovum
Thus
to distinguish them from that which lines the original cavity of the uterus.
the layer of membrane which has grown around the ovum is known as the decidua
reflexa ; the part where the ovum first becomes attached to the uterus and where the

the undeveloped ovum,

uterus.

placenta is afterwards formed, is the decidua serotina, while the membrane lining
the true cavity of the uterus, is termed decidua vera (figs. 50, 51).
With the subsequent growth and consequent expansion of the ovum the enclosing

decidua reflexa expands also pari passu, encroaching more and more upon the true
cavity of the uterus and coming into contact everywhere with the decidua vera.
Eventually

it

blends entirely with the decidua vera, so that the two layers are indisthe uterus is obliterated (except at the

tinguishable and the original cavity of
cervix uteri).

1
The following account of the formation of the deciduse and of the placenta is confined as much as
In other mammals important variations in
possible to what has been observed in the human subject.
the mode of attachment of the ovum and in the formation and structure of the placenta are found to
occur.
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Both the decidua vera and the decidua reflexa originally contain tubular and somewhat
tortuous glands, which were discovered by Sharpey, and were by him supposed to minister, in
the first instance, both to the nutrition and to the attachment of the ovum, the latter by
the decidua. It
affording depressions for the chorionic villi to penetrate into the substance of
has, however, since been shown that these villi do not directly pass into the glands, but
rather tend to become attached to the interglandular surface, and indeed at the decidua
serotina, where subsequently the main attachment of the chorionic villi occurs, the glandlumina may become almost entirely obliterated before the viili are here formed. But the
furnish a secretion to assist the
greatly enlarged glands of the decidua vera very probably
nourishment of the ovum previously to the full establishment of the placental circulation.

Fig. 50.

DIAGRAMMATIC SECTION OP THE PREGNANT HUMAN UTERUS AT THE SEVENTH OR
EIGHTH WEEK. (Allen Thomson. )

of mucus
c, c, openings of Fallopian tubes into the cavity of the uterus
c', cervix, filled by a plug
the letters c and c' are placed within the original cavity of the uterus
dv, decidua vera
dr, decidua
reflexa ; ds, decidua serotina
and d.
chnriou
reflexa
with its villi growing into the decidua
g/j
serotitoa
in the former the villi are becoming atrophied LJ<
umbil ical cord, the dotted lines 'indicate
bloodvessels within it
in the
?/.
jd allantois
?/V|ts stajk, passing
yolk sac (umbilical vesicle)
umbilical cord and connected^witk the intestine ot the embryo, i ; am,ammon.
:

;

;

;

;

r

;

,

;

;

;

The decidua undergoes remarkable structural changes during the early months of
pregnancy, some of these changes being common to aJJ*thr^i5Wfci4>f the membrane,
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whilst others are special to that part (d. serotina) which enters into the construction
The following is a brief account of these changes. 1
of the placenta.

With the supervention of pregnancy the mucous membrane lining the uterus
becomes thickened and the tubular glands become both dilated and greatly elongated.

?n/.\

ANTERO-POSTERIOR SECTION OP THE GRAVID
UTERUS AND OVUM OF FIVE WEEKS. (Semi-diagrammatic. ) (Allen Thomson.

Fig. 51.

)

p, posterior uterine wall ; m, muscular substance ; u, placed in the cavity of the uterus
y, the glandular layer of the decidua vera ; r, the
decidua reflexa ; ft, decidua serotina ; c, cervix uteri
a, anterior

;

;

;

with its villi, which are more highly developed on the placental side e, the embryo enclosed
in the amnion, with the allantoic vessels passing along
a short allantoic stalk into the placenta, and the
umbilical vesicle lying free in the space between
c^. chorion

;

amnion and chorion.

DIAGRAMMATIC SECTIONS OF THE UTERINE MUCOUS MEMBRANE, SHOWING THE CHANGES WHICH
THE GLANDS UNDERGO WITH THE SUPERVENTION OP PREGNANCY (from Kundrat and Engelmann).

Fig. 51*.

m, muscular layer ; B, condition of the
A, Diagram of the glands of the non-pregnant uterus
the glands are
glands at the beginning of pregnancy ; c, compact layer near free surface of decidua
here somewhat enlarged but not very tortuous, and the mucous membrane is rendered compact by
hypertrophy of the interglandular tissue ; sp, spongy layer, containing the middle portion of the
glands greatly enlarged and tortuous, producing a spongy condition in the mucous membrane d, deepest
portion of the glands, elongated and tortuous, but not much enlarged.
;

:

;

This thickening of the membrane and enlargement of the glands goes on until the
month, so that by this time the decidua vera is nearly half an inch in thickness
and its glands have undergone so considerable an elongation that they now no longer
pass nearly straight through the membrane but run in a tortuous manner from the
fifth

For a more complete account of the changes in the uterus, and of the placenta, ths reader is
list of papers at the end of this section, but especially to the works of Kundrat and
Engelmann, Leopold, and Minot, and for the comparative structure of the placenta tu the cln^sic.-sl
investigations of Turner.
1

referred to the
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inner surface to the vascular layer, so that a vertical section Of the membrane exhibits
them cut quite as often obliquely or transversely as longitudinally. They are also
generally dilated, but the dilatation is by far most marked at the mouths of the
glands, which come thus to have a funnel-like shape, and in the deepef~part of the
membrane, where the dilatations look in sections like a series of cavities, lined by

cubical or flattened epithelium, and separated from one another by a relatively
small amount of interglandular substance.
This gives a spongy appearance to the

part in question, and it has been accordingly termed the stratum spongiosum of
the decidua (fig. 51*, B, sp).
The deepest part of the glands, that, namely, which is

and is imbedded in the superficial portion of the muscular coat, does
not share in this dilatation, and its epithelium also retains the columnar character.
The part of each gland between the funnel-shaped mouth and the dilatations above
described, also becomes enlarged, but not to so great an extent, the hypertrophy of
the mucous membrane being here chiefly confined to the interglandular tissue, which
in contact with

becomes filled with large epithelium-like cells (decidual cells of Friedlander) and
with numerous and large capillary blood-vessels. This layer of the decidua has
been termed the stratum compactum in contradistinction to the stratum spongiosum
external to

it (fig.

51*, B,

c).

month, by which time the great increase in size of the ovum with
its contained embryo has
brought the decidua reflexa into close contact with the
decidua vera, the latter begins to undergo an atrophic process, the result to all
appearance of the compression and distension to which it is thus subjected. Its
tissue becomes thinner and less vascular, and both the funnel-shaped mouths of the
glands and those parts of the glands which run through the stratum compactum
become gradually obliterated, so that eventually hardly any trace remains. In the
After the

Fig.

fifth

52.
DIAGRAMMATIC SECTION THROUGH THE
AT THE EDGE OP THE PLACENTA (from Kundrat and

Engelmann).
c,

sp,

m, as

in

fig. 51*,
serotina

B
;

;

d

d
r,

v, decidua vera
decidua reflexa.

;

d

s,

decidua

stratum

spongiosum the spaces which have
from the dilatation of the gland tubes
the lining epithelium, and become flattened

resulted
lose

out conformably to the surface, so that they now
appear as a layer of compressed lacunae, separated by thin fibrous trabeculas (fig. 52, sp.}.
Similar changes occur in the decidua reflexa.

That

this is truly a fold of

mucous membrane

is

evidenced by the fact that gland tubes can be
seen to open upon both its surfaces. These gland
tubes early become enlarged, and acquire an
oblique or tortuous course, with dilatations in their deeper parts, i.e., in the middle
of the thickness of the d. reflexa, so as to form here also a sort of
spongy tissue.

But the decidua

becomes expanded by the growing ovum into a
and the atrophic changes in the glands occur at an

reflexa sooner

relatively thin membrane,
earlier stage, so that by the

time that

it

has coalesced with the decidua vera hardly

any traces of them can be discerned.
In the decidua serotina (placental decidua) similar changes have been described
in the glands, the final result being the formation of a
spongy layer, with irregular
clefts flattened out conformably to the surface, and from which the
epithelium has
entirely disappeared, accompanied by complete atrophy and disappearance of all the
parts of the glands which are superficial to this layer, the only portions which
remain nearly unaltered being the deepest parts of the tubes, which are partly
VOL.

I.

E
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Fig. 53.

SECTION THROUGH A NORMAL PLACENTA OF SEVEN MONTHS IN SITU (Minot).

of villi in the
aranion ; Cho, chorion- ;- Vi, root of a villus ; vi, sections of the ramifications
black : D, deep layer o:
intervillous spaces, the larger bloodvessels within them are represented
in spongy stratum ; Ve, uterine vein (? artery)
decidua, showing flattened remnants of enlarged glands
out of placental sinus ; Me, muscular wall of uterus.

Am

opening
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imbedded in the muscular coat of the uterus, and retain their epithelium. After
separation of the placenta from the uterine wall at parturition, the uterine mucous
membrane, with its epithelium and glands, becomes renewed from this deepest portion
of the decidua serotina.

The most important changes

of structure occur in the superficial part of the

The exact manner in
placental decidua, after the disappearance of the glands.
which these changes take place has not been followed out, but the ultimate result is
the replacement of the whole of this portion of the decidua, with the exception of a

S\.

Fig. 54.

SECTIONS ILLUSTRATING THE STRUCTURE OF THE PLACENTA (Minot).

term

;
D, D, deep layer of decidua ;
marginal space of the placenta,
nearly free from villi
Fib, canalized fibrine of Langhans,
vi, aborted villi beyond the placenta ;
produced, according to Minot, by transformation of the superficial layer of the chorionic epiblast.
B, decidual tissue from a placenta at full term
v, a bloodvessel ; d, d', decidual cells ; the latter
with several nuclei.

A, vertical section

Fi,

chorionic

villi

through the margin of a placenta at

variously cut, their

bloodvessels

full

injected

;

Si,

;

;

comparatively narrow basal layer next to the spongy structure, into a series of intercommunicating vascular sinuses, which together constitute an immense flattened
space (intervillous space), bounded internally (toward the uterine wall) by the basal
layer just referred to, and externally by the chorion ; also, according to some
authors, by a thin layer of decidua, the subchorwnic, membraiie of Turner, which is

described as lying immediately under the chorion of the ovum but so intimately
incorporated with it as to be with difficulty demonstrable as a separate stratum
except at the edge of the placenta.

From the basal layer, partitions of fibrous decidual tissue pass towards the
chorionic surface, and serve to partially sub-divide the labyrinth of vascular spaces or
sinuses into a number of loculi (cotyledons).
Each of these loculi is occupied by an
K 2
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bloodarborescent tuft of villi continuous with the foetal chorion, and traversed by
These
arteries.
vessels which are supplied from the branches of the umbilical
these
and
capillary loops are
blood-vessels form a capillary loop in each villus,
not
sinuses
in
the
blood
maternal
by the capillary
only
the
placental
separated from
the connective tissue of the villus, but also by a double layer of flattened
walls

and

1
either from the chorionic epithelium (Minot), or from
epithelium-like cells derived
membrane
the decidual tissue, and, perhaps, in part representing an endothelial
are lined by endoto
the
to
Waldeyer,
which,
according
placental sinuses,
belonging
thelium prolonged from that of the uterine vessels.
Some of the chorionic villi are attached (1) by comparatively stout bands of
finer bands of similar
tissue to the basal stratum of the decidua, (2)

by

fibrous

substance both to one another and to the
others
septal prolongations of the decidua

amnlon

ckoricn.

;

hang freely into the placental sinuses.
These sinuses are supplied directly with
arterial blood from tortuous branches of
the uterine arteries which pass through the

DIAGRAM SHOWING THE TISSUES COVERING'
THE VILLI IN THE HUMAN PLACENTA, AND
THEIR RELATION TO THE DECIDUA ACCORDING
TO TURNER.

Fig. 55.

F,

foetal tissue

;

M, maternal

tissue

;

d, blood-

blood in placental sinus ;
basement meme', layer of cells covering villus ; x,
brane covering villus (? en dothelium) continued from
uterine vessels ; ds, decidua serotina ; t, tissue
uniting villus to decidua ; ca, up, uterine vessels
vessels

in

villus

;

opening into sinus.

d',

ce.

Fig. 57.

DIAGRAM OF THE PLACENTA

am, amnion

(E. A.

S.).

placental sinus ;
ds, decidua serotina
sp, spongy layer ; m,
muscularis
a, v, uterine artery and vein open;

ch, chorion

;

s,

;

;

ing into placental sinus.

spongy stratum of the decidua serotina and through the basal stratum of the
From
placenta to open into the sinuses without the intervention of capillaries.
the sinuses veins, which run very obliquely through the decidua, carry off the blood,
and eventually pass into the veins of the muscular wall. The fostal villi are thus
bathed by slowly flowing maternal arterial blood, and respiratory and nutritive
exchanges may occur between the two kinds of blood, but there is no actual mixing
1
Minot describes both the villi and the sinuses of the placenta as bounded by the chorionic epithelium.
This would agree very well with recent observations in the bat, hedgehog, and other mammals, which
show that these spaces are originally developed in hypertrophied epiblast (see next page).
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of the two fluids, nor is it possible to inject the foetus from the mother through the
placenta, or the mother from the foetus.

The question, which has been more than once raised, whether the intervillous spaces
normally contain blood, may be now regarded as settled in the affirmative. ~it -has been
usually held that they represent capillaries or veins of the decidua, which have become
dilated and fused together to such an extent as to occupy the whole thickness of the
placental part of that membrane, with atrophy of the intervening decidual tissue, which
merely remains as a covering to the villi. But since the placental sinuses appear to be
bounded superficially by the chorionic covering" of the ovum, and it is in most places not
possible to detect any decidual tissue between them and the chorion, it has been conjectured by
some writers (Kolliker, Langhans) that they have become formed by extravasation of blood into
a space between the ovum and the decidua, into and across which space the chorionic villi
have grown. Although the development of these structures is insufficiently known in Primates,
it has been shown in various mammals (Selenka, Duval, Hubrecht, Masius) that the first
attachment of the blastodermic vesicle to the uterine wall is effected by the external layer of
the epiblast, which sometimes splits off over the embryonic area as a distinct layer, and
which, in some animals (e.g.> hedgehog), becomes greatly thickened, and is connected by
epiblastic villi to the decidua. This external layer of epiblast, for which Hubrecht has proposed the general name of trophollast, causes the absorption of the uterine epithelium both
of the surface and of the glands (where this epithelium has not previously been cast off)
and comes directly in contact with the enlarging decidual vessels, the endothelium of which
is actively proliferating.
"Within the thickened trophoblast clefts now make their appearance and are presently found to be occupied by maternal blood, which is derived from the
vessels of the adjacent hypertrophied decidua.
This blood flows therefore into spaces in the
trophoblast, which are only bounded by fostal epiblast, and this primary placental circulation
may be formed before any foetal blood-vessels have reached the chorion. Subsequently, when
the vascular mesoblastic villi become formed they extend into these spaces, pushing before
them the epiblast by this layer they remain permanently covered and it also lines the
enlarged spaces into which they have extended.
;

The placenta
its villi

Fig.

;

is

composed of two

parts,

one

foetal,

composed of chorion with
In its completely

the other maternal, formed from decidua serotiua.

TRANSVERSE SECTION OF A VILLUS FROM
A PLACENTA OF SEVEN MONTHS (Minot).

57.

Three blood-vessels are seen within the villus,
in a jelly-like connective tissue containing

imbedded
cells and

fibres ; a, a, cell-layer covering villus
according to Minot ; according to others
of decidual origin) ; /, a thickened portion of this
cell-layer, which has undergone a fibrinous transfor-

(epiblast

mation (canalised

fibrin).

developed condition, it is a circular discoid
mass, weighing about a pound, 7 or 8 inches
in diameter, thickest at the centre (! inch),
and thinning away towards the edges,

which are continuous with the comparatively thin coalesced deciduae and chorion.
Its inner surface is smooth and concave,
and is closely covered by the amnion as by
under this the larger branches of the umbilical
a serous membrane
;

vessels course

before dipping into the substance of the placenta.
From near the centre of the
organ the umbilical cord passes off to the foatus. Its outer surface is incorporated
with the uterine wall, but when detached from this by tearing through the

spongy

tissue of

which the deeper part of the decidua

is

formed

(as occurs in parturition at

the expulsion of the foetus), the outer surface appears ragged and irregular, in
Examined under
striking contrast to the smooth amnion- covered inner surface.
the microscope, the chorionic tissue (villi) of the placenta is found to be composed
of jelly-like connective tissue, with branched and anastomosing cells (fig. 57) ; in
some parts of the larger stems white fibres are seen. What remains of the decidual
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tissue has a fibrous appearance, with
very numerous decidual cells,
obscure the fibres (fig. 54, B). In and after the fifth month of

which frequently

pregnancy, a number

A

B

Fi S-

FRONT AND SIDE VIEWS OF AN EARLY HUMAN OVUM
FOUR TIMES THE NATURAL SIZE (from

58.

Reichert).

This

ovum

supposed to be of thirteen days after impregnation.
The surface bare of villi is that next the wall of the
at
uterus, showing
c, the opacity produced by the thickened
The villi covered chiefly the marginal
embryonic disc.
parts of
the surface.
is

of large multinucleated
giant cells are found scattered about in the tissue.
occur most abun-

They

dantly in the outermost layer of the decidua
serotina, and have been described by Friedlander and by Leopold as growing at a
later stage (eighth or ninth month) into the veins which pass
through this layer, so

Fig. 59.

VIEW OF THE INTERIOR OF THE HUMAN GRAVID UTERUS AT THE TWENTY-FIFTH DAY
(from Farre after Coste).

uterine wall
o, ovum with villous chorion ; dv, decidua vera
dr, decidua reflexa, divided round
the margin of the ovum, and turned down so as to expose its pitted
surface, which has been removed
from the ovum. The right ovary is divided, and shows in section the plicated condition of the early
,

corpus luteum.

;

;

SEPARATION OF THE DECIDUA AT BIRTH.
as to produce a partial blockage of these veins, preparatory to the
placenta from the layer.

The

villi

do not at

first

55

detachment of the

cover the whole surface of the ovum, but are deficient at
In the earliest Tmman ovum

the embryonic, and perhaps also at the opposite, pole.
which has hitherto been described,
that of Keichert

(fig. 58),

the

villi,

which are quite simple, occur in a
broad zone around the circumference

ovum, leaving the (somewhat
poles smooth and free
from villi, and on one of these poles
of the

flattened)

a

of

thickening

the wall

the

of

which was
But
the
area.
embryonic
probably
in all other early human ova which
have been noticed, the chorion,
which is now formed by the false
vesicle could be detected,

is
covered with ramified
(shaggy choriou), and these are
already vascularized from the allan-

amnion,
villi

tois,

and have grown into the sub-

stance of the decidua reflexa and the

PORTION OF AN INJECTED VILLUS FROM A
PLACENTA OF ABOUT FIVE MONTHS (Minot).

Fig. 60.

decidua serotina, the formation of
the placenta having already begun.
Separation of the decidua

at birth, and regeneration of the
In parturition, the pressure of the contracting
muscular walls upon the uterine contents, and especially upon the amniotic fluid,
causes a bulging of the membranes (consisting of the combined deciduse, the
chorion, and the amnion) through the os uteri. When the membranes are ruptured,
the amniotic fluid first escapes, and subsequently the foetus is expelled. With
further contraction of the uterus, the placenta becomes detached from the uterine

uterine mucous membrane.

wall, separating along the plane of the dilated parts of the glands (stratum spongio-

num

of the decidua serotina), and as it is expelled, the separation extends around the
" after-birth "
decidua lining the rest of the uterus, which appears in the
along with
the chorion and amnion as a thin membranous skirt to the edge of the placenta. The
deepest part of the decidua containing the bases of the uterine glands is everywhere
left in connection with the muscular tissue, and from these basal portions of the
glands, first the whole of the uterine glands, and subsequently the lining epithelium
of the uterus

become gradually regenerated.
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DEVELOPMENT OF THE NERVOUS SYSTEM.
As has been already described, the whole of the central nervous system takes origin
from the thickened walls of a dorsally situated axial groove, subsequently converted
into a canal, which runs forwards in front of the primitive streak, and the anterior
end of which becomes enlarged and converted by constrictions into three successive
vesicles, around which the several parts of the brain are formed, and which are
known as the primary cerebral vesicles. The remainder of the neural canal is of
nearly uniform diameter, and its walls become converted into the substance of the
spinal cord, while the cavity itself becomes eventually the central canal of the cord.

The

walls of the neural groove are of course

composed of

epiblast,

and

it

therefore

nervous system is laid down in
modified epiblastic elements, except

follows that the whole structure of the central

and consists in the main of more or less
where mesoblastic tissues subsequently penetrate into it, conveying blood-vessels
into its substance. As was shown by Balfour, the same is in all probability true for
all the nerves of the
body, cranial and spinal, which either, as with the fibres of the
anterior roots of the spinal nerves, grow directly out from the neural epiblast, or, as
with the fibres of the posterior roots, are formed and grow from masses of epiblast
cells, which are separated off at the junction of the neural and general epiblast. to
form the ganglia, from which the posterior root fibres appear to take origin (His).
An exception must, however, be recorded for the olfactory tracts and bulbs and optic
tracts and nerves, which, although derived from the neural epiblast, yet have a different
mode of origin from all other nerves, both cranial and spinal, since they arise not as
solid outgrowths of that epiblast, but as hollow protrusions from the brain, which
only become solid at a later stage of development. We have then to consider the
manner in which are developed (1) the spinal cord (2) the several parts of the
epiblast,

;

brain

;

and (3) the spinal and

and nerves of the

cranial nerves

and

their ganglia, as well as the ganglia

so-called sympathetic nervous system.

DEVELOPMENT OF THE SPINAL CORD.
Soon after the neural canal is closed (fig. 32, p. 31), it takes the form, along the
greater part of the length of what is afterwards to become spinal cord, of a cleftlike cavity, with thick sides, and a relatively thin dorsal and ventral boundary (roof

The parietes of the canal are wholly composed of long columnar epithewhose free borders, which are at first smooth, but later become ciliated,
line the cavity, and whose attached extremities rest upon a homogeneous limiting
membrane which early makes its appearance, bounding the embryonic cord, and
These cells, therefore, extend at
separating it from the surrounding structures.
first through the whole thickness of the
embryonic cord, and they have the closelyand

floor).

lium

cells,

character, with the nuclei at different depths, such as it is usual
columnar epithelium.
After a time, it is found that the ceUs (which have become always longer with
the increasing thickness of the wall of the neural canal) show a tendency to branch
and to unite with the branches of neighbouring cells. In this way a network or
spongework is produced, which extends throughout the" greater part of the thickness
of the embryonic cord
at the same time the inner parts of the cells which immedi-

set, palisade-like

to find in long

;

ately line the canal retain their palisade-like arrangement, while the external or
attached ends often exhibit a radiating disposition, which gives a characteristic
radial character to the external layer of the reticular structure.
The reticulum is
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termed myelospongium, and the cells by which it is formed are spoken of as spongioUasts (His) (fig. 61).
Between the inner ends of the columnar epithelium cells or spongioblasts there
is seen at a comparatively early period (four and five weeks in the human embryo)
a number of rounded cells, with a considerable amount of clear protoplasm, forming

Fig. 61.

MYELOSPONGIUM FROM SPINAL CORD OF THREE AND A HALF WEEKS HUMAN EMBRYO

(His)

Fig. 62.

INNER ENDS OF SPONGIOBLASTS WITH GERMINAL CELLS,
SPINAL CORD OF HUMAN EMBRYO (His).

Fig. 63.

INNER ENDS OF SPONGIOBLASTS (Sp) A GKRMINAL CELL(<7) AND TWO TRANSITIONAL
CELLS (TV) FROM SPINAL CORD OK HUMAN EMBRYO (His).

Fig. 64.

g,

BETWEEN THEM

;

7

^.

FROM

;

THREE NEUROBLASTS, EACH WITH A NERVE-FIBRE PROCESS GROWING OUT BEYOND THE
BASEMENT MEMBRANE OF THE EMBRYONIC SPINAL CORD (His).

an interrupted layer in

this

innermost zone.

Their nuclei are mostly in one stage

62).
.They are termed by His the germinal cells, and
according to him they give origin to the cells next to be described.
The third kind of cell (neuroblasf) met with in the cord of the early embryo is

or another of karyokinesis

(fig.

one with a relatively large oval nucleus, and little protoplasm, but with a tapering
protoplasmic prolongation directed outwards towards the surface of the cord. These
cells are found in groups, at first only in or near the layer of germinal cells (fig. 63),
but subsequently in the outer layers (fig. 64). The prolongations are the com-

mencements of the nerve-fibres, and they mostly converge either straight or with
an arcuate course towards what will subsequently be the place of exit of the fibres of
the anterior roots.

The outermost
various kinds of

the embryonic cord after the differentiation of the
above described is free from nuclei, and is composed of the

layer of

cells

partly reticulated, partly radially simuiged external or attached extremities of the
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This may be taken to represent the white matter of the cord at this
spongioblasts.
but there are at first no nerve fibres
stage (all the rest representing grey substance)
in it, the only structures which can be at all
the
compared to nerve fibres
;

being

prolongations of the neuroblasts, and these lie either as arcuate fibres- -altogether in
the outer part of the grey substance, or are
passing out of the cord as the beginnings
of the anterior roots from a mass of neuroblasts which forms the rudiment of the
anterior cornu of grey matter (fig. 65).
This mass constitutes in the human

embryo

of six

weeks

It forms a con66) the chief portion of each half of the cord.
siderable projection which
laterally almost reaches the surface, but ventrally is separated from it by a thickening of the external or radial zone, due to the
appearance of
this is the beginning of the anterior
longitudinally coursing nerve fibres within it
(fig.

:

pr

Fig. 65.

SECTION OP SPINAL CORD OP FOUR WEEKS

HUMAN EMBRYO

(His).

The posterior roots are continued within the cord into a small longitudinal bundle which is the
rudiment of the posterior white column.
The anterior roots are formed by the convergence of the
The latter, along with the elongated cells of the myelospongium compose
processes of the neuroblasts.
the grey matter.
The external layer of the cord is traversed by radiating fibres which are the outer ends
of the spongioblasts.
The anterior commissure is beginning to appear. This figure is much more
magnified than the next one.
Fig. 66.

TRANSVERSE SECTION OF THE CERVICAL PART OP THE SPINAL CORD OF A HUMAN
EMBRYO OF six WEEKS (from Kolliker). sf
'

at e' (superiorly), the original place of closure of the canal ;
c, central canal
c, its epithelial lining
the white substance of the anterior columns
ff, grey substance of antero -lateral horn
p, posterior
column ar, anterior roots ; pr, posterior roots.
;

,

;

;

;

;

white column (a). By this time, also, although to a rather less extent, the posterior
white columns have, simultaneously with the posterior roots, begun to make their

appearance on either side of the narrow dorsal part of the neural canal (p). There is,
however, only a relatively thin layer of grey matter (neuroblasts) separating the
posterior white columns from the palisade-like lining of the canal, and as yet no
sign of nerve fibres in the situation of the lateral columns, which are only represented by a thin layer of the radial myelospongium.
The roof and floor of the
canal are also quite thin and undeveloped.
At this period there is still no sign of either anterior or posterior (dorsal or
ventral) fissures of the cord. These become formed as the cornua of the grey matter

grow out from the central mass, and as the anterior and posterior white columns
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increase in extent.

The

anterior fissure

lateral halves of the

cord

;

the

cleft,

is

simply a cleft

the anterior commissure

is

left between the enlarging
formed across the bottom of

is thereby separated from the central canal.
As for the posterior
uncertain whether it is in part formed from the dorsal portion of the

which

fissure, it is

constricted canal, which has become occupied by an ingrowth of pia mater, and
converted into a mere septum of connective tissue, or whether this fissure with iis

connective tissue septum becomes formed independently of the central canal, which,
it is
eventually converted into the

as the fissure extends, gradually atrophies until

rudimentary epithelial tube which

is

persistent during

life.

In the sacral region of birds, the central canal expands into the rhomboidal sinus, and in
the filum terminals of the human cord it remains relatively large. An open enlargement
analogous to the rhomboidal sinus of birds, although relatively smaller, has been described by

Tiedemann in a nine-week human

The cord

foatus.

oblong oval in section, with an angular depression in each
off the situation of the future posterior columns and
their corresponding grey matter from the antero-lateral region.
These two parts of
the lateral neural epiblast may be distinguished as the dorso-lateral (alar) and the
ventro-lateral (basal) laminae
with the former, the afferent nerve-fibres become
side

is

at first

which serves to mark

;

N
7fe

Pig- 67.

v /""T~ \

BRAIN AND SPINAL CORD EXPOSED FROM BEHIND IN A FCETUS OF
THREE MONTHS (from Koliiker).

h, the hemispheres ; m, the mesencephalic vesicle or corpora quadrigemina ;
the cerebellum ; below this are the medulla oblongata, mo, and fourth venThe spinal cord, s, extends to
tricle, with remains of the membrana obturatoria.
the lower end of the sacral canal, and shows brachial and crural enlargements.
c,

connected, whilst from the latter the efferent fibres take origin
In the human embryo of six weeks; they are well marked
(His).

from one another, and their respective connections with the
and anterior nerve-roots are very distinct (fig. 66). In
the upper part of the cord, the lateral nerve-roots (spinal accessory)
also arise from the basal lamina.
The characteristic cylindrical
form of the cord is only attained with the development of the
lateral columns.
The cervical and lumbar enlargements are manifest at the end of the third month.
off

posterior

month, the cord and the vertebral canal
in length pari passu, but the vertebral column then
begins to grow more rapidly than the cord, so that by the time of
birth the coccygeal end of the cord is opposite the third lumbar

Up

to the fourth

increase

vertebra, while in the adult its limit is the lower end of the first lumbar. Along with
this relative shifting of the cord and its containing tube, the lower nerve-roots lose
their regular rectangular course, and become oblique.
They alone, with the

filum terminale, occupy the lower end of the neural

canal, where they form the
cauda equina.
The nerve fibres of the white columns are at first entirely non-medullated, and
the white substance has a greyish transparent appearance.
The medullary sheath
is not formed
simultaneously in all parts, but appears at different times in different
the last of these tracts to become
parts corresponding with the tracts of conduction
medullated are the pyramidal tracts.
The membranes are formed from mesoblast of the protovertebras, which extends
over and under the cord, and becomes enclosed along with that structure within
;

the developing vertebral canal.
The septa of connective tissue which are seen
penetrating into the substance of the cord from the pia mater grow in from this
The neuroglia or
mesoblast, carrying blood-vessels amongst the nervous elements.
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substance of both white and grey matter is probably derived
is therefore, like the nerve-cells themselves, of epiblastic

general sustentacular
from the spongioblasts, and
origin.

DEVELOPMENT OF THE BRAIN.
of the cephalic part of the neural tube
already traced the development
vesicles.
cerebral
These, which are at first
primary
three in number (fig. 40), become subdivided so as to form five in all, which may
be termed in succession from before back, the first, second, third, fourth, and fifth

We have

as far as the formation of the

first two, which represent the cerebral and
secondary vesicles. Of these five parts the
thalamic parts of the future brain (third ventricle), are derived from the first primary
and bulbar parts (fourth ventricle), from the
vesicle, and the last two, the cerebellar
the
while
third
third, middle, or quadrigeminal part, represents the
vesicle,

primary
undivided second primary vesicle (Sylvian aqueduct).

These relationships, as well

as the several parts of the brain which are eventually respectively formed in connection with the vesicles, are shown in the subjoined table.
/

Anterior end of third ventricle, fora-

mina
First secondary vesicle

<

(prosencephalori)
V

_

I
II.

,

.

,

(thaUmenceplialon)

Middle primary vesicle ( Third secondary vesicle
or mid-brain

(.

I

TTT

,

Second secondary vesicle

_

,

.

III. Posterior

.

Fourth secondary

\

(

Fifth secondary vesicle

^^ ^

Third ventricle, optic nerve
i(j

Aqueduct of Sylvius, corpora quadrigemina, crura cerebri.

Cerebellum.
)

<

and

an d pineal bodies.

vesicle

I

I

\

lateral ventri-

hemispheres, olfactory bulbs and tracts, corpora
striata, corpus callosum, fornia..

reti

(

(epenceplialon)

.

primary vesi-

(rnesencephalon)

(

of Monro,

cles, cerebral

Pons.

Fourth venr ,vi A
tricle
4.

Medulla oblongata.

(inetcncephalori)

The first and most striking change which occurs in the primary brain is the
outgrowth on either side of the first primary vesicle of a hollow protrusion (primary
optic vesicle), which becomes developed eventually into optic nerve and retina
The changes which it undergoes in the formation of these structures will
(fig. 68).
be considered when the development of the eye is dealt with suffice it for the
present to say that the free hollow communication (optic stalk), which at first exists
between the forebrain and optic vesicle, becomes gradually narrowed and at length
obliterated, and that as development proceeds, the connection of the optic stalk
becomes relatively shifted backwards, so that when the anterior part of the fore-brain
is distinct from the posterior part, or thalamencephalon, the optic vesicle is connected
wholly with the latter, a relationship which is maintained permanently, although
partially obscured afterwards by the later connection which is formed between the
optic tract and the mid-brain.
Subsequently another pair of hollow outgrowths
sprouts from the fore-brain, and these rapidly extend forwards, laterally and backwards they form the vesicles of the cerebral hemispheres. From the roof of the forebrain (second vesicle) a median hollow protrusion grows upwards and forwards for a
certain distance towards the vertex, and from the floor of the same vesicle another
somewhat similar protrusion passes downwards and backwards towards the roof of
the mouth.
The former is the rudiment of the pineal gland, the latter of the
infundibulum, which becomes involved in the formation of the pituitary body.
;

;

The

principal parts of the brain appear as thickenings in different parts of the
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Thus the corpora striata are formed in the floor of the hemisphere vesicles, whilst the principal mass of each hemisphere is formed from the
roof and sides (mantle) of those vesicles, and the olfactory lobes are hollow outwalls of the vesicles.

FORE-PART OF THE EMBRYO SHOWN IN FIG. 38,
VIEWED FROM THE DORSAL SIDE. \. (From Kolliker.).

Fig. 68.

H, hindF, fore-brain ; c, ocular vesicles M, mid-brain
brain ; h, part of the heart seen bulging to the right side
Vom, omphalo-mesenteric or vitelline veins entering the
heart posteriorly
Mr, medullary canal, spinal part
p, proto-vertebral somites.
;

;

;

;

;

The

growths from them.

cavities of the hemilateral ventricles,

and

the cavity of the part of the fore-brain (or

first

sphere-vesicles

become the

secondary vesicle) from which they spring, forms
the anterior extremity of the third ventricle.
The optic thalamus is formed by a thickening
of the lateral wall of the second vesicle, the
cavity of which comes to be the main part of
the corpora quadrigemina
the third ventricle
are thickenings in the roof, and the crura cerebri
;

thickenings of the sides and floor of the third
vesicle, which becomes the aqueduct of Sylvius

;

the cerebellum and pons are respectively thickenings of the roof and floor and the crura cerebelli

of the sides of the fourth vesicle (anterior

part of hind-brain), the cavity of which becomes
the anterior (superior) part of the fourth venand finally, the medulla oblongata is
tricle
;

developed as a thickening of the wall of the
fifth vesicle, the cavity of which expands from
the central canal of the spinal cord to form the calamus scriptorius of the fourth
ventricle.

On

the other hand, certain parts of the walls of the vesicles become thin and
into the cavities as folds of epithelium
greatly expanded, and even eventually project
Fig.

cbl

OUTLINE

69.

SECTION

A

OF

THROUGH

THE

LONGITUDINAL
BRAIN OF A

CHICK OF TEN DAYS (after Mihalkovics).
h, cerebral

and nerve

;

hemisphere
st,

;

olf, olfactory lobe

corpus striatum

Iv,

;

lateral

commissure It, lamina
terminalis ope, optic commissure pit, pituitary gland inf, infundibulum cai, internal
ventricle

:

ac, anterior

;

;

;

;

;

3

3
carotid artery ; v , third ventricle ; ch , choroid plexus of third ventricle ; pin, pineal
gland
bg, corpora bigemina ; amv, anterior
;

medullary velum

'can

ventricle

ba, basilar artery ps, pons Varolii
r, roof of fourth ventricle.
:

;

oblongata

;

ch 4,

;

below which two

last

references are the aqueduct of Sylvius and
4
crura cerebri ; cbl, cerebellum ; v , fourth
choroid plexus of the fourth ventricle ; obi, medulla

covering ramified vascular expansions of pia mater (choroid plexuses). These
vascular expansions occur along the lower border of the mesial surface of each
along the roof of the
hemisphere-vesicle (choroid plexuses of lateral ventricles)
second vesicle (choroid plexus of third ventricle), and in the roof of the fifth vesicle
;

(choroid plexus of fourth ventricle).
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While these changes are going on in its walls the embryonic brain does not
remain straight as at first, with its axis in a line with that of the spinal cord, but
undergoes certain flexures (fig. 70), the general result of which is to bend the
The first of these flexures- to make
anterior end towards the ventral surface.
its appearance is a sharp bend opposite the base of the mid-brain and around the anteThe result of this flexure, which produces a complete
rior end of the notochord.
doubling round of the anterior part of the brain, is that the mid-brain is for a time
the most prominent parb of the encephalon.
Later, the growth of the cerebral
vesicles, and of the thalamencephalon, brings these parts again into prominence, and
tends to obscure the flexure, which is, however, never actually obliterated. The second
cerebral flexure, which is also very sharp and well marked, occurs in the region of
It is in the opposite direction to the first one, its
the hind-brain (pons Varolii).
concavity being directed towards the dorsum of the embryo, and it produces the
appearance of a deep depression at the part of the brain where it occurs. The third
It occurs at the junction of the hind-brain with the
flexure is a more gradual one.

cord, the embryonic medulla oblongata being bent ventralwards
direction of the medulla spinalis.

The

result of these flexures is that the axis of the

shape, passing

from the end

line of

embryonic brain takes a crookand then

of the spinal axis at first ventral, then dorsal,

again ventral, finally bending sharply backwards towards
foramen of Monro.

The second and

from the

become eventually almost

third flexures

its

termination at the

entirely obliterated with

the further growth of the brain.

FURTHER DETAILS REGARDING THE DEVELOPMENT OF SPECIAL PARTS OF
THE BRAIN.

The

fifth

cerebral vesicle:

bulbar vesicle, or nietencephaloii.

This

part of the embryonic brain, afterwards to become the medulla oblongata, often
shows at its first appearance especially in the chick a series of slight constrictions
which have by some been taken to indicate a segmentation of the neural tube.
(fig. 68),

But even where they occur they are quite temporary, and the fifth vesicle soon becomes
marked dilatation opening out from the anterior end of the embryonic spinal

a well
cord.

Its wall, like that of all the other cerebral vesicles,

is

composed of cells
which

similar to those of the rest of the neural tube, and the histogenetic changes
occur to form the nervous tissue are also entirely similar.

Sections across this part of the neural tube are of a compressed oval outline in
the lower part (fig. 71, A, B), but in the upper part, which afterwards becomes the
lower part of the fourth ventricle, the thinning out and lateral expansion of the
dorsal wall of the tube gives to sections of this and the next (fourth) vesicle the
shape of an irregular triangle, or shield, the base of the triangle being directed
towards the dorsum (roof) and the sides bent more or less sharply inwards about
their middle to unite with one another ventrally at the apex of the triangle (figs.
This bend serves to mark a division of each side of the tube into
72, 73).

two parts, a dorso-lateral and a ventro -lateral, which correspond, both in their
situation and in their relationship to afferent and efferent nerves, with the alar
and basal laminae of the embryonic cord (p. 60), with which they are in fact
continuous.

The thinning out and

lateral

expansion of the roof in the region

open up the angle which the ventral laminae
form with one another, and to throw the dorsal laminse more to the side, so that
what were previously the lateral boundaries of the neural tube come to occupy the

of

the fourth ventricle tends

to

so-called floor of the fourth ventricle,

and

since in this region the roof becomes

Fig. 70.

PROFILE VIEWS OP THE BRAIN op HUMAN EMBRYOS AT THREE SEVERAL STAGES,
RECONSTRUCTED FROM SECTIONS (His).

A. Brain of an embryo of about 15 days (the embryo itself is shown in fig. 117) magnified 35
diameters.
The optic vesicle has been cut away.
B. Brain of an embryo about three and a half weeks old.
C. Brain of an embryo about seven and a half weeks old.
The optic stalk is cut through.
A, optic vesicle //, vesicle of cerebral hemisphere, first secondary vesicle Z, thalamensephalon,
second secondary vesicle ; M, mid-brain
/, isthmus between mid- and hind-brain ; Hh, fourth
secondary vesicle ; N, fifth secondary vesicle; Ob, otic vesicle; Rf, fourth ventricle; Nk, neck
curvature
Br, pons curvature Pm, mammilary process Tr, infundibuluin
lip (in B), outline of
In C the basilar artery is represented along its
hypophysis-fold of buccal epiblast ; El, olfactory lobe.
;

;

;

;

whole course.

;

;

;
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reduced to a thin layer of flattened epithelium, the substance of this part of the
medulla oblongata is wholly formed by a thickening of the shifted lateral boundaries.

In

these, the

bend marking the distinction between the ventral and dorsal laminse
of position mesial and external
continues to be evident,~and is in

now by change

fact recognizable even in sections of the fully -developed brain.

Of the longitudinal columns of the medulla oblongata the restif orm bodies first become
prominent (third month in the human embryo). The (anterior) pyramids are obvious in the fifth
month, and the olivary tubercle about the sixth. But before any of these, and indeed with

SECTIONS ACROSS THE REGION OP THE CALAMUS SCRIPTORIUS OP THE BRAIN REPRESENTED
IN FIG. 70, A.
(His.)

Fig. 71.

A, region of the glossopharyngeal ganglion.
B, of the auditory-facial ganglion.
Fig. 72.

SECTIONS ACROSS THE FOURTH VENTRICLE OF A SOMEWHAT OLDER EMBRYO (His.)

A, section taken through the lower part.
B, across the widest part (trigeminus region).
C, through upper part (cerebellar region).
neural canal
al, alar lamina ; U, basal lamina

r, roof of

:

;

v,

ventral border.

SECTIONS ACROSS THE LOWER HALF OF THE FOURTH VENTRICLE OF A STILL OLDER EMBRYO,
SHOWING GRADUAL OPENING OUT OF THE NEURAL CANAL AND THE COMMENCING FOLDING OVER OF

Fig. 73.

THE ALAR LAMINA (at/).
border
t, tsenia
of, otic vesicle
rl, recessus labyrinthi.
In the succeeding stage (not here represented) the angle at v has almost disappeared, the fold / has
extended over the alar lamina, and the two thickened halves are in the same horizontal plane, covered
by a greatly expanded and thinned out roof.
v, ventral

VOL.

I.

;

;

;

F
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the earliest appearance of the nerve roots, the white bundles not yet medullated, however which are known as the ascending root of the fifth, and the ascending root of the vagus
and glossopharyngeal (solitary bundle) begin to make their appearance, both being at first on
the surface of the medulla. They gradually, however, become covered in by a folding over of
the dorsal part of the alar lamina, and thus come later to lie imbedded in the substance of
each lateral half of the medulla. This fold is shown in its commencement in fig. 73, A and
B, /.
According to His the bundles grow downwards towards the spinal cord from the places
of entrance of the corresponding nerve roots, emerging from the ganglia, as in the case of the
posterior spinal roots and after entering the medulla grow gradually along the course of the
future so-called ascending roots, so that the latter are at first visible only in sections taken
near the places of entrance of the nerve roots into the medulla.
;

The fourth cerebral
constriction,

long persist,

which

vesicle: cerebellar vesicle, or epencephalon.

The

between this and the fifth vesicle, does not
so that the two together form a long boat-shaped cavity which becomes
is

at first obvious

MEDIAN SECTION THROUGH
THE BRAIN OF A TWO AND A
HALF MONTHS FffiTUS.
(HlS.)

Fig. 74.

Magnified 5 diameters.

The mesial surface

of

toe left

cerebral

hemisphere is seen in the
upper and right hand part of the

the large cavity of the third
figure
ventricle is bounded above and in
;

front by a thin lamina

below is seen
the infundibulum and pituitary body.
Filling the upper part of the cavity
is the thalamus opticus
in front and
below this is the slit-like foramen of
Monro. Behind the thalamus is seen
another slit-like opening which leads
into the still hollow external geni;

;

culate body,
lobe ; p, pituitary
corpora quadrigemina ;
m. o.
cerebellum
medulla ob-

olf,

body
cb,

olfactory
c q.

;

,

;

,

longata.

the fourth ventricle.
As in
that part of this cavity which
has already been described with the fifth vesicle, the roof inferiorly becomes greatly
thinned and expanded. Superiorly the tube becomes gradually more contracted and
the roof thicker, this thickening being the rudiment of the cerebellum and of the
valve of Vieussens (fig. 74).
In the meanwhile a considerable thickening of the
lateral boundaries, which, as in the medulla oblongata, have been thrown outwards
by the roof expansion, occurs, and from this the substance of the pom is gradually

formed.

The

dorsal

and ventral laminae of the

the embryonic brain.
immediately connected

lateral walls are still evident in this part of
the former, the sensory fibres of the fifth nerve are
with the latter, the motor fibres of the fifth and also the

With
;

and seventh nerves.
In the human embryo the cerebellum

sixth

is

seen as early as the second month,

forming a thin plate arching over the anterior part of this vesicle
this plate, which enlarges only gradually, is formed the middle lobe
lobes

grow out

at the sides.

The

cerebellar surface

is

at

first

From
74).
later the lateral

(fig.
;

smooth, but a sub-

division into the subordinate lobes occurs in the fifth month, and the folia appealabout the sixth.
In the seventh month all the parts of the organ, except the

amygdalae, are formed.
Of the cerebellar peduncles, the inferior appear in the third month, the middle in
the fourth, and the superior Jn the fifth.
The transverse fibres of the pons develop

paripassu with the

lateral lobes,

appearing about the fourth month.
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The third cerebral vesicle : mesencephalon mid-brain. In this region
no expansion of the vesicle with thinning of the roof occurs, as in the others, but, on
About the third
the contrary, the roof undergoes considerable thickening (fig. 74).
a
median
into
two
becomes
this
groove. These corby
separated
month,
thickening
it is only in mammals that
of
lower
vertebrates
the
with
bigemina
corpora
respond
This appears in man about
furrow.
they become further subdivided by a transverse
are
at
first
which
the
and
fifth
the
eminences,
large in proportion to the size
month,
:

;

FCETAL BRAIN OF THE
THIRD MONTH. (His. )

Fig. 75.

The brain

is

represented in

but the external vrall of
the right hemisphere has been
profile,

removed to show the

interior of

the lateral ventricle with the corpus striatum curving round the
bend of the fossa of Sylvius. The
curved projections above the corpus striatum are infoldings of the
mesial wall of the hemisphere
vesicle.

The

lettering as in

fig.

74.

of the brain, thus become
the corpora quadrigemina.
The fibres of the third

nerve originate in the venlamina of this part of

tral

the neural tube

mentum and

:

crusta

the teg-

become

~o.

formed as thickenings along
the vesithe same lamina
cle itself becomes the aque:

duct of Sylvius.
In the constriction between the third and fourth vesicles (isthmus of His) the
fourth nerve takes origin in the ventral plate of the neural tube.

The second cerebral vesicle (thalamencephalon). It is from this part
of the neural tube that the primary optic vesicles are developed in the earliest
period, and they are for some time in free communication with its cavity along the
But with the formation of the optic nerves and optic tracts,
the stalks become solid, and are, moreover, connected posteriorly with the mid-brain
by a prolongation backwards of the tracts. The optic thalamus of each side is
hollow optic stalks.

formed by a thickening of the lateral wall of the vesicle (figs. 74, 78). The interval
between the thalami forms the cavity of the third ventricle. Across it the grey
commissure subsequently stretches. The floor becomes prolonged downwards into
the infundibulum, and takes part in the formation of the pituitary ~body (figs. 69, 74).
The roof, on the other hand, becomes like that of the fifth vesicle, thin and expanded,
.and remains as a single layer of flat epithelium cells inflected into the ventricle and
subsequently occupied by vascular growths of pia mater (choroid plexus of third
%
But at the posterior part of the roof there is a transverse
ventricle, fig. 69, ch }.
to
form
the
thickening
posterior commissure, and in front of this the roof grows
upwards and forwards, but subsequently backwards (in man) as a hollow median

The median process soon takes
process to form the pineal gland (epiphysis cerebri).
on a tubular shape (fig. 69, pin), and, after a time, becomes branched, and forms a
number of tubular follicles lined by ciliated epithelium, and invested by vascular pia
mater.

These

become

solid

follicles tend, in man and mammals, as development proceeds, to
and occupied by calcareous deposit. But in some reptiles the pineal

F 2
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tube remains single, and appears as the long stalk partly hollow, and partly solid
of a rudimentary median or parietal eye, which occupies an aperture in the middle

Baldwin Spencer). The pituitary body (hypophysis
formed by a diverticulum of the buccal epiblast (diverticulum of
Rathke) which grows upwards towards the base of the second cerebral vesicle, and
dilates into a flask-shaped expansion which is at first simple, but subsequently grows
out to form a small mass of epithelial tubes, the lumen of which becomes eventually

line of the skull (de Graaf,

cerebri) is chiefly

Against the posterior wall of this flask-shaped dilatation the infunfloor of the second vesicle, and its
extremity becomes

obliterated.

dibulum grows down from the

Fig. 76.

MEDIAN SAGITTAL SECTION OF THE HEAD IN EARLY EMBRYOES OF THE RABBIT.

Magnified.

(From Mihalkovics. )
A. From an embryo

five millimetres long.
six millimetres long.
In A, the faucial opening is still closed ; in B, the
vesicle ; me, mesencephalon ; mo, medulla oblongata ;

B.

From an embryo

spe, spheno-ethmoiclal, 6c, sphenoidal,
ck, notochord

;

and

septum is perforated at /; c, anterior cerebral
m, medullary epiblast if (in B), infundibulum
;

;

spo, spheno-occipital parts of the basis cranii
am, amnion : h, heart.
;

;

i,

foregut

;

py, buccal pituitary involution

MEDIAN SAGITTAL SECTION OF THE INFUNDIBULUM AND PITUITARY DIVERTICULUM IN A
BABBIT EMBRYO, AFTER THE OPENING OF THE FAUCES.
(From Mihalkovics.)

Fig. 77.

be, basis cranii with basilar artery ; if, infundibulum ; tha, floor of thalamencephalon ; py, pituitary
diverticulum, now closed ; p', stalk of original communication with the mouth ; ph, pharynx ;
ch, notochord in the spheno-occipital part of the cranial basis.

connected with the dilatation, but without communicating with its
bound up together by the same vascular connective tissue. In
connection with this extension of the infundibulum, nerve cells and fibres become
formed ; in lower vertebrates they persist and retain their connection with the
The notochord extends in the basis cranii as far as the pituitary body. Just
brain.
before reaching this, it bends ventralwards towards Eathke's diverticulum, and here
intimately

cavity, although

blends with the buccal epiblast (Bonnet).

Dohrn has shown that in Petromyzon the hypophysis developes as a separate median
diverticulum of the external epiblast which is formed between the nasal pit in front and the
buccal invagination (stomodseum) behind, and grows straight backwards as a canal of some
length towards the point of the notochord, where follicles develope from it and become connected with the infundibulum. Later, its orifice is found to open in common with that of the
nasal pit.

The
common

prosencephalon. This is represented by the
whence the hemisphere vesicles
diverge through the foramina of Monro, and by these vesicles themselves. The
original vesicle is therefore relatively small, although its lateral outgrowths form by
first

cerebral vesicle

:

point at the front of the third ventricle,

THE FIRST CEREBRAL VESICLE.
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The corpora striata
far the largest portion of the brain in higher vertebrates.
of
tho
of
the
floor
as
hemisphere vesicles, and outside them the
thickenings
appear

Ma.
Fig. 78.

THREE

THROUGH THE FORE-BRAIN OP A FOUR AND A HALF WEEKS EMBRYO.

SECTIONS

(His.)

A. Through the lower anterior part of the fore-brain ; S, falx : Sf, fold of roof passing below falx
towards the third ventricle Sf, fold forming the sulcus ammonis ; v.Rl, h.RL, anterior and posterior
parts of olfactory lobe ; Cs, corpus striatum ; 0. W, groove continuous with optic stalk ; P.s, pars
subthalamica
T.c, tuber cinereum.
B. Section a little further back.
Sf is replaced by a less prominent but broader fold of the roof,
Ad, which subsequently receives the choroidal vessels, and is therefore the choroidal fold ; Us,
hemisphere vesicle ; Th, thalamus ; S.M, sulcus of Monro, below and behind the thalamus.
C. Still further back
Ad, choroidal fold here projecting into lateral ventricles, but still free from
mesoblast and bloodvessels ; Ma, mammillary tubercle.
The other lettering as before.
;

;

;
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grey and white matter of the island of Eeil becomes differentiated.

The

rest of the

wall of the hemisphere vesicle (mantle of Keichert), although remaining for a time
thinner than the floor, eventually thickens to form the whole of the grey and white

matter of the hemisphere, except along the line where the mesoblast, which is to
form the choroid plexus of the lateral ventricle, passes into the choroidal fold of the
neural epiblast, which becomes thinned out over the invading mesoblast and converted into the epithelial covering of the plexus.
The growth of the hemispheres takes place gradually. They extend at first somewhat forwards and upwards, separated by a thin layer of mesoblast which forms the
TRANSVERSE SECTIONS
THE BRAIN
OP A
SHEEP'S EMBRYO OP 2 "7 CM. IN
LENGTH. (From Kolliker. )

Fig.

79.

THROUGH

In A the section passes through
the foramina of Monro, in B through
the third and lateral ventricles somewhat further back, st, corpus striathird
turn ; th, optic thalamus
t,
ventricle ; c, c', rudiment of internal
capsule and corona radiata I, lateral
ventricle with choroid plexus, pi ;
;

;

h,

hippocampus major

falx

;

a,

sphenoid

/, primitive
sa, preorbito-sphenoid
p, pharynx ; ch, cniasma
;

;

:

;

optic nerve ; TO, TO,
Monro ; to, optic tract ;
o,

foramina of
mk, Meckel's

cartilage.

but soon begin to pass
so
progressively backwards,
that by the end of the third
falx,

month they have covered

the

region of the optic thalami, by
the fourth month they have

reached the

corpora quadrigemina, and by the sixth they
cover not only the corpora
quadrigemina, but also a great
the cerebellum, projecting even beyond this by
the end of the seventh month.
part of

In

front,

and

for

some

dis-

tance backward over the roof
of the third ventricle, where
the vesicles are not separated

by the falx, their mesial surfaces come into contact, and,
during the third month, partly

grow together, but in such a
manner as to leave anteriorly
just

in

front

ventricle,
free in the middle,

Thus

is

but completely surrounded at

formed the cavity which

is

known

its

a

of the

triangular

periphery by the united

third

area

parts.
as the fifth ventricle or ventricle of the
communication with the vesicles of the

septum lucidum, which at no time has any
cerebral hemispheres, nor with any other of the cerebral

vesicles.

THE FIRST CEREBRAL VESICLE.
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cerebral hemispheres are also formed in the united portion
the anterior is the earliest to appear, thus
;

the vesicles

of the mesial walls of

coinciding with the early appearance of the corpora striata, which it unitejs in front.
The anterior part of the fornix, with its pillars, and the corpus albicans (which is
at first single and median) are next formed, followed at a later period by the
posterior pillars, which are seen running backwards
ammonis as soon as this structure becomes distinct.

on each

the cornu

side into

The corpus callosum

is the
Its anterior part appears first, but as the
of the commissures to be formed.
hemispheres extend backwards the formation of the commissure accompanies the

last

backward extension.
formed as hollow outgrowths from the lower and
hemisphere vesicles (figs. 70, 74). In man they soon show a
of which the latter remains in
division into two parts, an anterior and posterior

The olfactory lobes

are

lateral parts of the

;

with the hemisphere

close connection

Fig. 80.

THE SUEFACE OF THE

vesicle, while the anterior

FCETAL BRAIN AT six MONTHS.

grows out towards

(K.

Wagner.)

This figure shows the formation of the principal fissures. A, from above
B, from the left side.
T, temporal
0, occipital
a, a, a, slight appearance of sulci in the
F, frontal lobe
P, parietal
within it, C, the central lobe
frontal lobe
/, its anterior division
s, Sylvian fissure
r, Rolandic
sulcus p, parieto-occipital fissure.
;

;

;

;

;

;

;

;

;

;

-YlEW OF THE INNER SURFACE OF THE
RIGHT HALF OF THE F03TAL BRAIN OF ABOUT
six MONTHS.
(Reicbert.)

Fig. 81.

F, frontal lobe

;

P. parietal

;

0, occipital

;

T, temporal
/,
olfactory bulb ; //, optic
nerve fp, calloso-marginal fissure ; p,p', parts
calcarine
of the parieto-occipital fissure
h,
;

;

:

fissure

gyrus fornicatus

c, corpus
c,
callosum ; s, septum lucidum
/, placed bethe
and
foramen
tween the middle commissure
of Monro ; v, in the upper part of the third
third
ventricle
v', in the back part of the
ventricle ; v", in the lower part of the third
ventricle above the infundibulum
r, recessus
pinealis ; pv, pons Varolii ; Ce, cerebellum.
;

g,

g,

;

;

;

;

the olfactory area of the external epiblast.
After the first month these lobes are
relatively small in size and their cavities become gradually obliterated, but in some
animals, as in the horse, they are large, and their cavities are permanently in

communication with the anterior cornua of the
development

is

lateral ventricles.

Their further

given subsequently (p. 79).
Formation of the fissures and convolutions.
The enlargement of the
cranium does not always keep pace with the growth in extent of the walls of the
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vesicles,

hemisphere

so that

happens that the former are thrown into folds

it

Such relatively
separated by sulci, and the surface loses its smooth appearance.
Tapid growth occurs during the second and third month in the human embryo,
resulting in the production of a number of infoldings of the surface, which are
mostly transverse to the (bent) axis of the brain, although one or two on the mesial
These infoldings of the surface, which may be
surface run parallel to that axis.
termed temporary ox primitive sulci, necessarily have a corresponding projection into
the cavity of the thin- walled hemisphere vesicle (fig. 75). During the fourth month,
probably owing to a relatively more rapid expansion of the cranium, most of these
primitive sulci become obliterated, and the cerebral surface is again almost smooth.
1
Three, however, of the primitive sulci remain as permanent fissures of the brain,
fissure of Sylvius is also now formed, although in a somewhat different
manner, the hemisphere of the human foetus at the beginning of the fifth month is

and since the

marked by four well characterised sulci having corresponding projections
These permanent primitive sulci are the following
interior of its cavity.

into the

:

1. The hippocampal sulcus, corresponding with the projection
ammonis (hippocampus) into the lateral ventricle.

Fig.

82.

F(ETAL BRAIN OF THE BEGINNING OF THE EIGHTH MONTH.

(MihalkovicS. )

B. from the side
A., from above
C., mesial surface.
Ro, Rolandic sulcus Sy, Sylvian fissure par. one, parieto-occipital calc, calcarine
pll, parallel ; int.par, intraparietal ; call. mar, calloso-marginal ; unc, uncus.
;

:

2.

The

,

;

parieto-occipital sulcus,

of the cornu

;

;

;

pr.c, precentral',

corresponding with the bend of the posterior

cornu of that ventricle.
3.
4.

To
1

The calcarine sulcus, corresponding with the projection of the calcar avis.
The Sylvian fissure, corresponding with the curve of the lateral ventricle.
these

may

be reckoned the longitudinal infolding of the mesial wall of the

is, however, uncertain whether the temporary sulci develope into or whether they are replaced
See on this subject a paper by D. J. Cunningham in the Journal of
by corresponding permanent sulci.
Anatomy, April, 1890.

It

DEVELOPMENT OF THE NERVES.
hemisphere just below the hippocampal sulcus, which
the choroid plexus of the lateral ventricle.

is
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caused by the ingrowth of

According to Ecker. the fissure of Sylvius is the first of the primitive sulci to appear. It is
end of the third month, as a wide, shallow depression, which divides the lower
margin of the hemisphere into two nearly equal portions, and at the bottom of which is seen
the thickening of the floor of the vesicle from which the corpus striatum and the island of
Reil are developed. This fissure appears to be formed by a curving of the still thin-walled
hemisphere vesicle over that thickening, around which the vesicle bends and its anterior and
posterior parts ultimately meet along the line which marks the posterior limb of the
Sylvian fissure in the developed brain. The anterior limb is produced much later by a further
folding over of that part of the mantle which is in front of the fossa. Sylvii. The fissure
remains until nearly the end of foetal life as a widely open depression, at the bottom of
which the island of Reil is readily visible. It closes gradually from behind forwards.
visible before the

;

The other sulci are distinguished from the four above -numerated in the fact that
they are depressions of the surface merely, and not infoldings of the whole thickness
of the wall of the hemisphere vesicle. 1
They begin to appear about the end of the
month, the fissure of Rolando being the first to show (figs. 80 and 81).
By the end of the sixth month the precentral and inferior frontal sulci, the

fifth

intraparietal, the superior occipital, the parallel, the inferior temporal, the callosomarginal, and the collateral fissures have become visible, as well as the anterior
limb of the Sylvian fissure.

By the end of the seventh month (see fig. 82) most of the remaining principal
convolutions and fissures have appeared, and those which were previously present
have increased both in length and depth. They are, however, all comparatively
short and simple.
During the eighth month, they continue to increase in length
and depth, and the remaining sulci become gradually developed, but even in the
ninth month there are none of the accessory or secondary furrows which add so much
to the complexity of the
developed brain. The last of the principal sulci to make
their appearance are the inferior
occipito-temporal.

DEVELOPMENT OF THE NERVES.
Spinal nerves. At an early period of development, in some cases even before
the closure of the neural groove, in others during or
shortly after that event, there
83.

Fig.

TRANSVERSE SECTION THROUGH THE TRUNK OF AN EMBRYO
SHARK, TO SHOW THE NEURAL CREST.
(Balfour.)

nc, neural canal ; pr, ganglion rudiment running from neural
crest ; x, sub-notochordal rod
ao, aorta ; sc, parietal mesoblast ; sp,
visceral mesoblast ; mp, muscle plate ; mp', portion of muscle plate
;

converted into muscle ; Vv, portion of proto- vertebra which will give
rise to the vertebra ; al, alimentary canal.

grows out bi-laterally from the angle of junction of the
neural with the general epiblast (fig. 89), and consequently at the dorsal aspect of the neural tube a
continuous ridge or crest of epiblast, which was first described by Balfour in elasmobranch fishes : this is termed
the neural crest. At intervals along the sides of the
neural crest,

mesoblastic

corresponding with the middle of each
somite or proto-vertebra, special clavate

,

-_

^

enlargements or 'outgrowths of the neural crest occur

These grow downwards along the dorso-lateral aspect of the neural canal,
(fig. 83, pr).
between the protovertebra and the canal. They remain for a time attached above
1

An

lateral

exception must, however, be made for the
eminence within the ventricle.

collateral fissure,

which corresponds with the

col-
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to the dorsal aspect of the neural tube, but that attachment becomes subsequently
lost, and they then form completely isolated portions of epiblast, composed of oval

and lying at the side of the embryonic cord between it and the muscle plates
These are the rudiments of the posterior-root
of the protovertebrae (fig. 84).
The remainder of the neural crest disappears at least in most vertebrata.
ganglia.
cells,

:

Some

time after the separation of these ganglion-rudiments, the ventral or
anterior roots of the spinal nerves begin to grow out from the ventro-lateral aspect of
the neural tube.
They were originally described by Balfour in elasmobranchs, as
little

forming bud-like outgrowths from the neural epiblast, the outgrowths being comBut according to the recent and extended
posed of spindle-shaped cells (fig. 84, ar).

mp

Fig. 84.

SECTION THROUGH THE DORSAL PART OF THE TRUNK OP A TORPEDO EMBRYO.

pr, g, n, spinal ganglion

rudiment

;

ar, anterior root

;

ck,

notochord

;

nc, neural canal

(Balfour.)
;

mp, muscle-

plate.

Fig. 85.

OF THE VENTRO-LATERAL ANGLE OF THE SPINAL CORD OF A PRISTIURCS EMBRYO
SHOWING THE OUTGROWTH OF AN ANTERIOR ROOT-RUDIMENT. (His.)

SECTION

a.r, axis cylinder processes of neuroblasts, forming the anterior root
part of wall of neural canal.

;

g,

germinal

cells in

innermost

observations of His in various classes of vertebrates, what actually grow out to form
the anterior roots, are the fibrous prolongations (axis-cylinder processes) of neuro-

which processes converge to the point of exit of the root
and penetrate gradually into the adjoining mesoblast (fig. 85, a. r), where they
come into close contact with the previously formed ganglion rudiments of the posblasts (v. antea, p. 58),

terior roots. 1

The

fibres of the posterior roots are developed,

according to His, as processes

from the oval cells of the ganglion rudiment. These cells are in fact neuroblasts,
and from either end of each cell, which is thus rendered bipolar (fig. 86), a process

becoming eventually the axis-cylinder of a nerve-fibre grows
central organ, the other towards the periphery.
soon reach and grow into the embryonic cord at

out, one towards the

The
its

centrally directed processes
dorso-lateral aspect, where they

are presently seen in sections occupying an oval area near the periphery of the cord

;

1
The place at which the anterior roots spring from the cord is not opposite to the corresponding
posterior root, but midway between that root and the succeeding one.
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the further course
this area is the beginning of the posterior white column (fig. 87)
and attachments of the ingrowing fibres in the cord are not accurately known, but
they appear to bifurcate and extend both upwards and downwards (EamoiLy Cajal).
The peripherally directed fibres grow downwards and join the bundle of fibres of the
anterior root, to form together with them the mixed spinal nerve (fig. 88).
The axis-cylinder processes which are to form the fibres of the anterior roots
:

Fig.

86.

BIPOLAR CELL FROM SPINAL GANGLION OF A 4J WEEKS EMBRYO.

Fig. 87.

SECTION OF SPINAL CORD OF FOUR WEEKS

HUMAN EMBRYO.

(His.)

"f

(His.)

The

posterior roots are continued within the cord into a small longitudinal bundle which is the
rudiment of the posterior white column. The anterior roots are formed by the convergence of the
The latter, along with the elongated cells of the myelospongium compose
processes of the neuroblasts.

the grey matter. The external layer of the cord is traversed by radiating fibres which are the outer ends
The anterior commissure is beginning to appear.
of the spongioblasts.

begin to

make

their appearance about the beginning of the fourth

week in the human

Their growth towards the periphery is slow
even by the end
of the second month they have not reached the tips of the fingers and toes.
Cranial nerves. The neural crest is continuous along the dorsal aspect of the
cerebral part of the neural tube as far as, and even beyond the mid-brain.
As in
the spinal part, clavate enlargements occur here also, but at somewhat irregular
intervals, and form ganglion rudiments which become separated from the dorsal aspect
of the tube, and acquire a new attachment on the lateral and ventral aspect.
Such
ganglion rudiments have been described for the third, fifth, seventh, eighth, ninth,
and tenth nerves.
In the chick the ganglion rudiments belonging to the cranial nerves appear as a
thickening of the cephalic epiblast, just where it is folding round into the as yet
unclosed neural canal (fig. 89, vg).
This thickening, according to Golowine, is
continuous laterally with a modified portion of the external epiblast (sensory
epiblast), and soon becomes subdivided into three gangiionic groups, and these, later,
into separate ganglions.
There is a corresponding subdivision of the sensory

embryo

(His).

;
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epiblast into rudiments of special sense organs, which become gradually shifted
downwards and outwards away from the ganglion rudiments, and form the so-called

Hm

taut

Fig.

88.

TRANSVERSE SECTION THROUGH THE ANTERIOR PART OF THE TRUNK OP AN EMBRYO OF
SCYLLIUJI.

(Balfonr.)

cord
ar, anterior root
dn, dorsal ; sp.n, ventral
sp.g, ganglion of posterior root
branch of spinal nerve ; mp, muscle plate mp', part of muscle plate already converted into muscle ;
mp. I, part of muscle plate extending into the limb ; nl, nervus lateralis ; ao, aorta ; ch, notochord
cardinal vein ; sd, segmental duct ; st, segmental tube ; du, duodesy.ff, sympathetic ganglion ; ca.v,
num hp.d, junction of hepatic duct *ith it pan, rudiment of pancieas connected with another part
of
umbilical canal ( vitelline duct).
of duodenum
umc, opening
sp.c, spinal

;

;

;

;

;

;

;

;

"
" branchial
of Beard.
sense-organs
They become connected subsequently with
the
posterior nerve-rudiments.
outgrowths from
These rudimentary sense organs have been described in mammals also (by Froriep). They
appear to represent the special sense organs of the gill clefts of fishes, which were first described by Leydig (1850). Beard is of opinion that the nose and ear are also specialised
This
branchial sense organs, the only ones that are persistent in higher vertebrates.
differentiation of a special sensory portion of epiblast into rudiments of special senseorgans, occurs according to Golowine's observations in the chick, not only in the head but also
in the trunk, where they in all probability represent rudiments of " organs of the lateral line,"
such as are seen in fishes.
Various observers have described the ganglion rudiments as actually becoming formed at
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least in part at the expense of the sensory epiblastic thickening's.

In connection with this
question it is worthy of note that from the sensory thickening which forms the olfactory area
a ganglionic rudiment becomes formed which joins the olfactory lobe of the brain, and gives
origin to the olfactory nerve-fibres (His).
Even in the adult, as was shown by Thomsen, traces of pre-existent ganglionic structure
can be found in the root of the third nerve, and similar, traces of ganglionic structure have
1

Fig.

TRANSVERSE SECTION
THE POSTERIOR
PART OF THE HEAD OF AN
EMBRYO CHICK OF 30 HOURS.
89.

THROUGH

(From Balfour.)
hind-brain

Jib,

nerve
chord

ep,

;

vg,

;

epiplast

ch,

;

vagus
noto-

sub-notochordal rod ;
ht, heart ; pp, bodyal, throat
cavity
so,
parietal mesoblast
sf, visceral mesoblast ; hy, hypox,

;

;

;

;

blast.

also been described by Gaskell
in the roots of the fourth
nerve, in the motor root of the
fifth, and in the root of the
If these, as
seventh nerve.
Gaskell supposes, indicate the

pre-existence of sensory elements in the roots, it is probable that these nerves and

ganglia have all been originally developed like the posterior gangliated roots of the spinal nerves, as outgrowths from
the neural crest. Whether they are joined by outgrowths corresponding to the efferent fibres
of the spinal nerves, or whether they originally contain the elements of the efferent fibres,
and thus resemble the spinal nerves of Amphioxus, in which there are no anterior roots,
but both sensory and motor nerves are contained in the posterior roots, is not at present
known. What is however clear is that the ganglion cells and afferent fibres in the roots of
the third, fourth, motor of fifth and seventh nerves, eventually entirely disappear, the efferent
fibres alone remaining, while in the roots of the sixth, eleventh, and twelfth nerves efferent
fibres only are found, and ganglionic rudiments are not developed at all.
As is shown in another part of this work (Neurology) the nuclei of origin of the efferent
cranial nerves are disposed in two longitudinal series. One of these series comprises the nuclei
of origin of the somatic efferent nerves of Gaskell, which correspond with the largest fibres
of a typical anterior spinal root, and the series of nuclei is a continuation of the cell-column
of the anterior horn
the nuclei of this series are those of the bypoglossal, or twelfth, the
The other series comprises the nuclei of origin of the splanchnic
sixth, fourth, and third.
efferent nerves of Gaskell, which correspond with the medium-sized and smallest fibres of a
typical anterior spinal root, and the series is a continuation mainly of the cells of the lateral
cornu or intermediolateral bract, and partly, perhaps, of the cells of the base of the posterior
horn the nuclei of this series are those of the spinal accessory, those of the efferent fibres
of the vagus and gloseo-pharyngeal, the facial, and the motor nucleus of the fifth.
;

;

According to the observations of His, the distinction into an anterior or ventral
(somatic) and a lateral (splanchnic) group of efferent fibres is well marked in the
embryo by the fact that the two kinds of efferent fibres take origin from entirely
different parts of the basal lamina of the neural tube, those which correspond with
the somatic efferent fibres originating from groups of neuroblasts near the middle

while the others take their rise near the junction of the basal with the alar
With the alar lamina itself the afferent fibres are con(see fig. 90).
nected, but they do not arise from groups of cells within it, as do the efferent fibres
within the basal lamina on the contrary, they effect their connection with the lamina

line,

lamina

:

from a ganglion in the manner already described for the posterior
roots of the spinal nerves, and they then appear in most cases to grow downwards
in the direction of the spinal cord.
This is stated by His to be the case with the

by growing into

it
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sensory root of the trigeminus, which thus forms the white bundle known as the
ascending root of the fifth, but which in its actual growth is descending ; and also
with the afferent fibres of the glosso-pharyngeal and vagus which grow downwards
1
These are traceable in the
in the medulla to form the so-called solitary bundle.
and
middle
lower
cervical
as
the
down
far
adult as
region respectively, but in the
embryo are at first quite short, and limited to near the place of attachment of the

Fig. 90,

A and B.

SECTIONS ACROSS THE HIND-BRAIN OF A

HUMAN EMBRYO, 10 mm.

long.

(His.)

J
.

In A, the origin of the spinal accessory and hypoglossal nerves is shown, the fibres of both arising
In B, one of the roots of the hypofrom groups of neuroblasts in the basal lamina of the neural tube.
This is represented as in part arising
glossal is still seen, and in addition the root of the vagus nerve.
like that of the spinal accessory in A, from a group of neuroblasts in the basal lamina, and in part from
a bundle of longitudinally coursing fibres placed at the periphery of the alar lamina, and corresponding
in situation to the commencing posterior white columns shown in fig. 87.

nerve roots, becoming gradually longer as development proceeds. The solitary bundle
is at first superficial, like the ascending root of the fifth, but it subsequently becomes
covered in by the bending over of the alar plate, and the formation of nervous subThe ganglion-rudiments from which the ingrowth of these afferent
stance in this.
fibres takes place, become the Gasserian ganglion of the fifth, and the jugular
ganglia of the glosso-pharyngeal and vagus.
The auditory nerve-roots appear also to be formed by an ingrowth from the cells
of its ganglion-rudiment into the alar plate.
Subsequently the ganglion-rudiment
becomes subdivided into three parts, one forming an intracranial ganglion, and the
others giving rise to the branches of the nerve to the cochlea and vestibule respectively
The part belonging to the cochlea (ganglion cochlea) forms ultimately
(fig. 90, C).

while the one on the vestibular branch forms the gangliform
;
From a separated part of the ganglion cochlese the nerve to the
swelling of Scarpa.
the saccule ;
posterior semicircular canal passes, as well as that to the macula of
from the vestibular ganglion the nerves to the other ampullae and to the utricle, are
the spiral ganglion

derived.

The geniculated ganglion of the

facial is derived

from the same ganglionic

1
These bundles, therefore, are homologous with the rudiments of the posterior white columns
which are derived from the ingrowing fibres of the spinal ganglia (v. antea, p. 74).
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mass as furnishes the ganglia of the auditory nerve, but its cells are early distinFrom these cells fibres, which
guishable by their larger size and clearer appearance.
are probably afferent (His),

grow

centrally into the hind-brain

and peripherally along

VJILG.

Mff.v.

MIG.g.
Fig. 90, C.

SECTION FKOM THE SAME EMBRYO AT THE EXIT OF THE FACIAL NERVE.
(Several sections have been combined to form this figure. )

(His.)

VI., fibres of sixth nerve taking origin from group of neuroblasts in basal lamina
NII.G.g, gang111.6?. 2.0, intracranial ganglion of auditory ; VIII.6r.fl, ganglion vestibuli j
;

lion geniculi of the facial

;

VIII. 0. c, ganglion cochlea.

Some of these afferent fibres may form
the nerve, mingling with its efferent fibres.
the chorda tympani, but there are many more than are found in that nerve.
The optic nerves take origin

as hollow outgrowths of the brain, which afterwards
Their mode of
while nerve-fibres become developed in their walls.
the
the eye.
with
of
will
be
further
treated
of
in
connection
development
origin
The olfactory lobe, which consists of the olfactory bulb and tract (often

become

solid,

spoken of as the first or olfactory nerve), and the part of the base of the brain
from which the tract arises, makes its appearance as a protrusion of the anteroventral part of each cerebral hemisphere, extending towards the thickened olfactory
This primitive olfactory
area of the epiblast (see fig. 70, B, Rl and fig. 74, olf).
lobe is early seen to be divided into anterior and posterior parts by a broad sulcus
Of the two parts, the anterior becomes considerably elongated, and
(fig. 95).
ultimately forms not only the tract and bulb but also the trigonum olfactorium,
and a small area on the mesial side of this (termed by His Broca's area) whilst
from the posterior, the larger part of the anterior perforated space (mesial to
;

;

the lateral olfactory root)

and

the

peduncle of

the

corpus

callosum

(gyrus

Fig. 91.

CRAKIAL NERVES or A HUMAN EMBRYO, 10.2mm.

long.

(His.)

2

t

.

The

cranial nerves are indicated by Eoman, the spinal nerves by Arabic numerals.
c. h, cerebral hemisphere;
th, thalamencephalon ; m. b, mid-brain; MX, maxillary process; Mn,
mandibular arch ; Hy, hyoid arch ; the facial nerve is seen to send a branch (chorda tympani) across

the hyomandibular cleft
G.g, Gasserian ganglion ; c.g, ciliary ganglion
v, vestibular, and c, cochlear
an
part of auditory ; g.p, ganglion petrosum of glossopharyngeal y.j, ganglion jugulare of vagus
anastomosis is seen between these g.tr, ganglion trunci of vagus
/', ganglion described by Froriep as
ot otic vesicle.
The eye is also
belonging to the hypoglossal r.d, ramus descendens of hypoglossal
represented, and a part of the heart.
;

;

;

;

;

;

;

Fig. 92.

DIAGRAM SHOWING THE CENTRIPETAL AND CENTRIFUGAL ROOTS OP THE CRANIAL NERVES OP
THE SAME EMBRYO. (His.)

The places of exit of the nerves are marked by dotted circles or ovals. The efferent nerves (///.,
IV, mV, VI, VII, part of IX, XI, and XII), are seen to arise within the nerve centre from groups_of
neuroblasts
the afferent fibres (V.s, VIII, v and c, most of IX, and X), pass a certain distance inThe ganglion rudiwards, and for the most part also caudalwards in the nerve-centre, and there end.
ments from which they have grown are not shown here. They will be found in the preceding figure.
;
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These parts are separated even in the
subcallosus of Zuckerkandl) are developed.
adult by a sulcus, along which the mesial or internal olfactory root runs.
The olfactory nerve fibres arise, according to His, from neuroblasts which
become formed within the thickened epiblast of the olfactory area (see p. 95).
This epiblast at a certain period of development resembles the neural epiblast, and
whilst some of the cells become spongioblasts, others become pear-shaped, or spindleas nerve fibres towards the olfactory lobe.
Not
shaped, and their processes grow
fibres
do
these
emerge from the olfactory epiblast, but some of the
only, however,
neuroblasts themselves also pass out, and these form a ganglion which lies between

the olfactory lobe and the olfactory area.
Subsequently this ganglion, the cells
into
nerve
fibre processes, becomes attached
end
at
either
are
which
of
prolonged
to and partially invests the olfactory bulb, with which it ultimately blends, forming
the part whence the olfactory nerve fibres pass to the Schneiderian membrane
and nerve fibres), whilst bands of fibres on the other
(layer of olfactory-glomeruli

hand grow

centripetally

and become the

comparable to the centripetal (so-called

"

olfactory

roots.

These are in fact

ascending ") roots of the trigeminus,

glossopharyngeal, and vagus.
It is not until the third month that the part of the olfactory lobe which forms
the bulb, begins to grow forwards away from the trigonum, and thus to form the
olfactory tract.

The cranial nerves, except the optic and olfactory, and the relations they bear to one
another and to the visceral arches of the head, are shown in fig. 91 as they occur in the human
embryo of about four weeks. Fig. 92 distinguishes diagrammatically the nerves which grow
into the nerve centres (centripetal or afferent nerves) from those which grow out from the
centres (centrifugal or efferent nerves), and the extent of growth inwards of the former in the
same embryo.

The sympathetic nerves and

ganglia.

That these are merely outgrowths

of the cerebrospinal nervous system, nearly all recent observations, both morphoshow. But even before this fact had come to be
logical and physiological, clearly
that they are developed in connection with the
generally recognized, it was known
and
indeed
as offshoots from the posterior spinal ganglia
nerves
(Balfour),
spinal
and Birdsell, Onodi). They appear for a time as enlargements upon the

(Schenk

main stem
commissure.
nerve,

become connected with this by a
communicans) (fig. 88), and with one another by a longitudinal
The branch in question contains the splanchnic fibres of the spinal

of each spinal nerve, but afterwards

short branch

(r.

and the sympathetic ganglia are

its

splanchnic or vagrant ganglia (Gaskell).
in a similar way,

The splanchnic ganglia of the cranial nerves are probably formed
but their mode of development has not as yet been worked out.

formed as an outgrowth of the Gasserian ganglion (fig.
the sympathetic trunk ganglia are formed as offshoots of the
In elasmobranchs it is derived from the ophthalmicus profundus
posterior spinal ganglia.
ganglion, itself an offshoot of the Gasserian (Ewart).
Paterson has recently described the sympathetic chain of ganglia as developing in mammals
(rodents) from a continuous rod of mesoblast lying on either side of the aorta, and as becoming
only secondarily segmented and connected with the cerebro-spinal nerves. But observations
upon earlier embiyos than were used by Paterson are necessary before the mesoblastic origin
of the rod can be admitted.
91,

The

ciliary ganglion appears to be

c.g.~)

much

in the same

way as
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DEVELOPMENT OF THE EYE.

DEVELOPMENT OP THE EYE.
occurs as a hollow protrusion ofllie anterior
development of the eye
in the manner already mentioned (see
vesicle
cerebral vesicle
primary optic

The

first

The vesicle thus formed abuts externally against the
93).
and this external epiblast opposite
external epiblast of the side of the head (fig. 96) ;
becomes thickened and inthe
vesicle,
of
primary optic
the most
point
68

fio-

and

e

1

fi"

.

prominent

SJDE VIEW OF ANTERIOR
PART OP BRAIN OF MORK ADVANCE!)
HUMAN EMBRYO, SHOWING THK
PRIMARY OPTIC VESICLE FOLDED

Fig. 94.

AND CUPPED.
c.h, cerebral
0//.

(HlE.)

hemisphere (part

olfactory lobe

,

;

opt., optic

of)

;

cup.

BRAIN OP CHICK OF 2ND DAT,
93, A.
VIEWED FROM BELOW, TO SHOW THE FORMATION OP THE OPTIC VESICLES BY OUTGROWTH
OP THE SIDE OP THE FORE-BRAIN, AND AT
THE SAME TIME BY THE FOLDING OVER OF
THE ENLARGED PART, THE PRODUCTION OF
A GROOVING OR CUPPING OF THE VESICLES.

Fig.

(His.)
f.br.,

brain

;

Fig. 95.

SIDE VIEW OF THE SAME PART OF

A STILL MORE ADVANCED
EMBRYO, THE EYE HAVING BEEN CUT AWAY.

'THE BRAIN IN

h.br., fore-, mid-, and hindopt., optic vesicle ; i, infundibulum.

m.br.,

(His.)
Fig.

1>3,

B.

BRAIN

OP

SHOWING THE PRIMARY
OPTIC VESICLES AS OUT-GROWTHS FROM THE

THREE

WEEKS,

FOREBRAIN.

97, 98),

end

of optic stalk,

showing the

manner in which it is folded i, infumlibulum olf.p. posterior part of olfactory lobe ;
olf.a., anterior part of the same
c.h., cere;

;

,

;

(HlS.)

vaginated, so as to form at
(figs.

opt., cut

HUMAN EMBRYO OP

bral hemisphere

first

;

i.e.,

tubes cinereum.

a hollow cup-shaped depression with thickened walls
of the epiblast at the mouth of the

and subsequently by the closing in

cup, a hollow island of epithelial cells (fig. 99). This island, which is the rudimentary
between, but is entirely distinct from the external epiblast on the one hand,
and the neural epiblast of the primary optic vesicle on the other hand. Its formalens, lies

tion

accompanied by a cupping in of the primary optic vesicle (figs. 94, 97, 98),
invaginated before it, and this invagination is increased by an ingrowth
of mesoblast, which occurs between the lens and the cupped optic vesicle, and
which subsequently forms the vitreous humour.
Invaginated in this way the
cavity of the original optic vesicle becomes almost entirely obliterated, and appears
"
merely as a cleft between the two layers which form the wall of the so-called
optic
cup." The inner of these two layers is from the first thicker than the outer, and in
it are
developed all the parts of the future retina from the membrana limitans interns
is

which

is

G 2
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and cones, while from the outer thinner layer the hexagonal
of the retina, with its continuation into the uvea, is formed.
epithelium
pigmented
The invagination of the primary optic vesicle does not occur only opposite the

to the layer of rods

PAKT OP A SECTION THROUGH THE
96.
HEAD OF AN EARLY HUMAN EMBRYO, SHOWING
THE CONNECTION OP THE PRIMARY OPTIC VESICLES WITH THE FOREBRAIN.
(His.)

Fig.

area of epiblast
c.h, part of
olf, olfactory
forebrain which gives rise to cerebral hemi-

SECTION THROUGH THE SAME PART OF A
MORE ADVANCED EMBRYO, IN WHICH THE LENS INVAGINATION IS FORMED, AND THE PRIMARY OPTIC
VESICLES ARE CUPPED.
(His.)

Fig. 97.

spheres

thalamencephalon

th,

;

p.o.r,

;

primary

cup ; o.s, optic stalk ; I, lens invaginacerebral hemispheres ; th, thalamencepha-

o.c, optic

;

tion

lon

;

;

c.h,
i,

infundibulum

;

olf,

olfactory area.

optic vesicles.

We.

Fig. 98.

VERTICAL SECTION THROUGH THE MIDDLE OF THE DEVELOPING EYE
THIRD DAY. (E. A. S. )

.OF

A CHICK OF THE

The section passes longitudinally through the deficiency in the lower part of the optic cup, and
shows the tnesoblast extending in between the lens invagination and the pigment layer of the optic cup.
stalk ; 0,0,
thai, thalamencephalon ; n.ep, neural epiblast; c.cp. cutaneous epiblast; o.s., optic
cavity of primary optic vesicle ; me, mesoblast ; v, mesoblast passing behind lens to form vitreous ;
Z, lens invagination.

SECTION THROUGH THE EYE AND OPTIC STALK OF A

Fig. 99.

HUMAN EMBRYO OF FIVE WEEKS.

W.c. connection of optic stalk with thalamencephalon
Sp, cleft or fold in the
arteria centralis retinas passes in
P, pigment layer R, retina L, lens.
;

,

;

;

;

stalk,

(His.)

where the
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place where the lens is becoming involuted, but also below, or ventral, to that place,
so that a section exactly through the middle of the optic cup at right angles to the
axis of this part of the head, shows a gap in the boundary of the cup through which

passing into the space between the lens and the invaginated optic
This gap or cleft soon becomes closed, but the suture or line of
closure long remains apparent from the fact that when pigment begins to be deposited in the eye, this so-called choroidal fissure remains for some time unpigmented
(until the sixth week in man).
the uiesoblast

is

vesicle (fig. 98, v}.

The

ventral invagination is in mammals continued for a considerable distance
the optic vesicle (fig. 95), and the simultaneous inclosure of

into the stalk of

mesoblastic tissue leads to the introduction of the central blood-vessels of the retina

within the optic nerve.

In birds no such infolding of the stalk occurs.

The lower invagination of the optic cup serves not only to permit of the passage of mesoblast behind the lens for the formation of vitreous humour, but also to establish a direct
connection between the nerve-fibres which are formed along the course of the optic stalk
(future optic nerve) and the centre of the inner layer of the optic cup (future retina) (0.

Hertwig).

The malformation termed coloboma iridis is attributed to a persistence of the choroidal
which extends behind the iris along with the retinal pigment or uvea, as far as the
margin of the pupil.
cleft,

HORIZONTAL SECTION THROUGH THE EYE
OF AN EMBRYO RABBIT OF TWELVE DAYS AND SIX
HOURS,
(Kolliker. )
'f.

Fig. 100.

optic stalk

o,

;

h',

remains of the cavity of the

primary optic vesicle p, proximal lamella of the
r, distal lamella
optic cup (pigmentum nigrum)
lens invagination. widely open at ol ;
(retina)
I,
in the bottom of the lens
I', papillar elevation
vesicle
mesoblast of vitreous
m, mesoblasi
;

;

;

;

v,

;

,

;

a blood-vessel at the anterior border of the optic

cup

;

e,

cutaneous epiblast.

The hollow

EYEBALL OF A HUMAN EMBRYO OF
FOUR WEEKS CUT ACROSS, AND THE ANTERIOR
HALF REPRESENTED FROM BEHIND. (Kolliker. ) 1 ".

Fig. 101.

pr, the remains of the cavity of the primary
optic vesicle ; p, outer layer forming the retinal

pigment r, the thickened inner part giving rise
to the columnar and other structures of the retina
;

;

commencing vitreous humour within the

optic
cup ; v', the cleft through which a vascular loop,
a, projects from below ; ?, the lens with a central
v,

cavity.

optic stalks are at first freely in

communication with the thaiam-

encephalon, or third ventricle. Nerve-fibres grow along their walls, from neuroblasts
which develop in the retinal epiblast, and pass towards the nerve-centre (His), and
the cavities of the stalks become thereby gradually obliterated, the radially striated

A

new conarrangement of the wall being, however, long evident.
nection becomes subsequently established between the posterior part of the optic
stalks (optic tracts) and the mesencephalon, whilst the middle parts become united
with one another to form the chiasma.
epithelial-like

DEVELOPMENT OF THE EYE.
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The development of the retina from the inner layer of the optic cup, has not
been fully worked out. In its earlier stages it closely resembles in structure the
wall of the cerebral vesicles, consisting of elongated epithelium-like cells, apparently
arranged in several interlocking layers. Of these cells some become developed into

and nerve-cells (inner granules and ganglionic layer), others into sustentacular tissue, similar to the neuroglia of the central nervous system (molecular
Inyers, Miillerian fibres), whilst the outermost layer forms the sense- epithelium (W.

nerve-fibres

of outer granules, which is sharply marked off against the
cells by the membrana limitans externa, as is the nerve-

or layer
of
hexagonal
layer
Miiller),

pigment

from the vitreous humour by the membrana limitans interna. For a long
These begin to appear some little time
is no trace of the rods and cones.
before birth in man and most animals, but in animals which are born blind, such as

fibre layer

time there

(M. Schultze), in the shape of small protuberances of
the sense-epithelium cells groAving beyond the limitans externa, and forming at first
the inner segments of the rods and cones, and subsequently the outer segments also.
The latter as they are developed become imbedded in the inner surface of the
kittens, not until after birth

hexagonal pigment
optic cup.
The anterior

Fig. 102.

cells,

which have become developed from the outer layer of the

third of the optic

SECTION THROUGH THE EYE OF

A.

cup does not undergo the changes above

RABBIT EMBRYO, MORE ADA'ANCED IN DEVELOPMENT THAN

THAT SHOWN IN

FIG. 98.

(Balfour.)

of cornea
I, lens; me.c, mesoblast growing in to form the substantia propria of the
c, epithelium
cornea; o.n, optic nerve ; rt, retina ; a.c.r, mesoblast for the formation of the vitreous humour, and
the arteria centralis retinae.
;

described.

Its

ciliaris retinae,

two
and

in front of the lens

layers become here developed into the comparatively simple pars
in front of the ciliary region they extend forwards and inwards

and

in close contact with the

the thickly pigmented epithelium, which
margin of the pupil.

is

known

back of the iris, where they form
as the uvea and terminates at the

Further development of the lens. The hollow epiblastic vesicle from
which the lens develops is composed of a thick posterior and a thin anterior layer
which pass into one another at the equator of the lens, and enclose a clear fluid.
In mammals, the vesicle when first formed also contains a small mass of epithelium
cells which have become separated off from the posterior wall (fig. 100), but these

THE VITREOUS HUMOUR.
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afterwards disappear. The thin anterior layer remains throughout life as a simple
layer of cubical cells, and forms the so-called lens-epithelium; but the cells of the
posterior layer grow forwards into the cavity of the lens-vesicle as the lens-fibres :
those in the middle being the longest and straight, while the rest are slightly curved

with their concavity towards the equator, and become gradually shorter towards the
circumference, where they pass through gradually shortening columnar cells (transitional zone) into continuity with the anterior epithelium.
By the growth of these
of the lens- vesicle becomes obliterated.
In this manner the central part of the lens is formed, and it consists in the main
of fibres which pass in an antero-posterior direction.
The remainder of the lens is
formed of fibres which are so disposed as to curve round its margin and over the ends of
the first formed fibres
they are, moreover, deposited in successive layers and in
three (or more) separate sections, so that their ends abut against one another in front
and behind along tri-radiate (or multi-radiate) lines, such as may be seen in the
macerated lens. These later deposited fibres are all formed at the equator (at the
transitional zone), where chiefly cell-multiplication takes place, and they grow hence
meridionally backwards over the ends of the already developed antero-posteriorly disfibres the cavity

;

posed fibres of the central part of the lens.
The capsule of the lens is early visible as a thin homogeneous membrane, the
According to some observers (Lieberkiihn,
origin of which is still undetermined.
Arnold, Lowe) it is derived from a thin layer of mesoblast, which passes in between

and the optic cup ; according to others (Kolliker, Kessler, Balfour), it
before
any mesoblast has passed in, and they therefore regard it as a
appears
In the human embryo, His figures mesoblast
cuticular deposit from the lens cells.
the lens

as existing

from the

first

between the lens invagination and the optic cup

(v. fig. 97).

In connection with this question it must be remembered that the substantia propria of the
cornea (see below), which is formed of connective tissue, and is therefore mesoblastio in
nature, also at first makes its appearance as a homogeneous deposit before any mesoblast cells
have passed in behind the corneal epithelium. 1 Its chemical nature, and its continuity at
the equator with the suspensory ligament and hyaloid membrane, certainly point to the lens
capsule as being a connective tissue, i.e. a mesoblastic structure.
Although the foetal lens like that of the adult is itself non- vascular, it is nevertheless
externally freely supplied with blood-capillaries, which form a vascular tunic completely
surrounding it outside the capsule. These capillaries are supplied by a branch of the arteria
in
centralis retincs which passes forwards through the centre of the vitreous humour
The
front, at the margin of the pupil, they come into continuity with the vessels of the iris.
most anterior part of this vascular tunic forms a membrane which closes the aperture of the
pupil in the middle periods of foetal life. In the human eye the whole tunic, together with
the artery which supplies its vessels, becomes atrophied and is lost sight of before birth, but
in some animals the pupillary membrane remains apparent for a few days after birth.
;

'

The vitreous humour appears to be formed from the mesoblastic tissue which
has passed in between the lens and the inner layer of the optic cup by a gradual
formation of a large quantity of ground-substance, whilst the cells of the tissue
almost entirely disappear. The development of the hyaloid membrane has not been
fully traced out,

and the same may be said with regard to the zonule of Zinn. They
by part of the same mesoblast as forms the vitreous humour

are probably both formed

(Lieberkiihn, Angelucci).
The cor neo- sclerotic coat, the cfioroid coat,
mesoblast surrounding the optic cup.

The corneal epithelium

is

and the

iris are all

derived from the

a portion of the external epiblast, which originally

The substantia propria corneas
rests against the front of the lens rudiment.
first appears in the chick as a thin homogeneous layer lying immediately within
1
Kessler, however, looks upon this homogeneous deposit as being also a cuticular deposit formed by
the epithelial cells.
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this epithelium.
Into this homogeneous layer mesoblast cells
pass from the margin,
greatly thickening it and producing eventually the regular layers of fibrous tissue,
which are characteristic of the cornea. No cells
pass into the most anterior or
into the most posterior stratum, which remain
homogeneous (anterior and posterior
103.

Fig.

HORIZONTAL

SECTION

THROUGH THE EYE OF AN EMBRYO
RABBIT OF 18 DAYS.

3
T

.

(K6l-

liker.)

optic nerve

p, hexagonal piglayer ; r, retina ; re. ciliary
part of the retina p', forepart of the
optic cup (rudiment of the iris pigo,

;

ment

;

ment)

;

g, vitreous,

shrunk away from

the retina, except where the vessels
from the arteria centralis retinae enter

FP

it

;

i,

iris

;

mp, membrana

pupillaris

;

cornea with epithelium e ; pp, pa,
lens epithepalpebras
I, lens
I',
Hum ; /, sclerotic m, recti muscles.
c,

^

;

I

;

;

homogeneous lamellae of Bowman). The epithelium of the
posterior homogeneous lamella,
or membrane of Descemet, is
derived from mesoblast cells
which grow in like the corneal corpuscles from the margin and spread themselves
over the posterior surface of
the cornea, thus separating
this from the iris and anterior
surface of the lens.
For a
no anterior chamber this eventually appears as a
cleft-like space between the cornea and the structures immediately behind it.
In mammals, all the above stages of formation have not been described. A
complete layer of mesoblast is early visible lying between the corneal epiblast and
the lens epiblast, and continuous around the margin of the lens with the mesoblast
of the vitreous chamber.
In this mesoblast a cleft makes its appearance, separating
it into two parts, one of which adheres to the corneal epiblast, where it forms the
substance of the cornea, the other to the lens capsule forming the pupillary membrane.
This cleft is the rudiment of the anterior chamber. It does not become actually

long while, however, there

is

;

distended with fluid until a short time before birth (Kolliker).
The sclerotic is formed entirely from mesoblast around the optic cup, probably
continuous with that which forms the cornea, although it is only later that the

cornea and sclerotic come to be completely amalgamated.
The choroid coat is formed from the mesoblast which is immediately in contact
with the outer layer of the optic cup, and the forward growth of the middle tunic
The latter ceases at first at the
closely follows that of the margin of the cup.
the
over the front of the lens as a
of
but
forwards
lens,
margin
subsequently grows
thin double layer, which is closely covered externally with a continuation of the
choroidal mesoblast.
This is the iris, over the back of which both the layers of the

cup-margin eventually acquire pigment and remain permanently as the uvea. The
ciliary body is formed by a kind of hypertrophy of the optic cup, which developes
radial folds, enclosing thin portions of mesoblastic choroidal tissue, in which, as in
the rest of the choroid, numerous blood-vessels and branched pigment -cells become

formed.
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Accessory structures. The eyelids make their appearance gradually as folds
of integument, subsequently to the formation of the eyeball (fig. 103). About the
third month of foetal life the two folds, one forming the upper and the other the
lower lid, meet and unite by a growth together of the epithelium at the margins of
short time
the folds, so as to cut off the conjunctival sac from the exterior.

A

before birth they again become disunited.
third fold (of the conjunctiva) appears at the inner canthus, and in many
In
vertebrates developes into a well-marked third eyelid, the rwmbrana nictitans.

A

man

it

The

remains rudimentary, forming the plica semilunaris.
glands, hairs, and other structures belonging to the eyelids, are deve-

loped in the same

way

the corresponding

as

in

structures

the

rest

of

the

integument.

The lachrymal gland

is

developed in the third

month

as a

number

of out-

growths from the deeper layer of the epithelium, at the upper and outer part of the
conjunctival sac. The outgrowths are at first solid, and branch into the surrounding
connective tissue as with other racemose glands, subsequently becoming hollowed
out and differentiated into ducts and acini.
The lachrymal canals and ducts are usually described as being directly
developed by the enclosure of the fissure which separates the lateral nasal process
from the maxillary process (see Development of Nose, p. 95, and figs. Ill, 112),
and which passes in the early embryo from the eye to the upper part of the nasobuccal cavity (lachrymal fissure).
But it has been shown, chiefly by the researches
of Born, that in most animals the canal is at first formed as a thickening of the
rete mucosum of the epidermis, which sinks into the corium along the line of that
fissure.
The thickening subsequently becomes separated from the rest of the
epidermis, and hollowed out to form an epithelial tube, which leads from the
conjunctiva into the nasal cavity.

The bifurcation of the duct where it opens on the conjunctiva is produced, according to
Ewetsky, by a broadening out of the epithelial cord at the inner canthus, and its subsequent
separation into two parts by an ingrowth of connective tissue in its middle, the two parts
developing into the upper and lower lachrymal canals.

DEVELOPMENT OP THE
The

EAK.

ear, viz., the epithelial lining of the labyrinth, is
in
much
the
same
developed
way as the crystalline lens, as an invagination of the
external epiblast, which at first appears as a pit of thickened epithelium (auditory

essential part of the

104, A.), but is gradually converted by a growing together of the margins of
pit into a hollow island of epiblast, the auditory or otic vesicle (fig. 104, B).
This process occurs somewhat after the formation of the eye is laid, and at quite a
different part of the head, viz., on either side of the hind-brain just over the upper

pit, fig.
r,he

end of the first post-oral visceral cleft. The vesicle comes at first into close contact
with the hind-brain, except where the ganglionic rudiment of the auditory nerve
projects between them, but it subsequently becomes entirely surrounded by mesoblast, which separates it from both the neural and external epiblast.
The hind-brain does not send out a hollow process towards the otic vesicle
corresponding to the optic processes of the fore-brain, but the auditory nerve
developes from a solid outgrowth of the neural crest in the same way as the
posterior roots of the spinal nerves

and parts

(see p. 78).
The otic vesicle is at first flask-shaped,
the flask directed externally towards the

of

many

other of the cranial nervea

with the somewhat elongated mouth of
original point of connection with the
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In elasmobranch fishes this connection is never closed, but remains
life in the form of a small duct-like tube which
passes up through the
In other vertebrates the connection with
cranial wall and opens on the epidermis.
in the chick during the third day
the exterior becomes closed
and what remains
exterior.

throughout

Fig.

104.

SECTIONS

A, auditory pits
parts of the

;

THROUGH REGION OF THE HIND-BRAIN OF HUMAN EMBRYOS, SHOWING THREE
STAGES IN THE DEVELOPMENT OF THE OTIC VESICLE.
B, simple auditory vesicles
labyrinth.

j

0, auditory vesicles beginning to be fashioned into

membranous

OUTLINE OF THE RIGHT LABYRINTH OF A 3^
WEEKS HUMAN EMBKYO, TO SHOW ITS RELATIONS TO
THE PARTS OF THE AUDITORY NERVE. (W. His, jun.)

Fig. 105.

., section of hind brain
g.v, ganglion vestibuli in
contact with the upper part of the labyrinth
g.c, ganglion
cochleae in contact with the lower part.
The fibres of the
corresponding parts of the auditory nerve which have grown
from these ganglia into the hind brain, are seen to cross
one another ; f, facial nerve.
;

;

of the original mouth, or canal of connection
with the exterior, is visible as a distinct but
small process from the upper and inner angle
of the vesicle,

and

is

known

labyrinth (fig. 104
developes into a long
the

with
passes through the petrous bone,
underneath the dura mater. This tube
tively the endolymphatic canal

and

c,

as the recess of

r.l).

epithelial

Eventually
tube,

it

which

an expanded end lying within the skull
and its expanded termination form respec-

saccule (fig. 106).

In the meantime the auditory vesicle becomes elongated and begins to be
Its ventral end projects as a distinct hollow process, at first straight,
irregular.
but soon becoming; curved ; this is the rudiment of the epithelial canal of the cochlea.
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Other hollow projections appear near the dorsal end of the vesicle ; these form
the two superior semicircular canals ; the horizontal canal appears a little later.
The mode of formation of the canals is somewhat peculiar. They first appear^as flattened
semicircular hollow protrusions of the wall of the vesicle. Their sides then come together
and coalesce, except near the circumference of the semicircle, which now forms a tube connected at both ends with the vesicle. Subsequently a separation or breach of continuity
occurs over the area of coalescence, so that the rest of the tube is free. One of the ends
becomes dilated into an ampulla and connected with a branch of the auditory nerve.

Whilst these processes are occurring at the dorsal and ventral ends of the now
elongated vesicle, a fold, or constriction, of the wall is beginning to make its
appearance about the middle, and thus the posterior part which is connected with the
semicircular canals becomes gradually separated (as the utricle) from the anterior
This fold extends
part, which forms the saccule, and is connected with the cochlea.
into the beginning of the recess of the labyrinth,

Fig. 106.

and separates

it

longitudinally fcr a

STAGES IN THE DEVELOPMENT OF THE MEMBRANOUS LABYRINTH.

(W. His, jun.)

A. Left labyrinth of a human embryo of about four weeks, viewed from the outer side,
v, vestibular part
c, cochlear part ; r.l, recessus labyrinth! (aquaeductus vestibuli).
B. Left labyrinth with parts of the facial and auditory nerves of a human embryo of about 4^
weeks,
b.b, surface of the hind brain; u, utricular
s, saccular part of labyrinth ;
a.s.c., p.s.c.,
e.s c., rudimentary folds representing the two vertical and the horizontal semicircular canals
r.l, upper
of
recessus
into
the
labyrinthi becoming enlarged
part
endolymphatic saccule c.c, rudiment of cochlea ;
vestibular
branch
of
nerve
vestibular
of
n.v,
auditory
g.v,
ganglion (ganglion
Scarpa) ; ff.c, cochlear
;

;

;

;

;

ganglion ; n.f, facial nerve, with geniculate ganglion, g.g.
C. Left labyrinth of a human embryo of about five weeks, viewed from without and below.
LetterThe horizontal canal is still only a fold. The ampullae are beginning to be visible on the
ing as before.

two vertical canals.

short distance into two tubes, one of which opens into the utricle, and the other
into the saccule, forming the only permanent means of communication between
their contents.
Another fold, or constriction, appears presently, somewhat lower

down, and converts the connection between the saccule and the cochlea rudiment
into the narrow duct of

Hensen

(canalis re-uniens).

In the meantime the cochlea-rudiment at the ventral end of the now labyrinthic
vesicle, becomes elongated into a tube, which, as it grows, becomes coiled upon
itself in such a manner as to
produce the spiral structure of this part of the auditory
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Fig. 107.

TRANSVERSE AND SLIGHTLY OBLIQUE SECTION OF THE HEAD OF A FCETAL SHEEP, IN THE
REGION OF THE HIND BRAIN. (From Foster and Balfour after Boettcher.
)

HB, inner
commencing

surface of the thickened vails of the hind brain
CC, canal of the cochlea

vertical semicircular canal

side; on the left side, GT, the ganglion,

;

;
;

EB, recess of the vestibule YB,
GC, cochlear ganglion of the right
;

and N, the auditory nerve connected with the hind
Fig.

108.

brain.

TRANSVERSE SECTION OF

THE HEAD OF A FO3TAL SHEEP OF
FOUR-FIFTHS OF AN INCH IN LENGTH.
(From Foster
Boettcher. )

and Balfour

after

RV, recessus vestibuli YB, vertical
semicircular canal ;
CC, cochlear
canal ; G-, cochlear ganglion
HB,
horizontal canal.
;

;

organ. This coiling, however,
in
only occurs in mammals
;

birds, the cochlea is a short

straight blind tube.
All these parts of the labyrinth are, when first formed,

simple epithelial

tubes

sur-

rounded by and imbedded in
embryonic connective tissue.
As development proceeds, and
the

skull

begins

to

form, a

cartilaginous capsule becomes
developed around the several
parts of the labyrinth, and
this at length becomes ossified.

c.c

The

cartilaginous capsule does

not closely invest the epithelial structures they are immediately surrounded by
embryonic connective tissue, which forms an internal periosteal lining to the capsule
and a special covering to the epithelial tube. These two connective tissue membranes
are everywhere separated from one another by gelatinous connective tissue, composed
;
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of semi-fluid ground substance and branching corpuscles, except along one border,
where they are in continuity. But in the cochlea the gelatinous tissue is above and
below the epithelial tube, the place of the modiolus being occupied by embryonic
tissue which is not gelatinous, and is connected with that lining the -capsule by
similar non-gelatinous tissue separating the turns of the cochlea from one another,
and also running in the position of the future spiral lamina.

The bone, which is formed by ossification of the cartilaginous capsule, is of a spongy
nature, but it becomes coated internally by layers of compact bone deposited by the periosteal
The modiolus and septa of the cochlea, as well as the osseous spiral lamina, are
lining.
formed wholly in connective tissue without any prefonnation in cartilage.

The perilymphatic

spaces throughout the whole labyrinth are produced by a
and
vacuolation
disappearance of the gelatinous tissue which surrounds the
gradual
membranous labyrinth. In the cochlea this conversion into perilymph begins in the

proximal turn of the spiral and extends hence towards the distal end. It is only
with the development of these perilymph-spaces (scalas) that the cochlear tube,
which was previously oval in section, acquires the characteristic triangular section
which we see in the fully-formed organ.

The auditory nerve is large and early becomes separated into its two main divisions, vestibular and cochlear. Each division has a large ganglion upon it (fig. 105), which extends
to the anterior wall of the epithelial vesicle, and as the ventral end of the vesicle elongates
and assumes the spiral disposition, the cochlear nerve and ganglion extend along with it and
take the same coiled or spiral form.
The cells which form the wall of the epithelial tube become variously modified in different
parts of the labyrinth to produce the characteristic structures which there occur, viz. the
hair-cells, the rods of Corti, the sustentacular cells of Deiters and the epithelium lining the
The membrana tectoria appears as a cuticular deposit over the columnar cells
labyrinth.
which are becoming developed into the organ of Corti.
:

ACCESSORY PARTS OF THE ORGAN OF HEARING-.

EXTERNAL AND MIDDLE EAR.

While the epithelium of the internal ear is formed by an involution of cutaneous
manner which has just been explained, the middle ear with the
Eustachian tube, and the external auditory meatus with the pinna are formed from
the remains of the first visceral cleft, and from the parts of the mandibular and
byoidean arches which immediately bound the cleft. This cleft at an early period
forms an almost complete communication between the pharynx and the exterior, but
the broad cleft becomes gradually converted into a flattened tube, and this is presently
found to be closed, both by the epiblast and hypoblast, which are from the first
in contact at the bottom of the cleft, and also by an ingrowth of mesoblast, the
rudiment of the membrana tympani being thus formed. There is at first no enlargement of the flattened tube to represent the tympanic cavity, and the ossicles are
developed not within, but altogether outside the tube, in a mass of gelatinous connective tissue, which is continuous with that forming the embryonic membrana
tympani they are formed for the most part by ossification of parts of the cartilaginous bars, which extend from the otic capsule into the mandibular and hyoidean
As the tympanic cavity becomes
visceral arches (see Development of Skeleton).
formed by a gradual enlargement of the blind end of the closed hyomandibular cleft,
the gelatinous tissue retires before it, and as this tissue disappears, the ossicles and
the chorda tympani which were previously entirely enveloped by it, are left projecting
The process of
into the tympanic cavity, covered only by thin mucous membrane.
formation of that cavity is not, in fact, completed until after birth, when air becomes
epiblast in the

1

;

admitted into

it

through the Eustachian tube.
1

Vide footnote on

p. 102.
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The embryonic tympanic membrane is at first close to the exterior, the external
meatus being scarcely existent, although the several parts of the external ear are very

109.
SKETCHES SHOWING THE GRADUAL DEVELOPMENT OF THE PARTS OP THE EXTERNAL EAR
FROM PROMINENCES UPON THE MANDIBULAR AND HYOIDEAN VISCERAL ARCHES. (His.) Variously

Fig.

magnified.

F

an outline sketch showing the several parts of a well-developed adult ear, frd natural size.
prominences on the mandibular arch
3, prominence between the two arches, immediately
over the cleft, prolonged posteriorly into c, behind the hyoidean arch ; 4, 5, and 6, prominences on the
arch
in
B.
otic
vesicle
also
in
;
hyoidean
L,
(seen
A) K, lower jaw.
Of the prominences enumerated 1 forms the tragus
4, the antihelix
2, 3, and 3c, the helix
and C, the lobule (vide F).
5, the antitragus
is

1, 2,

;

:

;

;

;

;

DEVELOPMENT OF THE NOSE.
as slight protuberances
early distinguishable
like depression which is all that represents the
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upon the margins

of the shallow cleft-

meatus at this stage (fig. 110, A). Bub
as the body wall becomes thicker, the cleft becomes deepened and more tubular, and
the protuberances upon the mandibular and hyoidean arches become-gradually so
transformed and arranged around the external orifice as to be recognizable as the

The transformations may readily be understood
several parts of the future pinna.
from the study of the accompanying series of sketches from His, which show these
in the
parts in gradually advancing stages

human embryo

(fig.

109).

DEVELOPMENT OF THE NOSE.
The olfactory organ arises in all vertebrates at an early period of embryonic life
as a depression of external epiblast (olfactory pit] on either side of the fore-brain.
The epiblast in this region becomes thickened, forming an olfactory area, and a de-

-pr.qlob.

Fig. 110.

fROFILE VIEW OP THE HEAD OF A
OF NEARLY FOUR WEEKS.
(His.)

HUMAN EMBRYO

HEAD OF AN EMBRYO MORE ADVANCED
DEVELOPMENT THAN THAT SUOWN IN FIG.
(His.)
110, FROM BEFORE.

Fig.

111.

IN
olf,~ olfactory

into

a deep

depression passing posteriorly
the rudiment of Jacobson's

pit,

organ ; m-x., maxillary process ; mn, mandibular
arch ; hy, hyoidean arch ; br l , br2 , first and
second branchial arches.

pr.glob,

globular extremity of the mesial nasal
letters as in fig. 111.

The other

process.

pression then forms in this area surrounded by a raised margin (figs. 96, 97, olf}.
The depression soon appears pyriform, the smaller end extending as a groove towards

near this end a special
the stomodoeum or buccal invagination (see fig. 110, olf}
is early visible, and becomes developed into Jacobson's organ.
pit
The thickened boundaries of each olfactory pit and groove are formed by the soThe mesial nasal processes
called mesial and lateral nasal processes (figs. Ill, 112).
;

by a depressed median part of the fronto-nasal process, but
separated below, where they terminate in distinct tubercles, termed by

are united at their base

are at

first

As development proceeds they extend backwards along
His the globular processes.
the roof of the embryonic mouth, forming the nasal lamina.
Eventually the
globular processes coalesce in the middle line to form the intermaxillary process and
the middle part of the lip, while from the depressed surface between them the
lower part of the nasal septum and the philtrum are formed, and by a coalescence of
In rodents a notch leads
the nasal laminae the rest of the nasal septum is produced.
from the nasal septum through the upper lip to the mouth, and represents an imperfect union of the globular processes.

Above the depressed

surface just referred to,

nasal process which forms an angle with

it.

is

a triangular part of the fronto-

This angle eventually becomes the
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-l.n.pi

Fig. 112.

HEAD

OP AN EMBRYO STILL MORE ADVANCED IN DEVELOPMENT.

(His.)

A, from above; B, roof of mouth after removal of lower jaw; i.m, placed on the fronto-nasal
process and just above its intermediate depressed part; l.n.pr, lateral nasal process
m.n.pr, mesial
the other letters as before.
nasal process
The nasal laminae of the globular processes and the
of
the
maxillary processes are seen in B.
palatine projections
;

;

Fig.

113.

HEAD

OP AN EMBRYO OF ABOUT SEVEN
WEEKS. (His.)

The external nasal processes have united with the
maxillary and globular processes to shut off the
olfactory pit from the orifice of the mouth.

HEAD OP AN EMBRYO MORE ADVANCED
DEVELOPMENT, WITH THE PARTS OF THE
NOSE AND MOUTH BEGINNING TO ASSUME THEIR

Fig. 114.

IN

PERMANENT RELATIONSHIPS.

(His.)

the alas nasi are
point of the nose, and the triangular surface above it the bridge
formed by the lateral nasal processes. These processes are less prominent than the
mesial (fig, 1 2). They curve round the olfactory depressions, and meet the maxillary
;

1

DEVELOPMENT OP THE NOSE.

07

between the two processes (lateral nasal and maxillary) the lachrymal
groove passes from the eye to the nose (figs. Ill, 112). The maxillary processes
also abut in front against the outwardly curving ends of the processus globulares,
which together form as just mentioned, an intermaxillary process, and the three
eventually coalesce to form the upper boundary of the mouth, which is thus shut
But further back the
off from the anterior orifice of the nasal fossse (fig. 113).
processes

Fig. 115.

;

OUTLINE OF A TRANSVERSE VERTICAL SECTION THROUGH THE NOSE AND UPPER JAWS OP A
SHEEP'S EMBRYO WITH OPEN PALATE.
(From Kdlliker.)

The lower jaw and tongue are removed m, the mouth d, dental germs p, the palate plates
approaching each other in the middle /, the nasal fossae ; c, nasal cartilage ; s, septal cartilage j, the
two organs of Jacobson with their cartilages internally.
;

;

;

;

;

olfactory depressions, which are now developed into cleft -like cavities, and are increasing in complexity by the development of the projections which are to form the

turbinate bones, are still freely in communication with the buccal cavity, and it is
only by the growth of the palatine processes of the maxillae (fig. 115, p) and their
coalescence in the middle line with one another, and with the lower part of the nasal
septum, that the nasal cavities are cut off from fche mouth and from one another,
and now only open posteriorly into the upper part of the pharynx by the posterior

nares (choanw).

The median or septal part of the external nose, with its columella below, is
formed, as above stated, of the coalesced mesial nasal processes, the alae nasi being
developed from the lateral nasal processes. The septum is at first broad and depressed, so that the nostrils are widely separated from one another (fig. 114), a condition

which remains

to a certain extent

permanent amongst some of the dark races

of mankind.

From

the above description

it

will be seen that the olfactory organs are at

first

altogether

from the mouth, that they subsequently pass backwards, as grooves, deepening into
distinct clefts, along the roof of the moubh and forming in fact the upper part of the embryonic
buccal cavity, and that finally they are again gradually separated from that cavity by the
growth of a horizontal septum to form at first the hard and afterwards the soft palate.
The median union of the palate begins in front about the eighth week and reaches the
back pare and is completed about the tenth week. Imperfect coalescence of these parts produces the malformations of hare-lip and cleft palate in their various degrees. Usually, howdistinct

in man the coalescence is completed at a comparatively early period of foetal life,
although a vestige of the original separation may be found in front at the junction of the
maxillary processes with the coalesced globular processes (intermaxillary), as the naso-palatine
canal or incisor foramen, which is occupied by connective tissue, blood-vessels, and a branch
of the fifth nerve. In many mammals, however, an actual communication remains throughout life between the nostrils and mouth in this situation.
The organ of Jacobson is early visible on either side of the nasal septum at its lower part
in the form of a narrow tube, oval in section, running horizontally in the substance of the
septum and opening anteriorly near the upper orifice of the naso-palatine canal. When the
cartilage of the septum becomes formed, a special curved plate of cartilage is seen partially
enclosing this organ but both the organ itself and the cartilage are less conspicuous in man
than in most mammals. According to Gegenbaur the rudiment which has been described in
ever,

;
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human embryo

as the organ of Jacobson is not really that structure, but represents a
of the nasal septum.
The epiblast of the olfactory area early becomes thickened, and resembles in structure the
neural epiblast (His). As in the latter, some of the cells (neuroblasts) become pyriform and

the

special gland

which occurs in pome lemurs in the lower part

grow out from them, whilst the remainder form long sustentacular
columns, which partially anastomose to form a spongework. The neuroblasts subsequently
pass out towards the olfactory lobe as already described (p. 81).
All the complexities of the nasal fossae (and they are far more complex and labyrinthic in
many animals than in man) are produced by folds and outgrowths of the original simple
depressions, and the thickened epithelium of these depressions extends over all parts of the
cavities which are thus formed.
But it is only in the upper part of the nasal fossas that the
connexion by nerve-fibres with the olfactory lobe becomes established, and it is in this part
only that the true sense-epithelium becomes developed. In the lower, or respiratory part
of the fossae the epithelium remains relatively thin and becomes ciliated.
nerve-fibre processes
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DEVELOPMENT OP THE ALIMENTARY CANAL.
The

early development of the primitive alimentary canal has already been briefly
first formation of the embryo (pp. 34, 35), and it was there

described in treating of the
explained how the dipping

downwards and inwards of the blastodermic layers on
embryo tends to separate or pinch off the part of the blastodermic
vesicle which is immediately underneath the body of the embryo as a distinct tube
(mid-gut) from the remainder of the vesicle, which is now known as the yolk-sac, while
at the same time similar changes occurring in front and behind produce the blind
anterior and posterior extremities of the tube which are known as the fore- and hindeither side of the

gut respectively. Although the downfolding in question eventually involves all the
layers of the embryonic blastoderm, the epiblast and the part of the mesoblast which
adheres to it, and together with it forms the splanchnopleure, do not participate in
the process until after the formation of the amnion, so that the alimentary canal for
some time after its formation is enclosed only by the hypoblast and its adherent
mesoblast (splanchnopleure), and projects freely into the wide ccelom or space
between the splanchnopleure and somatopleure. The mid-gut also remains for a

time in free communication with the yolk sac, although the communication becomes
gradually narrowed into the vitelline duct. As the somatopleure afterwards grows
down on either side of the alimentary canal, and becomes pinched in around the
vitelline duct and stalk of the allantois, which are thus united into the umbilical
cord, that part of the coslom which is within the body and around the alimentary
canal becomes shut off as the pleuroperitoneal cavity from the remainder, which lies
altogether outside the body, and forms the cavity of the false amnion.
Development of the mouth and of the parts in connection with it.

The

fore-gut terminates blindly at

first

underneath the head in the region of the

FRONTAL VIEW OF THE UPPER PART OF A HUMAN
EMBRYO OF ABOUT FIFTEEN DAYS, RECONSTRUCTED FROM

Fig. 116.

SERIAL SECTIONS.

The pericardium

(His.

)

*f

opened to show

t.he heart ; between this
seen the primitive buccal cavity. A description of this figure is given on p. 138.

and the fore-brain

is

is

hind-brain, and the notochord, with the fore- and
mid-brain, curve downwards over the blind extremity, the fore-brain thus causing a rounded pro-

minence in front of and ventral

to the extremity of
the alimentary tube (see fig. 45). With the development of the heart another prominence becomes

formed on the ventral side of the fore-gut, a little
further back.
Between the two prominences, the
one caused by the projection of the fore-brain and
the other of the heart, a wide, shallow pit is enclosed
(fig. 116), at the bottom of which the epiblast

which

lines it is in contact

fuse to

form an

with the hypoblast of the fore-gut, and the two
layers
membrane, which now forms a septum between the

epithelial

primitive buccal epiblastic involution or stomodaeum and the fore-gut (fig. 117,
This stage is met with in the human embryo before the twelfth
day (His),
in the rabbit embryo at about the ninth
day (Mihalkovics), and in the chick on the
fourth day.

p.v.}.

H

2
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at its upper and anterior part, where it forms a
a certain distance into the angle formed by the
which
grows
pocket-like protrusion,
the fore-brain now makes with the mid-brain.
sharp bend which the hinder part of

The stomodseum deepens

Fig. 117.

PROFILE VIEW OP A HUMAN EMBRYO OP ABOUT 15 BAYS, WITH THE ALIMENTARY CANAL
SHOWN IN LONGITUDINAL SECTION. (His.)
SIMILAR VIEW OF A SOMEWHAT OLDER EMBRYO.

Fig. 118.

(His.)

1, 2, 3, 4, 5, are opposite the respective secondary cerebral vesicles ; from the side of the fore-brain
ot. otic vesicle
the primary optic vesicle is seen projecting
p.v., septum between mouth and pharynx
I, commencing liver in septum transversum
v, vitelline stalk ; all, allantois enclosed
(primitive velum)
c. v., cardinal vein
within allantoic stalk j v. jugular vein
s.r., sinus venosus within septum transversum u.a., umbilical (allantoic) artery l.u.v., left umbilical vein. The sharp curve of the trunk of
the embryo towards the yolk-sac is normal at this stage.
In fig. 117 the otic vesicle is still open, and there are only two aortic arches in fig. 118 the otic
there are now five aortic arches.
The primitive velum has disappeared.
vesicle is closed
;

;

;

;

;

;

,

;

;

;

;

;

This pocket (Rathke)

is

the hypophysis cerebri, or pituitary involution of the buccal

and comes presently into connection with the infundibular protrusion of the
neural epiblast, the two together forming the pituitary body (see p. 68).
It lies
just above and in front of the pharyngeal septum.
epiblasfc,

it has become broken through to allow of a communicafore-gut), have been termed tih& primitive velum, but the septum
has nothing whatever to do with the formation of the permanent velum palati, or with the
isthmus of the fauces. The plane of the septum forms in fact an angle with the plane of the
future isthmus faucium, so that the primitive mouth or stomodasum does not by any means
In fact the floor of the mouth, including the tongue,
correspond with the permanent mouth.
is developed behind the septum, and therefore in connection with the fore-gut rather than with

The remains of

tion between

this

septum (when

stomodamm and

the stomodaeum, whereas the uppermost part of the pharynx, including the choanse,
uf the septum, and therefore belongs to the stomodseum.

is

in front
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The shallow and widely open stomodaeum soon deepens and is now seen
be specially bounded by certain prominences placed above, below, and at the
are eventually prosides, within and from which the several parts of the face
duced (figs. Ill, 119). These prominences are the fronto-nasal which" projects
to

over the stomodaeum, and is formed primarily by the prominence of the foreexbrain, but afterwards acquires a considerable thickening of mesoblast, which
tends into it from the basis cranii ; the mandibular or first visceral arch, which
PROFILE VIEW OF A HUMAN EMBKYO OF
THREE WEEKS, SHOWING ALL THE
CEPHALIC VISCERAL ARCHES AND CLEFTS.

Fig. 119.

ABOUT

mx, maxillary process ; run, mandibular arch ;
d. C, duct of Cuvier ; jv, jugular vein ; c.r, cardinal
vein ; v.v, vitelline vein ; u.v, umbilical vein ; u.a,
umbilical artery

ment

;

all, allantois

of allantoic stalk

;

olf,

pi, placental attach-

;

olfactory depression

;

ot, otic vesicle.

after

passing

gut, takes a
ventral side,

obliquely round the forehorizontal direction on its

and meets

its fellow

in

the

the two together forming the
ventral boundary of the stomodeeum and

middle

line,

;

the maxillary process, which grows from
the base of the mandibular arch, and

on either side of the stomodseum,
up the gap between the frontoprocess and the mandibular arch,

projects
filling

nasal

and forming the

lateral

boundary.

The separation of the stomodseum into an
upper or olfactory and respiratory part and a
lower permanent buccal cavity, together with
the changes which occur in the fronto-nasal
and maxillary processes to produce the result, has
already been referred to in describing the development of the nose (pp. 95 to 97).

Pharynx. The remainder of the alimentary canal below the mouth is nearly
simple, at first consisting, as before
tioned, of a tubular portion in front

menthe

a shorter tubular portion behind
fore-gut
and a middle part which
the hind-gut
;

;

open to the yolk (fig. 117).
The hind-gut remains simple throughout, except that the allantois grows out
from its ventral aspect. 1 But in front a differentiation soon makes its appearance, the cephalic part becoming enlarged to form the pharynx, while almost
immediately behind this another enlargement forms the stomach. The hypoblast
lining the cavity of the pharynx grows out on either side successively at four distinct
levels, and to a less extent the epiblast dips in opposite the hypoblastic outgrowths.
In this way eventually four deep clefts between the pharynx and the exterior become
formed these are known as the cephalic visceral clefts (figs. 110, 119, in external

is

freely

;

1

folds,

human embryo the allantois appears to be formed by a direct continuation of the lateral
which have united to form the main alimentary tube, while the part of the tube behind the

In the

allautois (bursa) appears as

a blind protrusion (His).
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from within). 1 Between them, and also in front of
;
figs. 117, 118, seen
the first cleft, the pharyngeal wall is greatly thickened so as to exhibit the appearthese bars are known as the cephalic
ance of curved bars bounding the clefts
visceral arches, and are five in number, viz. : the first or mandzbular, in front of the
appearance

;

first

visceral cleft,

between

it

and the mouth

:

this is the seat of

formation of the

the ihird
lower jaw
the second or hyoid arch, between the first and second clefts
or thyro-hyoid arch, between the second and third clefts, which in fishes and
amphibia develops gill-plates, and is therefore also known as the first branchial
;

;

the fourth between the third and fourth clefts, corresponding with the second
and the
branchial arch of fishes, but small and inconspicuous in man and mammals
the posterior
fifth or second branchial still smaller and more inconspicuous, forming

arch

;

;

boundary of the fourth cleft, and hardly recognizable as a distinct bar in man.
After the fourth week, and with the increasing flexure of the head, the arches become
somewhat shifted over one another, so that the fourth arch is concealed by the third,

and the third by the second.
The mandibnlar arches

early become united on the ventral aspect

;

from the

fifth

week

complete (fig. Ill, inn) and in man shows eventually no sign of a median groove.
The other arches do not at first reach the middle line (His), the space between their central
ends being occupied by the heart and pericardium as these shift backwards a smooth inf ramandibular surface is left externally.
their union

is

;

Development of the tongue.

Within the pharynx, the second and third

arches of the two sides are separated by a forked elevation (furcula} with a median
POSTERIOR ASPECT OF THE VISCERAL ARCHES OF THE EMBRYO
IN FIGS, 116, 117, AS SEEN FROM THE INTERIOR OF THE
PHARYNX. (His.) \

Fig. 120.

SHOWN

The first or mandibular pair of arches join in the middle line ; the
second arches are separated by a rounded prominence (tuberculum
Behind (below) this is the forked prominence (furcula)
impar).
bounding a median groove which will become the laryngeal orifice. In
the sections of each of the first two arches, the included artery is seen.
The Roman numerals are opposite the corresponding arches.

groove, in front of which is a rounded tubercle (t. impar,
His), which arises in the angular space between the

and second arches (fig. 120). The groove around
the furcula (sinus arcuatus, His) passes laterally into
second and third arches afterwards unite between the
first

the visceral clefts.

The

and tuberculum impar
X-shaped mass.

furcula

From

(fig.

121, A).

Thus

these conjoined extremities of the second

united, the junction forms an

and third arches on either

side, the

root of the tongue grows upwards and forwards as two prominences, which diverge
in a V-shaped manner to embrace the anterior or papillary part of the organ which
is a
is developed from the tuberculum
impar (fig. 121, B). At the angle of the

V

deep depression (foramen caicum) this leads into a diverticulum, which forms the
median rudiment of the thyroid body. When the parts of the tongue are united,
there is still for a considerable time a V-shaped groove marking the line of union
(fig. 122), and even in the adult there is often a distinct trace of this groove (sulcus
;

Parallel to this, and somewhat in front of it, the papillae vallatas
terminates, His).
are developed, and in front of these the other lingual papillas make their appearance (about the end of the second month).
1
According to His, who is confirmed by Born and by Kblliker. these clefts are not as a rule developed
into complete apertures in birds or mammals ; although the membranes which close them are composed
only of juxtaposed epi- and hypoblast, the inesoblast having disappeared.
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The furcula gives rise to the epiglottis in front (above) the aryepiglottic folds on
either side, and the arytenoid cartilages behind (below) ; the median groove in it leads
to the entrance of the larynx.
Laterally the 2nd arch passes into and forms the palato-glossal arch, and in the visceral
behind this the tonsil develops but the 3rd arch does not form the palato-pharyngeal
arch this is developed from the palatine outgrowths of the maxillary processes.
The visceral arches were first described by Rathke, in 1825. They are often discertain parts in front of (above) the mouth
tinguished as the jaost-buccul visceral arches

cleft

;

;

;

Fig. 121.

SIMILAR VIEWS OF THE SAME PARTS IN OLDER EMBRYOS.

(His.)

A.

'^,

B. \8

T, tuberculum impar.

being considered by some morphologists to represent pra>-buccal arches. The visceral clefts,
lying between the arches are, as has been stated, four in number. The first is often known as
the hyomandibular cleft
it is this one which is concerned with the formation of the
:

SIMILAR VIEW IN A CONSIDERABLY OLDER
EMBRYO, BUT LESS MAGNIFIED.
(His.)

Fig. 122.

Eustachian tube and middle ear as already deThe three remaining clefts, which represent gill-slits of fishes and amphibia, appear, from
the results of recent observations, to be closed in
amniotic vertebrates at all periods of foetal life
In some fishes the
(see note on previous page).
scribed.

branchial arches and clefts are more numerous
than in other vertebrates, and in a few the hyoid
arch also develops a gill.
Through each of the visceral arches an arterial
arch derived from the aortic bulb passes from
front to back reuniting dorsally in front of
the notochord to form the aorta. In branchiate vertebrates, branches of these vessels are
distributed to the gills. Cartilaginous bars pass, in most vertebrates, from the base of the
skull into each visceral arch, and ossification occurring in or around them, form definite parts
of the skeleton as will be afterwards described. In man and mammals these cartilaginous
bars are only found in the first three visceral arches, unless the thyroid cartilage is to be
regarded as representing the anterior (ventral) ends of the bar of the 4th arch (Callender).
The fourth and fifth visceral arches may be considered as belonging to the neck rather
than to the head, and the congenital fissures of the neck which sometimes occur as a malformation, and which usually open externally far down in the cervical region, have been
regarded as due to persistence of one or more of the branchial clefts, shifted in position by the
cervical elongation which takes place in later embryonic life.

(Esophagus, stomach, and intestines.

Immediately behind the pharynx, the

fore-gut contracts again to form the oesophagus, which, in the early embryo, corresponding with the imperfect development of the neck, is very short (figs. 123, 125, A)
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and gradually widens out into the dilatation which represents the stomach. 1 This
show the conorgan, which is at first nearly straight (fig. 125, A, Mg), soon begins to
SKETCH OP A LONGITUDINAL SECTION THROUGH
THE ALIMENTARY CANAL OP A HUMAN EMBRYO,
SOON AFTER THE DISAPPEARANCE OP THE PRIMITIVE

Fig. 123.

VELUM.

(His.)

*>

The alimentary canal

is

shaded throughout; U. K,

section of mandibular arch ; R. T, hypophysis ; behind
it the remains of the pharyngeal septum ; Lg, com-

mencing lung, the future orifice of the larynx being
opposite
;
Mg, stomach Lb, liver Nb, yolk stalk
blind portion of hind gut ;
W, Wolffian duct ;
,

K

;

;

;

all, allantois.

vexity of the greater curvature on the side next
the vertebral column, and the concavity of the

curvature on the opposite border (fig.
125, B, Mg), while the pyloric end becomes
tilted away from the vertebral column, prolesser

ducing the duodenal loop (fig. 125, C, D).
Finally the organ becomes turned over on
what was previously its right side, which now
becomes the posterior surface, and the pyloric
extremity being also tilted over, the duodenal
loop is thus thrown over to the right side of the

abdomen

The small intestine is also
(fig. 126).
at first quite short and straight, with a wide
aperture to the yolk-sac (fig. 125, A, Nb),
but gradually lengthens as the communication
with the yolk-sac becomes more contracted,

and

(besides the loop formed by the tilting of
the pylorus) develops a long V-shaped loop
opposite the attachment of the vitelline duct
(fig.

125, C, D, and

fig.

127).

The loop of

intestine to which the vitelline duct
attached passes, for a time, into the umbilical
attachment, enclosed in a protrusion of the peritoneal cavity (fig. 124). It
is

cord, close to its
occasionally remains in this situation until late in foetal

life.

SKETCH OF THE HUMAN EMBRYO OF THE
TENTH WEEK, SHOWING THE COIL OF INTESTINE IN
THE UMBILICAL CORD. (Allen Thomson.)

Fig. 124.

The amnion and villous chorion have been opened and
the embryo drawn aside from them ; T, umbilical vesicle,
connected with the coil of intestine, i, by a small, almost
linear tube. The figure at the side represents the first
part of the umbilical cord magnified ; i, coil of intes;
vi, vitelline-intestinal duct, alongside of which
are seen omphalo-mesenteric blood-vessels.

tine

The mesentery is developed by a thinning
out and extension of the mesoblastic tissue
which lies between the intestine and the
vertebral column.
It forms a continuous membrane along the -whole length of the
alimentary canal from the stomach to the rectum, although the part attached to the
1

It has been shown (Balfour, Meuron) in most vertebrates
mammals excepted that at a certain
period of development the lumen of the oesophagus becomes for a time completely obliterated at its upper
extremity.

AND
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A

B

-

C

Fig. 125.
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?

D

J?

PROFILE SKETCHES OF SUCCESSIVE STAGES IN THE DEVELOPMENT OF THE ALIMENTARY CANAL
IN THE HUMAN EMBRYO.
(His. )

Sd (in B), median rudiment of thyroid P, pancreas Lbg, bile duct Ds, vitelline
Ch, notochord
duct Zg (in (J and D), tongue N, permanent kidney d (in D), cloaca An, anus in course of formation ; tig, sexual prominence ; <S<, tail ; Cc, ccecuni coli
The other letterTr, trachea ;
t larynx.
;

;

;

;

;

ft".

123.

;

;

;

as in

;

K
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(ESOPHAGUS, STOMACH,

AND

INTESTINES.

stomach is known as mesogastrium and the
parts attached to the future colon and
rectum are termed respectively mesocolon and mesorectum. The stomach
begins to
assume its characteristic shape while still
with its
axis in the
lying

longitudinal

FRONT VIEW OF ALIMENTARY CANAL, RATHER LESS ADVANCED IN
lDEVELOPMENT THAN THAT SHOWN IN FIG. 125, D.
(His.)

Fig. 126.

The pharynx and upper part
intestine are not represented.

median plane of the body

of oesophagus, and termination of the
large
Lettering as in fig. 125.

;

it is

then seen that the mesogastrium

passes to its greater curvature (fig. 127), which, therefore, is
that corresponding to the mesenteric border of the intestine.

And

as the pyloric
extremity of the stomach and lesser curvature are tilted forwards and
upwards, and at the same time

the whole organ turns over on

its right side, the
mesogastrium
becomes proportionally lengthened to permit of this
change of
position, and the right surface of the stomach (now posterior)
rests against the anterior surface of what was
previously

the right side of the mesogastrium, the
mesogastrium thus
to form the posterior
boundary of the omental sac (fig.
From near its attachment to the stomach a free fold
128).

coming

subsequently grows over the intestines, and becomes the great

omentum.

The gastro-hepatic omentum
mesoblastic tissue which from the

formed by the gradual thinning of a mass of
connects the ventral wall of the stomach with
the anterior wall of the abdomen, and within which the
hypoblastic outgrowth
is

first

s

o.

10.

DIAGRAM OP THE MESENTERY, STOMACH AND INTESTINE OF A HUMAN EMBRYO OF

Fig. 127.

WEEKS.
st,

stomach;

g.c,

greater

(Toldt.

curvature; l.c, smaller curvature; mg, mesogastrium; spl, spleen;
me, mesentery ; ao, aorta cl, cceliac axis s.mes.a, i.mes.a, supe-

r, rectum ;
p, pancreas ; c, caecum
rior and inferior mesenteric arteries.
;

MONTH.
I,

liver

line has not

;

;

DIAGRAM OF A SECTION ACROSS THE ABDOMEN OF A HUMAN EMBRYO OF THE THIRD

Fig. 128.

I,

six

)

;

k,

been

(Toldt.

)

g.o, great omentum ; </.o', omental sac
The other letters as in
carried quite far enough.)

kidneys

;

;

small omentum.
127.

s.o,

fig.

(The dotted

which forms the liver becomes developed.
The, part of this mesoblastic connexion
which lies between the liver and stomach becomes the gastro-hepatic or lesser
omentum, and its free border which was at first directed downwards (caudalwards)
becomes with the descent of the stomach directed anteriorly (ventrally), and eventuthat organ laterally it also is directed towards the right, and
ally with the turning of
thus comes to form the anterior boundary of the eutiauce into the omental sac.

(ESOPHAGUS, STOMACH,

The

large intestine

is

not at

first

marked

AND
off

INTESTINES.
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from the small by any difference in

human
calibre.
distinguishable about the sixth week in the
out (figs._ _125, D, and
which
the
of
the
caecum,
grows
gradually
appearance
embryo by
of uniform calibre, but subsequently re127), forming at first a lateral protrusion
the vermiform appendix, while the
to
form
blind
at
its
narrow
extremity
commencement

Its

is

maining

remainder of the cascum and the colon increase in size. This protrusion occurs on
the attachment of the
the
-shaped loop above described, and a little beyond

y

vitelline duct.

With
earliest

the increasing length of the gut it becomes thrown into coils, and the
of these is that by which the limb of the

and most important

smallintestine.

Fig. 129.

DIAGRAMS ILLUSTRATING THE DEVELOPMENT OF THE GREAT OMENTUM.

(0. Hertwig.)

A, earlier stage.
B, later stage.

small omentum
o',
mcsogastrium, springing from the
s'.o', omental sac
2
abdomen, near which in A it encloses the pancreas o attachment of mesogastrium
o3 fold of mesogastrium or great omentum growing over coils
to greater curvature of stomach
4
of small intestine
me, mesentery m.c, transverse mesocolon o (in B), dotted line showing the
situation of that lamella of the mesogastrium which at first assisted in enclosing the pancreas but
which has now disappeared. The next part of this lamella has coalesced with the adjacent lamella of
The coalescence is indicated by the black line.
the transverse mesocolon, and has also disappeared.
st,

stomach

;

s.o,

;

;

posterior wall of the

;

;

;

,

,

;

:

with which the large intestine is continuous turns over on to the right side of the
in an archlike disposition across the
peritoneal cavity, and thus throws the colon
commencement of the small intestine, and parallel with the longitudinal axis of the
stomach (commencement shown in fig. 126). Within this arch of the large intestine
the coils of the jejunum and ileum become disposed as the intestine lengthens.
Their mesentery spreads out at its intestinal attachment so as to adapt itself to the
increasing length of the gut, while its vertebral attachment, relatively much shorter,
loses to a great extent its primitive disposition, and acquires oblique and transverse
lines of attachment ; this is notably the case with the transverse mesocolon.
Although, the mesentery in most parts increases in length and expansion -with the further
intestine, the contrary is the case with the mesentery of the duodenum, and of
the ascending and descending colon. All these parts possess at first a complete mesentery like
the rest of the intestine, but that of the duodenum disappears entirely, so that this part of the
intestine becomes fixed to the posterior wall of the abdomen, and the same process takes place
to a lesser and variable extent with the ascending and descending mesocolon.
Since the transverse colon lies across the abdomen immediately below the stomach, it and its mesentery, transversely disposed, also lie immediately below and behind the mesogastrium (now folded into the
great omentum). The two membranes come in fact into close contact, and eventually com-

growth of the

FORMATION OF THE ANUS.
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and this causes the pancreas to appear to lie altopletely adhere (4th month and onwards)
gether behind the peritoneal cavity, in place of being situated between the two layers of the
mesogastrium as is at first the case in the human embryo, and as is frequently found in other
;

mammals during

life.

The

free or floating part of the great omentum is formed by an extension of that part of
the omental fold which turns upwards towards the greater curvature of the stomach from
the surface of the transverse colon. The fold is at first clearly double, and in some animals
remains so, but in man its two layers coalesce a little while after birth, and after a year or

two can no longer be separated. It extends gradually,
month), later over the coils of the small intestine.

first

over the transverse colon (third

The spleen becomes formed within

the substance of the mesogastrium (fig.
developed wholly from mesoblast, and in close connection with the
It appears during the second month in the human embryo, and grows
pancreas.
slowly during foetal life, the Malpighian corpuscles being the last parts to appear.
Formation of the anus. The anal invagination of the epiblast, which eventually by absorption of the septum between it and the hypoblast of the hind-gut opens
into the alimentary tube, is termed the proctodwum.
The junction with the hindgut occurs at a little distance from the posterior extremity, so that there is a blindly
127, spl).

It

is

terminating post-anal or subcaudal portion of the gut beyond the junction with the
this, however, shrinks and disappears even before the absorption
proctodasum
of the septum.
This part of the hind-gut represents a cloaca, since it receives
The sepathrough the allantois the ducts of the urinary and genital organs.
ration of the permanent anus from the urogenital orifice, which occurs in all
mammals above monotremes, is the result of a later process of development (see
;

p.

127).

In mammals the actual amount of proctodseal invagination is very small. The
septum between the hind-gut and the exterior (anal membrane) is throughout formed

Fig. 130.

LONGITUDINAL SECTION THROUGH THE POSTERIOR END OP A SHEEP'S EMBRYO, SHOWING THE
ANAL MEMBRANE. (Bonnet.)

ep, epiblast ; hy. hypoblast ; nies, mesohlast
p.s, primitive streak ; ail, allantois-rudiment.

by two

;

h.y,

hindgut

;

am, amnion

;

an, anal

membrane

;

and epiblast, which here are in contact
epithelial layers only, viz., hypoblast
with one another without the intervention of mesoblast (fig. 130, an). This condition of juxtaposition of the two layers is in fact directly derived from the union
of the two layers which occurs at the primitive streak and groove, and if the latter
be looked upon as representing the blastopore, the anus may in a sense be considered
to be formed from a part of that aperture.
In some lower vertebrates the anus has
been shown to be directly produced from the blastopore.

THE LUNGS.
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FORMATION OP THE GLANDS OF THE ALIMENTABY CANAL.
Under this head may be included not only those organs which are. ordinarily so
termed, but also the lungs, and the thymus and thyroid bodies, since the early
development of these three organs resembles that of the true secreting glands.
All the organs above enumerated are formed as epithelial involutions, either solid
As these
at first and afterwards becoming hollowed out, or hollow from the first.
buds grow into the mesoblast, they may either bifurcate or give off lateral
branches, and in this manner all the ramifications of the ducts of the compound
racemose glands are produced. The blind extremities generally end eventually in
epithelial

enlarged tubular or saccular dilatations. All the epithelium of the gland-saccules
and ducts is derived from the original epithelial sprout, while the basement

membranes and connective tissue and blood-vessels of the gland are derived from the
surrounding mesoblast. The salivary glands and most other glands of the mouth,
and part of the hypophysis, which must also be reckoned as a glandular development,
are formed in this

involution of the buccal or stomodaeal epiblast
while the
lungs, liver, pancreas, thyroid, thymus, and all the small glands of the rest of the
alimentary canal are formed of involutions of the hypoblast. The development of

way by

;

first make their appearance as involutions of stomodseal epiblast
(enamel germs), will be described after their structure has been dealt with (in the
part of this work which is devoted to Splanchnology).

the teeth, which also

The

lungs. The lungs begin to develope from the ventral part of the pharynx
with the oesophagus, in the beginning of the third da> in the chick,

at its junction

LUNG RUDIMENTS OF HUMAN EMBRYO OF ABOUT 4 WEEKS, SHOWING THE BUD-LIKE
ENLARGEMENTS WHICH REPRESENT THE LOBES OF THE FUTURE LUNGS. (His. )

Fig. 131.

Three buds are seen on the right
Fig. 132.

side,

two on the

left.

LUNGS OF A HUMAN EMBRYO MORE ADVANCED IN DEVELOPMENT.

(His.)

and in the human embryo at a correspondingly early period (fig. 123, Lg). The
lung rudiment is at first single and median, and takes the form of an elongated
vertical divertioulum of the fore-gut, communicating freely with that tube, and of
Soon the diverticulum sprouts out at its lower extremity
course lined by hypoblast.
in the form of two tubes which grow downwards on either side behind and on either
side of the heart, into a mass of mesoblastic tissue, which keeps pace in its growth
with the hypoblastic lung rudiment, and from which the connective tissues of the
The extremities of the tubes in question
future lung become ultimately developed.
are early seen to be dilated and lobulated (fig. 131), three lobules being present on
the right tube, and two on the left, the division of the lungs into their lobes being
thus early indicated.

The further outgrowth of the lobulations produces the rudiments of the principal branches
of the bronchi, one for each future pulmonary lobe, and each of these branches then gradually

no

THE THYROID BODY.

prograsses in growth, giving off as it proceeds lateral diverticula, which form the secondary
bronchi, and these again giving off others until the whole complicated bronchial ramification
is eventually produced. Like the first sprouts from the median diverticulum, all the secondary
and other sprouts are dilated at their termination, and have a lobulated aspect (fig. 125, Lg ;
This is due to the fact that they
figs. 131, 132, 133.
are undergoing a further division or sprouting. This
process goes on until the sixth month of intrauterine
life, by which time all the dilated ends of the growing
and sprouting tubes have reached the surface of the
lung. These dilated extremities which now appear
grouped together, and apparently springing several
from a common tube, form the inf undibula, but their
walls are not at first beset with air-cells. The formation of these takes place when the bronchial ramification is completed (sixth month, Kolliker), as small,
closely-set, pouch-like protrusions of the walls of the
infundibula, and of the terminal bronchial tubes.

The trachea and larynx

Fig. 133.

STILL

LUNGS OF A HUMAN EMBRYO

MORE ADVANCED.

(His.

)

are formed by a
from
the
oesophagus of the original
separation
median diverticulum, from the lower angles of
which the bronchial rudiments have sprung, the
separation commencing below, and leaving a
relatively small connection between the two

As development advances,
this connection is the rudimentary glottis.
both the tracheo-laryngeal and the cesophageal tubes lengthen, the latter relatively
more than the former, so that the lung rudiments no longer lie, as was the case at
first, in front of and on either side of the stomach, but extend downwards somewhat
short of that organ (fig. 125), separated from one another by the oesophagus behind,
and the heart and pericardium in front. As they thus grow backwards with the
lengthening of the trachea, the lung rudiments project into the anterior part of the
body-cavity or coelom (dorsal portion), and receive a covering from its lining membrane, at first only below and on the external surface, but subsequently on the
The portions of the
internal aspect, so as to separate them from the oesophagus.
body-cavity into which the lungs project become shut off from the remainder on
the formation of the diaphragm and pericardium, and form the pleurae.
The pulmonary blood-vessels are comparatively late in being developed, the
tubes above

:

lung tissue only on the twelfth day in the chick.
developed partly as a median diverticulum of the pharynthe
ventral ends of the second visceral arches (fig. 125, B, Sd);
opposite
geal hypoblast
arteries penetrating into the

The thyroid body

is

partly as a (bilateral) diverticulum of the posterior wall of the fourth visceral cleft.
The median diverticulum in most animals early becomes separated from the
pharyngeal hypoblast, and is thus converted into an island of epithelium imbedded

In the human embryo, as His has shown
some time in the form of a hollow bifid vesicle, which

134, A, thr), it remains
connected with the upper
surface of the tongue by a small duct (ductus thyreoglossus, d) subsequently, however,
the vesicle becomes solid, and the duct is obliterated and disappears, with the
in mesoblast.

(fig.

for

is

;

exception of a small portion near the
foramen ccecum of Morgagni,/.c.

orifice,

which becomes converted into the

Occasionally even in the adult a comparatively long duct is found, leading downwards
This, which has been termed the ductus linf/ualis,
is the remains of the original thyrolingual duct connecting the median part of the thyroid
with the tongue. It may further happen that the lower part of this connection also remains
in the shape of a tubular prolongation of the median portion of the thyroid towards the root
of the tongue (ductus thryoidcus ; when well developed this forms the pyramid}. The socalled accessory thyroid bodies (supra-hyoid, pra}hyoid glands, &c.) which are occasionally
.found near the hyoid bone, are also referable to the thyrolingual duct (His, Anatomic

and backwards from the foramen caecum.

menschlicher Embryonen,
may be found).

iii.,

p.

THE THYMUS.

Hi

where reference

to the literature of these accessory

101,

thyroids

The bilateral
from the fourth

diverticula,

which

assist in the

formation of the thyroid body, spring
They have at first tHe appearance

visceral cleft (Bora) (fig. 135, thr).

of simple saccular glands partially encircling the developing larynx (fig. 134, thr').
In front of this they come into connection with the median rudiment, and eventually

blend with

it.

blastic surface

Like that rudiment, they become entirely separated from the hypofrom which they have taken origin, their cavity disappears, and they

tr.

Fig. 134.

ce.

SKETCHES SHOWING THE CONDITION OP THE THYROID AND THTMUS GLANDS IN A HUMAN
EMBRYO OP ABOUT FIVE WEEKS. (His.)

profile sketch from the left side.
B, frontal sketch from behind.

A,

c,

carotid.

and anastomosing cell-cylinders, between which vascular
connective tissue becomes developed.
The cell-cylinders subsequently become hollowed out, and finally are subdivided by growth of the connective tissue into small
vesicles, which gradually become larger from accumulation of colloid in their interior.
are converted into ramifying

In most Vertebrates, the lateral and median parts of the thyroid remain distinct
the
former are the organs known as supra-pericardial bodies in elasmobranchs, and as
accessory
thyroids in other animals. Only in mammals do they become united into one organ as
in man.
;

The thymus

developed as a growth of the epithelium (hypoblast) of some
from the third and fourth (fig. 135, thym), in reptiles
from the second, third, and fourth, and in lower Vertebrates from several clefts (de
is also

of the visceral clefts

Fig.

;

in birds

135.
DIAGRAM SHOWING THE VISCERAL CLEFTS FROM WHICH THE
THYMUS AND LATERAL PARTS OF THE THYROID ARE DEVELOPED IN
THE CHICK, (de Meuroru )

1,2,

thymus

3, 4, indicate
;

thr,

the corresponding visceral clefts
thym, rudiments of
of thyroid ; thr', lateral rudiments of
;

median rudiment

thyroid.

In mammals the thymus appears as a (bilateral)
tubular prolongation backwards of the extremity of the
third visceral cleft (Kolliker), receiving, according to de
Meuron, an accession from the hypoblast of the fourth cleft,
as in birds.
The tube, which has a narrow lumen, and
Meuron).

comparatively thick epithelial lining, is surrounded by vascular connective tissue,
within which numerous lymphoid cells become accumulated, and grows downwards
along the side and in front of the trachea, where, in mammals, it generally unites

THE LIVER.
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form a median organ. Its lower end then gives off solid, bud-like
lateral buds come off again from these, so that this pait of the
a
lobulated appearance like an acinous gland. The acini are,
ramified,
organ acquires
however, solid, and remain so, although the upper end of the tube still has a narrow
lumen.
The lymphoid cells next invade the epithelium, growing into every part of the
In this process the
tubular gland, and converting it into a mass of adenoid tissue.
epithelium becomes broken up into small isolated portions, some of which remain in
the medullary portion of the lobules as the epithelial nests which are seen in sections
of the fully developed organ, and are known as the concentric corpuscles of Hassall.
The liver. This organ arises in the form of two diverticula of hypoblast, which
grow from the ventral wall of the duodenum immediately beyond the stomach (figs.
117, 118, Z, 123, LV).
They extend into a mass of mesoblastic tissue which connects
the stomach and duodenum with the anterior wall of the abdomen, and which (with
the mesentery, with which it is continuous round the gut) separates the body-cavity
In this tissue is the omphalomeseraic or vitelline
here into a right and left half.
vein (and later the umbilical vein) proceeding on either side to the sinus venosus,
and the liver diverticula grow into the mesoblast above and in front of these veins.
Here they ramify, giving off solid buds of cells which grow into columns or cylinders,
and these again give off lateral diverticula of the same kind. So far the development
of the liver resembles that of a compound tubular or acino-tubular gland, except that
the ramifications of the original gland diverticula are from the first solid instead of
But soon an important difference appears in the fact that the cylinders
hollow.
unite and anastomose with one another everywhere to form a close network, and
from the cords of this network solid sprouts are again constantly being given off to
form fresh cylinders, thus producing a yet closer and more intricate network. In
the meantime, capillary blood-vessels are formed in the mesoblastic tissue in which
this formation of cell-cylinders of hypoblast is going on, and these vessels, which
form a network interlocking with that of the anastomosing cell-cylinders, become
connected with branches of the vitelline vein on the one hand (vence advehentes],
and on the other with veins (vence revehentes) which pass towards the sinus venosus,
and eventually are found opening as the hepatic veins into the inferior vena cava.

with

its fellow to

excrescences,

and

The two original hollow diverticula are the rudiments of the right and left hepatic ducts.
The common bile duct is formed later by a protrusion of that part of the duodenal wall with
which the original diverticula are connected. This protrusion also eventually receives the
duct of the pancreas, which becomes shifted towards it. As the common bile duct lengthens,
the liver becomes separated from the duodenum, with which it was at first in close connection.
The portal and interlobular bile ducts are formed by the hollowing out of some of the
anastomosing cell-cylinders, so that a lumen is produced within them surrounded by hepatic
cells, which lose their original polyhedral character, and become changed into the columnar
epithelium of the ducts, the anastomoses between the cell-cylinders here disappearing.
The remaining cylinders form the secreting substance of the liver. The biliary canaliculi
appear as minute passages between the cells, and come into continuity with the bile ducts.
With a further development of the connective tissue of the organ, the glandular substance of
the liver, which was at first continuous throughout, becomes separated into lobules, and the
network of cell-cylinders tends with multiplication of their cells to become fused into a continuous mass within each lobule, the bile canaliculi forming by numerous lateral junctions and
anastomoses a close network of intercellular passages within the lobule.
The gall bladder and cystic duct are formed by a diverticulum from the common bile
duct, which appears in the second month.
In the elasmobranch fishes, and in amphibia, there is only a single hepatic diverticulum.
The anastomosing cell-cylinders which sprout from this are not solid, but hollow, with a
narrow lumen, and the liver has from the first and retains permanently the character of a
compound gland formed of anastomosing tubules. In reptiles the cylinders also have from
the first a narrow lumen. In birds and mammals the cylinders are solid, as in man.
As the liver grows, it projects on either side into the pleuroperitoneal cavity. The
mesoblast which unites it to the anterior wall of the abdomen, becomes thinned out to form
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That which unites it to the ventral wall of the stomach and duobecomes thinned out it forms the small or gastro-hepatic omentum. The liver is
at first an exactly symmetrical organ, the right and left lobes being equal in size and
symmetrically placed. After the fourth month the right lobe begins relatively to increase in
of this to the left lobe is as 1-6 to 1. The liver -rlso at first
size, and at birth the proportion
grows very rapidly, so that by the second month it nearly fills the abdomen, and causes a
well marked prominence on the ventral aspect of the embryo. At this time it is calculated to
The proportion, however, gradually
constitute nearly one half the weight of the body.
The
decreases, until at term the relative weight of the liver to the whole body is as 1 to 18.
further changes which the blood-vessels which pass to the liver undergo will be considered
with the development of the venous system.
the suspensory ligament.

denum

also

;

The pancreas is developed as
duodenum opposite the

wall of the

a hollow hypoblastic diverticulum from the dorsal
hepatic diverticula, and somewhat later than these

This hollow process grows into the mesogastrium or gastro(fig. 125, B, C, D, p}.
duodenal mesentery, which at this time is well developed, and ramifies within this,
producing by its off-shoots the ducts and alveoli as with other compound acinous
As the duodenal loop becomes formed, and this and the pyloric end of the
glands.
stomach are turned over towards the right side, the pancreas loses its median symmetrical position, and with the mesentery which encloses it now lies across the back
This is the condition in which the gland is found in most mammals.
of the abdomen.
But in man, with the fusion of the mesogastrium (great omentum) to the transverse
mesocolon, the posterior layer of the mesenteric fold which encloses the pancreas
becomes absorbed (Toldt), and the gland becomes fixed across the back of the
abdomen, and is now apparently altogether behind the peritoneum (see fig. 12, 129).
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DEVELOPMENT OF THE URINARY AND GENERATIVE ORGANS.
The urinary and generative organs
cell-mass, a portion of mesoblast

which

originate in connection with the intermediate
is seen in sections of the
early embryo lying

hp

PART OF A TRANSVERSE SECTION OF A CHICK EMBRYO OF 2 DAYS, 6 HOURS.

Fig. 136.

uw, protovertebra
mesoblast
i'rom

;

;

mp,

lateral mesoblast

p, pleuro-peritoneal cleft (ccelom)

;
;

which Wolffian body will become developed.

and

abuttino- against

SECTION THROUGH AN EXTERNAL GLOMERULUS
137.
OF THE PRONEPHROS FROM A CHICK OF ABOUT 4 DAYS'
INCUBATION.
(Balfour. )
glomerulus

gl,

duct

f

dfp, splanchnopleuric mesoblast ; tip, somatopleuric
wg, Wolffian duct ; wk, part of intermediate cell-mass

between the paraxial mesoblast and the pleuro-peritoneal cleft,
the external epiblast (fig. 39, p. 37).
Fig.

2

(Kb'lliker.)

;

ao, aorta

;

;

Some of the

ge, peritoneal

epithelium

;

Wd,

Wolffian

me, mesentery.

cells of this

intermediate cell-mass

become differentiated into a longitudinally running cord, which subsequently acquires a lumen,
and is then known as the Wolffian duct (from its
discoverer, Caspar Eriedrich Wolff) (fig. 136, ivg).
The
Posteriorly the duct opens into the cloaca.

ff*

anterior part of the duct becomes connected with
invaginations of the peritoneal epithelium, between
freely into the peritoneal

cavity

1
kidney, fore-kidney or proncphros.
1

Hertwig.

which vascular glomeruli project
These glomeruli constitute the head
Along its inner side, somewhat further back-

(fig.

137).

According to Balfour and Sedgwick, these glomeruli form the anterior part of the
is represented by the Mtillerian invaginations referred to later on

Wolffian body, and the head kidney
(see p. 122 and fig. 145).

I

2
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wards, a series of transversely coursing tubes becomes developed in the intermediate
These tubes are connected for a time with other involutions of the
cell-mnss.
peritoneal epithelium

(fig.

141), but subsequently lose their connection with that

s.t

Fig. 138.

DIAGRAMS OP THE ARRANGEMENT OF THE URINARY AND GENITAL ORGANS IN ELASMOBRANCHS.
(Balfour.)

A.

DIAGRAM OF THE PRIMITIVE CONDITION OF THE KIDNEY

IN

AN ELASMOBRANCH EMBRYO.

pd, segmentol duct opening at o, into the body cavity and at its other extremity into the cloaca
x, line of separation between the Wolffian duct above and the Miillerian duct below ; st, segmental tubes,
opening at one end into the body cavity and at the other into the segmental duct.
;

B.-

;

-DlAGRAM OF THE ARRANGEMENT OF THE URINO-GENITAL ORGANS IN AN ADULT FEMALE
ELASMOBRANCH.

m.d, Miillerian duct ; w.d, Wolffian duct s.t, segmental tubes five of them are represented with
openings into the body cavity, and five posteriorly correspond to the metanephros ; or, the ovary d,
;

;

;

ureter.

0.

DIAGRAM OF THE ARRANGEMENT OF THE URINO-GENITAL ORGANS

AN ADULT MALE ELASMOBRANCH.

IN

m.d, rudiment of Miillerian duct w.d, Wolffian duct, serving at vd as vas deferens s.t, segmental
d, ureter
t, testis ; nt, canal at the base
tubes, two represented with openings into the body cavity
of the testis
V.E, vas efferentia ; Ic, longitudinal canal of the Wolffian body.
;

;

;

;

;

epithelium, and acquiring glomeruli at one part, at another part open into the
Wolffian duct.
They form the mid-kidney, Wolffian lody or mesoncphros, which
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presently projects as a distinct vascular organ along the dorsal part of the peritoneal
cavity on either side of the mesentery.
Subsequently another duct becomes deve-

loped along the outer side of the Wolffian body, along which it runs~baekwards to
open also into the cloaca in front it communicates with the pleuroperitoneal cavity
:

by one or more funnel-shaped apertures (fig. 143, z). This is the Mullerian duct, so
named after Johannes Miiller in some of the lower vertebrates it arises in common
with the Wolffian duct. From the lower end of each Wolffian duct a hollow protrusion (fig. 125, C and D, N) grows upwards into a mass of mesoblast continuous
with that of the Wolffian body
with the branches of this protrusion glomeruli and
convoluted tubes also become connected, and thus the permanent kidney (hind-kidney,
;

;

metanephros) is produced. Lastly, the ccelomic epithelium covering the inner side of
the Wolffian body becomes thickened (fig. 143, a}, and within it are found larger
cells, from which the generative products in both sexes (ova and spermatozoa) are
eventually derived. This epithelium is accordingly known as the germinal epithelium.
The duct of Miiller becomes in the female the oviduct or Fallopian tube ; in the
male it becomes atrophied. The Wolffian duct in the male becomes the epididymis
and vas deferens while the vasa efferentia and tubes of the rete testis are formed
;

from the Wolffian body

as outgrowths
function.

in the female these parts have

;

no permanent

The head kidney, although permanent and functional in fishes, is only a rudiThe
mentary organ in the embryo of higher vertebrates, and soon disappears.
Wolffian body is well developed in all vertebrates
in fishes and amphibia it is an
important part of the permanent urinary apparatus, and also serves to cany away
the male sexual products (fig. 138). In higher vertebrates
(amniota) it no longer
continues to perform excretory functions, but still
supplies the efferent apparatus of
;

the

testis.

The

details of the

development of these parts

The Wolffian duct and body.

may

next be considered.

The commencement

of the Wolffian duct is
seen at a very early period of development (second
day in the chick, eighth day in
the rabbit) as a thickening of the intermediate cell-mass in the anterior
region 01
the trunk (fifth somite) (fig. 39, Wd). The
outgrowth projects towards the epiblast, and

??'-O.

j?\

Wd.

eoe~

\

\\

*\\ ^W-^J
^d&

i

\SK>caS^

/

/"_/

ccei

TRANSVERSE SECTION OF AN EMBRYO CHICK OF THIRTY-SIX HOURS.

Fig. 139.

l

f

(E. A. S.)

n.c, medullary tube
p, protovertebra ; ep, epiblast me, lateral mesoblast split into splanchnopleure
and somatopleure cce, pleuro-peritoneal cavity between them ; cos', cavity of protovertebra. continuous
on the right side with the lateral mesoblastic
cleavage; W.d., Wolffian duct; W.b., mesoblast of
Wolffian body
ch, notochord.
;

;

;

;

developes from before backwards

;

a solid cord of mesoblast thus becomes formed, which

gradually becomes detached from the remainder of the intermediate cell-mass, lying
close to the epiblast (fig. 139,
ung\ Soon after it is thus formed, a lumen appears in
it and extends both forwards and backwards.
The posterior end, which is still solid,
is
presently found to be attached to the epiblast, and apparently continues to grow
backwards along and at the expense of the epiblast until it reaches the
posterior end
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of the body, where it becomes detached from the epiblast, and
opens into the hind- gut (cloaca).

connected with and

is

I have here followed what has appeared to me the most probable account of the origin of
the duct (Martin, Strahl), but it is right to state that in the opinion of some observers
and growth of the duct in connection with the
(Hensen, Spee, Flemming) the formation
in mammals, and the duct is originally formed by a longitudinal
epiblast is primary, especially
becomes connected with the
thickening and involution of the epiblast, which only secondarily
intermediate cell-mass.
Compare also Haddon, Origin of segmental duct, Proc. Roy. Dublin
Society, Vol. V.
In teleosteans (Kosenburg)

and amphibia (Gotte) the Wolffian duct has been described as
mesodeveloping in the form of a longitudinal groove-like invagination of the somatopleural
blast (Balfour, Comp. Bmb., vol. ii., pp. 580, 582), but more recent researches appear to indicate that in these animals also the epiblast may be concerned in its formation.

The Wolffian body developes in the intermediate cell-mass between the Wolffian
duct and the body-cavity as a series of transverse tubes which He at right angles to
The usual
the course of the Wolffian duct, and open into it at regular intervals.
Fig.

TRANSVERSE

140.

SEC-

TION OF THE TRUNK OF A
CAT EMBRYO, SHOWING THE
VESICULAR STAGE OF THE
WOLFFIAN TUBULES.
(E. A. S.)

muscle

m.p.,
aorta

amnion
body
;

mid-gut

in.g.,

;

;

plate

;

ao,

;

am,

w, vesicle of Wolffian
Wolffian duct ;

iv.d.,

cce, coal 0111.

mode

of

formation

of

which are
sometimes termed segmental tubes
appears
these tubes

to consist in the accu-

mulation at regular intervals, corresponding with the somites, of rounded masses
of mesoblast on the mesial or ventral side of the Wolffian duct (fig. 142, w.l).\
which masses become afterwards hollowed out so as to form small vesicles, at
first isolated, but afterwards growing towards and opening into the Wolffian
duct (fig. 140). 1 Corresponding with these vesicles there become formed invaginations of the epithelium of the body-cavity (fig. 141, st), which is thickened
along the inner side of the Wolffian projection, and grows at regular intervals
towards the vesicles. These ingrowths may at first communicate by funnel-shaped
openings, which in some lower vertebrates are lined by ciliated epithelium, with
the body-cavity, but the openings in higher vertebrates become closed again before
communication with the Wolffian duct is established.
Finally, the connection
between the Wolffian tubes and the peritoneal epithelium is completely severed, and
the condition of simple or curved transverse tubes, blind at their inner ends and

opening at their outer ends into the Wolffian duct, is produced (fig. 142, B). After
a time the blind extremities are seen to be enlarged and spoon-shaped, and glomeruli
1
According to v. Wijhe the hollow condition is the primary one in elasmobranchs, and the cavity of
each vesicle represents an intermediate part of the coelom of the segment (meso-ccelom), the dorsal
coelom being represented by the cavity of the proto-vertebra and the ventral ccelom by the pleuroperiI have myself observed this condition of a hollow intermediate cell-mass communicating
toneal space.
on the one hand with the cavity of the protovertebra and on the other with the cleft of the lateral
mesoblast, in a chick of 36 hours (see fig. 139).
In mammals the Wolffian vesicles are more numerous than the segments.
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are observed developing in the bowl of the spoon from mesoblast cells, which
enclosed by the end of the tube.
Subsequently a second
presently become entirely

so

Fig. 141.

TRANSVERSE SECTION THROUGH THE TRUNK OF A DUCK EMBRYO WITH ABOUT TWENTY-FOUR
MESOBLASTIC SOMITES.

am, amnion

;

so,

peritoneal involution ;
ck, notochord ; ao, aorta

and a third

(Balfour.)

st, segmental tube with
sp, splanchnopleure ; wd, Wolffian duct
ca.v, cardinal vein
m.s, muscle-plate
sp.g, spinal ganglion
sp.c. spinal cord

somatopleure

;

;

;

;

;

;

set of tubes

become developed in a

similar manner, but without perito-

neal invaginations, and also open directly into the Wolffian duct.

Fig. 142.

Lastly, other tubes

TRANSVERSE SECTIONS OF SHEEP EMBRYOES, SHOWING TWO STAGES IN THE DEVELOPMENT OF
THE WOLFFIAN BODY. (Bonnet. )

w.d, Wolffian duct;

am, amnion

;

hy, hypoblast.

;

ao, aorta

;

w.b, "Wolffian body; p.v, protovertebra
i, intestine; y.s, yolk-sac.

;

ch,

notochord

;

n.c, neural canal;

with giomeruli become formed between, and open into those which are already
connected with that duct. All these tubes are short and straight when first deveand become converted into convoluted uriniferous
loped, but afterwards lengthen
like
those
of
the
permanent kidneys, begin in a dilated extremity
tubes, which,
tuft
of
blood-vessels
a
(glomerulus), which are supplied by
capillary
enclosing
branches of the primitive

aortas.
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completely formed, the Wolffian bodies are seen on opening the abdomen

embryo as long prominent vascular organs projecting into the peritoneal
cavity on either side of the intestine, and showing in section numerous Malpighian
corpuscles and uriniferous tubules variously cut (fig. 143).
Soon after having attained its complete condition of development, the Wolffian
body begins to undergo atrophic changes. These proceed much further in the
of the

Fig.

143.
TRANSVERSE SECTION OF THE
WOLFFIAN BODY OF THE CHICK ON THE
FOURTH DAY. (Waldeyer. )

m, mesentery ; L, body wall a', thickened
epithelium from which the involution of the
part of the Mtillerian duct 2, is
taking place a, thickened germinal epithelium in which are seen primitive ova, o ;
E, modified mesoblast which will form the
stroma of the ovary WK, tubules of Wolffian
body variously cut y, Wolffian duct. Two
glomeruli are shown in the Wolffian body.
;

anterior

;

;

;

female sex than in the male, but the
tubules of the organ do not entirely
In the
disappear in either sex.

female they form the rudimentary
organ which is known as the par-

ovarium (epoophoron of Waldeyer),
while the main tube of that struo
ture represents

a remnant

of the

Wolffian duct. But jn many animals,
e.g., the sow, the "Vfolffian duct restrong, slightly undulated tube,

is

mains as the duty of Gartner, a
traceable, at first free in thje broad ligament

down becoming

of the uterus, and lower

and vagina, upon which

which

last it

becomes

incorporated with the Wall of the uterus
Traces of this tube/ can sometimes be

lost.

seen in sections across the body or cervix of the adult
in the wall of the vagina.

human

uterus,

and even lying

In the male the Wolffian duct forms the tube of the epididymis, the vas deferens,
and the ejaculatory duct the seminal vesicle being formed as a diverticulum from
its lower part.
The coni vasculosi and tubuli efferentes are in all probability formed
by the persistence of some of the tubules of the Wolffian body. The Malpighian
corpuscles of these tubules have long disappeared, but previous to their disappearance
solid columns of epithelial cells, afterwards becoming tubules, grow from the walls of
;

those corpuscles towards the germinal epithelium

(fig.

153), where, in the male, they

become continuous with and enclose cells derived from that epithelium (which
subsequently form the epithelium of the seminiferous tubes), and thus produce the
walls of the seminiferous tubules and the rete testis.
In the female sex there is also
a growth of solid cellular columns towards the germinal epithelium, but no connection becomes established between them, and the columns do not become tubular.
The organ of Giraldes and the vasa aberrantia of Haller are probably the remains
of one or more Wolffian tubules.
Suprarenal capsules. These organs are intimately connected in their development with
the Wolffian bodies. According to the observations of Weldon some of the cellular columns
which grow from the Malpighian corpuscles of the upper part of the Wolffian body towards
the germinal epithelium give offsets which pass upwards towards the inferior vena cava, and
there become developed into the cortical substance of the suprarenal capsules. (Mihalkovics,
on the other hand, states that the strands of cells which grow from the upper part of the
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Wolffian body to take part in the formation of the suprarenal capsules have been derived by
proliferation from the germinal epithelium.) It had long been believed that the two parts of
these organs, cortical and medullary, are separate in origin ; the former being derived, as was
thought, from cells which are of mesoblastic origin, the latter being developed in connection

In elasmobranchs and some other lower vertebrates, they

with the sympathetic ganglia.

144.

Fig.

INTERNAL ORGANS OF A FEMALE HUMAN FOETUS OF 3 INCHES LONG, OR ABOUT 14 WEEKS.
MAGNIFIED (from Waldeyer).

o, the ovary full of primordial ova
e, tubes of the upper part of the Wolffian body forming the
epoophoron (parovarium of Kobelt)
W, the lower part of the Wolffian body forming the paroophoron
of His and Waldeyer ; w', the Wolffian duct ; M, the Miillerian duct ; m', its upper timbriated opening.
;

;

Fig. 145.

INTERNAL GENITAL ORGANS OF A MALE HUMAN EMBRYO OF 3^ INCHES LONG (from Waldeyer).

body of the

testicle with seminal canals formed
e, epididymis, or upper part of Wolffian body ;
Wolffian body, lower part, becoming paradidymis or organ of Qiraldes : w' Wolffian duct, becoming
vas deferens ; g, gubernaculum.
t,

;

W,

Fig.

146.

Two FIGURES EXHIBITING A COMPARISON BETWEEN PARTS OF THE GENERATIVE ORGANS
THE TWO SEXES (from
A.

IN

Farre, after Kobelt).

ADULT OVARY, PAROVARIUM AND FALLOPIAN TUBE.

a, a, Epoophoron (parovarium) formed from the upper part of the Wolffian body
6, remains of the
uppermost tubes, sometimes forming hydatids c, middle set of tubes d, some lower atrophied tubes
e, atrophied remains of the Wolffian duct
h, the Fallopian tube,
/, the terminal bulb or hydatid
;

;

;

;

;

originally the duct of Miiller

;

i,

;

hydatid attached to the extremity
B.

THE ADULT

TESTIS

;

I,

the ovary.

AND EPIDIDYMIS.

a, convoluted tubes in the head of the epididymis developed from the upper part of the Wolffian
body 6 and /, hydatids in the head of the epididymis c, coni vasculosi d, vasa aberrantia /<,
remains of the duct of Miiller with i, the hydatid of Morgagni, at its upper end ; I, body of the testis.
,

;

;

;

;
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consist throughout life of two separate portions, one median and
single, the other, derived
from the sympathetic ganglia, paired in birds, reptiles, and mammals these distinct portions
are combined into the two paired organs (Balfour). But in these also, as has been shown
by
Mitsukuri for mammals, the medullary or nervous part is at first distinct and outside the
into
which
it
cortical,
gradually insinuates itself, retaining, however, its connection with the
;

neighbouring sympathetic ganglia.

The permanent kidneys arise (1) as protrusions from the posterior end of the
Wolffian ducts (see fig. 125, C and D, N), which grow forwards towards the lower
part
of the Wolffian bodies, and form the ureters and the collecting tubules of the
kidney
(2) from a portion of the intermediate cell-mass situated posterior to the Wolffian
;

body, and within which convoluted tubes and Malpighian corpuscles, and eventually
the remaining parts of the uriniferous tubules become developed.
But before these
to the
changes occur in this intermediate cell-mass, it shifts its position
relatively

Wolffian body, eventually coming to lie above and behind that organ. The convoluted tubes, with their Malpighian corpuscles, appear to be developed independently
of the ureter and collecting tubes, as in the case of the Wolffian tubules and the
Wolffian duct, a communication between them being only subsequently established.
The glomeruli are apparent in the eighth week in the human foetus. In the
third month the papillae are formed, and in the fourth month the loops of Henle are

The tubes are wider in the foetus than in the adult the expansion of the
kidney as growth advances must therefore be due mainly to an increase in length of
the tubules, since new tubules and glomeruli do not appear to be formed.
The
human kidney is at first lobulated, the lobules corresponding in number to the
Malpighian pyramids, but by the end of the first year after birth, the kidneys have

seen.

;

usually nearly lost their lobulated appearance.

The nrinary bladder

is

formed by a spindle-shaped dilatation of the stalk of

The upper pole of the spindle extends as the urachus
the allantois (second month).
it not
into the umbilical cord
unfreqnently remains hollow for some length within
The lower pole of the spindle which passes towards the cloaca
the cord (Luschka).
;

becomes the

first

of the female.

part of the urethra of the male, and the whole of the urethra
rest of the male urethra is formed and enclosed by the folds of

The

integument which produce the penis (see p. 128). The ureters, which are originally
prolonged from and open into the Wolffian ducts, subsequently become shifted in
position, so as eventually to open into the enlargement of the allantoic stalk, from
which the bladder is formed.
The Miillerian du'ct. In lower vertebrates, as was shown by Balfour for
elasmobranchs, this duct takes origin by the splitting off of the ventral part of a
longitudinal segmental or Wolffian duct, the dorsal part remaining as the Wolffian
duct proper, and receiving the segmental and uriniferous tubes, while the ventral part
retains the funnel-shaped orifice, by which the segmental duct communicated anteriorly with the body cavity, and comes to open posteriorly into the cloaca by an
In amniotic
orifice distinct from that of the Wolffian duct (fig. 138 and fig. 147).
vertebrates, the process of formation of a Miillerian duct is somewhat different.
It arises on the outer side of the already fairly well developed Wolffian body, and
some little distance from the anterior end of that organ, as a thickening of the
peritoneal epithelium (fig. 143, a'), which thickening becomes invaginated towards
the adjacent Wolffian duct, in the form of three successive funnel-shaped depressions
formed
(fig. 148), somewhat similar to those which are connected with the previously
Wolffian segmental tubes. The invaginations are connected together by a continuous epithelial ridge, forming a cord which becomes disconnected from the
peritoneal cavity except at the anterior invagination, and subsequently acquires
The short tube which is thus formed, soon begins to grow backward
a lumen.
aa a solid rod of cells,

which comes in

close contact as it proceeds

with the Wolffian

THE MULLERIAN DUCT.
duct

(fig.

To

149).

this duct

it

presently adheres intimately,
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and then continues

FOUR SECTIONS THROUGH THE ANTERIOR PART OF THE
SEGMENTAL DUCT OF A SCYLLIUM EMBRYO. (Balfour. )

Fig. 147.

The figure shows how the segmental duct becomes split into the
Wolffian duct dorsally and the Mullerian duct or oviduct ventrally ;
Wd, Wolffian duct od, Mullerian duct or oviduct ; sd (in D),
segmental duct.
;

to grow backwards for a certain distance as a thickening of the epithelium of that tube, the thickening
becoming gradually separated off from before backFurther back
wards, and the lumen passing along it.
it ceases to grow thus in connection with tbe Wolffian

duct, but is prolonged as an independent cellular cord,
which lies in a groove along the side of the Wolffian
duct (Balfour and Sedgwick).
1
Entering the genital cord, the two Miilleriau ducts
lie at first on the mesial side of the corresponding
Wolffian ducts, but lower down pass behind them ;
they finally come again between these ducts, lying
close together, and, according to Mihalkovics, approach
which by this time is

close to the sinus urogenitalis,

formed out of the ventral part of the cloaca (see p. 128)
The Mullerian ducts fuse together
without actually opening into it for some time.
the fusion begins not at the lower end,
below into a single tube (fourth month)
;

Fig. 148.

SECTIONS FROM THE CHICK SHOWING TWO OF THE PERITONEAL INVAGINATIONS WHICH GIVK
THE ANTERIOR PART OF THE MifLLERIAN DUCT. (BalfoUP and Sedgwick. )

RISE TO

3
2
r 2 , epithelial ridge between them ;
second invagination ; gr , third invagination
jrr ,
These structures form the pronephros of Balfour and Sedgwick (see note, p. 115).
Woiffian duct.
;

Wd^

Two SECTIONS FROM THE CHICK
SHOWING THE JUNCTION OF THE TERMINAL SOLID PORTION OF THE MCJLLERIAN DUCT WITH THE WOLFFIAN
DUCT.
(Balfour and Sedgwick.)

Fig. 149.

In A, the terminal portion of the duct
in B it has united
quite distinct
with the wall of the Wolffian duct,
md,
Mullerian duct ; Wd, Wolffian duct.
is

;

but a short distance away from
this (fig. 150, 3), and proceeds
both downwards towards the
future orifice and upwards for a
1
A name given to the thickened mass of tissue which surrounds the Wolffian ducts as they course
together to the cloaca behind the stalk of the allantois (afterwards the base of the bladder).
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certain length, the
different animals.

The united

amount of

upward extension

this

of the fused ducts varying in

part of the Miillerian ducts afterwards forms the foundation of the
in the female, and the prostatic vesicle, or uterus masculinus in

vagina and uterus

Fig.

150.
TRANSVERSE SECTIONS OF THE
GENITAL CORD IN A FEMALE CALF EMBRYO. MAGNIFIED FOURTEEN DIAMETERS.
(Kolliker.

)

near the upper end
2 and 3, near the
middle ; 4, at the lower end
a, anterior,
m, Miillerian ducts
p, posterior aspect
united or separate ; w, Wolffian ducts.
1,

;

;

;

the male
the

;

the upper or fore part of
duct disappears in

Miillerian

the male, in the female it forms the
oviduct (Fallopian tube).
The hydatids of Morgagni are

believed

to

represent

in

the

ma^e

the

remnant

of

part

of

the Miillerian

duct.

In the human embryo of the third month the uterus is bifid, and it is by the upward extension of the median fusion that the triangular body of the uterus is produced. The bifid
condition corresponds with the bicorned uterus of many animals, and the process of fusion
above described explains the occasional malformation of a partial or complete division of the
uterus and vagina into two passages. Up to the fifth month there is no distinction between
vagina and uterus. Then the os uteri begins to be seen, and the cervix uteri subsequently
becomes manifest as a part, which is at first thicker and larger than the rest of the organ.
In some animals the prostatic vesicle of the male is prolonged into cornua and tubes like
the uterus of the female.

The germinal epithelium. This name was given by Waldeyer to the thickened epithelium lying along the inner side of the Wolffian projection (fig. 143, a).
The cells become at first columnar, and then two, three, or even several layers thick,
while at the same time the mesoblast below them becomes increased in amount, and
thus a marked projection is produced, which in some vertebrates forms a distinct
the genital ridge.
ridge
Amongst the cells of the germinal epithelium,
seen which are larger and more spherical than the others, these are the

some

are

primordial
ova (fig. 143, 0), and occur in both sexes ; in fact, up to a certain point, the difference of sex of the embryo is not apparent.

Development of the ovary. In the female sex the germinal cpithefium soon
becomes much thickened, and begins to grow down into the mesoblastic stroma in the.
form of columns of epithelium cells, which enclose amongst them some of the primordial ova. 1
These columns constitute the egg-tubes of Pfliiger (fig. 152). They
are separated from one another by mesoblast, which
grows towards and into the
germinal epithelium simultaneously with the down-growth of the egg-tubes, and
there is thus produced a complete interlocking of strands of connective and
epithelial
The egg-tubes next become broken up
tissue, which together constitute the ovary.
"
"
into rounded groups or
nests
of germinal epithelial cells, each of which may
enclose one or more primordial ova.
The primordial ova eventually develope into
ordinary ova, two or more frequently fusing together to form a single ovum (Balfour),
while from the remaining cells in the "nest " the epithelium of the Graafian follicle
is
In many of the cell nests, primordial ova cannot at first be
eventually produced.
.

1

Mihalkovics states that the cells which are to form the follicular epithelium first sink into the
stroma, and that afterwards the primordial ova follow them, and become enclosed by them.
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formed subsequently by an increase in size of one or more
distinguished, but become
The further changes which take place in the Graafian follicle are
of the cells.
The remainder of
described with the structure of the ovary (v. Splanchnology).

Fig. 151.

TRANSVERSE SECTION THROUGH THE OVARY OF AN EMBRYO SHARK (SCYLLITJM), SHOWING THE
GERM-EPITHELIUM FORMING PRIMITIVE OVA. (Billfour. )

At po, the germ-epithelium and primitive ova
covered elsewhere by flattened epithelium.

-the

germinal epithelium which

the egg-tubes, constitutes the

;

the lightly-shaded part

is

the ovarian st.roma,

covering the surface after the formation of
permanent epithelium of the ovary.
is

left

Most, if not all, of the permanent ova are produced, at least in the human subject, long
before birth. In the human ovary the nests of cells which are to form the Graafian follicles
SECTION OF THE OVARY OF A
HIGHLY MAGNEWLY-BORN CHILD.

Fig. 152.

NIFIED.

(Waldeyer.)

Germinal epithelium dipping in at
an ovarian tube c, c, primb, to form
ordial ova lying in the germ-epithelium
constricted so
d, d, longer tube becoming
as to form nests of cells e, e, larger nests
distinctly formed follicle with ovum
a,

;

;

;

;

/,

and epithelium

;

g, g, blood-vessels.

more equally diffused through the
substance of the ovary than in most
'animals, in many of which the young
follicles remain forming a stratum
In the human
near the surface.
embryo of from four months up to
the period of birth, the ovary seems
to be formed of little else than a mass
of young ova, closely surrounded by
flattened cells of the germinal epitheare

lium and constituting thus minute
the amount of
follicles
stromd being at this time relatively small. It has been calculated that the ovaries
at this stage contain as many as 70,000 primordial ova.
G-raafian

;

may

Development of the Testicle. The germinal epithelium does not undergo so
marked an hypertrophy in the male as in the female. But it becomes thickened,
and enlarged cells, corresponding to the primordial ova in the female, are found in
it.

Further, small strands of the epithelium dip

down

into the subjacent mesoblast,
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which grows simultaneously into the epithelium, and eventually cell-nests are separated and included in the mesoblastic tissue. "Whether these nests are derived from
the division of the primordial ova only, or whether they also include other cells of the
germinal epithelium is not clear. It would appear that from these cell-nests the
epithelium of the seminiferous tubules is developed, although all stages of the
The cell-nests eventually become connected with
process have not been observed.
the outgrowths from the Wolffian bodies (fig. 153, st), which as already mentioned,

St.

Fig. 153.

SECTION OF THE GERMINAL EPITHELIUM AND ADJACENT STROMA IN A MALE CHICK EMBRYO.
(Semon. )

a thickened ridge-like projection pr.ov, primitive ova of various
and others somewhat beyond the limit of this epithelium st,
strands of cells which have grown from the Wolffian body towards the germinal epithelium, and one of
which, appears connected with an enlarged primitive ovum.
g.(p, germinal epithelium forming
some in the germinal epithelium

;

sizes,

form the

rete testis

and the

efferent tubes of the testicle.

;

The reproductive gland

is

in both sexes at first attached directly to the Wolffian body (fig. 156, A, ot), which
itself is attached by a fold of peritoneum to the back of the abdominal cavity.

This fold becomes the mesovarium or mesorchium as the case may be. A band also
passes from the Wolffian body upwards to the diaphragm, and another fold containing involuntary muscular fibres the plica gubernatrix runs down towards the
This band, as the
groin from the lower part of the Wolffian body and the duct.
Wolffian body becomes atrophied, is found to be attached to the reproductive organ,
constituting the gubernaculum testis in the male, and the round ligament of the ovary
in the female

the

(fig.

156, g).

Descent of the Testicles. The testicles originally
abdomen. From this part they become shifted,

lie

in the

lumbar region of

at

first

to the intestinal

abdominal ring, opposite which they are found in the sixth month, and which they
enter in the seventh month, then down the inguinal canal into the scrotum, which
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But previously to this, a pouch
they usually enter by the end of the eighth month.
the processus vaginalis has descended into the scrotum along the
of peritoneum
abdominal ring, pushing before it part of the internal oblique muscle and the
aponeurosis of the external oblique, which form respectively the cremasteric- muscle

DIAGRAMS TO ILLUSTRATE THE DESCENT OP THE TESTICLE AND THE FORMATION

Fig. 154.

COVERINGS.

In A the testicle is lying close to the internal abdominal ring.
the tunica vaginalis.
1, skin of abdomen ; 1', skin of scrotum
Cooper's fascia

matic fascia
testicle

;

t,

;

;

ITS

In

B

2,

superficial
;

has passed into the sac of
abdominal fascia ; 2',
3', cremaster muscle and sperit

processus vagiualis ; 4" visceral layer of processus vaginalis covering
v.d., vas deferens ; r, internal abdominal ring.

peritoneum

testicle

;

muscular and aponeurotic layer of abdominal wall

3,

;

4,

OF

(0. Hertwig.)

;

4',

and spermatic fascia (fig. 154). This pouch, after the descent of the testicle into
becomes shut off from the abdominal cavity, and forms the cavity of the tunica
The descent of the testicle into the scrotum is intimately connected with
vaginalis.

it,

changes in the gubernacnlum. The gubernaculum extends, as before mentioned,
from the integument of the groin, which afterwards forms the scrotum, upwards
through the abdominal ring to the lower part of the epididymis. "When the proThe
cessus vaginalis is formed, the gubernaculum lies behind the serous sac.
is accompanied by a shortening of the gubernacuiar cord,
which thus appears to draw the organ downwards into the scrotum, and the testicle
following the line originally taken by the gubernacuiar cord, also passes down along
the posterior wall of the processus vaginalis, which it therefore invaginates from

descent of the testicle

behind.
In many animals the testicles remain throughout life in the abdominal cavity. In others
"
they only descend into the scrotum during the period of heat." Cases of cryptorchismus, in
which one or both testicles have failed to reach the scrotum, and have remained either in the
inguinal canal or within the abdominal cavity, are not unfrequent in the human subject.

The

ovaries also undergo a considerable change of position, accompanied by a
shortening of the band which corresponds with the gubernaculum testis in the male.

This band, as it passes by the united part of the Miillerian ducts which are forming
the body of the uterus, becomes attached laterally to that organ, and the descent 01
In rare cases, however, the
the ovary is normally arrested at the side of the uterus.
ovaries pass through the abdgminal ring by the canal of Nuck, and may even be

found in the labia majora, where they resemble in position the

testicles

within the

scrotum.

The External Organs.

The

external organs are

up

to a certain time entirely

of the same form in both sexes, and the several organs which afterwards distinguish
cloaca exists
the male and female externally have a common origin (see fig. 155).
till after the fifth week, and the
genital eminence from which the clitoris or penis is

A

appearance in the course of the fifth or sixth week in front of and
In the course of the seventh and eighth weeks this
orifice is seen to be divided into two parts
but the exact manner in which the separation of the two apertures takes place has not been accurately traced.
The process

formed makes
within the

its

orifice of the cloaca.

;
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connected with the formation of the urogenital cord as an independent structure,
results in the division of the cloaca into a dorsal or anal and a ventral or
Somewhat later, in the ninth or tenth week, a
urogenital part (urogenital sinus}.

is

and

transverse integumental band completes the division, which band forms the whole of
the perineum of the female, and the part of the perineal integument in the male
which is situated behind the scrotum.

Of the two apertures the dorsal one or anus is of small size, and is surrounded by
a small circular integumental ridge ; the anterior or urogenital aperture forms a
155.
DEVELOPMENT OF THE EXTERNAL SEXUAL
ORGANS IN THE MALE AND FEMALE FROM THE
INDIFFERENT TYPE. (Ecker. )

Fig.

A, the external sexual organs in an embryo of about
nine weeks, in which external sexual distinction is not
yet established, and the cloaca still exists
B, the same
;

an embryo somewhat more advanced, and in which,
without marked sexual distinction, the anus is now
C, the same in
separated from the urogenital aperture
an embryo of about ten weeks, showing the female type ;
D, the same in a male embryo somewhat more advanced.
in

;

Throughout the figures the following indications are
to
employed pc, sexual eminence (penis or clitoris)
the right of these letters in A, the umbilical cord
;

;

;

cl, cloaca
c, clitoris
ug, urogenital openp, penis
a, anus ; Is, cutaneous elevation which becomes
ing
labium or scrotum ; I, labium ; s, scrotum co, caudal
or coccygeal elevation.
;

;

;

;

;

narrow vertical slit wider behind than before, and running forward as a furrow into
the rudiment of the penis, or clitoris.
The well marked eminence in the integument which forms this rudiment, at first
indifferent in the two sexes, is surrounded by a deep circular fold of the integument
which encompasses its base, and which is the foundation of the mons veneris and
labia majora in the female, and when united by median fusion, of the scrotum in the
The lips of the urogenital furrow, which in the female are converted into the
male.
nymphae, and in the male unite as the integument below the penis, are both at first
In the open condition, which continues until
precisely the same in all embryoes.
the eleventh or twelfth week, the parts appear alike in both sexes, and resemble
The rudiments of Bart/wlin's or Coirper's
the more advanced female organs.
at
an
of epithelium, near the root of the
as
involutions
early period
glands appear
rudimentary clitoris or penis, on each side of the genito-urinary passage.
In the female, the outer circular fold of integument enlarges at the sides so as to
cover the

clitoris as

the labia majora.

The

clitoris itself

remains relatively small,

and the groove on its under surface becomes less and less marked, owing to the
opening out, and subsequent extension backwards, of its margins to form the nympJw.
The vascular bulbs, sunk more deeply in the tissues than in the male organ, remain
distinct and separate, except at one point where they run together in the glans

The hymen begins to appear about the fifth month as a fold of the lining
at the opening of the genital passage into the urogenital sinus.
Within
the vestibule, which is the shortened but widened remains of the urogenital sinus,

clitoridis.

membrane

is seen, the urethra itself undergoing considerable elongation.
In the male, on the contrary, the penis continues to enlarge, and the margins of
the groove along its under surface gradually unite from the primitive urethral orifice
behind, as far forwards as the glans, so as to complete the long canal of the male
This is accomurethra, which is therefore a prolongation of the urogenital sinus.
When the union remains incomplete, the abnormal
plished about the fifteenth week.

the urethral orifice
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named hypospadias is produced. In the meantime the prepuce is formed,
and, moreover, the lateral cutaneous folds also unite from behind forwards, along the
middle line or raphe, and thus complete the scrotum, into which the testicles descend
in the course of the eighth month of foetal life, as before described.
condition

The corpora cavernosa, which are at first separate, become united in their distal
portions in both sexes ; but the corpus spongiosum urethras which is also originally
divided in all embryoes, and in the female remains so in the greater part of its
extent, becomes enlarged in the male in the glans penis, and its two parts become
,

united mesially both above and below the urethra, so as to enclose the whole of that
tube from the bulb forwards to the glans.

The following Table and Diagrams exhibit the
urino-generative organs in the two sexes :

TOL.

corresponding parts of the
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GENITO-URINARY ORGANS OF THE TWO SEXES.
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DIAGRAMS TO SHOW THE DEVELOPMENT
MALE AND FEMALE GENERATIVE ORGANS
FROM A COMMON TYPE. (Allen Thomson. )

Fig. 156.

OF

DIAGRAM OF THE PRIMITIVE URO-GENITAL
ORGANS IN THE EMBRYO PREVIOUS TO SEXUAL

A.

DISTINCTION.
ureter
5, urachus ;
4, urinary bladder
the genital ridge from which either the ovary
or testicle is formed
W, left Wolffian body
w.w, right and left Wolffian ducts m.m, right
and left Mullerian ducts uniting together and
running with the Wolffian ducts in gc, the genital
cord ; ug, sinus urogenitalis
i, lower part of
the intestine
cl, cloaca ;
cp. elevation which
becomes clitoris or penis ; Is, fold of integument
from which the labia majora or scrotum are
formed.
3,

;

;

^
\

ot,

;

;

;

;

;

DIAGRAM OF THE FEMALE TYPE
OF SEXUAL ORGANS.

B.

o, the left ovary
po, parovarium
(epoophoron of Waldeyer)
W, scattered remains of Wolffian tubes near
;

;

(paroophoron of Waldeyer) ; d G,
remains of the left Wolffian duct, such

it

as give rise to tne duct of Gartner,
that of
represented by dotted lines
the right side is marked w ; f, the
abdominal opening of the left Fallothe Fallopian
u, uterus
pian tube
tube of the right side is marked
;

;

;

m

;

round ligament, corresponding to
gubernaculum i, lower part of the
g,

;

intestine

of the

va, vagina

;

hymen

;

h,

;

situation

C, gland of Bartholin

(Cowper's gland), and immediately
above it the urethra cc, corpus cavernosum clitoridis sc, vascular bulb
;

;

or corpus spongiosum
/, labium ; v, vulva.

C.

n,

;

nynipha

;

DIAGRAM OF THE MALE TYPE OF
SEXUAL ORGANS.

t,

testicle in the place of its original

formation

e, caput epididymis
vd, vas
deferens
W, scattered remains of the
Wolffian body, constituting the organ of
Giraldes, or the paradidymis of Waldeyer;
vh, vas aberrans
m, Mullerian duct,
the upper part of which remains as the
;

;

;

;

hydatid of Morgagni, the lower part,
represented by a dotted line descending
to the prostatic vesicle, constitutes the
occasionally existing cornu and tube of
the uterus masculinus g, the gubernaculum vs, the vesicula seminalis ; pr,
the prostate gland
C, Cowper's gland of
one sida
cp, corpora cavernosa penis
cut short
sp, corpus spongiosum urethrse ; s, scrotum
t', together with the
dotted lines above, indicates the direction
in which the testicle and epididymis de.scend from the abdomen into the scrotum.
;

;

;

;

;

;
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FORMATION OF THE VASCULAR SYSTEM.
DEVELOPMENT OF THE HEART.
In mammals, the heart appears in the form of two tubes
lying in the cephalic
These are seen at a very early period,
region, one on either side of the embryo.
prior, in fact, to the separation of any part of the alimentary canal from the yolk
sac, and to the closure of the neural groove.
This bilateral condition was first
observed by Hensen in the rabbit
it has been seen
by His in the human
embryo.
The situation and mode of formation of the bi-tubular heart are well illustrated
exhibit the condition in the
by the accompanying figures from Kolliker.
;

They

.

_-

157.

Fig.

RABBIT EMBRYO OF THE OTH DAY, FROM THE
SURFACE.
Y.
(Kolliker.)

The

medullary groove is enlarged anteriorly and the primary
optic vesicles are growing out from the first cerebral enlargement.
On either side of the head, the bilateral tubular heart
is seen.
Eight pairs of protovertebrae are formed.

rabbit

embryo of about eight or nine days the
the heart first makes its
appearance.
Fig. 157 shows such an embryo in surface view.
The neural groove, as also the sections show, is
time

when

widely open, although the rudiments of the cerebral enlargements are apparent in it, and also the
enlargements for the primary optic vesicles. There
are eight pairs of proto-vertebrae, the
paraxial
mesoblast in front of these and on either side of

the cerebral enlargements being undivided.

Out-

side this undivided cephalic mesoblast is a short
tube dipping in front into it, and passing behind

into

a venous

trunk, the vitelline or omphalothe same side.
The tube lies

meseraic vein

of

within and

immediately surrounded by a clear

is

space, which is continued forwards beyond it on
either side of the fore-brain ; this space is prolonged from the mesoblastic cleft or plcuro-peri-

The two

torieal cavity (ccelom).
short tubes form the double rudiment of the heart.

The

situation

which they occupy becomes, when the lateral walls fold over to form the foregut,
the ventral wall of the pharynx, and the two tubes are thus brought together in the
middle line underneath the head part of the alimentary canal. Here they soon
become fused together to form a single median tube, the hinder end of which is still
continuous with the two vitelline veins, while the anterior end bifurcates near the
anterior end of the foregut into two branches which arch dorsalwards on either side
of that tube, and then pass backwards on each side of the notochord as the tw.o
primitive aortas.

These changes in the position of the primitive heart are partly shown in surface
view in figs. 158, 159, but they can only properly be appreciated by the study of
transverse sections.
Fig. 160 is a transverse section through the anterior head
This is anterior to the heart region, but
region of the embryo shown in fig. 157.
shows the commencing folding over of the splanchnopleure to form the foregut.
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mesoblastio cleft (coelom, pfi) is somewhat dilated, but is not doubled in, as in the
The lateral mesoblast ceases a short distance beyond it. Fig. 161 is
heart region.
a section through the middle of the head region of the same embryo.
Here, while

The

Fig. 158.

EMBRYO RABBIT OF EIGHT DAYS AND EIGHTEEN HOURS, WITH 9 PROTOVERTEBR^E, VIEWED
FROM THE VENTRAL ASPECT. 2
(Kolliker. )
j*.

SKETCHES SHOWING MORE ADVANCED CONDITION OF THE BITUBULAR HEART OF THE RABBIT.
f.
(Allen Thomson.)
A, view from below of an embryo in which the formation of the heart was somewhat more advanced
than in fig. 158, and of which an outline of the heart is repeated in B. C, from another embryo, shows
the two halves of the heart in the commencement of their coalescence,
h, the part of the bent tube
which becomes the ventricle
a, primitive aortic arches and descending aortse ;
VV, vitelline veins
The arrows indicate the course of the blood.
entering the heart posteriorly
Fig.

159.

;

the other parts of the section are much the same as in front, the dilatation of the
coelom, which is in fact the rudiment of the future pericardium, is occupied by an

Fig. 160.

SECTION FROM THE SAME EMBRYO FURTHER FORWARD THAN THAT SHOWN IN THE PRECEDING
FIGURE.
(Kolliker.)

p, paraxial

mesoblast

r, ridge bounding groove
rf, medullary groove
mp, medullary plate
h, epiblast ; hp, somatopleure
dfp, splanchnopleurs
ph, anterior part of ccelom
notochordal
mes, mesoblast beyond the coelom
dd, hypoblast ; dd',
thickening sw, lateral wall of the
developing pharynx.

of hind brain

;

;

;

;

;

;

;

;

;

This fold becomes subsequently
invagination, or fold, of the splanchnic mesoblast.
and the aperture or line of invagination closed ; it forms the

entirely separated
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muscular wall of the heart.
cells

It encloses a second tube

this so-called endothelial tube (His)

epithelium
of the endocardium.
;

composed of flattened
becomes the lining epithelium

ihh
Fig. 161.

A, TRANSVERSE SECTION THROUGH THE HEAD OF AN EMBRYO RABBIT OF EIGHT DAYS AND
s
FOURTEEN HOURS, WITH A PART OF THE PERIPHERAL BLASTODERM.
(Kolliker.)
\
.

lih,

rudiments of the heart
B.

;

sr,

pharyngeal groove, with notoehordal thickening of hypoblast.

PART OF THE SAME MORE HIGHLY MAGNIFIED.

Lettering as in fig 160.
ihh, endothelial tube of heart.

In addition

:

2

]

f

.

(Kolliker.)

ahh, fold of splanchnopleure to form wall of heart;

There is some doubt as to the source of this endothelial tube of the heart. In the preceding
edition of this work it was stated that it is " derived from the deeper part of the visceral meso"
blast
this statement being apparently founded upon the statements and figures given by
His ascribes it, like the endothelium of the blood-vessels, to an ingrowth from the
Kolliker.
vascular area.
The appearance of the section shown in fig. 161 B, seems to lend colour to the
belief that the invagination which has taken place to form the heart is not the splanchnic
mesoblast only, but has included also the hypoblastic layer of the splanchnopleure ; the notch
which is seen in the hypoblast near sw, appearing to indicate an interrupted connection with
;

the endocardial tube. Should future investigations show that this is actually the mode of
formation of the tube, the mammalian heart would be developed in essentially the same
.manner as has been shown 'by Eiickert to occur in Pristiurus (an Elasmobranch), where this
organ, which, as in all vertebrates below mammals, is formed only after the foregut is completed, is developed as a median outgrowth or thickening of the ventral wall of the foregut.
A similar mode of formation has also been noticed in Cyclostomata, Ganoids, and Amphibia. In
reptiles and birds the first appearance of the heart is as a bilateral tube, but it becomes visible
only after the foregut is formed, and the two tubes lie from the first close together, and from
the surface appear as a single median tube.

Sections at a somewhat later period (fig. 162) show the two tubes lying in conon the ventral side of the now completed foregut. The septum which divides

tact

them at this period has nothing Avhatever to do with the permanent intra-cardiac
septum, but soon becomes completely absorbed, so that by the fusion of the two
lateral tubes a single median tube is the result
This median tube remains
(fig. 163).
attached by a suspensory membrane resembling a mesentery (mesocardium posterius)
163) to the ventral wall of the pharynx, but the mesocardium anterius,
from the fusion, disappears, except at the lower end, and
otherwise the tube becomes free, except where the vitelline veins
pass to it from the
yolk sac, a lateral attachment to the body wall being here subsequently formed on
each side (mesocardium laterale of Kolliker). After it is thus formed, the heart is
for a time median in position and
symmetrical (fig. 164, A), but already in the
(mp,

fig.

which

also at first results
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mammal shows

distinct indications of division into its several parts ; indeed, these
parts are apparent even while the two tubes are still distinct, as the accompanying
sketches of the rabbit's heart clearly show (fig. 159).
The heart does -notv however,

TRANSVERSE SECTION THROUGH
THE REGION OF THE HEART IN A RABBIT
EMBRYO OF NINE DAYS, SHOWING THE
COMMENCING FUSION OF THE TWO TUBES.

Fig. 162.

(Kblliker.)

?.

cct

jugular veins ; ao, descending aortas ;
hp, epiblast of body-wall ;
ph, pharynx
ih, endothelial lining of the still divided
heart ah, outer wall of the heart p, pericardial ccelom
df, df, visceral mesoblast
e', prolongation of the
(somatopleure)
Lypoblast of the foregut and the anterior
wall of the pericardial cavity into the
partition between the two .halves of the
heart; bl, bilamiriar portion of blastoderm
jj,

;

;

;

;

;

forming pro-amnion
layers (epiblast

;

>:ct,

ent,

-;/;

two

its

/'

and hypoblast).

bent upon itself, so as to
symmetrical position. It soon becomes
assume the shape of an S, the anterior part of the tube bending over to the right and
to the left (fig. 164, B). At the same time the posterior, or sino-auricular
the

long retain

its

posterior

SECTION THROUGH THE REGION OF THE HEART IN A RABBIT EMBRYO OF 10 DAYS, AFTER
THE TWO TUBES HAVE UNITED INTO A SINGLE MEDIAN ORGAN. (Kblliker.)

Fig. 163.

la, bulbus aortas ; ah, its external wall ; mp, posterior mesocardium, uniting
ao, descending aortse
the heart to the ventral wall of the pharynx, ph, and here separating the pleuropericardial ccelom,
united on the ventral side of the heart ; ent, hypoblast of yolk
p, into two halves, which are, however,
sac ; df, its mesoblast ; df, mesoblast of pharynx ; ect, epiblast.
;

Fig. 164.

OUTLINES OF THE ANTERIOR HALF OF THE EMBRYO CHICK VIEWED FROM BELOW, SHOWING THE
HEART IN ITS EARLIER STAGES OF FORMATION. (After Remak. ) f

B, of about 36 to 40 hours a, anterior cerebral vesicle ;
A, embryo of about 28 to 30 hours
1, 1, vitelline or omphalo-mesenteric veins entering the
c, cephalic fold
proto-vertebral segments
of the heart
heart posteriorly
3, the middle part of the tube
2, their union in the posterior part
4 (in B) the arterial bulb.
corresponding to the ventricle
;

;

;

;

1),

;

;

;

end of the heart, gradually comes to lie behind or dorsal to the ventricular part,
which arches transversely from left to right, where it turns sharply upward (towards
The tube is divided by slight constrictions
the head), and terminates in the bulb.
into successive portions* viz.
(1) the part formed by the junction of the principal
and (4) the
veins, sinus veuosus
(3) the ventricular part
(2) the auricular part
:

;

aortic bulb.

;

;
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The sinus venosus may be described as consisting of two lateral enlargements or
The veins which it at this
horns, and of a transverse part connecting these horns.
time receives are the umbilical, the vitelline, and the ducts of Cuvier (formed

au. m.p.

d.

CONDITION OF THE HEART IN THE HUMAN EMBRYO OF ABOUT FIFTEEN DAYS, RECONSTRUCTED
FROM SERIAL SECTIONS. (His.)

Fig. 165.

'

A, from before, showing external appearance of heart B, the same with the muscular substance of
heart removed showing the enclothelial tube
C, from behind.
b. a, bulbus aortse
mn, mandibular arch with maxillary process hy, hyoidean arch
v, right
ventricle
<', left ventricle
au, auricular part of heart
c.a., canalis auricularis
s.r, horn of sinus
venosus with umbilical vein (u.v), superior vena cava (v.c.s), and vitelline vein entering it
d, diaphragm
I, liver
p, mesocardium posterius
b.d, bile duct.
;

;

;

;

;

;

;

;

;

;

;

m

;

;

by the junction of the primitive jugular from the head and the cardinal from
the trunk).
The three veins are nearly symmetrical on the two sides, and enter the

Fig. 166.

A, from before

HEART OF A SOMEWHAT MORE ADVANCED HUMAN EMBRYO.

(His.)

B, from behind.
r.v, right ventricle ; l.v, left ventricle
b.a, bulbus aorte ; r.au, right auricle
v.c.s, vena cava superior ; u.v, umbilical vein ; v.v, vitelline vein ; d, diaphragm.

\

;

;

;

l.a-u,

left auricle

;

corresponding horn of the sinus (fig. 168). The sinus is at first in free communication with the common auricular cavity, but the junction presently becomes
narrowed, and the resulting aperture, which eventually acquires a slit-like character,
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found to open from the right horn of the sinus into the right part of the common
The sinus now forms a transversely disposed sac, lying below and behind
the common auricle, with a larger right and a smaller left horn (the latter
being

is

auricle.

l.au.

Fig. 167.

HEART OF HUMAN EMBRYO SLIGHTLY MORE ADVANCED THAN THAT SHOWN

IN FIG. 166.

(His.)

A, interior of auricle and ventricle displayed.
B, endothelial tube.
a.c, auricular canal ; a.i, area interposita of His ;
left auricles ; l.v, left ventricle ; r.v, right ventricle

it

b.

a,

;

r.au, l.au, right and

bulbus aortse.

in this condition it has been termed by His
and fig. 171). The umbilical and vitelline veins soon open
by a common trunk, which becomes the upper end of the vena cava inferior.

tapered off into the
saccus reuniens (fig.
into

m, posterior mesocardium
;

left

1

duct of Cuvier)

;

69, B,

OU)'

V.C.S.

.

HEART OF RABBIT EMBRYO.

Fig. 168.

A, from before B, from behind.
s.s, sinus venosus
l.v, left ventricle

v.

z>j..

v.

(Uorn.

)

;

;

;

r.v, right ventricle ; b, bulbus aortas ; ao', first aortic arch ;
;
l.au, left auricle ; umb v, umbilical vein ; vi.v, vitelline

ao", second aortic arch ; r.au, right auricle
vein ; v.c.s, vena cava superior.

The

slit-like orifice

of the sinus in the back of the right auricle is guarded
by two
which project into the cavity of the auricle (right

valve-like folds of the endocardium,
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2.S.C.

Fig. 169.

ANTERIOR AND POSTERIOR ASPECT OF THE HEART OF A SOMEWHAT OLDER RABBIT EMBRYO.
(Born.)

p. a, pulmonary artery ; s.r, s.l, s.tr, right and left horns and transverse part of sinus respectively;
r.s.c, l.s.c, right and left superior eavse ; pe, aperture of pulmonary vein ; h.v, hepatic veins; d.v,

ductus venosus ; me, mesocardium posterius.
The other letters as in fig. 168.

*-&6

Fig. 170.

SECTION THROUGH THE HEART OF A RABBIT EMBRYO AT THE STAGE SHOWN IN

FIG. 169.

(Born.)
r.s, l.s, right and left horns of sinus receiving from above the respective superior venae cavse ; r.au,
l.au, right and left auricles; r.v, l.v, right and left parts of the ventricle
r.v.v, l.v.v, right and left
valves guarding the orifice from the right horn of the sinus into the right auricle; au.v.c, one of the
two endocardial cushions which are beginning to sub-divide the common auriculo- ventricular aperture.
The dotted line encloses the extent of the endocardial thickening ; s', first septum superior growing
;

down between

the auricles and prolonged below by a thickening of endocardium.
Close to this septum
in the left auricle is seen the opening of the pulmonary vein ; s.inf, inferior septum of the ventricles.
Fig. 171.

VlEW FROM BEHIND OF THE HEART OF A HUMAN EMBRYO OF ABOUT

4 WEEKS, MAGNIFIED. (His.)

The two superior cavae, right and left, and the inferior cava are seen opening separately into the
sinus which is a transversely elongated sac communicating only by a narrow orifice with the right
auricle.
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and left venous valves) (fig. 170, r.v.v., l.v.v.). These pass above into a muscular fold
of the auricular wall, which extends over the roof of the auricle heart parallel to the
septum atriorum, and is known as the septum spurium (fig. 173, B). It_disappears at
length, probably by uniting with the septum atriorum. Subsequently the veuous orifice
opens out, and the right horn of the sinus, which is now seen to receive all the great
veins except the left duct of Cuvier, becomes gradually incorporated with the cavity
The transverse part of the sinus and its left horn are continuous
of the auricle.
with the left duct of Cuvier (fig. 171), and eventually the transverse part forms the
coronary sinus. From the right venous valve the Eustachian valve is formed, and
the development of the Thebesian valve is also connected with its lower end
The left venous valve disappears.
(Schmidt).
1

The

transversely placed ventricular part of the heart receives at first at its left
orifice of the common auricle, which opens into its posterior wall (fig.

end the

DIAGRAM TO SHOW THE FORMATION OF THE SEPTUM OF THE VENTRICLES AND BULB, AND THE
MODE OF DIVISION OF THE COMMON AURICULO-VENTRICULAR APERTURE. (Born. )

Fig. 172.

au.v.c (in A and B), auriculo-ventricular aperture, partially divided into two by endocardial cushions ;
r.au.v, l.au.v, right and left auriculo-ventricular apertures which have resulted from the division of the
common aperture r.v, l.v, right and left ventricles b, bulbus aortse, replaced in C, by p.a and a.o,
pulmonary artery and aorta ; s.b, septum bulbi s.inf, septum inferius ventriculorum o (in A), orifice
between the two ventricles.
;

;

;

;

At its right end it turns sharply upwards into the aortic bulb, into
gradually tapers, although there is at a certain point a constriction of the
endothelial tube, where the semilunar valves are subsequently formed (/return Hatteri).
Soon the right and left halves of the ventricle are separated externally by a
172, A,

which

a.v.r.}.

it

groove which extends from below, partially encircling the tube
interior of the heart is

examined

at this stage,

corresponding internally to this groove,

is

it

is

(fig.

169).

If the

seen that a muscular septum,

growing upwards and backwards from

the antero-inferior part of the tube, and is gradually separating it into two parts,
This
which become the right and left ventricles respectively (fig. 170, s.inf).
septum (septum inferius of His) is placed obliquely to the long axis of the tube,
and extends eventually nearly to the level of the auriculo-ventricular orifice, which

has by this time become shifted along the posterior wall of the tube, so as to open
into it about its middle instead of at the right end, as was previously the case
The septum of the ventricles remains incomplete for some time,
(fig. 172, B).
a communication between the two ventricles being maintained above it. Eventually the septum inferius unites with prolongations, (1) from the endocardial
cushions which divide the common auriculo-ventricular orifice into right and left
1

and

This muscular prolongation may, as Born suggests, be of use in assisting the action of the valves,
backwards into the sinus when the auricle contracts.

in preventing their being forced
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orifices
(2) from the endo-cardial aortic septum, which divides the bulb into aorta
and pulmonary artery. Thus the septum of the ventricles is completed by endocardial connective tissue, a facfc which is indicated even in the adult heart
by the
existence of the thin septum membranaceum which forms the
uppermost part of
;

the inter- ventricular septum.
The common auricle in the meantime becomes shifted relatively upwards over
the back of the ventricles, carrying the sinus along with it, but it still lies behind
rather than over the ventricles, and the aperture of communication passes from

behind forwards, from the left part of the auricle into the corresponding half of the
ventricle.
This constricted aperture soon becomes elongated into a short canal,

which is known as the auricular canal. Its
first somewhat flattened, and bounded by two

orifice into
lips,

the ventricle

is

an upper and a lower.

from the

As deve-

lopment proceeds, it broadens out towards the median plane of the ventricular tube,
and becomes gradually shifted, first towards, and eventually over the line of constriction which marks off the future right and left ventricles from one another (fig.
172).
The ventricular septum has by this time extended almost up to the transversely
elongated slit-like orifice, and its lips, still upper and lower in relative position,

become greatly thickened by the formation

of cushions of endocardium, which grow
towards one another in the middle of the slit, and presently fuse into a median
thickening which converts the single M-shaped aperture into two triangular
Meanwhile, the septum of
openings, leading one into each ventricle (fig. 172, C).

the ventricles growing towards the base abuts against, and at length comes into direct
continuity with the fused endocardial cushions, but this connection is nearer to the
3
There is still, as above stated,
right than to the left auriculo-ventricular aperture.

a small orifice of direct communication between the left and right ventricles above
the free edge of the ventricular septum, and this is not closed until the descent of the
septum of the bulb, and its union with the septum of the ventricles, completes the
interventricular septum.
The above account of the division of the auricular canal

is based upon that
given
by Born for the rabbit, and in some respects differs from the description which was
given by His from an examination of human embryoes. According to His, the endocardial cushions, which by their union subdivide the auricular canal, are preceded by
and connected with a growth of endocardial tissue, which springs from the posterior
auricular wall, and they together form a septal prolongation (septum intermedium),
which projects like a stopper into the auricular canal, and divides the latter into the
two auriculo-ventriculur orifices, and also grows down beyond that canal to meet the

The shortening of this canal is in part effected
uprising ventricular septum (fig. 173).
by a kind of intussusception which takes place, and which causes its Avail to be
these folds, with probably some thickening of
folded into the ventricular cavity
endocardium, form the bases of the lateral flaps of the auriculo-ventricular valves
The bases of the mesial or septal flaps are formed by a downward growth
(fig. 175).
Both lateral and
of the edges of the endocardial septum between the two orifices.
mesial flaps become continuous with the spongy muscular substance which at this
As development
time occupies most of the cavity of the ventricles (fig. 175).
which are at first thick and soft, become thin and membranous,
proceeds, the flaps,
These
and become free from muscular substance except near their free edges.
muscular bands become tendinous near their insertion into the valves, and thus form
the chordce tendinccc ; the parts which arc not thus transformed become the papillary
;

muscles.

The septum of

is

the auricles appears at the upper

and back part of the auricular

2 Hence the
right auriculo-ventricular orifice lies close to the ventricular septum, but the left orifice
of the aorta becomes continued (Corn).
separated from it by an interval, into which the root
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The free edge of this
situation is externally marked by a groove.
the
and
and
forwards
downwards,
septum (fig. 170, s') gradually
septum grows
separates the auricular cavity into a right and left half, the separation being completed by the junction of its free edge, which shows a distinct endocardia! thickening,
where

cavity,

Fig. 173.

Two

its

STAGES IN THE FORMATION OF THE SEPTUM INTERMEDIUM IN THE HEART OF THE

EMBRYO.
In

A

orifice

HUMAN

(His.)

is represented as growing from a triangular area to the left of the sino-auricular
has coalesce.! with the endocardial cushions, and lies like a stopper in the auricular

the septum
in

;

B

it

canal.

La, right and

r.a,

left auricle

valve

;

v.c.s,

vena cava superior d extra.

s.sp.

septum spurium

;

;

and
septum superior

r.v, l.v, right

s.s,

left ventricle
;

s.inf,

;

s.r,

teptum

sinus venosus

inferior

;

s.i,

;

Eu.v, Eustachian

septum intermedium

;
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with the fused cushion-like thickenings which are subdividing the common auricular
But before the originally free communication between the two auricles is thus
closed, a new aperture makes its appearance above and at the back of this septum,
and gradually enlarges, so that a passage is thus re-established, but in a different
situation.
This new orifice is the foramen ovate, it becomes closed
a second
orifice.

by

septum, which also starts from the superior auricular wall, a little to the right of the
original attachment of the first septum, and gradually grows forwards and downwards
over the orifice. This second septum becomes the limbus Vieussenii, the first one
forms the so-called valve of the foramen ovale (Born).
According to His' account of the process in the human embryo, the septum atriorum is
formed by an anterior, or lower, and a posterior, or upper, sickle-shaped projection, which between
them enclose the foramen ovale, and form respectively the limbus Vieussenii and the valve of
the foramen ovale the connective tissue growth which he describes as growing from the
posterior auricular wall towards the auric ulo- ventricular orifice takes an important part in
the formation of the lower septal projection (septum intermedium). There is reason, however, to believe that the process, as above described by Born for the rabbit, is materially the
same in all the higher vertebrates, including man, and that the successive growth of both
septa from the upper and posterior auricular wall was not noticed by His on account of the
lack of a series of human embryos sufficiently complete to show all the stages of growth.
;

Somewhat late in the course of development (after the appearance of the auricular
septum), the pulmonary veins are seen entering the left auricle. Before reaching the
auricle they have united to form a single vessel, and this opens into the auricle near
In some animals, as the rabbit, this represents the
the septum (fig. 170, p.v.).
permanent mode of termination of the pulmonary veins, but in man the right and
left veins come to open separately into the auricular cavity, either by division of the
common trunk (His), or by opening out of the common trunk, and its absorption
into the auricle in the same way as the right horn of the venous sinus is absorbed
The two resulting vessels may again divide, so that
into the right auricle (Born).
four pulmonary veins ultimately terminate in the left auricle.
The aortic bulb becomes subdivided into two vessels, the ascending aorta and
The division is produced by a septum which arises as two
the pulmonary artery.

These grow from
longitudinal thickenings of the lining membrane (endocardium).
The
opposite sides, and gradually meeting, fuse together in the middle of the bulb.
folds take an oblique course down the bulb, for above they are anterior and posterior,
but below are right and left, hence the resulting vessels after separation are anterior
and posterior below and right and left above. The endocardial thickenings extend
somewhat below the origin of the bulb, and unite with one another and with the
septum of the ventricles, which they complete, and of which they form the mem-

branous part. The ventricular part of the heart is now completely divided into two,
each communicating with the corresponding division of the arterial bulb. There are
at first no semilunar valves, the soft thickened endocardial tissue of the bulb appearing to exercise a sort of valvular action. The valves are formed as three projections of this tissue at the base of each vessel, at first thick and soft, but subsequently
The common aortic trunk has four such
becoming thinner and membranous.
thickenings at the lower end, and the septum of the bulb as it descends is prolonged
into the right and left of these, so that the dumb-bell-shaped orifice is divided into
two triangular apertures, the bulging sides of which are formed by the endocardial
cushions and become developed into the semilunar valves (fig. 174).
The aortic septum begins between the fourth and fifth aortic arches, and is so disposed, that the fourth arch continues the aortic half of the bulb, the fifth the pulmonary half. After the* completion of the septum, an external groove makes its

appearance along the line of the endocardial thickenings, and deepening gradually,
vessels.
splits the bulb into two separate
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DIAGRAM SHOWING THE
Fig. 174.
DIVISION OF THE LOWEK PART OP
THE B0LBUS AORT.E, AND THE FORMATION OF THE SEMILUNAR VALVES.
(After (regenbaur and His. )
A, undivided truncus arteriosus
with four endocardial cushions; B,
advance of the two lateral cushions
resulting in the division of the lumen ;
projection of three endocardial
cushions in each part ; D, the separation into aorta and
pulmonary trunks
C,

completed.

175.
SECTIONS THROUGH THE
HEART OF HUMAN EMBRYOES, SHOWING TWO STAGES IN THE FORMATION
OF THE CARDIAC SEPTA AND OF THE

Fig.

AURICULO-VENTRICULAR VALVES.
(His.)

A, from an embryo of 5 or 6 weeks.
R. V, right auricle ; L.
V, left auricle S.r.d, right horn of sinus
S.r.s,
left horn of sinus
V.E, Eustachian
valve ; s.int, septum
superior and
endocardial cushion (septum interme;

;

;

dium, His)

;

septum inferius

s.inf,

ventriculorum.

This septum, as well
is a mus-

as the bulk of the
ventricle,
cular sponge t this

Oe, oeso-

stage.

phagus Br, bronchus.
B, from a somewhat more advanced
embryo.
Ad, As, right and left
;

auricle

;

apertures
auricles

;

Ost,
S.s.
S.it,

;

auriculo- ventricular

septum superior of
endocardial cushion

(septum intermedium)
inferius

and

;

ventriculorum,

more

muscular

;

S.if,

septum

now denser
Mpp, peri-

cardial attachment.

Distinct muscular tissue

is

seen in the cardiac
wall, even
as early as the
stage of an

S-shaped tube, although the
heart begins to
pulsate regularly long before this.
The

muscular layer is
separated
from the epithelial
of

lining
the cavities (endothelial tube
of His)
by a layer of clear
gelatinous tissue,bridged across

by

fine fibres

(embryonic con-'
This layer is
most abundant in the ventricular part and aortic
bulb, and
nective tissue).

here

the

endothelial

tube

is

much smaller
consequently
than the muscular tube. Subsequently, in the ventricle, the
gelatinous tissue is invaded by

muscular bands which
VOL.

I.

grow

A
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compact outer layer of muscle, and unite with one another to form
a spongework of muscular trabeculae, while the endothelium of the cavity becomes
depressed between and over these trabeculse, and lines all the spaces between them,
into it from the

which thus communicate with the cavity of the ventricle. The ventricles are therefore
now in the same condition in which they are found permanently in many of the
lower vertebrates

(e.g. frog).

Ultimately the compact outer layer of muscle becomes greatly increased in thick-

and the spongework of trabeculse occupies a relatively much smaller portion of
the cavity, being developed in part into the columnae carnese of the adult heart.
Peculiarities of the foetal heart. Besides the peculiarities of structure,
ness,

which have been above described, the foetal heart differs in position, in relative
and in the thickness of its several parts, from the organ after birth. Thus it

size,
is

at

placed immediately under the head, but subsequently, with the development of
In early foetal life it is
the neck, it gradually assumes a position farther back.
much larger in proportion to the size of the body than at a later period, and at birth
first

it is still

during

The walls of both ventricles are of equal thickness
proportionally large.
a peculiarity whioh is evidently connected with the fact that in

foetal life,

consequence of the communication of the pulmonary artery, through the ductus
arteriosus, with the aorta, the blood pressure which they have to overcome is the
same.

DEVELOPMENT OF THE PRINCIPAL ABTERIES.
From

the point of insertion of the aortic bulb into the ventral wall of the foregut,
one, and then in succession four other artwial arches, become formed, and pass
Half encircling this part of the
either side, one into each visceral arch.

first

on

176.
DIAGRAMMATIC OUTLINES OF THE HEAKT AND PRIMITIVE VESSELS OF THE EMBRYO
CHICK AS SEEN FROM BELOW AND

Fig.

ENLARGED.

T.

(-A.

A, soon after the

)

first establish-

ment of the circulation B,
a somewhat later period
;

;

C, at
1,

],

the veins returning from the vascular area
2, 3, 4, the heart,
now in the form of a notched
tube 5, 5 (upper), the two primi;

;

tive aortic arches

5, 5 (lower),
the primitive double aorta A, the
or
united
aorta
;
5', 5', the
single
continuation of the double aortse
beyond the origin of the large
;

;

omphalo-mesenteric arteries, 6, 6.
The division above 4 is represented as carried rather too far

down.

alimentary canal, they are continued above it into two descending or primitive aorta.
These two vessels run down the trunk on either side of the notochord, yielding, as
they descend, lateral offsets to the body walls and to the yolk sac. Finally they give
at the lower or posterior extremity, two large vessels, which accompany the
allantois, and furnish blood to the foetal part of the placenta (umbilical or allantoic
off,

arteries).

As was first shown by means
primitive aortae do not long remain double.
middle
in
the
unite
Allen
Thomson,
line, the union beginning
they
by
in the dorsal region and extending forwards and backwards ; in the latter direction

The

of sections
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middle sacral artery being in

fact the extremity of the aorta.
Occasionally the union remains incomplete, a median septum being sometimes Tound as a
malformation of the descending aorta.
The common iliacs are formed by persistence of the roots of the allantoic arteries when
the lower limbs are formed they give off to these the external iliacs.
Since their discovery by Rathke in 1825, the arterial arches have been regarded with
much interest as corresponding with those from which the blood-vessels of the gills in
fishes and amphibia are derived.
Along with the (subdivided) aortic bulb they give rise, by
various transformations, to the permanent pulmonary and aortic stems and the principal vessels
which spring from them. Most of what is known regarding the mode of their transformation
In the human embryo the subject
in different animals is due to the researches of Rathke.
has been recently investigated by His, whose account will be here mainly followed.
;

PROFILE VIEW OF A HUMAN EMBRYO OP ABOUT FIFTEEN BATS, WITH THE ALIMENTARY CANAL IN
LONGITUDINAL SECTION. (His.)

Fig. 177.

Two

arterial arches are

Fig. 178.

formed at

this stage.

SIMILAR VIEW OF A SOMEWHAT OLDER EMBRYO, SHOWING FIVE ARTERIAL ARCHES.

the respective secondary cerebral vesicles from the side of the fore-brain
seen projecting ot, otic vesicle, still open in 177
p.v, septum between
mouth and pharynx (primitive velum). This has disappeared in 178 ; I, commencing liver in septum
within
stalk j.v, jugular vein
transversum
v, vitelline stalk ; all, allantois enclosed
c.v, cardinal
vein ; .?, sinus venosus within septum transversum
u.a, left umbilical (allantoic) artery; u.v, left
umbilical vein. The sharp curve of the trunk of the embryo towards the yolk-sac is normal at this period
1, 2, 3, 4, 5, are opposite

the primary optic vesicle

is

;

;

;

;

;

;

;

of development.

From

the point of insertion of the aortic bulb the arterial arches have a radial

disposition as they pass into their respective visceral arches (fig. 181).
They at first
effect, as above stated, a complete communication between the aortic bulb and the

descending aorta, but subsequently in most cases the communication becomes
obliterated, and the completeness of the vascular arch is thus obscured, the only
arches which in mammals remain pervious through their whole extent up to the
L 2
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time of birth being the fourth and fifth arches of the left side, which form the arch
of the aorta and the ductus arfceriosus respectively.
This obliteration begins early
in the first and second arches, so that in many animals by the time the posterior
arches are formed the anterior are partially obliterated
but in man this is not the
;

case, all five pairs of arches being present

and

fully pervious for a certain time (figs.

178, 179, from His).

As development
first

opposite the

proceeds, the point of insertion of the aortic bulb, which is at
arterial arch, becomes, along with the rest of the heart,

first

PROFILE VIEW OP A HUMAN EMBRYO OP
ABOUT THREE WEEKS, SHOWING THE CEPHALIC
VISCERAL ARCHES AND CLEFTS AND THEIR RELATIONS TO THE ARTERIAL ARCHES.
(His.)

Fig. 179.

inn, mandibular arch
tnx, maxillary process
d.C, duct of Cuvier; j.v, jugular vein; c.v, cardinal
vein; v.v, vitelline vein
u.v, umbilical vein ; u.a,
umbilical artery
all, allantois
pi, placental at;

;

;

;

;

tachment of allantoic stalk
"

sion

;

olf,

olfactory depres-

ot, otic vesicle.

;

relatively shifted backwards, and on each
side the arterial arches presently appear to

come

from the bulb in two sets, viz.
and second from an ascendingtrunk, afterwards the external carotid, and
the third, fourth, and fifth from a descendthe

off

:

first

ing trunk.
,As the point of insertion is still further
shifted, the third arch becomes added to
the ascending trunk, the lower part of
which now forms the common carotid.
Finally, by a continuance of the same
process, the fourth arch on each side comes
to spring from tbe ascending trunk
that
of the right side forming the innominate
artery, that of the left the arch of the
:

aorta and only the fifth arch, from which
the pulmonary arteries spring, has for a
time a descending direction.
;

From

the dorsal part of the

first

arch a

branch passes towards the brain this
becomes the upper part of the internal
carotid. When the first and second arches
become obliterated a change which next
occurs
this branch remains in continuity
with the third arch by the unobliterated dorsal portions of the first and second
arches (upper extremity of primitive aortae)
these portions, together with the third
;

form the lower part of the internal carotid, the posterior communication
between the third and fourth arch becoming obliterated. The branches of the
external carotid are produced from the remains (ventral) of the first and second
arches the maxillary and temporal arteries from the first, the lingual and ascending
pharyngeal arteries, and probably also the occipital and auricular, from the anterior
arch,

;

part of the second arch.
The division of the bulb into aortic and pulmonary trunks begins just at the
time when the extremity of the aortic bulb has become shifted backward so as
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to be opposite the point of junction between the fourth and fifth pairs of arches, so
that now all the arches above this point become separated off in connexion with the

trunk of the aorta (ascending aorta)

Fig. 180.

;

the one below

it

remaining

m connexion with

PBOFILE VIEW OF A HUMAN EMBRYO OF ABOUT 3 OR 4 WEEKS, SHOWING THE PRINCIPAL ARTERIES

AND

VEINS.

(His.)

the secondary cerebral vesicles
hyp, hypophysis ; ot, otic vesicle ; mn, mandibular
arch
st, stomach
Ig. lung rudiment
Wd, Wolffian duct opening into cloaca
/, //, III, IV,
V,
the arterial arches springing from b.a, bulbus arteriosus p,
pulmonary artery d.C, duct of Cuvier.
1, 2, 3, 4, 5,

;

;

;

;

;

;

;

the pulmonary trunk.
After the separation, the aortic bulb, now a double tube,
becomes still further shifted back, and with it the fourth and fifth arches. Since

VIEW FROM BEHIND OF THE ANTERIOR PART
OF THE MOUTH AND PHARYNX OF A HUMAN EMBRYO
OF 3| WEEKS, SHOWING THE ARTERIAL ARCHES
RADIATING FROM THE ATTACHMENT OF THE AORTIC
BULB.
(His.)

Fig. 181.

ao, point of attachment of aortic bulb in the anterior
wall of the pharynx ; mn, hy, br 1 , br2 first four visceral
arches ; /, II, III, IV, the corresponding arterial
arches ; V, fifth arterial arch giving off the pulmonary
,

artery, p.

the inferior laryngeal nerve passes under the
this nerve must also become shifted

latter,

downwards
allow

for

common

along with

these

shifting of
carotids
become
this

arches.

the

bulb,

To
the

proportionally
lengthened.
From the descending primitive aortae on either side a series of inter-segmental
arteries pass
the uppermost of these become united to form the vertebral arteries
(which subsequently unite superiorly in the middle line to produce the basilar), the
;

lower form intercostal arteries.

A

branch for the upper extremity comes

off

from
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commencement of the vertebral it subsequently far exceeds the parent vessel
and forms the subclavian, this name being extended to what was originally
commencement of the vertebral from the descending aorta.
Destination of the fourth and fifth arches. As was above stated, the
;

in size,

the

is connected above with the
of these rami the
two
four superior arches, which spring from
ascending rami
the root of the left,
innominate
the
forms
its
root
and
much
the
is
smaller,
right
the part of the arch of the aorta between the
which is much

aortic trunk, connected below with the left ventricle,
its

;

;

larger, represents

DIAGRAM TO SHOW
182
THE DESTINATION OF THE
ARTERIAL ARCHES IN MAN
AND MAMMALS.
(Modified

Fig.

from Rathke.)

us nerve

The truncus arteriosus, and
the five arterial arches springing from it are represented in
outline only, the permanent
those bevessels in colours
longing to the aortic system
red, to the
blue.

pulmonary system

innominate and the

left

common carotid. On

the

right side the proximal
fourth
of
the
part

arch remains, and forms
the common subclaviovcrtebral trunk
left side

;

on the

the whole arch

and forms the
remainder of the arch of

persists

the aorta.

The

fifth

arch of the

right side only persists
as far as the origin of
the branch to the right
lung, the remainder of

the arch disappears.

The

fifth

arch of the

left side persists

throughout

its

whole

and joins the fourth arch as the ductus arteriosus. After
length during
birth, the part of the arch beyond the branch to the corresponding lung becomes
impervious on this side also, and is converted into the ligamentum arteriosum.
The upper part of the descending primitive aorta disappears entirely on the
foetal life,

right

side

;

that

of the

left

side

forms the commencement of the permanent

descending aorta.
Rathke described both pulmonary arteries as being given off from the fifth left arch in
mammals, although admitting that in birds and reptiles each is formed from the corresponding
In birds the permanent aortic arch is the fourth arch of the right side, and not of the
arch.
left side as in mammals, and in reptiles both aortic arches remain pervious.
Many of the abnormalities which are observed in the disposition of these arteries, may be
explained by regarding them as a persistence of embryonic conditions.
The development of the arterial arches of the bird has been recently again examined by
Mackay, whose account differs in important particulars from that of Rathke, and indeed of
nearly all previous investigators. He describes the subclavian artery as arising from the third
arch, not from the fourth (this was also given as its origin by Sabatier), springing from the
ventral part of the arch, and running outwards superficial to the pneumogastric nerve and jugular
vein.
The third arch and its dorsal upward prolongation, form the common carotid, not the
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internal carotid, as stated by Rathke, and the ventral prolongation of the truncus arteriosus
forms, not the external carotid, but a small branch from the subclavian, or innominate
These observations have not been as yet extended to
artery, to the front of the trachea.

mammals.

Zimmermann has described, both in the rabbit and in the human embryo, an arterial arch
between the aortic and pulmonary arches. If this is of constant occurrence it must be
reckoned as the fifth arch, and the pulmonary will become the sixth.
The histogenetic changes involved in the development of the blood-vessels are described in
the chapter on Histology.
The first vessels appear, as has been already stated, in the mesoblast of the vascular area
the lamina of mesoblast in which they are formed is sometimes distinguished as the vascular
lamina.
They are said (by His and others) to grow inwards from the vascular area, but the
manner in which the principal arteries and veins of the body are first developed is not clear,
beyond the fact that they are at first merely endothelial tubes. The muscular tissue of the
primitive aortas is derived from the lower part of the proto-vertebra (E. Miiller).
;

DEVELOPMENT OF THE PRINCIPAL VEINS.
In this subject also the description given by His of the condition and changes
of the veins in the human embryo will be followed, although it differs in certain

from that which has usually been received.
In the early embryo, before the development of the allantois> two vitelline ^or
omphalo-meseraic veins, right and left, bring back the blood from the vascular area
upon the yolk sac, and unite to form a common trunk, which is continued as the
sinus venosus into the auricular extremity of the rudimentary heart.

particulars

At the commencement of the placental or allantoic circulation (fourth week in
man) two umbilical veins are seen coming from the placenta and opening into the
Into this also opens on either side a
sinus near the vitelline veins (fig. 168).
transverse vein, the duct of Cuvier or superior vena cava, which is formed by the junction of the primitive jugular vein, bringing blood from the head, and the cardinal
vein, which returns the blood from the "Wolffian bodies, the vertebral column and
the body walls (figs. 179, 180).
The trunk or sinus into which all these veins pour
their blood is now transversely disposed, immediately below the diaphragm, and
forms the saccus reuniens of His, which has been already alluded to (p. 139).
The vitelline or omphalomeseraic veins enter the abdomen along the vitelline
duct and ascend at first along the front of the alimentary canal, but higher up they
are seen on either side of that tube (duodenum and stomach).
Here transverse
communications form between the two veins, two in front of and one behind the
duodenum, so that this is encircled by two vascular rings (figs. 180, 183). Above
these venous circles the direct communication with the sinus becomes lost, the intermediate venous vessel or either side becoming broken up within the substance of the
liver (which has by this time developed around them) into a vascular network, the
middle part of which becomes capillary.
The vessels which pass from the upper venous ring to the capillary network are

known

as "vencz

which pass from

advehentes, they become the branches of the portal vein
it into the sinus are the vena- revehentes,
they become the

;

those

hepatic

veins.

The lower communication between

the vitelline veins takes the form of a com-

plete longitudinal fusion of the two vessels, at least for
part receives veins from the intestine and stomach, and

some distance. This fused
becomes the commencement

of the portal vein.

The

umbilical veins are for a long time double within the abdomen,
although
have
fused within the umbilical cord into a single trunk.
they
They diverge from
this and pass up to the sinus on either side in the
somatopleure, just where this is
becoming bent round into the amnion. After a time, however, it is found that this
direct communication with the sinus is partially
interrupted by the development of a

DEVELOPMENT OF THE PKINCIPAL

152

VEINS.

vascular network, and that on the left side a fresh communication has become estaThe interruption subse-

blished with the upper venous circle of the vitelline veins.

quently becomes complete on both sides

(fig.

183), and on the right side the greater

VENOUS TRUNKS OF A HUMAN KMBKYO OF
ABOUT THREE-AND-A-HALF WEEKS. (His.)

Fig. 183.

v.c.d, v.c.s, superior vense cavae, right

and

left;

primitive jugular and cardinal vein
v.u.d, v.u.s, umbilical veins, right and left ; v.u",
v.u", upper detached portions of umbilical veins
v.j,

v.c,

;

;

v.v.om, omphalomeseraic or vitelline veins forming
the vena portse.
The permanent veins are coloured
blue.

part of the vein becomes atrophied (on
both sides the part which originally opened
into the sinus reuniens remains evident
for

The

a time).

left vein,

on the other

hand, increases in bulk with the development of the placental circulation. For a
short time the whole of its blood, as well
as that of the vitelline vein, passes through
But a branch
the capillaries of the liver.
is

soon seen passing from the upper venous circle direct into the right hepatic

This forms the ductus venosus or vena
vein, near its entrance into the sinus.
ascendens, and it now carries most of the blood of the umbilical vein direct to the
heart.

Subsequently the direct communication of the
Fig. 184.

WITH

left

hepatic vein with the

UNDER SURFACE OF THE
ITS

FCETAL LIVER,

GREAT BLOOD-VESSELS, AT THE FULL

PERIOD.
vein, lying in the umbilical
to the right side, at the transverse fissiire (o), to join the vena portns ( p) ; d, the
ductus venosus, continuing straight on to join the
a,

the umbilical

fissure,

and turning

vena cava inferior (c) some branches of the umbilifrom a into the substance of the liver
;

cal -vein pass

;

y, the gall-bladder, cut.

sinus becomes obliterated, and a new communication becomes established with the

ductus venosus and, finally, when, with
the growth of the lower limbs and of the
;

other abdominal and pelvic organs, the inferior vena cava becomes developed, this
also joins the upper end of the ductus venosus.
is formed, as we have seen, by the united
formed as a single trunk out of the double venous
annulus by atrophy of the right half of the lower ring and the left half of the upper
The spiral turn around the duodenum is thus produced, and thus it is
(fig. 183).
also that the portal vein at first appears more directly connected with the right venae
advehentes than with the left.
Most of these embryonic veins are at first of relatively large size and have an
irregular sinus-like character, which disappears at a later stage of development.
At the time of commencement of the placental circulation, two short transverse
venous trunks, the ducts of Cuvier, open, as has been above stated, one on each side,
into the auricle of the heart.
Each is formed by the union of a superior and an
inferior vein, named respectively the primitive jugular and the cardinal

The lower

vitelline veins.

part of the portal vein

The upper

part

is
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Thto primitive jugular vein receives the blood from the cranial cavity by channels
which are subsequently obliterated in the greater part of its
extent it becomes the external jugular vein and near its lower end it receives small
in front of the ear,

:

;

branches, which grow to be the internal jugular and subclavian veimT ("fig. 185).
cardinal veins are the primitive vessels which return the blood from the
The inferior
Wolffian bodies, the vertebral column, and the parietes of the trunk.
vena cava is a vessel of later development, which opens into the trunk of the

The

umbilical and vitelline veins, above the venae hepaticas revehentes.
Fig.

The

iliac veins,

DIAGRAM or THE CONDITION OK
185.
THE GKEAT VEINS IN THE EMBRYO, AND
OF THEIR TRANSFORMATION INTO THE
PERMANENT VEINS. (After Kolliker.)

j, jugular veins uniting with the subclavian, s; c.a, cardinal veins becoming the
azygos as in B ; d.c, ducts of Cuvier formed
by the union in B of jugular arid cardinal,

and becoming the superior vena cava on the
right side, but disappearing on the left side ;
ca', part of left cardinal vein which disappears ; ci, vena cava inferior ; I, hepatic

veins and ductus venosus
il, common iliac
veins ; cr, external iliacs ; h, hypogastric
becoming the internal iliacs.
;

which unite to form the inferior
vena cava, communicate with the

The

cardinal veins.

inferior extre-

mities of the cardinal veins are persistent as the internal iliac veins.

Above the

iliac

veins the cardinal

veins are obliterated in a considerable part of their course

;

the upper

then

become continuous

with two new

vessels, the posterior

portions
vertebral

veins

receive the

of

Eathke, which

lumbar and

intercostal

twigs.

As development proceeds, the direction of the ducts of Cuvier is altered by tne
descent of the heart from the cervical into the thoracic region, and becomes the
same

as that of the primitive jugular veins.

A

communicating branch makes

its

appearance, directed transversely from the junction of the left subclavian and
jugular veins, across the middle line to the right jugular ; and further down
in the thoracic region between the posterior vertebral veins, a communicating

branch passes obliquely across the middle line from right to left. The communicating branch between the primitive jugular veins is converted into the left brachioThe portion of vessel between the right subclavian
cephalic or innominate vein.
vein and the termination of the communicating branch becomes the right, brachioThe portion of the primitive jugular vein below the communicating
cephalic vein.
with
the right duct of Cuvier, forms the vena cava superior, while
vein, together
On the
the cardinal vein opening into it is the extremity of the great vena azygos.
left side, the portion of the primitive jugular vein placed below the communicating
branch, and the cardinal and posterior vertebral veins, together with the cross
branch between the two posterior vertebral veins, are converted into the left

The variability
superior intercostal and left superior and inferior azygos veins.
in the adult arrangement of these vessels depends on the different extent to which
the originally continuous vessels are developed or atrophied at one Doint or another.

DEVELOPMENT OF THE PRINCIPAL VEINS.
The left duct of Cuvier is obliterated. But even in the adult, traces of this vessel
can always be recognised in the form of a fibrous band, or sometimes a narrow vein,

Fig. 186.

A

and B.

DIAGRAMMATIC OUTLINES OF THE VESTIGE OF THE LEFT SUPERIOR CAVA AND OP
A CASE OF ITS PERSISTENCE. (Sketched after Marshall. )
.

The views are supposed

to be

from before, the parts

of the heart being

removed or seen through.

1, 1', internal jugular veins
2, 2', subclavian veins
3, right innominate
3', right or regular
5. in A, the opening of the superior
4, left innominate, normal in A, rudimentary in B
superior cava
intercostal vein into the innominate f/. vestige of the left superior cava or duct of Cuvier
5, 5', in B,
the left vena cava superior abnormally persistent ; 6, coronary sinus
6', coronary veins ; 7, superior
intercostal trunk of the left side (left cardinal vein)
8, the principal azygos (right cardinal vein)
7', 8', some of the upper intercostal veins
9, the opening of the inferior vena cava, with the Eustachian
;

;

;

;

;

;

;

;

;

;

;

valve.

which descends obliquely over the
lung there remains an indication of

left auricle

and

;

in front of the root of the left

former presence in the form of a small fold

its

VIEW OF THE

Fig. 187.

HEART AND GREAT

FCETAL

FROM THE LEFT SIDE, TO SHOW THE VESTIGE
OF THE LEFT SUPERIOR VENA CAVA IN SITU. (This
figure is planned after one of Marshall's. )
VESSELS,

a, right auricle
b, left auricle and pulmonary veins;
the conus arteriosus of the right ventricle
d, the left
+ vestigial fold of the
e, descending aorta
arch
of the aorta, with a part of the
pericardium /,
;

c,

;

ventricle

;

;

,

;

pericardium remaining above g. main pulmonary artery
and ductus arteriosus; g', left pulmonary artery 1, 1',
right and left internal jugular veins
2, 2', subclavian
veins
3, 3', right innominate and superior vena cava
;

;

;

;

;

4, left innominate
5, 5', remains of the left superior
cava and duct of Cuvier, passing at + in the vestigial
fold of the pericardium, joining the
coronary sinus, 6,
below, and receiving above the superior intercostal vein,
7
7', 7', the upper and lower intercostal vein.
;

;

of the serous

membrane

due the first
cava superior.
is

The
adult.

of the pericardium, the
vestigial fold of Marshall, to whom
nature and relations of the left primitive vena

full elucidation of the

left duct of Cuvier has been observed
persistent as a small vessel in the
Less frequently a right and a left innominate vein
open separately into the

PECULIARITIES OF THE FCETAL ORGANS OF CIRCULATION.
right auricle, an arrangement

mammals, and which

results

which is
from the

also

met with in

birds

vessels of the left side
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and in certain
being developed

the cross branch remains small or absent.
similarly to those of the right, while
case is recorded by Gruber in which the left vena azygos opened into the
from the union of the
coronary sinus, and was met by a small vein descending
subclavian and jugular.
Here, then, the jugular veins had been developed in the
continued to pour its blood into the duct
while the left vena
usual

A

manner,

azygos

of Cuvier.

PECULIARITIES OP THE FCETAL ORGANS OF CIRCULATION.
It may be useful here to recapitulate shortly the peculiarities of structure
of circulation,
existing in the advanced stage of the formation of the foetal organs

DIAGRAMMATIC OUTLINE OF THE
OKGANS OF CIRCULATION IN THE FffiTUS
OF six MONTHS.
(Allen Thomson.)

Fig. 188.

IIA, right auricle of the heart ; RV, right
ventricle ; LA, left auricle : Ev, Eustachian
valve ; LV., left ventricle ; L, liver ; K, left
a,
kidney
I, portion of small intestine
arch of the aorta ; a', its dorsal part a",
lower end vcs, superior vena cava
t'd, inferior vena where it joins the right auricle;
vci', its lower end ; s, subclavian vessels ;
c, common carotid
j, right jugular vein
four curved dotted arrow lines are
arteries
carried through the aortic and pulmonary
opening, and the auriculo-ventricular orifices
da, opposite to the one passing through the
pulmonary artery, marks the place of the
ductus arteriosus
a similar arrow line is
shown passing from the vena cava inferior
through the fossa ovalis of the right auricle,
and the foramen ovale into the left auricle ;
hv, the hepatic veins ; vp, vena portce ; x to
vci, the ductus venosus ; uv, the umbilical
vein
ua, umbilical arteries ; uc, umbilical
cord cut short ; i i' t iliac vessels.
;

;

;

;

;

;

;

;

;

;

with reference to their influence in
determining the course of the blood

during intra-uterine life, and the
changes which occur in them upon
the establishment of pulmonary respiration at birth.

The foramen ovale
form of a

free oval

retains the

opening in the

septum atriorum up to the fourth
month, but in the course of that
month and the next the growth of
the valvular plate which fills up the
floor of the fossa ovalis, becomes
complete, so that in the last three
and a half months the blood can
only pass from the right into the

left

auricle, not in a contrary direction.

constitutes a crescentic fold of the lining structure of
so situated as to direct the blood entering the auricle by the
inferior cava towards the opening of the foramen ovale.

The Eustachian valve

the heart, which

is

COURSE OF THE BLOOD IN THE FOETUS.
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The ductus

arteriosus establishes a communication between the main
and
the aorta, by which the blood from the right ventricle is
pulmonary artery
carried mainly into the dorsal aorta.
The two large liypogastric or

umbilical arteries, prolonged from the iliac
out of the body of the foetus, proceed along the umbilical cord,
From the placenta the blood
to be distributed in the foetal portion of the placenta.
is returned by the umbilical vein, which, after entering the abdomen, communiarteries, passing

cates

by one branch with the portal

vein,

and

is

continued by another, named
it joins the main stem

ductus venosus, into one of the hepatic veins, through which
of the vena cava inferior.

Course of the blood in the

foetus.

The

right auricle of the foetal heart

from the two vena cavse and the coronary sinus. The blood brought
by the superior cava is simply the venous blood returned from the head and upper
half of the body
whilst the inferior cava, which is considerably larger than the
superior, conveys not only the blood from the lower half of the body, but also that
which is returned from the placenta and the liver. This latter stream of blood
reaches the vena cava inferior, partly by a direct passage the ductus venosus and
partly by the hepatic veins, which bring to the vena cava inferior all the blood
circulating through the liver, whether derived from the supply of placental blood
entering that organ by the umbilical vein, or proceeding from the vena portae or
receives blood

;

hepatic artery.
The blood of the superior vena cava is believed to pass through the right auricle
into the right ventricle, whence it is propelled into the trunk of the pulmonary

A small part is distributed through the branches of that vessel to the lungs,
and returns by the pulmonary veins to the left auricle but, as these vessels remain
small up to the time of birth, by far the larger part passes through the ductus
arteriosus into the descending aorta, and is thence distributed in part to the lower
half of the body and the viscera, and in part along the umbilical arteries to the
From these several organs it is returned by the vena cava inferior, the
placenta.
vena portae, and the umbilical vein
and, as already noticed, reaches the right

artery.

;

;

auricle

through the trunk of the inferior cava.

Of the blood entering the heart by the inferior vena cava, it is supposed that
is mingled with that of the superior cava, so as to pass into the
right ventricle
by far the larger portion is thought to be directed by the
Eustachian valve through the foramen ovale into the left auricle, and thence,
together with the small quantity of blood returned from the lungs by the
pulmonary veins, to pass into the left ventricle, whence it is sent into the arch
of the aorta, to be distributed almost entirely to the head and upper limbs.
Sabatier was the first to call attention particularly to the action of the Eustaonly a small part
;

chian valve in separating the currents of blood entering the right auricle by the
This separation, as well as that occurring
superior and inferior venae cavae.
between the currents passing through the aortic arch and the ductus arteriosus

A striking
into the descending aorta, was illustrated experimentally by John Reid.
confirmation of the extent to which the last mentioned division of the two currents
of the foetal blood may take place, without disturbance of the circulation up to the
time of birth, is afforded by the examples of malformation in which a complete obliteration has existed in the aortic trunk immediately before the place of the union
of the ductus arteriosus with the posterior part of the aortic arch.

In

development than those above described, it is certain that
or no separation of the two kinds of blood, for both the umbilical
veins from the placenta and the veins from the yolk sac and body generally,
there

earlier stages of

is little

pour their blood together into the sinus venosus, and the mixed blood is then
forced through a single somewhat narrowed orifice (porta vestibuli of His) into the
auricle.

THE LYMPHATIC SYSTEM.
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CHANGE 8 IN THE CIRCULATION AT BIRTH.
The changes which occur in the organs of circulation and respiration at birth,
and which lead to the establishment of their permanent condition, are more
by the inflation of the lungs with air in the first
accompanying rapid dilatation of the pulmonary blood-vessels
respiration,
with a greater quantity of blood, and the interruption to the passage of blood
These changes are speedily followed by
through the placental circulation.
ductus
of
the
and
obliteration
arteriosus, and of the hypogastric arteries
shrinking
from the iliac trunk to the place of their issue from the body by the umbilical
cord
by the cessation of the passage of blood through the foramen ovale, and
somewhat later by the closure of that foramen, and by the obliteration of the
umbilical vein as far as its entrance into the liver, and of the ductus venosus behind
immediately determined
the

;

that organ.

The process of obliteration of the arteries appears to depend at first mainly on
the contraction of their coats, but this is very soon followed by a considerable
thickening of their substance, reducing rapidly their internal passage to a narrow
and leading in a short time to final closure, even although the vessel may not
It commences at
present externally any considerable diminution of its diameter.
It makes rapid
birth, and is perceptible after a few respirations have occurred.
tube,

progress in the first and second days, and by the third or fourth day the passage
The ductus
through the umbilical arteries is usually completely interrupted.
arteriosus is rarely found open after the eighth or tenth day, and by three weeks
all instances become completely impervious.
of
closure in the veins is slower ; but they remain empty of blood
process
and collapsed, and by the sixth or seventh day are generally closed.

it

has in almost

The

Although blood ceases at once to pass through the foramen ovale from the
of birth, or as soon as the left auricle becomes filled with the blood
returning from the lungs, and the pressure within the two auricles tends to be
more equalised during their diastole, yet the actual closure of the foramen is more

moment

It is gradually effected by
tardy than any of the other changes now referred to.
the union of the forepart of the valve of the fossa ovalis with the margin of the

limbus of Vieussens on the left side ; but the crescentic margin is generally perceptible
in the left auricle as a free border beyond the place of union, and not unfrequently
the union remains incomplete, so that a probe may be passed through the reduced
In many cases a wider aperture remains for more or less of the first year
aperture.
of infancy, and in certain instances there is such a failure of the union of the valve
as to allow of the continued passage of venous blood, especially when the circulation
is

disturbed by over-exertion, from the right to the

left auricle, as

occurs in the

malformation attending: the morbus cceruleus.

THE LYMPHATIC SYSTEM.
The development of the lymphatic system has been studied in the chick by Budge. Here
there exist a network of lymphatics agreeing in their general distribution with the bloodThis is the first lymphatic circulation a second one is formed
vessels in the vascular area.
The lymphatics of both systems communilater, corresponding with the allantoic circulation.
cate with the ccelom, but only those of the second circulation communicate with veins. The
lymphatics lie in the vascular area above and close to the blood-vessels, but are separated
near the embryo by a layer of mesoblast continuous with the splanchnopleure.
The method of development of lymphatic vessels and lymphatic glands, is dealt with in
;

the chapter on Histology.
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DEVELOPMENT OF THE SEROUS CAVITIES AND OF THE
MUSCLES AND SKELETON.
The serous cavities

peritoneum, pleurae, pericardium

are derived from the

original split or cleavage of the mesoblast, which constitutes the coelom or general
body cavity (pleuro -peritoneal cavity of older authors). This cleft is formed in the

head as well as in the trunk, and when the heart is formed as a double tube, each
half is enclosed within a portion of that cavity, which later on, when the
body walls
bend round and meet to enclose the fore-gut, comes, like the heart itself, to occupy a
position on the ventral aspect of the alimentary tube. The part of the coelom which
thus contains the heart is not for some time entirely distinct, but communicates
dorsally by two comparatively narrow channels with the anterior part of the general
1
body cavity, here separated into lateral halves, which ultimately become the pleurse,
by the alimentary canal. Subsequently these communications become obliterated,

and the heart-coelom separated as a distinct cavity (pericardial cavity). Below,
where the great veins enter the heart, they pass into a mass of mesoblastic tissue,
which is connected with the anterior body wall (where it receives the umbilical
and vitelline veins), and also with the lateral wall (where it receives the ducts of
Cuvier), and which, as the heart bends, so that the venous end passes behind the
ventricle and bulb, is carried along with the veins up behind that
organ, and thus
forms an obliquely placed thick septum, at first incomplete, but subsequently becoming
entirely closed, which separates the heart within the pericardial part of the body
cavity in front and above from the stomach and alimentary canal within the peritoneal part of that cavity behind and below.
The thick septum, besides containing
the saccus reunions and the portions of the great veins (vitelline, umbilical, ducts of
Cuvier) which open into that cavity, also contains the rudiments of a part of the
diaphragm and the mesoblastic part of the liver, into which the hypoblastic part
grows from the adjacent duodenum it has been termed by His the transverse septum
As development proceeds, the septum becomes gradually diffe(see figs. 177, 178).
rentiated into its several parts.
The great veins become still further shifted behind
the heart, and the saccus reuniens becomes incorporated with that organ. The
liver, which is at first contained entirely within the septum, becomes split off from
its upper layer, which now forms the thin
portion of the diaphragm, while the cavity
of the peritoneum extends from either side, and separates them from one
another,
;

except along the attachment of the broad ligaments.
The diaphragm is completed by a growth of mesoblast which occurs on each
side, and cuts off the anterio -dorsal portions of the body-cavity into which
the lungs are invaginated (recessus pulmonales) from the posterior or
peritoneal
part.

The

serous

membranes

are formed

by

differentiation of the lining mesoblast of

the coelom.

The formation of the omenta, and the changes which the mesenteric folds of
peritoneum undergo, have been already mentioned in connection with the development of the abdominal viscera.
Development of the muscles. The muscles of the trunk are formed from
the protovertebrae.
These are at first, as previously described, separate masses of
mesoblast, the cells of which have at the periphery of the mass a tendency to a
radial disposition (fig. 189, A), whilst toward the centre they are
loosely arranged,
1

The manner

(p. 110).

in

which the pleurae are invaginated by the growing lungs has already been alluded

to
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and may even leave a more or

less distinct space
unoccupied by cells (protovertebral
This cavity has occasionally been noticed (Lock wood, Bonnet) to be
continuous laterally with the mesoblastic (coelornic) cleavage (fig. 189, B ; see also

cavity).

A

Fig.

Two

189.

SECTIONS

EMBRYO.

OP

SHEEP

A

(Bonnet.)

A, shows the cavity within the protoIn B, the protovertebra on
vertebrje.
the left side of the section is united with
the lateral mesoblast on the right side its
cavityalsois continuous with the coelomic
cleft in that mesoblast.
am, amnion
n.c, neural canal ; p.v, protovertebra
ao, aorta
p.p, pleuro-peritoneal space
;

;

;

;

(coalom).

fig.

139,

p.

117),

and

it

is

probably the morphological equivalent of the coelom in this part

Whether

of the mesoblast.

there

be originally a cavity or not in it,
the protovertebra presently be-

comes

filled up with cells and
then forms a fairly compact mass
of cells which are mostly irregularly arranged, but
externally
(next to the cutaneous epiblast)

become regularly disposed into
an epithelium-like plate of columnar cells. This is known as
the muscle plate, and when the
inner part of the protovertebra becomes broken up as a distinct mass and joins
with the neighbouring protovertebrae to form the membranous vertebral column
in them therefore the original
(see below), the muscle plates still remain distinct
:

190.
TRANSVERSE SECTION
OF THE TRUNK OP A CAT EMBRYO,

Fig.

SHOWING MUSCLE PLATES.
(E.

A.

S.)

m.p. muscle plate ; ao, aorta
m.g. mid-gut am, amnion ;
vesicle of Wolffian body
w.d.
Wolffian duct.
,

;

,

;

;

,

,

mesoblastic

segmentation
continues to be exhibited.

They do not long remain
as a single epithelium-like
layer, for the extremities

of this layer fold sharply
round and become continuous

which immediately

lines the interna, surface of the

with

a

cell-stratum,

columnar layer and forms an

It is uncertain whether the cells of this inner muscleinner muscle-plate (fig. 190).
plate are derived from part of the columnar layer which has folded over, or whether
Soon after their appearance as a
they spring from other cells of the protovertebra.

distinct layer of the rnuscle-plate they begin to elongate in the sagittal (antero-
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posterior) direction (fig. 191, i.m.), and it may presently be observed that they are
becoming developed into longitudinal groups or segments of muscle-fibres which
stretch between the original intervals between the pro to vertebras.
The destination
of the outer layer of the muscle-plate has not been traced with certainty. Balfour
Fig. 191.

HORIZONTAL LONGITUDINAL
OP THREE PROTOVERTEIN A SNAKE EMBRYO.

SECTION
BR-i:

(v.

cutaneous epiblast
nal layer of muscle-plate
(p,

gins folded round
layer of
flattened

;

Ebner.)
e.

i.cl.

m, exter-

/, its marinto i.m, internal

muscle-plate

;

composed

of

which are becoming
elongated into muscular fibres ; n.c,
neural canal, in outline only ; n'.c',
neural

cells

forming

epiblast

its

walls.

Between these and the muscle-plate
is a continuous
mesoblastic tissue
which has been derived from the inner parts of the protovertebraa, partly interrupted by the ganglion
The original intervals between the pro to vertebrae here are ctill indicated by vessels, v.
rudiments, gl.
i.cl, cleft in the deeper protovertebral tissue (according to Ebner this is the remains of the original

protovertebral cavity).

described it as also eventually becoming transformed into muscle-fibres (in elasmobranchs), but others have failed to confirm this opinion, and it is by some believed
that it may assist in the formation of the cutis vera.

Although the muscle-plates are originally mainly concerned with the formation
which move the central skeletal axis, it is probable that all the
skeletal muscles both of the trunk and limbs are eventually derived from them (see
of the muscles

below, p. 163).

Formation of the muscles of the head and evidences of head segmentation.
Although, perhaps no part of the cranium actually represents a vertebra, there is nevertheless
abundant evidence of an original segmentation of the head corresponding with the mesoblastic
somites of the trunk.
Such segmentation is shown by the existence of the visceral arches,
which in the typical and least modified vertebrates (e.g., elasmobranchs) are at least nine
in number, by the successive separation of the part of the body cavity which extends into
the head into separate portions, or head cavities, one corresponding to each visceral arch, the
parietes of which develop into muscles, and which therefore correspond with the muscleplates of the protovertebras of the trunk (this is in fact the typical mode of formation of
mesoblastic somites, v. page 26). and lastly by the mode of development of the cranial
nerves and their relations to the visceral and branchial arches, which correspond in a general
way with the relations of the ventral branches of the spinal nerves to the ribs.
The formation and destination of the head cavities have been investigated of late years
(chiefly in elasmobranchs, but also in reptiles and birds) by Balfour. Milnes Marshall, and
van Wijhe, and the result of these investigations tends to show that, in all, nine portions of
the original head cavity become separated off on either side, their formation proceeding from
behind forwards. Each somite cavity becomes subsequently divided into a dorsal part corresponding with the protovertebrse of the trunk and a ventral part, corresponding with the
!
pleuroperitoneal cavity, and lying in the middle of the corresponding visceral arch ( ). Both
the visceral arch portions to
parts give rise by differentiation of their parietes to muscles
the muscles of the jaw and hyoidean and branchial apparatus the dorsal portions, some (first,
second, and third) to the muscles which move the eyes, some (seventh, eighth, and ninth) to
the muscles which connect the head with the shoulder girdle, whilst some, viz., the fourth,
fifth, and sixth, are said to disappear.
The first head cavity forms the eye muscles, which are
supplied by the third nerve the second, the muscle supplied by the fourth (superior oblique)
and the third, the muscle supplied by the sixth (external rectus). In higher vertebrates, the
formation of the head cavities and their subsequent destination have not been as yet clearly
followed out, although indications of their existence are not wanting.
;

;

;

1

According to

v.

tlie

Wijhe the intermediate part

but this intermediate part
immediately succeeding somites.

(iiriniferous) organ,

;

is

of the typical somite cavity represents a segmental
not seen in the head, although it begins to appear in
'"""

**
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Development of the vertebral column. The vertebral column is developed
around the notochord, except at the anterior end of that structure, which is imbedded
The outer part of
It is formed from protovertebral mesoblast.
in the basis cranii.
each protovertebra is transformed into a muscle-plate, and thus the original mesoThe inner parts of the protovertebrae do not,
blastic segmentation is maintained.
however, remain distinct, but blend with one another on each side of the neural
canal to form a longitudinal mass, which extends to the side of and subsequently
encloses the notochord, and finally sends dorsal prolongations over the neural canal,
so that this also receives a continuous mesoblastic investment,

forming the membrana

reuniens superior of Remak.
The investment is only incomplete opposite the points
where the nerve roots are connected with the spinal cord, and in it there is no sign
It is continuous with a similar investment
of any differentiation into vertebrae.
within the cranium, which extends in front of the notochord into the fronto-nasal

The mass of mesoblast, which thus encloses the notochord and neural
often spoken of as the membranous vertebral column and cranium, but it
represents much more than the cartilaginous and bony structures of those parts, all

process.

canal, is

the investing membranes of the cord and brain and the ligaments of the vertebrae
being also derived from it. From it septa pass between the muscle-plates and serve
to give attachment to the developing muscle-fibres.

The first appearance of the permanent vertebras is in the form of cartilage, which
becomes formed in this mesoblastic investment on either side of the neural canal,
nearly opposite the interval between each two muscle-plates, to form the neural
arch.
This part of the vertebra therefore alternates with the original mesoblastic
somites as represented by the muscle-plates.
According to Froriep, the lateral halves of each cartilaginous neural arch become
united below the notochord before the appearance of the rudiments of the cartilagi-

nous bodies, and the

latter appear as median accumulations of cartilage, immediately
to
the
posterior
hypochordal part of the cartilaginous arch. In most of the vertebras
this hypochordal part of the arch soon disappears as a distinct structure, but in the

atlas vertebra the primitive condition is maintained.

The serial arrangement of the musculature represents phylogenetically the original
segmentation of the vertebrate body. The segmentation of the vertebral column,
on the other hand, has been arrived at later, and has been carried out in dependence upon the muscular segmentation. 1
The cartilage makes its appearance on the fourth day in the chick, on the
eleventh or twelfth day in the rabbit, and in the fourth or fifth week in man
It is completed by the sixth or seventh week, soon after which ossifica(Kolliker).
tion commences.
To form the intervertebral discs, the mesoblast between the
bodies of the vertebras acquires a fibro-cartilaginous character, while at the same
time the notochord, which gradually elsewhere becomes reduced in size and eventually disappears, here

undergoes enlargement, and its cells form an irregular network
Its remains are found at all periods of life in

in the central intervertebral pulp.
the middle of the discs (Luschka).

In the osseous fishes there is an intervertebral dilatation of the notochord, the growth of
which proceeds to such a considerable extent as to give rise to a mass of soft gelatinous
substance, which occupies the conical hollows of the biconcave vertebral bodies. But in
birds, reptiles, and amphibia, where synovial articulations are developed between the vertebral
bodies, the notochord soon disappears from the intervertebral spaces, although its remains are
seen for some time in the bodies themselves (Gegenbaur).
In mammals, the notochord is constricted within the cartilaginous vertebral body, but
dilated in the intermediate parts of this rod, the whole cord being monilif orm. At a somewhat
later period small dilatations are also to be seen in the epiphysial cartilages (fig. 193).
1

A. Froriep,

" Zur Entwickl. der

Wirbelsiiule, &c.," Archiv

f.

Anatomic 1883 and 1886.
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Ribs and Sternum. The ribs are formed by separate cartilaginous transformation in extensions of the protovertebral mesoblast between the muscle-plates.
According to some, they grow out from the cartilaginous vertebrse, but_becpme separate
Similar deposits are formed in connexion with the other
before ossification begins.
vertebrae (except the coccygeal in man), but they here become united by ossification
with and form parts of the vertebras (see Osteology, Vol. II.). At their ventral

h

SECTIONS OP THE VERTEBRAL COLUMN OP A

Fig. 192.

(From

HUMAN

FCETUS OP EIGHT WEEKS.

Kolliker.)

A, transverse longitudinal section of several vertebra.
1, 1, chorda dorsalis, its remains thicker
opposite the intervertebral discs
2, is placed on one of the bodies of the permanent vertebrae
3, on
one of the intervertebral discs.
a
of
one
dorsal
vertebra.
of
transverse
remains
the
chorda
horizontal section through
B,
1,
part
dorsalis in the middle of the body ; 2, arch of the vertebra ; 3, head of a rib.
;

;

Fig. 193.

La,

SAGITTAL SECTION OF A DORSAL INTERVERTEBRAL LIGAMENT OP AN ADVANCED
SHEEP'S EMBRYO.
(Kolliker.)

l.p, anterior

and posterior ligaments

;

l.i,

intervertebral ligament

two vertebral

X% k', cartilaginous

;

bodies, w, w' ; c, enlargement of notochord in the ligament
5
cartilaginous ends of the vertebra .

;

c',

c",

ends of

enlargements

in

the

t

seven (thoracic) cartilaginous ribs become united on either side
into a longitudinal cartilaginous plate, and this afterwards joins its fellow of the
The xiphoid is of later
opposite side to form the sternum (manubrium and body).

extremities the

first

formation (Parker). This mode of development of the sternum explains many of
the malformations in the shape of fissures of the sternum of different gradation
which have been observed.
TJie Limbs. The limbs arise as outgrowths from the lateral part of the
trunk in the thoracic and pelvic regions in the third day in the chick and in the
third and fourth week in the human embryo.
They appear as flattened semilunar
thickenings of the parietal mesoblast covered by epiblast, budding out from a lateral
ridge which is seen in the early embryo near the line of cleavage of the mesoblast
and close to the outer margins of the muscle-plates, and several of which subsequently

send prolongations into each limb
mesoblastic somites, as
1

This

is

is also

(*)

;

indicated

the case in elasraobranchs

(see

they are therefore connected with several
their nerve supply.

by

fig.

194,

from Balfour),

but, according

to

Paterson,
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consists of a part which is sunk in the substance of the lateral ridge,
which the thoracic or pelvic girdle becomes developed, and of a free or

Each limb
and

in

Fig. 194.

TRANSVERSE SECTION THROUGH AN ANTERIOR PART OP THE TRUNK OF AN EMBRYO OP
SCYLLIUM.

(Balfour.j

sp.c, spinal cord; xp.j, ganglion of posterior root; at; anterior root; dn, dorsal ; sp.n, ventral
branch of spinal nerve mp, muscle plate ; mp', part of muscle plate already converted into muscle ;
mp.l, part of muscle plate extending into the limb ; nl, nervus lateralis ; ao, aorta ; ch, notochord ;
;

ly.g,

num
of

sympathetic ganglion ; ca.v, cardinal vein sd, segmental duct ; st, segmental tube du, duodehp.d, junction of hepatic duct with it; pan, rudiment of pancreas connected with another part
;
umc, opening of umbilical canal (vitelline duct).
;

;

;

duodenum

This is at first quite simple, and represents the distal
projecting part (fig. 195).
segment of the limb (hand or foot). The other two segments (forearm and leg
arm and thigh) are successively marked off between it and the girdle by the
development of transverse furrows representing the joints (fifth and sixth week).
At about the same time four notches appear in the flattened distal extremity,
marking off the intervals between the fingers and toes, and the middle segment
;

(fore-arm

or leg)

begins to be flexed upon

the proximal (arm or thigh), the

limbs do not receive such prolongations from the muscle-plates in birds and
develop in situ from previously indifferent mesoblast.

.the

mammals

;

the muscles
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concavity looking forwards in the upper limb and backwards in the lower limb.
The limbs also come to be folded ventrally against the body of the embryo.
From the manner in which the flattened limb-bud grows out fim_ the lateral
it

ridge,

is

obvious that

surfaces

its

must

dorsal surface afterwards becomes extensor
is

edge
Fig.

respectively the radial

195.

OF

THE

OF

OUTLINES

and

tibial

ANTERIOR

HUMAN EMBRYOES AT DIFFERENT

;

at first be dorsal

and the ventral

and

flexor.

ventral.

The

The

anterior

the posterior, the ulnar and fibular.

As

EXTREMITIES
AGES.

(After

His.)

A, at four weeks B, at
D, at nine or ten weeks.

five

;

weeks

;

C, at seven

weeks

;

development proceeds, a half rotation occurs in
opposite directions in the two limbs, resulting
in the middle flexure (elbow, knee) being directed
forwards in the upper, backwards in the lower
limb.

The bones of

the limbs are laid

down

as

cartilages w-hich appear as separate differentiations of the more centrally placed mesoblast,
a portion of mesoblast remaining for a time undifferentiated opposite each synovial
Within this a cleft subsequently appears, and enlarges to form the
articulation.

synovial cavity, the mesoblast which bounds the cleft developing eventually into
the synovial membrane and capsular ligaments of the joint.

The cranium.

In the head the notochord extends as far forwards as the
by a continuous mass of mesoblast, which sends
prolongations over the neural canal as in the trunk (membrana reuniens).

mid-brain.
lateral

Here

also it is invested

v

Fig. 196.

'/'.-

;

fsV?r

"'-'

DIAGRAMS OF THE CARTILAGINOUS CRANIUM.

Ch, notochord

N, E,

A, First stage.
P.ch, parachordal cartilages

;
Tr, trabeculae cranii
0, situations of olfactory, visual and auditory organs.
;

(Wiedersheim.)

;

P, situation of pituitary body

;

B, Second stage.
B, basilar cartilage (investing mass of Rathke)
S, nasal septum and ethmoidal cartilage ; Eth,
Eth', prolongations of ethmoidal around olfactory organ, completing the nasal capsule ; 01, foramina
for passage of olfactory nerve-fibres ; N, E, 0, Ch, Tr, as before.
;

The main

development between the cranium and vertebral column
no separate cartilaginous deposits to form vertebrae occur

difference in

consists in the fact that
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within the head, nor can any parts be distinguished which strictly represent vertebrae.
The cartilage of the basis cranii makes its appearance in the form of two longitudinal
bars lying on either side of the notochord (parachordal cartilages), and of two other
bars (trabeculce cranii of Rathke) which embrace the pituitary body, and which
become united together in front and with the parachordals behind to form a con-

tinuous mass, which posteriorly completely invests the notochord (fig. 196).
The
cartilaginous basis cranii may therefore be distinguished into the parachordal and
Of these the first represents the basi-occipital and basi-sphenoid,
prechordal parts.
the second the presphenoid and ethmoid portions. From the basis cranii continuous
cartilaginous plates grow on either side over the cerebral vesicles to a greater or
less extent in different animals, least in mammals, where only the occipital
region

becomes thus roofed in by cartilage. Anteriorly the united trabeculae cranii stretch
forwards into the fronto-nasal process, where they form the ethmoid cartilage and
nasal septum, besides enclosing the nasal pits externally (cartilaginous nasal capsule).
From the sides of the presphenoid portion the orbito-sphenoids (lesser wings),
containing the optic foramina, are developed, and from the sides of the basi-sphenoid,
Fig.

VIEW FROM BELOW OP THE CARTILAGINOUS
197.
CRANIUM WITH ITS OSSIFIC CENTRES IN A HUMAN
FOETUS OF ABOUT FOUR MONTHS.
(After Huxley.)

The
which

cartilage is dotted to distinguish it
is

shaded with

b.o, basi-occipital

magnum

;

o.c, o'.c',

p.s, post-sphenoid

noid

;

s.n,

septum

a.o, lateral occipitals
f.m, foramen
bony deposits in the periotic capsule

;

;

;

pr.s, pre-sphenoid

;

from the bone

lines.

;

o.s,

orbito-sphe-

nasi.

A

the greater wings or alisphenoids.
cartilaginous capsule, connected with the parachordal
portion of the basis cranii, invests the otic vesicle
(periotic capsule).

Within

this,

bony centres are

formed, which unite to form the
In the human embryo, chondripetro-mastoid.
eventually

fourth or fifth week in

fication begins in the

the

basilar

portion

of

the

and

skull,

is

nearly

completed

by

the

eighth

week.

Formation of

u'ae

the visceral arches.

visceral skeleton of the head cartilaginous bars of
A cartilaginous bar extends from the periotic capsule and
:

basis cranii, within each of the first three visceral arches, and passes forwards to
meet its fellow in the middle line. The lar of the mandibular arch is known as
Medal's cartilage. It is visible in all sections of the foetal jaw up to the seventh
month. Its proximal end is attached at first to the basis cranii, afterwards to the
periotic capsule; its distal end joins that of its fellow in the middle line of the

lower jaw. Only near this conjoined part does Meckel's cartilage take part in the
formation of the lower jaw bone, the greater part of this bone being developed by
In some
ossification at several places in the connective tissue around the cartilage.
animals a short cartilaginous bar is formed in the maxillary process (palato-pterygoid
Close to it the palatine and pterygoid bones are formed in
bar, fig. 198, A, ppcf).
membrane, but the bar itself entirely disappears. The second or hyoid lar arises

from the skull close behind the attachment of Meckel's cartilage, and passes along
the second arch.
It disappears in part, but in part is converted into the styloid
The body of the
process, stylo-hyoid ligament, and lesser cornu of the hyoid bone.
hyoid bone (basi-hyal) is an intermediate formation between the second and third
arches.
The bar of the third arch is known as the thyro-hyoid. Its lower end forms
but its attachment to the skull early disapthe greater cornu of the hyoid bone
;
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y.tr

;u'

ELEMENTS OP THE SKULL OF AN EMBRYO

Fig. 198, A.

SEMIDIAGRAMMATIC.

PIG, |-INCH LONG,

VIEWED FROM BELOW

:

(From Baifour after Parker. )

c. tr, cornu
nc, notochord
au, otic capsule
tr, trabeculse
py, pituitary
pn, prenasal cartilage; e.n, external uares ol, olfactory region p.pg, palatobar
enclosed in the maxillo-pterygoid process
pterygoid
mn, mandibular bar ; hy, byoidean bar th.h,
thyrohyoid bar fa, aperture for facial nerve 8a, for glossopharyngeal 86, for vagus ; 9, for hypoglossal.

pa.ch, parachorrlals

of the trabecuia

;

;

;

;

;

;

;

;

:

;

;

SIDE VIEW OF THE MANDIBULAR AND HYOID ARCHES IN AN EMBRYO PIG OF 1J INCH
IN LENGTH.
(From Baifour, after Parker.)

Fig. 198, B.
.

,

.

tij,

tongue

;

ink,
;

ml, body of malleus
mb, its manubrium or handle
i.hy, inter-hyal ligament ; st.h, stylo-hyal cartilage
7a, facial nerve.
th.h, rudiment of first branchial arch

Meckel's cartilage

incus
tegnicn tympani
i,
bh basibranchial
hypoljyal
;

;

;

st,

;

;

;

;

stapes

;

;
:

t.ty,

h.h,

;

pears, or in

some animals may not

be found at

all.

This bar

is

in

cases of less importance than
the first two, from the proximal
all

parts of which important structures connected in lower vertem**12e.

Meckel's cccrttlcuye'

brates with the suspensory apparatus of the lower jaw, in the

higher vertebrates with the apparatus for sound transmission
to the internal ear are developed.

Formation of the auditory
If the embryonic de-

ossicles.

velopment of the bars is studied
in man and other mammals, it is

found that at a certain period of
Meckel's cartilage is
continuous
with the cardirectly
tilaginous malleus, above which,

foetal

and

life

at first in direct continuity

with

it, is

(fig.

199)

the cartilaginous incus
these two ossicles
;

therefore appear as the enlarged
and modified proximal end of

Somewhat
Meckel's cartilage.
later the incus becomes detached
from the malleus, but the
ie -

THE EMBRYO OF THE SHEEP.

(Salenskv.)

Mcckcl's cartilage

(fig.

200).

latter
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OSSICLES.

The most obvious interpretation of these appearances would seem to be that both the
malleus and incus are developed from the cartilaginous bar of the first or mandibular arch.
This view is not, however, universally held. For, as the several illustrations show, the second
or hyoid bar is also connected to the developing incus, through which it is joined to the periotic
Hence it has been inferred by some that the incus belongs to the hyoid bar. and not
capsule.
Others have looked upon it as representing a hyomandibular
to the mandibular (A. Fraser).
cartilage, like that which in Sauropsida forms a common suspensory apparatus for both
mandibular and hyoidean apparatus (Huxley). This hyomandibula itself, however, may repreCONDITION OF MECKEL'S CARTILAGE AND THE HYOID BAK IN THE
HUMAN FCETUS OF ABOUT 18 WEEKS.

Fig. 200.

(Kolliker.)
is an enlarged sketch
by Allen
Thomson, showing the relationship of
the several parts better than in A.
~, zygomatic arch ; ma, mastoid process
mi, portions of the lower jaw left
in situ, the rest having been cut away

B,

;

;

M, Meckel's

cartilage of the right side,
continued at s, the symphysis, into that
of the left side M', of which only a small

part is shown
T, tympanic ring
m,
malleus
i, incus
s, stapes
sta, stapedius
st, styloid process
p, h, //, stylo;

;

;

;

;

;

;

pharyngeus, stylohyoid, and styloglossus
muscles stl, stylohyoid ligament attached
to the lesser cornu of the hyoid bone, hy
tit, thyroid cartilage.
;

;

an upward prolongation of
Meckel's cartilage, and would then
belong to the 1st visceral arch
Lastly, yet another solu(Peters).
tion of the question has been offered,
viz., that both incus and malleus are
sent

hyomandibular (Albrecht, Gadow).
The last mentioned opinion is based
mainly upon considerations of comparative anatomy, which can hardly
be left out of account in dealing with
the morphology of these structures.
In lower Vertebrata the suspensory
apparatus of the lower jaw comprises
besides the hyomandibula. common
to it and to the hyoid apparatus, a
large bone,

known

as the quadrate,

by means of which, either directly or
with the intercalation of an os articulare, the lower jaw is united with
the basis cranii and periotic capsule.
Reichert looked upon the incus as the
homologue of the quadrate, and the malleus as that of the os articulare and the same view
was taken by Gegenbaur.
Huxley, on the other hand, came to the conclusion that the
homologue of the quadrate bone of reptiles and birds is to be found in the malleus, and that
the incus represents a portion of the hyomandibular bar, which, as above stated, is common to
both first and second arches. Various other observers have concluded that the quadrate of
lower vertebrates is represented in mammals by the zygomatic process of the squamosal.
Gadow, however, looks upon it as represented by the tympanic ring of mammals.
The stapes has. been variously described as representing: 1, a part of the hyoid arch
(Reichert) 2, a part of the periotic capsule which has become detached (Parker) 3, in part
;

;

;

or wholly, the hyomandibula of lower vertebrates (Gegenbaur, Huxley, Albrecht, Gadow)
5, as an independent
4, hyomandibula and detached periotic cartilage conjoined (Gradenigo)
circular deposit of cartilage around the stapedial artery J (Salensky, Fraser). It is at any rate
closely connected with the hyoid bar. which forms from above down the tympano-hyal and
;

;

This artery disappears in man, but

is

persistent in

many mammals.
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and the

lesser
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cornua of the hyoid bone (cerato-

hyal).

The remaining bones

of the visceral skeleton of the head,
formed in

palatine, pterygoid, vomer, nasal, and lachrymal, are all
their development is given in the Osteology (Vol. II.).
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the maxillary, malar,
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a point), ale-

cithal ova of, 9
invagination of blastoderm of, 22, 24
origin of mesoblast in, 22, 26

mesenchyme

in, 27
notochord in, 34
mesoblastic somites

in,

37

Amygdalae (a/jLvy8d\r), almond), 66
Anal membrane, the, 108
Analogy, avd, according
nition of, 4
examples of, 4

Anatomy,

I.

definition of,

to, \6yos, ratio), defi-

I

departments of, i
Angelucci on zonule of Zinn, 87
Annelida (anndlus, little ring), 2

26

Archiblastic cells of His, 25
Arteria centralis retinae, 85, 87
Arterial (aortic) arches, formation of, 38, 146
division of aortic septum by, 144
origin of principal arteries from, 146, 147,

148
destination of fourth and fifth, 150
Arteries (aprtipia, cupw, to lift), development

of,

146
from arterial arches, 148, 149
from arches in birds, 150
ascending pharyngeal, 148
auricular, 148
basilar, 149
carotid, 148, 150
common iliacs, 147
innominate, 150
intercostal, 149
inter-segmental, 149
lingual, 148
maxillary, 148
middle sacral, 147
occipital, 148
pulmonary, 148, 150
subclavian, 150
temporal, 148
umbilical, 44, 146, 156
vertebral, 149
vitelline, 40
Arthropoda (&p9poi>, a joint,
mental plan of, 2
centrolecithal ova of, 8

7roi5s,

a foot), seg-

Aryepiglottic folds, 103
Aryterioid cartilages (apinaiva, a pitcher), 103
Ascaris megalocephala, polar globules observed
in, 9
fertilisation in, n, 12
segmentation of, 16

Auditory

89
89

pit,

vesicle,

nerve, 78, 89, 93
ossicles, 167, 168
Auricular canal, 142
Axis, primitive skeletal, 2

Anterior perforated space, 79
Anus, formation of, 108, 128

BAER, VON, zona pellucida of, 6
on bilandnation of middle layer of

Aorta

toderm, 23
Balfour, F. M., on amnion and allantois, 45, n
blastodermic layers, nomenclature of, 23
ccelom, typical development of, 24

(noprfi, ae/po>

to

lift),

primitive, formation

of, 38
descending primitive, 146
arch of, 148, 150
bulb of, 144, 147, 148

descending permanent, 150
Aortic arches.
VOL.

I.

See

ARTERIAL ARCHES.

head

cavities, 161

limbs, 163 n.
lens- capsule, 87

blas-
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11

continued.
Balfour, F. M.
Miillerian duct, 122, 123
muscle plate, outer, 161
nerves, epiblastic, origin of, 57
spinal, anterior roots of, 74

neural crest, 73
cesophagus, obliteration of
ova, formation

of,

Born

continued.
cephalic clefts, 102, n.
thyroid, in

septum spurium,

lumen

of,

104,

n

124

Bowman,

Bauchstiel (abdominal stalk), 46
Beard on branchial sense-organs, 76
Beneden, v., vitelline membrane, 8
formation of polar globules, 9
entrance of spermatozoon in Ascaris,
division of nucleus in Ascaris, 12, 16
blastodermic layers, 18
of,

n

Canalis re-uniens. 91

periotic, 166

Carnoy on polar globules in Ascaris, 9
Cat, blastodermic vesicle

of,

18

Cauda equina, 60
(/ceVrpoi/,

a point), of vertebras. 2
centre, hfyivdos,
(xevrpov,

oil-

bottle), ova in arthropods, 8
Cerebellar peduncles, 66
Cerebellum, 62
formation of, 66
amygdalae of, 66

second, 67

24

first,

attachment of to uterus, 53

(/SAooTrfs, a bud, ir&pos, a passage),
discussion of in meroblastic ova, 22, 23
diverticula, near to in Sagitta, 26
connection of anus with, 108
Blochmann on extrusion of one polar globule by

parthenogenetic ova, 14
21, 25

corpuscles, 40
Blood islands of Pander, 39

Blood vessels, formation of, 40
Body, segmentation of, 2
See C<ELOM
Body-cavity.
Bonnet on middle blastodermic layer, 21
on connection of notochord with buccal epiblast, 68
protovertebral cavity, 160
the lachrymal canal, 89

in, 34
rudiments of cranial nerve ganglia in, 75
Choanse (xdavos, a pit for melting metal in), 97,
100
Chorda dorsalis, 32. See NOTOCHORD.
Chorda tympani, 79

Chordae tendmese, 142

Blastopore

cells,

68

Chick, pro-amnion

invagination of, 22, 23, 24
as yolk-sac, 35

Blood, origin from parablastic

107

third, mid-brain, 67

table of development from layers of, 25
four layers of, 26
separation of embryo from, 34
Blastodermic vesicle, definition of, 17
growth in the cat of, 18

011

C^CUM (blind),

Calamus scriptorius (writing pen), 62
Callender on 4th visceral arch, 103

Cerebral vesicles, 37
table of development from, 61
fifth, orbulbar, 63
fourth or cerebellar, 66

8

historically considered, 23,
characters of layers of, 24

Born

Budge on lymphatic system, 157

Centrolecithal

three layers of, 17
gastrula condition of, 21
stage typical, 22
bilaminar, 21
layers, inversion of, 23

first

Bronchi, 109
Brown, H. H., on extrusion of part of nucleus
of seminal cell, 12

Centra

23

1

1

homogeneous

whence derived, 87
Capsule, cartilaginous nasal, 166

35

of, 17,

posterior

88

Capsule of lens, 87

Bile ducts, 112
Birdsell on sympathetic nerves, 81
Bischoff on inversion of blastodermic layers, 23
Bladder, urinary, 122
Blastoderm (/3/\.a<rT(5s, a b'ud, 5f/>/xa, skin), for-

mation

of,

Brain, development of, 61
flexures of, 63
fissures and convolutions of, 71
Branchial sense-organs of Beard, 76

Bars, cartilaginous, of mandibular arch, 166, 168
palato-pterygoid, 1 66
hyoid, 166, 168
thyro-hyoid, 166
Bartholin, glands of, 128
Basal layer of placental decidua, 5 1
attachment of villi to, 52
Basis cranii, 166
Bat, placental sinuses in, 52

of,

and

anterior

lamella

Wolffian body, 115, n.
duct, 118
vitelline membrane, 8

blastopore, theory

141, n.

auricular canal, 142, 144
ventricular septum, 142, n.
foramen ovale, valve of, 144

pulmonary veins, 144
Boveri .on polar globules in Ascaris, 9

parablast, 27, n.
primitive groove, 23
polar globules, theory of, 14
supra-renals, 122
sympathetic system, Si

pro-amnion

I.

Chorion (xopiov, skin), definition, 42 and n.
junction of allantois with, 44, 46
Choroid coat, 87, 88
Choroid plexuses, 62, 67, 70
Choroid al fissure, 85
Chromatin, filaments of, 12, 16

Chromosomes

(xpufj-a, colour, a-upa,

Ciliary body, 88
Circulation, fetal peculiarities
course of, 156
changes of at birth, 157

of,

body), 12

155

Cloaca, 108, 122, 123, 127
Cochlea (/coxA'*, a snail with a spiral

canal

of,

90

ganglion of, "j8
in birds, 92
modiolus of, 93
bone of, 93
spiral lamina of, 93

shell),

INDEX OP PAET
Ccelenterates (KOI\OS, hollow, Hvrepov, intestine),

23

Ccelom

Decidual

cells of Friedlander, 49
Definition of anatomical terms, 4, 5
mesial,
'

hollow), layers of. 2, 23
typical origin from iuvagination, 24, 26
(<co?Aoy,

"

lateral,

formation of, 36, 99
connection of mesoblastic somites with, 37,

frontal,,

an arrow),
coronal (corona, a crown),
dorsal (dorsum, a back),
ventral (venter, belly),
neural (vevpov, a cord),

60
formation of pleurae from, no
of pericardium from, 135
serous cavities from, 159
Coelom-invaginations, 22
connection of, with notochordal invagination, 34
Coloboma iridis (Ko\60ia/j.3, a part taken away
I

in mutilation), 85
of cord, anterior white,
of,

rudiment

first

59

visceral,

cephalic (e<paA7j, head),

caudal (cauda,

tail),

axial,

Deiters, sustentacular cells of, 93
Delamiuation, process of in blastoderm, 21
non-occurrence in invertebrata, 22

Lankester on, 24
Descemet, membrane of, 88
Descriptive terms, 4
Deutoplasm, 7, 8
Diaphragm (S{, through,
159

posterior white, 59, 75, 78, n.
structure of, 60
Commissure, anterior of cord, 60
grey, 67
posterior,

.

sagittal' (sagitta,

1

Columns

I.

67

Commissures of cerebral hemispheres, 71

Directive corpuscles^ 9.

Cornea (horny), substantia propria

Dohrn on

epithelium

of,

87

87

Cornu (horn), anterior, first rudiment of, 59
Cornu Ammonis(from resemblance to the horns
of the statue of Zeus-Ammon), 72
Corpora quadrigemina (four-fold bodies),

62,

Discus proligerus,

fence,)

See

by, 7
pituitary body, 68
Dollinger, researches of Pander under, 23
Ductus ai'teriosus, 146, 150, 156
lingualis,

no

no
no

thyreoglossus,
thyroideus,
venosus, 152, 156

67

striata, 62, 69, 73
Corpus-albicans (white body), 71
Corpus callosum (the thick body), 71
peduncle of, 79
Corti, rods of, 93

a

POLAR GLOBULES.
albumen deposited on ovum

Congenital fissures of neck, 103
Connective tissue, origin from parablastic cells,
21, 25
of,

<j>pdjfj.a,

Duodenal loop, 104
Dursy on continuity

of piimitive

with neural

groove, 32

Duval on

epiblastic connection of blastodermic
vesicle to uterine wall, 53

Coste, discovery of germinal vesicle by, 8, n.

Co tyledons of placenta (icorfar), anything hollow),
51

Cowper, glands

of,

128

EAR, a specialised branchial sense-organ, 76
development of, 89
accessory parts, 93
Echinoderms ^'xivoj, urchin, Sep^a, skin), im-

Craniata, 27
Cranium, 165
Crura cerebri (crus, leg), 62
Crusta (crust or rind), 67

Cryptorchisrnus
127

(Kpuirros,

Cunningham, D.

F.,

on

pregnation

hidden, opx ts testicle),
>

sulci of brain, 72, n.

Cutis vera, formation of from outer muscle plate,
161

Egg

Cuvier, ducts

Elasmobranchs

vestiges

138, 139, 141, 151, 152, 153

of,

of,

154

Cyclostomata (KVK\OS, a circle, cn-J^ta, mouth),
parablastic elements in blastoderm of, 27
heart in, 136
Cystic duct (KVGTIS, the bladder), 112

Dectdua

(dccidere, to fall off),

structure

of,

44

46

reflexa, 46
serotina, 46
vera, 46

function of glands of, 47
thickness of vera, 48

stratum spongiosurn of, 49
stratum covnpactum of, 49
atrophy of glands of, 49
placerital, 51
giant cells in serotina, 54
separation of at birth, 55

in, II,

12

Ecker on the Sylvian fissure, 73
Ectoderm (txrds, outside, Se^ua, skin), primitive,
18, 19, 24
invaginution

of, 22,

23

tubes, 124
(^Acto^ta, lamina, 0pdyx ta
ccelom invaginatiou in, 22, n.
primitive groove in, 23
neural crest in, 73
spinal nerves, anterior roots in, 74
origin of ciliary ganglion in, 81
auditory vesicle in, 90
supra-pericardial bodies in, ill
liver in, 112

WolfBan

>

gills),

vesicles in, 118, n.

supra-renal capsules in, 121
Mullerian duct in, 122
heart in, 136
muscle plate, outer, in, 161
visceral arches in, 161
head cavities in, 161

limbs

in, 163, n.

Embryo, human, segmentation where most
marked, 2
Embryo, separation of, from blastoderm, 34
Embryology (e^pvov, a thing newlv born, AOVOS,
word), definition.

I
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IV
Embryonic area, 18
Endocardium (evSov, within,
Endolymphatic canal, 90
Engelmaun on placenta, 48,

GADOW
/copSio, heart),

136

n.

Enteric canal (ivrtpov intestine), 22
groove, 36

on auditory ossicles, 168
Gall bladder, 112
Ganglia (ydyy\wv, a swelling), posterior-root, 74
rudiments of, in cranial nerves, 75, 76
Gasserian, 78, 8l
jugular, 78

Entoderm

(ivr6s, inside, 5ep/j.a, skin), primitive,
17, 18, 19, 24

cochleae, 78

sympathetic, 8 1
ciliary, 81

66

formation of ganglia by, 73, 75
sensory epiblast, 76
formation of lens from, 83
(eirl,
upon, yXumis, mouth of the
windpipe), 103
Epiphysis cercbri (errupvw, to grow upon, cerebrum, brain), 67
Epoophoron (iiri, upon, &6v, egg, <j>fpca, to carry)
ofWaldeyer, 120
Eustachian tube, 93

Epiglottis

valve, 141, 155

Ewetsky on bifurcation of lachrymal
External amniotic

fold, 43, n.

Eye, development
retina. 86

of,

canal, 89

membrane

iris of, 87,

81

Ganoids

of,

87

(ydvos, bright, *?5os, form), heart in,

Gegenbaur on homodynamy, 4
Jacobson's gland, 97
remains of notochord, 162
auditory ossicles, 168
Generative organs, male, 117, 120, 125
external, 127
female, 124
table of, 130
Genital cord, 123
ridge, 124
cell,

12

Germinal cells, 58
Germinal epithelium, 117
connection with Wolffian tubules, 120
formation of ovary from, 124

88

of testicle from, 125

chamber

of,

88

Eyelids, 89

Germinal spot, 8
Germinal vesicle, structure
Giant cells of placenta, 54
Gill slits, 103
Giraldds, organ
Girdle, thoracic

FALLOPIAN
fimbria?

tube, 7
of,

1 1

development of. 117, 124
False amnion, 42, 43, n.
Falx cerebri (a sickle), 70
Fertilization, II

Filinn terminals (terminal thread), 60
Fissure of Sylvius, 72, 73
of Rolando, 73
Flemming on Wolffian duct, 118

Fol on polar globules in echinoderms, 9
Foramen csecum of Morgagni (blind opening), 102,

no

Foramen

of Monro, 63, 68

ovale, 144
closure

of,

136

Gartner, duct of, 120
Gaskell on cranial ganglia, 77
nuclei of cranial nerves, 77
sympathetic ganglia, 81
Gastrula (yatr-ri}^, belly), 21
views of formation, 22, 23

Germ

83

corneo-sclerotic coat of, 87
ch'oroid coat of, 87, 88

anterior

geniculate, 78

ophthalmicus profundus of elasmobranchs.
(eVi, over, iyice<pa\os, brain),

Epiblast (ivl, over, j8\aoTdy, germ), 21
homology with Rauber's layer, 22, n.
character of cells, 24
formation of medullary folds by, 32

hyaloid

78

spiral,

blastopore, relation to, 22, 23
perforation of by primitive groove, 22
Entomeres, mass of (evr6s, within, /ue'pos, part),

23
Epencephalon

I.

155, 157

Fore brain, 38
Fore-gut, first formation
Fornix (an arch), 71

of,

of,

of,

8

120

and

pelvic, 164
Globular processes of His, 95
Glomeruli (glomus, ball of thread), 119, 122
Golowine on ganglion rudiments, 75

special sense-organ rudiments, 76
Gotte on Wolffian duct, 118
Graaf, de, on pineal eye, 68

Graanau follicle, 6
union of cells of, with ovum. 7
changes prior to escape of ovum, 9
.

formation of, 124, 125
Gradeiiigo on the stapes, 168
Gruber on a case of venous abnormality, 155
Gubernaculum testis (a helm), 126
changes of in descent of testicle, 127
Guinea-pig, formation of amnion in, 43
allantois in, 46
Cyrus subcallosus of Zuckerkandl, 81

34

Foster on nomenclature of the blastodermic
layers, 23
Fraser on inversion of blastodermic layers, 23
auditory ossicles, 168

Fretum Halleri

(a strait or channel), 141
Friedlander, decidual cells of, 49
on giant cells in decidua serotinn, 54
Froriep on branchial sense-organs in mammals,

76
vertebral column, 162
Furcula, the (forked prop), 102, 103

HADDEN, on

origin of segmental duct, 118
Haeckel, on gastrula stage and gastrulisation r
22, 23, 24
HaJler. vasa aberrantia of, 120

Hare

lip,

97

Hassal, concentric corpuscles

Head, first appearance
muscles of, 161

of,

of,

112

34

evidences of segmentation
skeleton of, 166
visceial skeleton of, 166

of,

161
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Heape, on blastodermic layers in the mole, 18
rudimentary blastopore in the mole, 22
Heart, formation of, 38, 136
beginning of beat, 39
endothelial tube of, 134
folding and division of, 137, 141, 142
saccus reunions, 139

septum spurium
valves

of,

of,

septum intermedium

Histology

of,

a web

(larov,

\6yos, word), defini-

;

I

tion,

Hofmann, gastrulatiou in elasmobranchs, 22, n.
Holoblastic ova (cfAos, whole ; jSAasr^s, a germ),
definition of, 8

142

chorda; teudinese of, 142
foramen ovale of, 144
limbus Vieussenii of, 144

invagination

of,

22

Homodynamy (6^6s, the same Sw/a/uis, power),
Homogeny (6fj.6s, the same ytvos, descent), 4
;

4

;

of,

Homology

146
146

foetal, peculiarities of,

of,

Hedgehog, placental sinuses in, 52, n.
epiblastie attachment to uterus in, 53
Henle, loops of, 122
Hensen, uanalis re-uniens of, 91
on Wol in an duct, 118
'

A<ppoSirri,

a male and

on polar globules

mesodermic layers

of,

of,

;

\6yos, word),definition

in

auditory ossicles, 168
the (the god of marriage), 128
Hyoid, the (T elSos, the form of the Greek letter

Hymen,

T), 166,

24

26, 27, n.

mesenchyme of, 26
Hind brain, 38
Hind gut, formation of, 36
connection with allantois, 46
with Wolffian duct, 118
His, "VV. abdominal stalk of, 46
on accessory thyroid bodies, 1 10
,

allantois, 101, n.
arterial arches, 147

ascending roots in medulla, 66
auricular canal, 142
axis cylinders, growth of, 75

169

under ; #Aa<rro's, germ), 21
characters of cells of, 24
formation of notochord from, 32
allantois from, 44, 46
Hypophysis cerebri (virocpvia,to grow from below),
Hypoblast

cnelom-invaginations of, 22
ccelom, typical development

same

homology, 4
examples of, 4
Hubrecht, on epiblastic connection of blastodermic vesicle with uterus, 53
Huxley, on two layers of coelenterates, 23

female god), 12

Hertwig, 0. and E.,
echinoderms, 9

((5/!s,the

4

serial

heart, bilateral, 134

Hennaphroditism ('Ep^s,

68, loo.

(inr6,

And see PITUITARY

Hypospadias

under

(vir6,

IMPKEGNATTON,

;

o-iraco,

BODY.
to tear), 129

n

Incisor foramen, 97
Incus (an anvil), 167, 168
Infundibulum, the (a funnel), 61, 67, 68
of lung,

no

formation

Intermediate cell mass, the
Wolffian duct from, 115

of

of permanent kidney from, 122

blood-vessels, 151

Broca's area, 79
cephalic clefts, 102, n,
endothelial tube of heart, 136
on epiblastic origin of ganglia and posterior
of,

no

visceral arches, 102

141
septum inferius of, 141
auricular canal of, 142

roots, 57
germinal cells

spongioblasts of, 58
sulcus terminalis, 102
thyroid,

of,

muscle of, 145
columnre earners

continued.
septum, transverse of, 159
sinus arcuatus, 102
on spinal nerves, roots oj", 74

on tuberculum impar, 102

141

141, 142

fretum Halleri

His

I.

58

on geniculate ganglion, 79
globular processes of, 95
on heart, bilateral, 134
isthmus of, 67
on laminse of cord, 60
lens capsule, 87
mechanical theory of development, 24
mesoblast, origin of in part from thickened
rim of blastoderm, 23
nerve fibres, somatic and splanchnic, 77
olfactory epiblast, 98
nerve fibres, origin of, 77, 81
parablast, theory of, 25, 26
on pinna, 95
porta vcstibuli of, 156
on pulmonary veins, 144
researches of, 6, n.
saccus reunions of, 139
septum atriorum, 144
inferius of, 141

between stomodseum and fore-gut, 99

Intermaxillary process, 95
Intervertcbral disc, 162
Intervillous space, 51
question of blood in, 53
Intestines, 104
large, 106
Invagination in holoblastic ova, 22
aperture of, 22
resemblance to blastopore, 22
Inversion of blastodermic layers, 23
Iris, 86, 87, 88

Iscliikawa on segmentation of
tilization, 14
Island of Reil, 70, 73

ovum

before fer-

Isthmus fuucium, 100
of His, 67

JACOBSOK'S organ.

KARYOKINESIS

95,

97

(xapvov, a kernel

ment) of germinal cells, 58
Karyoplasm (xapvov, a kernel
of germinal vesicle, 8
Kessler, on lens capsule, 87

;

;

KiV?j<ns,

irAao-^a, a

substantia propria of cornea, 87, n.

move-

mould)
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Kidney, head or fore, 115, 117
mid, 116
hind or permanent, 117, 122
Kb'lliker on lumber's layer, 18

I.

Lungs, development of, 109
Luschka, on urachus, 122
notochord, remains of, 162

Lymphatic system, 157

intermediate layer of blastoderm, 20
placenta, 53
lens capsule, 87
the anterior chamber, 88

MACKAY

cephalic clefts, 102, n.
air cells of lung, 1 10

endothelial tnbe of heart, 136
laterale of, 136

cartilage of vertebra, 162

Kollmann, parablastic theory of His, adherence
to, 26
.Kowalevsky, researches on Sagitta and Amphioxus, 24, 26

Kundrat on placenta,

48, h.

Kupffer, gastrulation, view of, 22
His' parablastic theory, adherence to, 26

vesicle with uterus, 53
Mechanical theory of development, 24
Meckel, J. F., 23
Meckel's cartilage, 166, 167, 168
Medulla oblongata, 62

formation

perilymphatic spaces

of,

Lachrymal canals and ducts,
fissure, 89
gland, 89
cord,

Membrana

See NEURAL GROOVE.
groove.
limitans of retina, exterua, 86
intern a, 83, 86

nictitans,

89, 97

tectoria,

Membranes
(dorso-lateral)

ghost), nasal gland in,

98

Lens, 83, 86
vesicle of, 87
transitional zone of,

capsule

of,

87

87

Leopold on placenta, 48,

bones

Limbus

(a

of,

165
165

of,

band) Vieussenii, 144, 157

Literature, recent, of the

Eemak,

ovum, 14

blastoderm, 27
embryo, formation

of, 41
general subject of embryonic formation and
development, 41
decidua, 55
nervous system, development of, 81
sense organs, 98
alimentary canal arid glands, lungs, 113

urinary and generative organs, 132

blood system, 158
serous cavities, muscles and skeleton, 169
Liver, 106, 112

weight of, 113
formation of veins of, 151, 152
Lock wood, on proto vertebral cavity, 160

of cord, development

Meroblastic ova

(/j.fpos,

definition

32, 162, 165

of,

of,

60

a part, ySAacrrdj, a germ),

8

gastrular stage in, 22

Haeckel, view concerning blastopore in, 23
mesencliyme in, 27
Mesenchyme (pia-os, middle, x v s > J u i ce )> 26,
27
Mesencephalon (ptaos, middle, fyicHQahos, brain,
67
connection with optic stalks, 85
Mesentery, the (/j-tcros, middle, tvTfpov, intestine),

^

104, 107
Mesoblast, formation

of, 20, 21
origin, varieties of, 22
His' view of origin, 23

u.

giant cells in decklua serotina, 54
Leydig on special sense organs of gill clefts, 76
Lieberkiihn on blastodermic layers in mole, 18
on lens capsule, 87
zonule of Zinn, 87
Ligamentum arteriosum, 150
Limbs, 4, 163
segments of, 164
rotation

30, 32

93
tympani, 93

no

Lemurs (lemur,

of,

89

reunions, superior of

(ventro-lateral), 60, 63, 65, 66, 77
Langhans on placental sinuses, 53
Lankester, on homogeny, 4
blastopore, 22
primary layors of blastoderm produced by
delamination, 24

Larynx,

formation

folds,

93

basal

alar,

63

of,

Medullary

(greater lips), 128
labyrinth, the, the recess of, 90

of

150

8

Marshall, vestigial fold of, 154
Milnes, on head cavities, 161
Martin on Wolffian duct, 118
Masius on epiblastic connection of blastodermic

LABIA majora

Laminae

-spot),

of Wolffian body, 120
of permanent kidney, 122

heart, 134

mesocardium

arterial arches of the bird,

Malpighian corpuscles of spleen, 108

in

thymus,

on

Macula germinativa (germinal
Malleus (a hammer), 167, 168

character of

cells,

24

connection with mesencliyme, 26
paraxial and lateral, 32
cleavage of, 36
formation of vessels in. 39
growth of with allantois, 44
Mesoblastic somites, 37, 159, 162
cavity in, 37, 160

Mesocurdium, anterius, posterius. lateralis, 136
Mesocolon (xoXov, great intestine), 106

Mesogastrium (yain^p. belly), 106, 107
Mesonephros (vetypos, kidney), 116

Mesorchium

(fy>X' J > testicle),

126

Mesorectum, 106
Mesovarium, 126
Metameres (nfra, following, /ue'pos, a part), 4
Metanephros (/^trd, behind, vf<pp6s, kidney),
117

Metazoa (/J-trd, after, (woi>, animal), 18, 26
Metencephalon (nrrd, behind, fyKf<f>a\os, brain),
63
Meuron, de, on obliteration of human oesophagus, 104, n.

thymus, in
Micropyle (/j.iicp6s, small,

Mid

brain, 38

irv\i),

opening), II
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Mihalkovics on stomodffium in rabbit, 99
supra-renal capsules, 120
Mullerian ducts, 123

Neuroblasts (vtvpov, nerve, jSAao-rife, germ), 58,
59, 74, 98
Neuroglia (vevpov,- nerve, y\ta, glue), origin of,

60

ovary, 124, n.

Minot, polar globules, theory
on placenta, 48 n.
chorionic epithelium,

of,

Nose, a specialised branchial sense organ, 76
formation of, 95

12, 14

bounding placental

Notochord

(vanos, the back,
gut), 2

sinuses, 52, n.

Mitsukuri on supra-renals, 122
Modiolus, the (nave of a wheel), 93
Mole, primitive ectoderm in, 18
blastopore in, 22
llonotremes duoVos, single, rpij/xo, a hole), 6
amount of yolk of, 8
cloaca in, 108
Morbus cceruleus (the blue disease), 157
Morgagni, hydatids of, 124

Morphology

(nop<pr),

mination of, 2
Mouth, formation

Vll

I.

form, \6yos, word), deter-

99
non-correspondence of primitive with permanent, 100
of,

xP^>

a string of

formation

of, 32
an embryonic structure, 34
structure of, 34

connection with buccal epiblast, 68
formation of vertebra round, 162
connection with cranium, 165

Notochordal canal, 34

Nuck, canal

of, 127
Nuclei of origin of cranial nerves, 77
Nucleolus of ovum, 8

Nucleoplasm of germ and sperm cells, 12
Nucleus (a kernel) of ovum, changes in, 6, 9
chromatin filaments of, 12
Nymphse, 128

Mulberry mass, 16
Miiller, E., on muscular tissue of primitive
aorlse, 151

Johannes, Miillerian duct named
117
W., sense epithelium of, 86
Mullerian duct, 117, 122, 123, 124, 127

after,

imaginations, 115, n.
Miillerian fibres, 86

Muscle

plate,

160

inner, 160
outer, 161

(olffu
<f>fpei>,
eat), 103, 104, n.

marrow,

(jiu/eAJs,

o-no-yyos,

sponge), 58
(fj-vos,

a muscle, rt^vca, I cut),

4

<payfiv,

to

95

lobes, 62, 71
junction of ganglionic

MyeloHjiongium

to carry,

Olfactory (olfacio, to smell) area, 95
bulb, 8 1
epithelium, 98
glomeruli, 81
Pit,

Muscles, 159

Myotomes

=

GEsoPHAGUS

formation

rudiment with, 77

79
Olivary tubercle, 65
Omental sac, 106
of,

great, 106, 108
gastro-hepatic, or small, 106, 113
Omphalomeseraic vein (6fj.(pa\6s, navel, fj.tffapa.ior,
See VITELLINE VEIN.
mesentery.
Onodi on sympathetic nerves, 81

Omentum,

NASAL

processes, 95
laminae, 95

septum, 95
Naso-palatine canal, 97
Nerves, fifth ascending, root of, 66, 78
vagus and glosso-pharyngeal, ascending root
of, 66, 78
fifth sensory fibres of, 66, 78

motor

fibres of,

66

sixth, seventh, 66
third, fourth, 67

spinal, formation
roots of, 74

73

of,

axis, cylinders of, 75

traces of ganglia in cranial, 77
cranial, 75
auditory, 78, 89, 93
sympathetic, 81
nuclei of origin of cranial, 77
inferior laryugeal, shifting of, 149
Nerve fibres, origin from neuroblasts, 58, 59
origin of somatic and splanchnic, 77
oliactory, 81
Nervous system, general view of development, 57

Neural canal, 32
parietes
crest, 73, 75

of,

structure

of,

57

groove, formation and closure of, 30, 32
tormation of cerebral vesicles from, 37
Neurenteric canal (vevpov, nerve, tvrtpov, intestine),

22

piercing of notochord by, 32

Optic chiasma
wise), 85
cup, 83

(x/cur/ua,

two

lines placed cross-

nerves, origin from fore-brain, 38, 67, 79

formation of, 85
thalamus, 62, 67
tracts, 67, 85
vesicles, primary, 61, 67, 83
Organ, definition, I
Organization, plan of, 2
"
Organs of the lateral line," 76
Os articulare (joint bone), 168
Otic vesicle (ovs, wrixfa, ear, of the
stalks,

ear),

89

125
round ligament of, 126
of
change
position of, 127
Oviparous (ovum, egg, pario, to produce) verte8
brata,

Ovary,

6, 124,

Ovum

(egg), alecithal, 9
attachment of to uterus, 46

centrolecithal, 8

deutoplasm of, 7
development, changes prior
gastrula

of,

to,

6

21

germinal vesicle
holoblastic, 8

of,

human, exception

8

to rule of separation from
chorion, 46
human, villi in earliest described, 55
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Ovum

continued.

fertilization of,

Plica gubernatrix (guiding fold), 126
semilunaris, 89

n

mammalian, descent
maturation

of,

of,

8

Polar disc,

of,

1

formation

structure

of, 9,

12

where observed, 9
of Ascaris megalocephala, 9
of plants, 9

6

Minot's theory of, 12
"Weismann's theory of, 14
(bridge), 62
formation of, 66
Porta vestibuli (gate of the vestibule), 156

size of,

strise of,

1 1

globules, 6

9

meroblastic, 8
permanent, 125
polar globules, extrusion from, 9
primordial, 124

segmentation
6

I.

Pons

6

6

of,

yolk of, 7
zona pellucida or zona radiata

of,

6

Prae-hyoid glands,

no

Pregnancy, changes of uterus

in,

48

Primary placenta!

circulation, 53
Primitive groove, formation of, 19
as extension of blastopore, 22

PALATE,

the,

cleft,

Pancreas

as

97

97
(TO.V, all,

flesh), 108,

/c/>e'as,

Balfour's view

113

Pander, researches on blastoderm, 23
mechanical theory of, 24
blood islands of, 39

connection

21, 25, 27
Parachordal cartilages (irapd, beside,
near the notochord), 166
string
Parker, on formation of xiphoid, 163
stapes, 1 68

xP^,

;

Parovarium

(irapd, beside
cilia ris retinae, 86

;

ovarium, ovary), 120

Parthenogenesis (irapSfvos,
virgin
origin), polar globules in, 14

;

!

;

;

Perivitelline space (vitellus, yolk), 9

Peters on hyomandibula, 168
(irerpos, a stone

lamprey), pitxiitary
egg tubes of, 124
Pharyngeal septum, 100
Pharynx, 101

M"CW to suck
body in, 68
;

>

;

Pfliiger,

Philtrum

((pi\Tpov, loveliness),

an

ectodermal thickening indented by blastopore, 22
origin of mesoblast irom, 22
connection with notochord, 32
velum (velum, a curtain). 100
Pristiurus, heart in, 136
Proamniou, 35, 42, n.
Process, nasal, 95
fronto-nasal, 95, IOI
maxillary, 97, 101
globular, 95

ytveo-is,

Parturition, separation of membranes in, 55
Paterson on origin of sympathetic system, 81
limb muscles, 163, n.
Penis, 128, 129
Pericardium (x(p ., about icapSia, heart), 135, 159
Peritoneum (irepi, about re'iva, to stretch), 1 59

Petromyzpn

of, 23
with neural groove,

30, 32
streak, formation of, 19

Papillaiy muscles, 142
Parablastic cells (irapd, beside, fi\aar6s, germ),

Pars

homologue of part of entoderm,
23

tympano-hyal, 168
styloid, 169
Processus vaginalis, 127
Proctodeeum (irpawrrfs, the anus), 108
Pronephros (irpb, before; ve<pp6s, kidney), 115
Pro-nucleus, female, male, 9, n, 12
chromatin filaments, in, 16

Prosencephalon (irp6s, besides; ey/ceAaAos, brain),
68
Prostatic vesicle, 124
Protovertebraj (irptaros,

first

;

vertebra, I turn),

37

95

Pineal gland (pinca, a fir-cone), 61, 67
as rudimentary eye, 68
Pinna, the (a feather), 95
Pituitary body (pituita, phlegm), 61, 67
formation of, 68

See MESOBLASTIO SOMITES.
Proto vertebral cavity, 37, 160
Pulmonary blood-vessels, 1 10
Pupillary membrane, 87, 88
Purkinje, germinal vesicle of, 8
Pyramidal tracts, the last to be niedullated, 60
Pyramids, anterior, 65

in Petromyzon, 68

connection with stomodseum
Placenta (a cake), 44
formation of, 49, 51

100

basal layer of, 5 r
subchorionic membrane of, 51
loculi or cotyledons of, 51
structure of sinuses of, 52
intervillous spaces of, 51, 53

weight and

size of, 53
microscopical structure of, 53, 54
Placental decidua, 51
sinuses, structure of, 52

Plane, median, 4
Plasrnse of

Weismann,

nuclear, nutritive, ger-

minal, histogenetic, 14
Pleurae (ir\fvpd, a rib), no, 159
See CCELOM
Pleuro-peritoneal cavity.

QUADRATE,

the, 168

RABBIT, polar globules observed
pro-amuiori

in,

in,

9

35

stomodanim in, 99
Ramon y Cajal, on posterior roots of spinal
nerves, 75

Rathke, diverticulum of, 68
on hypophysis cerebri, 100
visceral arches, 103
arterial arches, 147, 150
posterior vertebral veins of, 153
trabeculae cranii of, 166

Rauber, layer of, 17, 18, 22, n., 23
on the mechanical theory of development, 24
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Recessus pulmonales (recesses ot the lungs),
159
Reichert on villi in earliest ovum, 55
mantle of, 70
on incus and stapes, 168

Septum lucidum (transparent partition), ventricle

Reid, John, on foetal circulation, 156
Rein on the polar globules in the rabbit, 9
Remak on bilaraination of middle blastodermic
layer, 23
membrana reuniens superior of, 32, 162
Renal organs, embryonic ducts of, opening into
allantoic pedicle, 46
Renson on extrusion of part of nucleus of seminal

intermedium, 142, 144
transverse, the, 159
Serous cavities, 159
Sexual cells, origin of, 14
conjugation of, Minot's theory
Sinus arcuatus (arched hollow), 102

cell,

12

Restiform bodies, 65
Retina (rcte, a net), origin from fore-brain, 38
development of, 83, 86
membrane limitantes of, 83, 86
rods and cones of, 84, 86

hexagonal
86

pigmeuted

central blood-vessels

epithelium

of, 85,

of,

84,

87

ganglionic layer, 86
sense epithelium of, 86
Retzius on the zona radiata, 7

,

of, 70
spurium, 141

inferius, 141

membranaceum, 142

Skull, formation of, 166
chondrification of, 166

Somatopleure

body

(o-ayta,

;

ir\fvpd, the side),

35
formation

of, 36, 99
origin of amnion from, 42
Somites (ata^<t, body), mesoblastic, 4
Spee, on connection of mesoblastic cleavage
notochordal canal, 34
epiblastic origin of Wolffian duct, ilS
Spencer, Baldwin, on pineal eye, 68

;

nasal septum in, 95
Rosenburg on Wolffian duct, 118

ligament, 126
on coelom invagination
branchs, 22, n.
heart in Pristiurus, 1 36

fertilization by,

fate of tail of,

maturation

animal),

1 1

1 1

12

of,

Spinal accessory,

from

origin

basal

lamina,

60

Round

Ruckert

-,vith

12

cell,

ftaov,
Spermatozoon (oWp/uo, seed
accession of, to ovum, 6, 9

Rodents, inversion of blastodermic layers in,
23
Paterson on sympathetic in, 8 1

14

venosus, 112, 138, 151
urogenitalis, 123, 128

Sperm

Rhomboidal sinus, 60
Ribs, development of, 163

of,

in

elasmo-

Spinal cord, development of, 57
outermost layer of, 58
anterior cornu of, first rudiment

columns

of,

59

59
59
anterior commissure
of,

fissures of,

dorso-lateral

of, 60
and ventro-lateral laminae

of,

60

SABATIER,

on

origin

of

subclavian

artery,

Sauropsida

(cravpa,

mandibular arch

in,

;

oi|/tr,

;

formation
look), hyo-

168

Scarpa, gangliform swelling of, 78
Schenk, on sympathetic nerves, 8l
Schmidt, on Thebesian valve, 141
Schneiderian membrane, 81
Schultze, M., on rods and cones, 86
Sclerotic (<nc\r]p6s, hard), 88
Scrotum, 127, 128
011 "Wolffian

body, H5,n.
Miillerian duct, 123
Segmental tubes, 118

Segmentation of ovum, complete, incomplete, 8
main factors of, 9
before fertilization, 14
after fertilization, 16
Selenka, on inversion of blastodermic layers in
rat and mouse, 23
epiblastic connection of blastodermic vesicle

with uterus, 53
Semicircular canals, 78, 91
Seminal cell, 12

60

ir\(vpd, the side),

Scalce (scala, a stair) of cochlea, 93

Sedgwick,

of,

cauda equiua of, 60
growth of, pari passu with vertebral canal,
60
membranes of, 60
Splanchnopleure (<nrKd.-yx v v, the inwards

ISO
Eustachian valve, action of, 156
Saccule, 78, 90
Saccus reuniens, 139, 151
Sagitta, origin of mesoblast in, 22
Kowalevsky on, 24, 26
mesenchyme in, 27
Salensky on the stapes, 168
a lizard

filum terminale

35

99

of, 36,

Spleen, 108
Spongioblasts (ffiroyyos, sponge

;

jSAaorJs, germ),

5?
origin of neuroglia from, 61
1 68

Stapes (a stirrup),
Sternum, 163
Stomach, 104

Stomodaenm

(trr^a, mouth), 68, 99
connection with nose, 95
Strahl, on Wolffian duct, 118

Stratum compactum, 49
spongiosum, 49, 55
Subchorionic membrane of Turner, 51
Sulci of brain, primitive, 72
principal, 73
Sulcus, anterior limiting

and

34, 35.

terminalis, 102
Supra-hyoid glands,

1

10

-pericardial bodies, III
Suprarenal capsules, 120

Suspensory ligament, 113

Symmetry

of form,

bilateral,

4

4

lateral limiting,
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Sympathetic ganglia, 81
connection of, with supra-renal capsules,
122

I,

Veins,, azygos, 153
cardinal, 151, 152, 153
connection. of, with heart, 138, 139
iliac,

153

inferior cava, 152, 153

innominate, 153

TEETH, 109

Terminal sinus, 40

intercostal, superior, 153
jugular, 153
jugular, primitive, 151, 152, 153
primitive, formation of, 39
portal and hepatic, 151, 152
posterior vertebral, 153

Testicle, 117, 125

pulmonary, 144

Tegmentum

67

(a cover),

Teleosteans (re'A.*os, complete, offTeov. bone),
Wolffian duct in, 118
Telolecithal ova (re\os, end, and Aifat/0os, oilbottle), 8, 27,

30

subclavian, 153
superior cava, 151, 153
umbilical, 138, [51, 152, 156

descent of, 126, 127
Testis.
See TESTICLE.
Textures, general,

i

Thalamencephalon

(0d\ofj.os,

chamber,

e'7/ce'(po\os,

brain), 61, 67

connection with optic stalks, 85
Thebesian valve, 141

Thomson on ganglionic traces in third nerve, 77
Thomson, Allen, on primitive aortae, 146
to offer as a sacrifice),

Thymus

(Svta,

Thyroid

(6vpt6s, a shield),

formation

1 1 1

102

no
no

Tissues, general,

sinus,

60

i

Toldt on mesentery of pancreas, 113
Tongue, 100
formation of, 102
foramen caecum of, 102
papillae of, 102

sulcus tenninalis of, 102
Trabeculae cranii (trabs, a beam, diminutive
1

of),

66

Trachea (rpax vs rough),
>

Trigonum olfactorium

no

(rpiyuvos, triangular),

nourishment,
(rpo<j>ri,
Trophoblast
germ), of Hubrecht, 53

79

|8A.a<rT<fa,

Truncus arteriosus, 151
Tuberculum impar (unpaired tubercle), 102
Turner on placenta, 48, n.
subchorionic

membrane

of,

Type, vertebrate, main features

51
of,

152
palati (curtain of the palate), 100
"Vena ascendens, 152
Vena?, advehentes and rcvehentes, 112, 151, 152
Venous annulus of duodenum, 151, 152
Ventricles, lateral, 62
third, 62, 67
fourth, 62, 66
fifth, 70
Vererbungstheorie of "Weismann, 14
Vermiform appendix, 107
Vertebra (verto, I turn), 2
permanent, 162
Vertebral column, development, 2, 162
bodies, 2

of,

pyramid of,
Tiedemann on rhomboidal

viteliine, 39, 40, 112, 138, 151,

Velum

2

segments, 4
Vertebrate type, 2
..-'(
Vesicles of the cerebral hemispheres, 61
Vestibule, 78
Villi (villus, shaggy hair) of chorion, 43
vascularisation of, 44, 52
connection with glands of decidua, 47
zone of, 55
Visceral arches, formation of ossicles of ear from,

93
first,

or mandibular, 101, 102

cephalic, 102
second or hyoid, 102
third or thyro-hyoid, 103

palato-pharyngeal, 103
and prse-buccal, 103
of, 103
cartilaginous bars of, 103, 166
Visceral clefts, 103
first formation of middle ear from, 93
Cephalic, 101
post-

UMBILICAL

blood supply

cord, 36, 43, 104, 122, 151

Umbilical duct, 36
Umbilical vesicle, 36
Umbilicus (the navel), 43
Urachus (otipov, urine %x w to hold), 122
Ureter (oiiptta, to make water), 122
Urethra, 122, 128
Uriniferous tubules, 119
Uterus, mode of attachment of ovum to, 46
changes in preguancy, 48 55
regeneration of after parturition, 55
formation of, 124
bifid stage of, 124
os and cervix of, 124
Uterus masculinus, 124
Utricle (utriculus, a little womb), 91
Uvea (uva, a cluster of grapes), 84, 85, 86, 88
;

VAGINA

>

membrane, 8
veins, 39, 40, 112, 138, 151, 152
See YOLK.
Vitellus, structure of, 7.
Vitreous humour (vUrum, glass), 83, 85, 87

WAGNER, macula germinativa of, 8
"Waldeyer on His' parablastic theory, 26
placental sinuses, 52
epoophoron of, 120
germinal epithelium of, 124
of, 14

Weldon on supra-renal

Valve of Vieussens, 66
Vascular area, 39, 151
lamina, 151

circulation, 40
duct. 46, 104, 151

Weismann, theory

(a sheath), 124

(^asa aberrantia of Haller,

hyomandibular, 103
fourth, formation of thyroid from, no,
Viteliine arteries, 40

120

capsules, 120
Wijhe, v., on Wolffian vesicles, 118,
head cavities, 161
typical somite cavity, 161, n.

n.

in
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Wolff, C. F.

derm

.

first

suggestion of laminre in blasto-

XI

I.

Wolffian vesicles, 118, 118, n.

by, 23

duct of, 115
Wolffianbody, 115, n., 116, 117, 118, 122
atrophic changes of, 120
connection with testis, 120, 126

YOLK, structure

veins of, 151
Wolffian duct, 115, 116, 117, 118
remnant of, in parovarium, 120
as duct of Gartner, 120
male generative organs, 120
permanent kidney, 122
connection with Mullerian duct, 123

BRADBURY, AONEW,

of,

7

sac, 3?, 99, 104
vitelline circulation round, 4~o

ZACHARIAS, polar globules in Ascaris, 9
Zimmermann on arterial arches, 151
Zona pellucida (transparent zone), 6, 7
penetration of, by spermatozoon, 1 1
Zouule of Zinn, 87
Zuckerkandl, gyrus subcallosus

&

CO. LD.,

PEIXTERS, WIIITKPRIAES.

of,

81

14 DAY USE
RETURN TO DESK FROM WHICH BORROWED
'

;'

due on the last date stamped below, or
on the date to which renewed.
Renewed books are subject to immediate recall.

This bopk

is

U.C.BERKELEY LIBRARIES

filOLOGY

LIBRARY

G

UNIVERSITY OF CALIFORNIA LIBRARY

i

<

