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PREFACE

TaE present edition of * Quain’s Anatomy ’* will appear in four volumes, of which
this one, containing the Embryology, is the first. The remaining volumes will
comprize respectively General and Visceral Anatomy ; the Nervous System and
Sense Organs; and the Bones, Ligaments, Muscles, and Blood-vessels. Each volume
will be complete in itself and will serve as a text-book for the particular subject
or subjects with which it deals. Thus the first volume is intended to form a com-
plete text-book of Human Embryology, the second a text-book of Histology and
Visceral Anatomy, the third a text-book of Neurology, while the fourth will deal
with the systems which are not included in the second and third volumes.

The work has been completely re-edited and hmught up to date. The
volume on Embryology, Whlch was written for the previous edition by Professor
Schiifer, has in the present edition been entrusted to Dr. Bryce, who has
re-written it and has added a large number of illustrations. The advancns in our
knowledge of human embryology have necessitated considerable additions to the
text, and this, combined with the profuseness of illustration, has resulted in some
increase in bulk of the volume ; but, in spite of the wealth of detail with which
the subject is treated, this is by no means excessive. There has been some saving
of space by the omission of the bibliographical list which in the former edition
followed each subject. These lists, although at the time useful, are no longer
necessary, since they are to be found in a \rér}' complete form in the compendious
“Handbueh der Entwickelungslehre,” by numerous authors, which has lately
been published under the editorship of Professor 0. Hertwig, as well as in
the earlier * Bibliography of Vertebrate Embryology,” by Professor Minot.

In the matter of illustrations the volume is indebted to the skill of Mr. A, Kirk-
patrick Maxwell for the original drawings of figs. 116, 118, 119, 121, 122, 129,
130, and 136, as well as for some adaptations of figures from other authors. For
the photographic illustrations of his preparations which are reproduced in
figs. 74, 156, 157, 162, 163, 164, 176, 220, and 246, Dr. Bryce desires to signify his
obligation to Dr. J. H. Teacher. All other original drawings and diagrams, both in
black-and-white and in colour, and most of the adaptations, are from his own pencil.
In addition to the original illustrations, Mr. Gustav Fischer of Jena has supplied
- clichés of a number of valuable figures, many of them from the well-known
text-book of Professor Kollmann. Dr. Bryce further begs to acknowledge the
obligation he is under to Professor J. Graham Kerr for reading the proof-sheets of
Section I. The Index to this volume has been prepared by Miss Agnes Picken,
M.A., M.B.Ch.B., Demonstrator of Anatomy in the Department for Women,
University of Glasgow.
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2 ANIMAL CELL

even under high powers of the microscope, no signs of any finer structure; in
other ecases, especially after fixation, it exhibits a meshwork or reticular
appearance, which has been variously interpreted as indicating a filar, a spongy,
or an alveolar structure, but in view of the effects produced by most fixing
reagents on colloid solutions, such interpretations must be received with caution.

The granules which are generally present in the cvtoplasm may be either
essential constituents of the protoplasm, or included non-protoplasmic bodies of
various kinds. The granules of the former kind (eytomicrosomes) are very minute,
and form apparently an important element in the active protoplasm. They have
been called mitockondria by Benda, and have been shown, as we shall see, to play
an important part in the sex-cells. The non-protoplasmie granules include such
as pigment-granules, yolk-grains, and so on ; but larger inclusions, such as fluid
vacuoles, fat-drops, &ec., also oceur.  All these may be collectively designated
by the terms deutoplasm or paraplasm.

While we generally speak of the tissues as being composed of scparate cells, we shall have
ooeasion in the course of this work to refer to instances of tissues in which the so-called cells

Fra., 2 —PoLvMOoRFHOXUCLEAR LEUCOCYTE OF

]rll]'lilﬂﬂlnﬁﬂ, SHOWING LOBED NUCLELUS,

Fro, 1.—Levcocyre (Leptdosiven paradora ATTRACTION - SPHERE, AXD SOME  GRA-
SHOWING ATTRACTION-sPUERE. (T. H. Bryce.) nuLks. (1. H. Bryee.)

are joincd together by protoplasmic strands,  The tissue in such cases is really a multinucleated
protoplasmic network. In other instances, owing to the division of the nuclei without cleavage
of the protoplasm, a multinucleated mass or layer of protoplasm is produced. Any such
multinucleated mass is termed a syncytium.

Centrosome : central particle.—In most cells there is generally to be
demonstrated a point in the eytoplasm, as a rule close to the nucleus, where by
suitable stains a single granule, a double granule, or a group of granules, may be
made visible. These are surrounded by a clear structureless area, round which
the protoplasm may be arranged in a radial fashion. When fully developed, as
in wandering leucocvtes (figs. 1 and 2), the whole arrangement is named the
attraction sphere, The substance of the sphere is known as the archoplasin or
centroplasm. The central area, containing the granule or granules, has been
named the centrosome by Boveri. When it contains a single granule, the
particle is called the eentriole. In cells in which the granule is the only obvious
feature, it may itself be termed the centrosome. A centrosomeis absent in plant-
cells, and it has been proved by Morgan and Wilson that foeal points, having
all the characters of centrosomes, may be produced in the protoplasm of the
echinoderm-egg by treatment with chemieal reagents.

Nucleus.—The nucleus in the vast majority of cells is a spheroidal or shightly
ovoidal body ; but it may be lobed as in leucocytes (figs. 1 and 2). It has a definite



NUCLEUS 3
membrane, and is made up of two parts of different chemical and physical
characters, a formed substance with great affinmity for certain dyes, and hence called
chromatin, and a structureless more fluid substance, the achromatin or karyoplasm.
The chromatin is generally in the form of a network, with thickenings at the nodal
points ; but often the nodes are the more prominent feature, and the network

1 i
]' Iiads. ab

10 B.—KARYOKINESIS IN RED BLOOD-CORPUSCLES oF LanvalL Lermosigex. (T. H. Bryee.)

forms only a mesh of fine threads between them. The thickeningz are named
karyosomes. The chromatin, which generally takes the form of solid filaments, but
frequently also is seen in the form of granules in a non-staiming basis (finin), has a
special affinity for basic dyes, and is hence called basichromatin ; but there are also
granules in the filaments composed of a material which stains with acid dyes, hence

‘
13 2



g KARYORINESIS

called orychromatin. The karyoplasm occupies the meshes of the reticulum, and
seems to be of the same nature as the fluid part of the cytoplasm. There are
often. but not always, one or more rounded bodies staining somewhat differently
from basichromatin, the frue nuecleoli or plasmosomes.

{CeELL-pivision.—While in a few cases it 15 believed that cells divide
directly, by constriction of the nuecleus and then of the cell-body (a@mitosis), the
almost universal rule is that they divide by a complicated mechanism called indirect
division, mitosis, or karyokinesis. The process is an elaborate device for the exact
partition of the chromatin between the daughter-cells.

Karyokinesis (figs. 3 to 11).—The process of indirect cell-division does
not present the same picture in every detail in all classes of cells, varia-

tions oceurring accord-
g to the relative size
o i of nucleus and cell-
Wyt T body ; but, apart from
minor variations, there
iz one type of mitosis
which, in eertain par-
ticulars, differs eszenti-
ally from that seen in
ordinarv somatic cells.
Thig, which 15 known
as the  helferotypical
mitosis, 1s characteristic
of the sex-cells, and wi'l
be dealt with later ; but,
in order that its cha-
racter and significance
may be more readily
understood, a brief de-
scription of ordinary
mitosis, as it oceurs in
somatic cells, will be
here given.

The process iz ini-
tiated by the division of
the centrosome (fig, 4).
As the two centro-
somes draw apart in a

Fros, 9 To 11— KARVOKINESIS I¥ HED BLOOGD-CORPUSCLES direction ftlTl{_‘ﬂIltiHl to

oF Larval Leriposiges (continwed). (T. H. Bryce.) the nucleus, protoplas-

mic radiations become

centred on them, and a spindle system of fibres is drawn out between them (fig. 5).
The network of the nucleus meanwhile takes the form of an apparently continuous
skein (fig. 4), which then arranges itself into loops directed towards the
developing spindle system (fig. 5). The loops then break apart at the opposite
pole of the nucleus, to form a series of "'u'r-ﬁh:!.l‘.lf-ft filaments or chromosomes (fig. 6).
The nuclear membrane meanwhile disappears, the spindle system gradually takes
up a position of equilibrium in the centre of the cell, and the chromosomes arrange
themselves round the equator of the spindle with their apices applied to it (fig. 7).
The chromosomes have in the meantime split longitudinally along their whole
length, and now the two hslves become separated from one another, the apices
of the daunghter-V's being drawn towards opposite spindle-poles (fig. 8). The




STRUCTURE OF SPERMATOZOON )

daughter-V’s next get free from one another and pass to the apices of the spindle
where they gather in groups round the poles (fig. 9). They then merge together
again to form the reticulum of each resting daughter-nucleus (figs. 10 and 11).

As the final stages of nuclear division are being completed, the cell-body is
constricted round the equator, and the constriction gradually deepens to divide
the cell into two exactly equal parts. The spindle and polar radiations die away,
the last remains of the system appearing as a strand of fibres gatherad into the
narrowing bridge between the two cells. This persists for a time as a bond of
union between them even after the cytoplasm has completely divided (fig. 11).

For convenience of description and reference to the different pictures presented by the
nucleus in different stages of karyokinesis, it has become eustomary to divide the continuous
process into arbitrary phases, The preparatory stages up Lo the completed spindle are known as
the prophase ; the stage in which the split rods are being resolved (on the equator of the spindle)
into the daughter-chromosonies as the metaphase ; the stage of separation as the anaphase ; and
the stage of reconstruction as the fefophase.

HISTORY OF THE SEX-CELLS.

STRUCTURE AND DEVELOPMENT OF THE SPEREMATOZOON.

Structure of the spermatozoon. human spermatozoon (fig. 12) is a
minute body possessed of a head and a long flagellum or tail.  The head is conical
when =een in profile, but being compressed in one diameter, it is broadly oval when
seen in face view. At its pointed end it shows a somewhat different staining
reaction from the remainder ; this portion is known as the cap. The base of the
tail shows a thicker section, usually termed the middle piece. It includes two
parts, more distinetly separated from one another in some animals, the neck and
the connecting piece.

The complete length of the spermatozoon is from 52 to 62 p, the head being
responsible for 4 to 5 u, and the connecting piece for 6 p of the total figure.

The pointed process of the head is sometimes called the perforatorium. It is
prolonged in some animals into a hooked projection. The limit of the cap is
marked by a distinet line on the head. The tail has an axial filament which is
prolonged through the connecting piece. In this it iz imbedded in a sheath
derived from the cell-protoplasm, which is characterised by the presence of a
remarkable spiral filament. At the junction of the head and neck, and again at
the union of the neck with the connecting piece, there are certain darkly staining
granules derived from the centrosomes of the cell from which the spermatozoon is
developed. The tail filament 1= related to those which lie at the union of neck
and connecting piece. In some animals the tail has connected with it a very
delicate lateral membranous fold, which ceases a little distance short of the tip

(end prece).

The picture of the spermatozoon is strikingly different from that of a typical cell, and when
seen in active movement produced by the lashing of the maotile Hagellum, the theory of the
early observers, to which it owes the name of spermatozoon (given to it by von Baer), scems not
unnatural. Kélliker (1841) first showed its true nature, by proving that the head is derived
from the nucleus of the cell from which the spermatozoon is formed. By recent work all the
various parts have been traced back to the constituent elements of the testicular eell.

Spermatogenesis (figz. 13).—The subject of spermatogenesis will be treated
of in the description of the testis; but some account of the process may here
be given.

The spermatozoa are derived from the cells lining the testicular tubules, which
are said to multiply by amitosis, with differentiation into elements possessing
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distinctive nuclear characters—the spermatogonia. These divide rapidly for &
time, then cease to multiply and give rise to a new generation of cells—the
spermatoeytes.  In this generation a series of changes in the nucleus is effected which

Froe 12.—HuMan sPERMATOZOA. | Broman.)

a and b represent  spermakoron in face (in
different foci), ¢ and @ in preofile view.

are of profound significance, and will
be described later. Gradually en-
larging, the spermatocytes divide into
rather smaller elements, the spermato-
cytes of the second order, which in turn
again divide to form the spermatids.
It will thus be seen that from each
spermatogonium, by two successive
divisions, four equivalent spermatids
are formed. Fach member of this
group of four+ becomes, by further
changes, a spermatozoon. The sper-
matids lie near the lumen of the
tubules, and become attached to certain
remarkable elongated striated cells
known as the cells of Sertoli, or foot-
celfs. The spermatids have meanwhile
acquired flagella, and remain attached
to the foot-cells in groups, becoming
gradually converted into the young
spermatozoa, which lie in groups with
their tails gathered into the lumen of
the tubule. When mature, the sper-
matozoa are set free in the tubule by
losing their connexion with the foot-
cells, which then shrink back to the wall
of the tubule.

The process of metamorphosis of
gpermatid into spermatozoon is one of
much complexity, by which the nucleus
becomes the head, while the protoplasm
15 reduced to a rudiment in the middle
piece. The mitochondria of the sper-
matid have been shown by Benda and
Meves to give origin to the spiral fila-
ment. Of the two centrosomes of the
spermatid, one remains as an indepen-
dent body, while the other becomes
related to the flagellum, and the

attraction-sphere (idiosone) undergoes remarkable changes to form the cap.

The accompanying diagrams (fig. 14), founded on drawings and descriptions
by Meves and by Moore and Walker,' will convey a general impression of the
process ol histogenesis leading to the evolution of the spermatozoon.

! Reports of Thompson-Yates and Jolmstone Laboratories, University of Liverpool, No. VIL
Part 1. 1006, For earlier papers by Ballowitz, Bardeleben, Lenhossék, Benda, Meves, Moore, Ebner,
Reganed Wileox, and others, on mammalian and human spermatogenesis, see Hertwig, Handbuch der
Entwickelungsgeschichte, Literature, i. 431 seq. In the matter of strocture see also Retziug, Biolog.
Untersuch., Neue Folge, x. 1902; Broman, Anat, Anzeiger. xxi.; Wederhake, ibid, sxvii,
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STREUCTURE AND DEVELOPMENT OF THE OVUM.

Structure of the ovam.—The mature human ovam ready for fertilization
and outside the Graafian follicle has not yet been observed. It is necessary,
therefore, to begin with a
stage prior to the formation
of the polar bodies, and
homologous with the sperma-
toevte in the male series—
the stage of the oocyte.

The oocyte (ovarian
ovum) (fiz. 15) resembles
that of all other mammals
(with the exception of mono-
tremes) in its minute size.
Immediately before the time
of its discharge from the
Graafian follicle of the ovary
in which i1t has been formed,
it is a small spherical vesicle
measuring about 22 to
‘82 mm. in diameter, and is
just visible as a clear speck ; _ :
i the I]i-.'lliﬂd ey When it . _I",_ two :1-]!:-'- -.rt‘_ !'Snlqrrt-.rll ||.L.h|.1l:llurl:] ln: Iw:tl'l. af tlll]_llil.ll!', "‘F:'{-_r

J a spermatogoninm ; Spe. 1., spermatocyte of the ficst order;
18 examined with the micro- Spe. 11, spermatocyte of the second order; Spd., spermatids.
scope, in a fresh condition in
the liquor folliculi, it 1z found to be invested by a comparatively thick, clear
covering. This, when the centre of the ovum 1s exactly focussed, has the

Fia. 14 —~Diacnrau oF srERMaTocExESIS. (T. H. Bryee.)

1 2 ] 1

i T 8 L

Fis. 14.—DiaGRaM oF THE DEVELOPMENT OF THE SFERMATID 18T0 THE sSPERMaTOZ00¥. (T.H. Bryee)

The cell-body is represented in 1 by the onter cirele; its gradoa] redoction and displocement till if
forms the middle piece with its spiral filament in 9 is shown., The tucleus is represented by the inner
circle; it forms the main }'m.rt. of the head. The modified attraction-aphera in 1 and 2 shows a central
body and o vesicle (arclhoplasmic vesicle, Moore and Walker). The central body (shaded) forms the cap;
the vesicle becomes the tail-sheath (Moore and Walker) The centrosomes are shown as dots; the
growth from one of them of the tail-filament is seen.

appearance in optical section of a clear girdle or zone encircling the ovum

(fig. 15), and was hence named zona pellucida by von Baer (1827). Under a
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moderate power of the microscope a faint radial striation can generally be made
out, but this is seen more distinetly in ova which have been fixed by reagents,
and more especially in sections. On this account, and especially since a similar
radially striated membrane forms a characteristic part of the investment of the
ovum in many animals belonging to widely different classes, it is usual, in place
of the name zona pellucida, which has been exclusively used to designate this
investment in mammals, to employ the more general term zona radiata (Waldever,
1270), or to speak of it simply as the striated membrane of the ovam.

Fia. 15 —~Husax ovoM EXAMINED FRESH I¥ THE LIQuon FoRLICULL  (Waldeyer.)

The zona pellucidn is seen as o thick elear girdle surronnded by the cells of the corona radinta.
The egg ilsell shows o central granular deutoplasmic area and o peripheral clear laver, and encloses
the permingl vesicle, in which is seen the germinal spot

The zona radiata of the mammalian ovum is sufficiently tough to prevent the
escape of the contents of the ovum, even when subjected to a considerable
amount of pressure, If, however, the pressure be excessive, the tunic splits,
and the soft contents are extruded (fiz. 16). It has, however, to be particularly
noticed that part of the contents remain, at any rate in all but the riper
oocytes, attached to the zona. The strie are believed to be minute pores; and
it has been shown by Flemming, Heape, Retzius, and Ebner, that they are
occupied by processes of the cells of the corona radiata. This name is given
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to an investment of several layers of epithelial cells derived from the discus
proligerus of the Graafian follicle (fig. 15). In the ripening oocytes these follicular
cells form a syneytial layer immediately applied to the zona. Within the zona a
second membrane of great tenuity has
been described by wvarious authors
(recently by Van der Stricht in the
human ovum). but its existence has
been denied by many, and it is
supposed by some that the processes
of the follicular cells are continued
through the zona into the egg-proto-
plasm. The fact that when the zona
is ruptured in young oocytes the con-
tents do not separate from it is in
favour of such connexion (Ebner).
In young oocytes there does not zeem Fre, 16.—0vaniax OVUM OF A MAMMIPER.

to be any space round the protoplasm. I i

The egg-protoplasm is fllod Wit g cuir,orm: vieed wndor prosuro; th

globules and granules of different sizes, surface, the germinal vesicle is seen in the yolk-
substance within; &, the extermal coat or zona,

but rﬂ" possessing & h_lgh index of re- burst by inereased pressure, the yolk-protoplasm

fraction. Uﬂlllpl‘ll'lﬂl with that of some ur_lﬂ] _tlla ;:m-milml I\'l.!ziil;']E{ h:wingf :-.mrl.lrrr_'d frf:lum
T : : s within{ ¢, germinal vesicle more freed from the

]?W?F m.amm‘llh’ the h}lma"_ iy Lo g.-nlk-suh::t:m::u. In all of them the macula is

distinguished by the ill-defined cha- seen.

racters of its specially minute deuto-

plasmic bodies. When examined in the fresh condition the egg (fig. 15) is very

transparent, the deutoplasm being massed towards the centre, while there is a

clear or very finely granular layer round the periphery.

The deutoplasmic bodies in the egg-protoplasm are spoken of collectively as the yolk. There
15 great variety in the different orders of animals in respect of the amount of yolk stored in the
egg. The term alecithal is used to denote an ovum such as that of the mammal, Amphioxus, and
many echinoderms, in which the yolk-particles are absent, or very small in amount and uniformly
distributed, while a heavily yolked egg in which the volk is accumulated at one end is termed
telolecithal, There are many different degrees of this condition (amphibians, fishes, reptiles, and
birds). In the very exaggeratedly telolecithal egg of the bird the amount of yolk-substance
i8 80 vastly greater than that of the protoplasm itself that it is only in the neighbourhood
of the nuclens (germinal vesicle) itself that the protoplasm can be distinetly recognised,
This point is conveniently distinguished as the animal pole, as opposed to the vegetative pole
marked by accumulation of yolk-material,

The amount and distribution of yolk is the main factor in determining the character of
the egg-cleavage, It is related to the determination of the period when the organism will
assume an independent existence, Thus in the bird the ovum contains neecessarily all the
nutriment required by the chick until it is sufficiently developed to emerge from the egg and
obtain food independently. In the frog the yolk is sufficient for the early stages only and the
tadpole is hatched in a very immature condition, while in Amphioxus and many invertebrates
the organism is set free still carlier as a free-swimming ciliated blastula,

In the mammal the conditions are w|m|1_}r different, and the small amount of nutritive material
in the egg is obviously related to its retention in the uterus, from which it is able directly to derive
its nutriment, It is probable that the alecithal condition of the mammalian egg is a secondary
condition related to the introduction of uterine gestation.

Imbedded in the protoplasm, usually eccentrically, is a large spherical nucleus,
:Fhl::h was termed by its discoverer, Purkinje, the germinal vesicle.* This, which
18 about 30 to 45 p in diameter, has all the characters of the nucleus of a

; Bull. de I'Acad. Roy. de Médicine de Belgique (4th sér.), xix. 1905,
¥ Purkinje discovered the germinal vesicle in the bird’s ovum in 1825 ; that of mammals was first
noticad by Coste in 1838,
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cell. It consists of a nuclear membrane enclosing a clear material or matrix,
imbedded within which may sometimes be seen strands of karyoplasm ; it always
encloses one or more well-marked nucleoli (fig. 15). Frequently there is but one
nucleolus, which is then large and prominent, and has received the name of
germinal spot (macula germinativa, Wagner, 1835).

In the young cocyte (fig. 17) there is a body (idiosome) near the nucleus, corre-
sponding to the attraction-sphere of other cells. It encloses a central granule, and
iz itself surrounded by a mass of fine granules (mitochondria). Van der Stricht
identifies ‘his body with the g Ja.i.iL -nucleuws or body of Balbiani,'! There are also
other cell-inclusions to which varions names have been given, but it is doubtful
what significance they possess.

Oogenesis.—The earlier stages of oogenesis and the development of the
Graafian follicle will be treated of nunder the head of the ovary. Here we shall
begin with a stage m which the young egg-cell
is already imbedded in the developing gland,
and surrounded by a layer of follicular cells,

It will be recollected that the spermatozoa are derived
from the spermatogonia lining the testicular tubules, and
that the first phase is characterised by marked and
comparatively rapid growth of the spermatocytes. The
process begins at puberty amd proceeds continuously
throughout the greater part of the life of the individual.
The young egg-cells or cogonia, on the other hand, have
all become converted into cocyfes by the time of birth,
These undergo a very slow process of growth and ripening,
and are diseharged singly at periodie intervals during
a relatively short period of reproductive activity.

Fie. 17.—Youxa oocvTE sUR
HOUNDED BY A SINGLE LAYER O
FOLLICULAR CELLA, {Van der
Stricht.

Showing attraction - sphere, centro- As the oocyte grows the Graafian follicle is

some, and mitochondrie. gradually enlarged. The follicular cells, at first

laid down as a single layer (fig. 17), multiply to

form a many-layered investment to the ovum. By the formation of fluid among
them (fig. 1&} the cells come to bound a cavity into which, from one part of
the wall, a cellular mass projects surrounding the egg (the discus proligerus).

The cells of the discus proligerns are arranged in an epithelial fashion

round the ovam, and remain in intimate relationship to it during the process

of ripening,

The oocyte is not at first provided with a zona pellucida, and the manner in
which this develops has not yet been quite cleared up. Authorities differ as to
whether it is formed by the follicular cells or is a true egg-membrane secreted
by the ovum.

DMaturation of the oocyte: formation of the polar bodies.—DBy the
term ‘ maturation ’ is signified the series of changes which prepare the eggz for
fertilisation. During a very prolonged period of growth the deutoplasm becomes
gradually accumulated in the protoplasm. The phenomena observed during this
period have been recently described for the human ovum in great defail by
Van der Stricht.* From this it would appear that the mitochondria, which are
regarded as specific eytomierosomes, are concerned in the elaboration of the yolk.
They first collect round the idiosome, then become scattered, arrange themselves
in chains (chondriomites), solid rods (pseudo-chromosomes), and irregular bodies ;
later they hecome arranged in double rows to form minute tubules, which extend

1 Hee also Gurwitsch, Archiv [, mike. Anat. lvi. 1900; and Winiwarter, Archives de Biologie, xvii.
140
¥ Loe. cil,
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through the protoplasm as a sort of framework. These again disappear as the
deutoplasm collects in the centre of the cell in the form of minute vacuoles with
clear contents, fat-spheres, and minute highly refractile bodies (fig. 19).

When growth and storage of yolk-food are completed, the ovuam is matured
by the extrusion of the polar bodies. The maturation stages now to be
described have not been seen in the human ovum, but observations on other
mammals put it beyond question that the process occurs in essentially the same
way as in lower forms. The phases leading up to maturation have been deseribed
by Heape ! in the rabbit.

Prior to the beginning of the sexual season in that animal certain of the
(iraafian vesicles enlarge, and the growth of those near the surface causes them
to project and form swellings on the surface of the ovary. The wall of the follicle
and the tunic of the ovary is here much attenuated: so much so that in some of
them, when ripe, the structure is sufficiently transparent to allow of the ovum

¥y
Pt P ]
-ff%fﬁ

Fig. 18.~EARLY STAGE OF THE GRAAFIAN FOLLICLE, numax, (SBellheim.)

The follicular epithelinm has become many-layered, and o cavity has appeared among the follicnlar
eells containing the liguor follienli, The mass of cells which encloses the ovnm is the discus proligerus.

being seen within the vesicle. During proestrum (period preceding * heat’) the
blood-vessels surrounding the follicle enlarge, and these, running in the thin wall
which projects from the surface of the ovary, give the follicle the bright pink colour
which is characteristic of it. When maturation sets in, the cells of the diseus
proligerus begin to withdraw from the ovum, and eventually remain attached to
the zona only by very fine protoplasmic strands. At the same time the ovum
withdraws from the zona, and a narrow perivitelline space appears.

The polar bodies are now thrown off (figs. 20 and 21). They are minute portions
of the egg-substance budded off in quick succession from the same point on the
surface into the perivitelline space. In this they persist for a time, but ultimately
disappear. They were originally termed polar bodies or directive corpuscles, from
the supposition that their presence determines the pole of the egg at which the
first segmentation will take place should the ovum become fertilised. As a matter
of fact, they occupy the pole which becomes afterwards the vegetative pole (Van

! Proc. Boy. Soc. B, vol. Ixxvi. 1905,
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der Stricht in the bat),! and it has now long been known that the process by
which each polar body is formed is in reality a cell-division, in which the
nucleus is egually, but the pro-
toplasm very unegually, divided.
They are thus minute cells,
often called the pole-cells,
and are regarded as abortive
ova. In some cases the first
polar body undergoes division ;
when this oceurs, the typical
aroup of four becomes formed.
Such groups are of frequent
occurrence in  the produc-
tion of the gametes, not
only in the animal, but also
in the vegetable kingdom. Only
one of the four is, however,
functional.

The oocvte after the first
division is called the oocyte of
the second order ; and when this
again divides, and the second
polar body is thrown off, the
egg is said to be mature. The
essential difference iz that the

PG, 190.—Hruax Ii]'\'l.'h[ AT EXD OF GROWTH-PERIOD. 1&[’;3 vesicular nuclens of the

ST .{Hu dmt H"-“'m']. . , oocyte of the first order has been
Showing dbvbotion of niosbondlyfn dostorlisals.  pqnyerted into & smaller ou-
cleus, which retires to the centre

of the egg, there to await the advent of the sperm-nucleus in fertilisation. It i§ to
the egg at this final stage that, strictly speaking, the term ovum should be applied

During the maturation of the ovum important nuclear phenomena present
themselves, which are essentially similar to those which take place in the
sperm-cells, as was first proved
by Oscar Hertwig in his classical
researches on Ascaris megalocephala,
published in 1890. The full signifi-
cance of these nuclear changes can-
not, however, be made clear until
the process of fertilization is under-
stood. The treatment of the his-
tory of the nucleus during matu-

ration will therefore be deferred Fio, 20.—THE POLAR BODIES AXD EGG-KUCLEUS:
until that process has been studied. UEI:‘:"‘“"‘U*"""'”[":";"T“*' (T~ E. B‘T‘“;id
, MY @ Paorior o 1 OV 15 Pepresen '
In the process of spermato- B < 1200 diameters.

genesis the centrosome, it will be
recollected, persists and is related to the flagellum, but in the case of the egg
it in many instances seems wholly to disappear during maturation. This has been
made the basis of certain theories of fertilisation which will be alluded to later.

In the above account the case has been described in which maturation is
completed before the egg leaves the ovary. In many animals the spermatozoon

U Anat. Anzeiger, Evgiinzungsheft, xxvii. 1905.
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enters the egg before the second polar body is extruded. The final phases of
maturation then proceed concurrently with the initial phases of fertilisation.

While there is a general correspondence or homology between the different
cell-generations in spermatogenesis and oogenesiz (fig, 22), it must be noted at

Fio. 21.—FoRMATION OF SECOND POLAK HODY OF THE Mouse, (Sobotba.)

I. First polar body (@) and its nuelens (&), with second pelar spindle.
II. Second polar body, with remains of the spindle and cell-plate, = 1200 diameters

this point that there are two differences between the two series of cells, First,
after the second division is over the egg undergoes no further modification, while
the spermatid becomes converted, by a complicated process of eytohistogenesis,
into the functional spermatozoon; secondly, all four spermatids become

Speruialogor i oot i

Profifervafion
period

(rroeih
period

Maturation
preriod

1 o a 4 1 a 3 4

Fro. 22, —SCcHEME OF SPERMATOGENESISE AND O00GENESIS, | After Boveri.)

spermatozoa, while only one of the products of division of the original cocyte
becomes a functional ovam,

From the foregoing descriptions it will be clear that in the dimorphism of the sex-cells we
have an instance, of a marked kind, of division of labour. In the mest primitive forms ameng
the protozoa conjugation of eellular individuals oceurs, but they are indifferent and equivalent
individuals ; while, on the other hand, in many of the higher Protozoa new conditions of life are
established, the sessile habit, for instanee, which necessitates that one of the pair should have a
degree of mobility., Thus we have micro- and macro-gametes. There are instances of colonial
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forms, in which certain individuals of the colony become maero-, others micro-gametes
(e.q. Volvox), and from this stage the step to the differentiation of dimorphic sex-cells is
theoretically a simple one.

Fertilisation.—The ovum after its expulsion from the Graafian follicle is
received upon the fimbriated end of the Fallopian tube. The fimbrie are covered
by a prolongation of the ciliated lining of the tube, and the action of the cilia
serves to propel the minute ovum into and along the tube towards the uterus.
In this passage it may, if impregnation has occurred, meet with the spermatozoa,
and one of them may penetrate the zona pellucida to fertilise the ovum. Itis
possible in some instances for fertilisation to occur on the fimbriated extremity
of the tube, or even in the
Graafian follicle, and this
may result in an extra-
uterine pregnancy.

The details of the pro-
cess of fertilisation have
been observed in a few
mammals, most clearly
in the mouse by Sobotta.
The process can be easily
followed in the transparent
ege of an echinoderm, and
for this reason the pheno-
mena as seen in the com-
mon sea-urchin will first be
briefly deseribed, and then
a comparison will be made
with the facts established
for the egg of the mouse,
This i= the more convenient
because the two cases re-
present two types of the
process,

When the spermato-
zoon which is to effect
the fertilisation of the
echinoderm - egg  touches
Fia. 28 —FERTILISATION IN ECHINUS ESCULENTUS ] DRAWN FROM its surface the prﬂtﬂphﬁm

SECTIONG HIGHLY MAGHIFIED. (T. H. Bryce.) atreams out at the Pui]]t of

it, emtrance of .~'.|1|3~r:m:|.l._l::u?.m:l:|1;J:,l::ﬂ]tllﬂi*:h ing rotation of sperm-  contact, to form what 1s
:;;ﬂ, ¢, eompleted votation of sperm-head ) commencing sperm. known as the entrance cone
(fig. 23, b). As soon as

the sperm-head is fixed, a membrane is thrown off from the egg. It may
happen, however, that before this is effected several spermatozoa may have
obtained an entrance, and polyspermy results. This is always followed by
abnormal development. The spermatozoon, by the action of the fagellum,
now bores its way into the egg until the whole head and the middle piece
are imbedded in the protoplasm. The flagellum, no longer of service, is
thrown off, and the sperm-head undergoes a rotation through 130° (fig. 23, b, ¢),
until the middle piece iz directed inwards. Radiations now appear in the
protoplasm centred on the situation of the middle piece, which is no longer
distinguishable, and the sperm-head commences a movement towards the
centre of the egg. In living eggs the rudintimmJ are seen gradually to extend
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through the whole cell-body, and meanwhile the conical sperm-head assumes
a spheroidal form, and is converted into the sperm-nucleus (fig. 24, a). Several
observers have described the existence of a minute granule in the centre of
the radiation or sperm-aster, and it has been identified as the centrosome of
the spermatozoon. As previously mentioned, it has been supposed that the centro-
some disappears in the ovum during maturation. According to Boveri’s theory
of fertilization, the sperm-centrosome supplies a new divisional centre, and plays
the leading rdle in initiating cleavage of the egg.  Wilson's ' observations, however,
on eggs which undergo parthenogenetic development as the result of treatment by
chemical substances, make it doubtful whether we can interpret the phenomena
in this way. His experiments prove that centrosomes may arise de nove in
the egg-protoplasm, and therefore it is possible that the spermatozoon produces
an effect on the egg-protoplasm such as to produce a centrosome, or physiological
centre of activity, made manifest by the radiations of the aster.

As the result of this protoplasmic activity the sperm-nucleus now changes
its position and moves toward a point not quite in the centre of the egg, while

F'lfi. E-i,—TI!.RIZIL BTAGES 1IN THE CONJUGATION OF THE SPERM WITH THE GERM-NUCLEUS IN
ECHINUS} DRAWXN FROM SECTIoxs. = 1200 D). (T. H. Bryce.

at the same time the germ-nucleus is also drawn to the same point. As the nucle
approach one another the aster comes into contact with the germ-nucleus, and
the clear area at its centre spreads over the side of that body. The nuclei then
conjugate (fig. 24, b, ¢), the aster becomes double, and the radiations die away
during a pause in which the compound nucleus, or, as it is now called, the segmenta-
tion-nucleus, grows in size. The two asters then become related to the poles of the
nuclens, the radiations reappear, and the first nuclear division of the egg 1s
inaugurated. From the figures it will be clear that the nuelei conjugate while
in the vesicular phase, with the chromatin in the form of a network.

The process in the mouse® (fig. 25) is essentially the same, but there are certain
varations. The spermatozoon meets the egg in the second third of the oviduet,
before the second pole-cell has been formed. Entranceis probably effected by the
piercing of the zona, and not through one of the pores in the membrane. The
tail seems to be cast off, and only the head and middle piece enter the egg ; but
in the bat the whole spermatozoon is figured by Van der Stricht as entering (fig. 26).
A rotation of the head oceurs, and it then becomes converted into a small vesicular
nucleus, which is at first distinguished from the germ-nucleus by its smaller size,

1 Archiv . Entwickelungamechanil, xii, 1901,

# Bee Sobotta, Arch. . mike. Avat. xlv. 1885, Cf also Van der Strichi, Anal. Anzeiger, Ergiing-
ungshelt, 1902, and Bubaschking, Anat, Helte, xix, 1905,
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It expands, however, before conjugation takes place, and the two nueclei, now
of equal size, lie side by side. In each the nuclear network is converted into a
spireme thread, the membrane disappears, and the thread is divided into the
chromosomes. The paternal and maternal chromosomes thus form separate
groups, and these appear to remain distinet as the rods from each nucleus are
gathered into the equatorial plate of the first segmentation-spindle. The mixture
of the chromatin is probably not effected, therefore, until the first segmentation-
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i, 26 (1-7),—STaAGE2 I¥ THE FEATILISATION OF THE EGG OF THE MoUskE. (Sobotta.)

1, Entrance of spermatoxoon ; 2, rotation of sperm-head ; 8, fovmation of sperm-nucleus, which
liea to the left ; the germ-nucleuws lies to the right ; 4, resolution of nnelei ; 5, vesicular stage of nuelei;
the amaller ia the apermenuclens; 6, enlargement of sperm-nuclens and its approach to germenucleus;
7, first segmentation-spindle, with group of paternal chromosomes to left and of maternal to right.

division has begun; and it has been proved in Ascaris, which has enly four
chromosomes, that the rods are divided, after splitting, between the two first blasto-
meres in such a way that each receives an equal number of paternal
and maternal chromosomes (fig. 27). This is a fact of capital importance,
and plavs a }1m111i!10i1t part in modern theories of hern{Eit}-‘;

If we analyse the phenomena of fertilisation we must recognise two factors : (1) The initiation

of cell-divigion, and (2) the union of the nuelei, Though closely bound up with one another,
these two factors are distinet and independent phenomena, Thus it has been demonstrated
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by the brilliant experiments of Boveri, Delage, and others, that portions of sea-urehin eggs broken
by shaking, or cut into fragments (merogony), which contain no part of the germ.nucleus,
may, when fertilised by spermatozoa, divide, and ultimately form larve. The sperm
nucleus is thus sufficient by itself for the segmentation of the egg, a centro-
some being introduced or produced in the protoplasm. Again, it has been shown,
first by Loeb and then by many others, that the eggs of echinoderms and other invertebrates
may be made to segment and form larve by treatment, in various ways, with certain chemieal
substances, by shaking and so forth, without the influence of the spermatozoon. The egg-
nucleus is thus suflicient in itself for segmentation and development of the
egg when, by artificial means, a centrosome is produced in the protoplasm.’

Thus we reach the general conclusion that the union of the nuclei is not the means by which
the developmental process is started, but nevertheless it is the essential factor in fertilisation
—in short, it iz the end and aim of the proecess. The union of the paternal and
maternal chromatin (emphimeris) is the all-important fact, and for this reasgon, that (without
denying to the protoplasm a certain influence) the chromatin of the nucleus is the material
basis of the hereditary qualities handed on from one generation to another.

Reduction of chromatin.—It is sufficiently obvious that if there is a
fusion of paternal and maternal ehromatin in fertilisation at each generation
the amount of chromatin would be doubled,
on the assumption that the mass i1z con- P.b.
stant in all the nuclei of each generation. T
The necessary reduction is effected during
the maturation of the sexual cells.

Before entering on a description of the process of
reduction, it is necessary to refer briefly to two related
hypotheses as to the constitution of the nucleus,

It is now practically certain that the number of
chromosomes is constant in each species, and that out I
of a resting nuclens the same number of chromosomes :
emerge as entered it at the end of the preceding
division. It iz believed by some that the chromo.
somes retain their identity in the resting nucleus, =0
that the chromogomes which emerge from it are the

same as those which entered it.* As a corollary to FiG. 236.—FERTILISATION : BGG OF BAT.
this theory of the persistent identity of the chromo- (Van der Stricht.)
somes, there is a second hypothesis that the paternal S5, sperm-nuclens ; g, germ-nucleus :
and maternal chromozomes, equally  distributed I* b, polar bodies,

between the two first blastomeres (fig. 27), have a
separate and persistent identity in all the cells of the soma, and consequently in the spermato-
gonia and ocogonia,

Nuclear phenomena during development of the sexual cells.—The
history of the sexual cells in respect of the nuelear changes may be divided into
three phases—a pre-reduction, a reduction, and a post-reduction phase.” The pre-
reduction phase includes all the cell-generations up to that of the spermatogonia and
oogonia (fig. 22). During this period the nuclei behave in all respects like the nuclei
of somatic cells, and possess the same number of chromosomes, The reduction
phase involves the generations known as spermatocytes and oocytes of the first and
second orders, and is characterised by two divisions differing in their characters from
all other varieties of mitosis, during which the number of chromosomes is
reduced toone-halfof the somatic number. The first division is known as

! Further information as to the obaervations here referred to will be found in s review of the literature
in the Quarterly Jonrnal of Microscopical Beience, xlvi. 1902, by T, H, Bryee.

# It appears to me that the facts of maturation of the ovim, as will be seen later, form an obstacle 1o
the present unrestricted acceptance of the theory of the persistent identity of the chromosomes in its
erude form, but that, notwithstanding, it is necessary io nssume n segreation in the chromatin mass
which may, as it were, ervstallise at each division into chromosomes of specific characters.—T. H. B. :

5 For these phases the terms pre.meiotic, meiofic, and post-meiotic are employed by Moore and
Walker (derived from weido, to make smaller). j

YOL. 1. Q
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the heterolypical, the second as the homotypical, division. The post-reduction phase
is represented in animal forms by the mature sex-cells, but in certain plants in
which there is alternation of generations it includes all the cells of the sexual genera-
tion. The post-reduction phase comes to an end with the union of the nuclei
of the sex-cells, and it iz obvious that as each conjugating nucleus has only one-
half the number of chromosomes possessed by the somatic cells, the somatic

Fii. 27.—IDMaGRaM 0F FERTILISATION, (After Boveri)
The nnmber of chromosomes is four : paternal, red ; maternal, blue.

number of chromatin-rods is restored in the segmentation-nucleus
formed by the union of the sperm- with the germ-nuclens.

The phenomena are seen with greater clearness in the sperm-cells than in the
germ-cells, as there are certain modifications of the process in the maturation of
the ovum which will be alluded to later.

The prophase of the first or heterotypical division is very prolonged, and the
chromatin undergoes changes too intricate to be followed in detail here. One
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phase is especially important. During it the chromatin is gathered into a tangled
skein at one side of the nucleus (fig. 28, n). This may be named the synaptic
phase (synapsis of Moore; see p. 22). During this phase a reduction in the
number of chromosomes takes place by a fusion of the somatic
chromosomes in pairs. The manner of the fusion is disputed, some observers
holding that the chromosomes unite end to end ; others that they fuse along their
whole length. The fused rods (now one-half the number characteristic of the
somatic cells) go through elaborate changes, and ultimately form double rods
(fig. 28, a—e), which take various forms (pseundotetrads, rings, &c.), according
to the manner in which the rods are united together. In a very small number
of cases (Ascaris) the prophase figures take the form of four isolated bodies or
tetrads. Such cases fall into a special category, and will be treated separately.

FiG, 28.—SoME sTAGES IN srERVATOGEXESIS oF Myxixe. (Schreiner.)

it and b, synaptic phase ; ¢, d, double thread stages; ¢, double chromosomes (rings and double rods) ;
Fy metaphase of heterotype.

These double-rod prophase figures (* gemini *) are gathered on to the equator of
the first maturation-spindle, and the resulting metaphase figures vary according
to the manner in which they are attached to the threads of the spindle. They
may be attached at their extremities, at their middle points, or nearer one end
(fig. 29). It follows that when the two portions of the double rods are separated
on the spindle, in the first caze the chromosome will be a straight rod, in the second
a V, in the third a V with unequal limbs (fig. 29, b). The result is the same
in each case: the two portions of the double rod are separated, and as these
portions represent not a longitudinally divided chromosome, but the two somatic
chromosomes which have fused in the synaptic phase, whole chromosomes are
separated and distributed on the spindle, instead of the halves of the longitudinally
split chromosome, as in ordinary mitosis. A further complication of the hetero-
typical division is that a cleavage of the rods manifests itself as they pass to the
Pu]eﬁ of the spindle, and a double figure again results (figs. 29¢,308). This cleavage
18 preparatory to the second or hometypical division, in which the elements are

cd
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separated without further splitting (fig. 30, ¢). In very many cases there is
no reconstruction of the nucleus between the heterotype and the homotype
division, but in others a partial reconstruction takes place, without however a
los= of the wdentity of the halves of the double anaphase figures of the heterotype.
The case of true tetrads involves certain difficulties, but the explanation of
their oceurrence seems to be that the second, or anaphase cleavage, which is fore-
shadowed in the prophase in many forms, has been completed before the formation
of the first epindle. There has been much diversity of opinion as to the character
of the second eleavage, whether it 1s a longitudinal splitting or transverse breaking
of the spireme-thread. 1f it be a longitudinal splitting of the elements of the

* synaptic gemini,” the case falls in with the scheme adopted.
Difficult as the stages are to follow during

L 4 A maturation of the sperm-cells, they are still further
% complicated during the maturation of the egg, by
the fact that an immensely long period of repose

G cJ/ 3 occurs between the early stages of the hetero-
g typical prophase and the actual division of the

nucleus, during which the nuecleus assumes the
vesicular form characteristic of the ripening

| i
5 ) _ oocyte (fig. 31). As the oocytes are all formed
L@ .& x _I:t:im'n birth, the beginning of the prophase must,
1, | s

]

in the human subject, be separated by many

! vears from the actual division. The manner in

which the chromosomes are re-formed out of the

: |

: germinal vesicle when maturation sets in, is by

P no means cleared up. The chromatin-threads are,
.

according to competent observers, completely lost

A ; gight of in the vesicle, and the chromatin gathered

N W mto nucleoli, which again give rise to chromo-

' somes, This 1= a dificulty with which the theory

. A a of persistence of the chromosomes has to contend ;

fio. 99—DiacRAN BEPREsENTINe DUb 1D 80y case double-rod ﬁgurns appear, w]n-?h

THE BEHAVIOUR of THE poveik  pass Into the metaphase (fig. 32) exactly as in
CHHOMOS0MEs OF THE HETEROG- . S— N ¢ o 3

TYPICAL Davision, (After Grigoive.) blml.ludtﬂg{fm-h]h' In ]'Il.:lt-urlltlﬂn of the €gg 1o

., Three double chromesomes, Bchinus the double-rod figures (pseudotetrads) are

varionaly arranged ; b, the mode of — g¢tached to the spindle by their extremities. The
attaelment 1o the apindle of the three g x . 5
fypes—1, mear the ends; 2, opposite  figures, though minute, are simple, and are here

the middle points; 3, at the ends;  pappodueed as an example of the process (fig. 33).!
oo, resulting double anaphase ligures—

I:. & :'.1 ] I.‘;'-:H. l-lln.i r‘:lL
:-ul.ull:]H. Wb Ay SUDRIE 5 G By AN Significance of the nuclear phenomena.—I[i

i= impossible here to deal at length with the history
of opinion on the interpretation and significance of the phenomena described above. In the
last edition of this work two theories were bricfly alluded to—the sex theory of Minot
anil the hypothesis of Weismann. M inot's theory, which applied to the ovum only, postulated
that the cells were hermaphrodite, and supposed that in the extrusion of the polar bodies the male
element was got rid of from the ovum, to be replaced again in fertilisation. This became
untenable when the parallelism of the maturation processes in spermatogenesis and oogenesis
was established, and it was proved that all four elements resulting from the division of the
spermatocytes became funetional spermalozon, while only one of the |:u'm|||{:is of the division of

I The following works may be consulted on this subject: Ed. B. Wilson, The Cell in Inheritance
and Heredity, 1900; Windwarter, Avch, de Dol 1500 ; }:l'.lr_u'm-lmllamcl l]:-'tt]nr,, Lelhrbuach d Ti.'rgli:_u:h.
1':11l‘.wiuk..lm,lr!,_-,g..m-]liphm d. wirhellosen Tiere, Livl’f-.ﬂn'llg m. 190, . Girégoire. Ln Cellule, xxii. 1905, pives
a useinl smmmory and bibliogeaphy to date of publicntion.  Sinee then, among other papers, v
appeared Farmer and Moore, Quart. Jour. .‘I-liul‘lh: Be. xlviii.; J. E. Lll.:!l_u-':.:lu}'pl.'llh Pro, l_L o. ].EI:DE;
Junssens, Lo Cellule, xxii.; A, and K. E. Schreiner, Arch, da Biol. xxii., aud Anat, Anzeiger, Xxix.
Van der Stricht (bat), Compt. rend. de "Assoc, des Anat., 8¢ R;"-ummu,_ll.unlm:mx,lillH‘-: Muoore and
Walker, The Meiotic Process in Aammalin, Rep. Cancer Research Lab., Univ. Liverpool, 1900,



e

SIGHNIFICANCE OF NUCLEAR CHANGES 21

the ooeyte became a functional ovum. Weismann's theory, very briefly put, postulated a
gualitative reduction of the hereditary substance, brought about by a transverse cleavage
of the chromatin-rods, the halves of which were separated in the second divizion, the rods or idants
by his hypothesis being organised into lower-grade groups of the ultimate particles of the heredi

tary substance (ids and deferminants). During more than a decade of research to which this

Fia. ilL'I.—F.uﬂ'lu'.e-'- ILLUSTRATING REHAVIOUR OF CHROMOSOMES DURING MATURATION DIVISION,

i, Metaphase of heterobypieal division, spermatoevie 1. of Batrachoseps (Eisen); &, snaphaze of
heterotypical division in spermatocyte 1. of Salamandra, showing secondary cleavage of chromosomes ;
¢, metaphase of homotypical division, spermatocybe 11 of Salamandra (Meves),

hypothesis gave rise, the evidence for and against its actual realisation in fact was pretty equally
divided. The cases in which the two maturation chromosomal eleavages seemed both to be
longitudinal, resulting therefore in an equal distribution of the édhromatin-mass to the quaternary
group of gametes, were supported by as cogent evidence as those in which the splitting was
described to be once longitudinal and once transverse, as was neecessary for the idea of an
HH-E-E"HG-E digtribution of the HIIPP-DEEH llc]'c:iil:lry substance., So great was the contradiction
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among the results of the most eminent of observers that some writers gave expression to the
opinion that the problem wazg a barren one ; bat within the last few years a new light has been
thrown on it by the work of numerous observers, The ultimate result has emerged in the
form of an interesting hypothesis which combines, in a fashion, the theories of Minot and
Weilsmann,

In 1806 Moore described a phase in which the echromatin of the nuclens is clumped, which,
as aleeady mentioned, he named the syropsis.  This proved to be a very general phenomenon
in spermatogenesis, and although missed at fiest in oogenesis was shown by Winiwarter (1901)
to occur at an extremely early stage in the history of the oocyte. The idea that the double-
rod prophase heterotypical figures might arise from fusion of chromoesomes was not quite a
new one, It had been suggested by Korschelt, Wilcox, and Calkins, but it took a new form
when by the observations of Winiwarler., Montgomery, Sotton, Farmer, and Moore, it was

F10. 351 (a to f).—S0ME STAGES IN THE MATURATION OF THE EGG OF THE mapwrr, = 1700 dinmeters.
(Wihmiwarter.)
oy nuclear network converted into delicate looping threads; b, synaptic stage (fine threads);
¢, synaplic stage (thick threads); d, nuclens now oecupied by double filaments; e, double ehromo.
somes § f, resting vesicular stage of nucleus in which the network is re-established.

Eimﬁm that in the synaptic phase the chromatin threads or loops fuse in pairs, thus pro-
ducing reduction in the number of chromosomes. Sutton showed in 1902 that there iz a
certain order in the fusion, leading to the sugpestion that the maternal and paternal
chromosomes—present by hypothesis as persistent individuals in all the somatic nuclei
resulting from the fusion in fertilisation of the male and female germ-nuclei—become fused
in pairs. The double-rod prophase figure therefore represents not a longitudinally split
t"_"‘iliﬂ:ﬂmml‘-', but two chromosomes, one paternal, the other maternal, and the first maturation
division separates the paternal from the maternal.' It follows that of the four products of
the two maturation divisions, two possess paternal and two maternal rods,

This new idea of reduction of hereditary qualities is different from that of Weismann, but
equally well accounts for a redistribution of hereditary attributes {reprezented by the chromatin)

! In zome forms it may be that the actual saparation takes place in the second division ; the result
is the spme,
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during the maturation divisions. The theory is usually known as the chromosome theory

of (Iuvcln}amﬁnt and heredity,

It is further of interest that when the process as defined by this theory is analysed, it has sug-
gestive relations to Mendel’s * law of heredity,” This law may be very briefly alluded to here
because of its relation to the eyvtological data, It may be represented in terms of a single pair
of hereditary gualities thus :

A+B
|
An
i — | .

| | I
1. A 2AR B
| | '
| ] i — :
2 A A Ein B E
| | . | J | |
] | | |
3 A A A 2An B B B

in which A and B represent single and distinctive gualities—one being dominant, the other
recessive—of two individuals uniting in a cross, AB. 1In the cross one quality, A, alone
manifesiz itzelf {the dowtenand) ; the other,
B. iz latent (the recessive), so that the off-
gpring of the eross appears as purc A,  In
the next generation, no new eross in
respect of these gualities being effected,
the olfspring appear in the proportion
of three individuals with the A quality
to ene with the B guality. The B indi-
viduals now breed pure in all sueceeding
generations, and some A imdividuals do
the same; but a second set of A's are
really Ar’s, and they in the next genera-
tion 5]:iit. up agnin into purc'ﬂ.’k, An's
(appearing as A's) and pure B's, and so on,

The theory invoelves as a corollary
the purity of the gametes in respect of
the qualities, and this purity would be
attained by just such a process as is
assumed by the chromozome theory to
take place in maturation. Thus, if two
AB’s cross, the gametes being pure in
respect of the qualities will be either A' Frg. 32.—FIRST POLAR SPINDLE (METAPHASE OF
or B, A* or B®, Four combinations are HETEROTYPE], EGG OF MoOUSE, (Sobotta.)
possible between these gametes—rviz.
A'A®, A'B*, A°B', B'B?, giving rise to three classes of individuals, pure A's, mixed An's, and pure
B's, The mixed individuals, however, always appear as A’s, that quality being dominant and B
recessive, so that there are three A’s to one B, as expressed in the * law.' In Lig]mr forms,
all the individual gametes of the four groups are not funetional, the three polar cells being
abortive ova, so that the formula requires a slightly different statement. The ovam in respect
of two qualities may be either A or B—

(1) A + A'or B' = AA' or B'A; or

(2) B + A" or B' = BA' or BE',

In a sufficiently large progeny from a single pair the expectation would still be the same—
viz. one pure A, two mixed An's appearing as A’s and one pure B.'

! For some interesting human eases see Bateson, Brit. Med. Journal, July 14, 1906, The reader
must be referred for further information and for criticism of this theory, as well as for a statement of
other doctrines of heredity, to special treatises on the subject. For the cytological data, see more
especially Boveri, Ergebnisse liber die Komstitution der chromatischen Kernsubstanz, Jena, 1903 ;
Suotton, ‘ Chromesomes in Heredity,’” Biol. Bull,, April 1903, For a statenient of Mendels law, see
Boteson, Mendel's Principles of Heredity, &e. (Cambridge University Press, 1902). The literature is
fully reviewed in Schwalbe's Jahresherichte of recent years. For a criticism from the cytological side,
a paper by B, Fick, Arch. Anat. und Physiol. Anat. Abl, 1905, may be mentioned.
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Fio, 33, —BTAGES OF MATURATION, Eog oF ECHINUS ESCULENTUS. x 1200 diameters. (T. H. Bryce.)

i, Prophase of heterotype: double chromosomes; b, metaphase of heterotype : separation of
chromosomes 1. nnd their commencing secondary cleavage; ¢, anaplase of helerotype : completion of
secondary cleavage: extrusion of first polar body; o, prophase of homotype: chromosomes pass

unchanged into second pelar spindle; e, metaphase of homotype ; f, anaphoase of homotype : separation
of chromogomes 11, : extrusion of second polar body.

-

T
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HISTORY OF THE SOMA.

FORMATION OF THE BLASTODEEM AND EMEBERYONIC AXIS.

SEGMENTATION OF THE OVUM.

Immediately after the sperm- and germ-nuclei have conjugated, the egg
divides into two segments or Wastomeres (fig. 34). The division of the cell-body
is preceded, as in ordinary cell-division, by the mitotic cleavage of the nucleus,
and, as previously stated, each daughter-nucleus receives an equal complement
of paternal and maternal chromosomes. Each blastomere now divides to form
a group of four segments, which again cleave into eight, and the process of binary
division continues until a mass of small nucleated segments is formed, called the
mulberry mass or morula (fig. 34). This is enclosed by the zona radiata, and
is little, if at all, larger than the single ovum which it replaces within the zona.
The segmentation of the mammalian egg iz complete or holoblastic (see p. 27),

Fia, 30.—FIRST STAGES OF SEGMENTATION OF A MAMMALIAN OVUM: SEMI-DIAGRAMMATIC,
{Drawn by Allen Thomson after E. Van Beneden's description. )

zg, zonn pellueida; pgl., polar globules; a, division into twe segments; le, larger and cleaver
segment ; se., smaller, more granunlar segment; &, stage of four segments ; ¢, eight segments;
i, ¢, socceeding stages of segmentation showing the more [rapid division of the clearer segments
and the enclosure of the darker segments by them,

but is neither quite equal nor quite regular. Some of the cells divide more rapidly
than others, so that groups with an odd number of segments occur, such as 3, 6, 12
or 7, 9, 10; and when the morula stage is reached there is a definite grouping of the
segments, the centre of the sphere being oceupied by larger, more granular, cells,
surrounded by a layer of smaller, clearer elements. It is not certain at what stage
the distinction between the two categories of cells is established, though some
believe that it is effected at the first cleavage ; but it is clear (even though the
evidence for a definite epibolic process is incomplete) that certain of the cells divide
more rapidly, take a superficial position, and come to cover and enclose the
remainder.

The cleavage of the human ovum has net been observed, and only one stage has so far been
seen in any of the lower Primates (fig. 35). It is a four-cell stage found in an oviduct of
Macacus nemestrinus given to Selenka by Hubrecht.! The blastomeres are of nearly equal size, two

:1I lﬂululﬂrn Btudien iibey Entwickelungsgeschichie der Tiere, Heft x., Wicsbaden; Kreidel, 1903,
p. 43
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being =omewhat oval, two nearly spherical.  The observation shows that in the other Primates,
and therefore practically certainly also in man, segmentation takes place in the oviduct, and
after the same fashion as in the lower mammals, 1t will be observed that there is no zona
radiata represented. In most mammals the zona persists during the earlier phases of duve]u‘p-

Fig. 85, —SEGMENTING EGG OF
MAicacUs NEMESTRINUS.
{After  Selenka.) = 400
dinmeters,

mend, and it is difficult to account for its absence in this and
other cases, It is doubtful whether it iz to be ascribed to the
preservatives used, or to a normal precocious solution of the
Iﬂi!lﬂbl’ﬂllﬂ‘.

Fluid now appears between the peripheral laver
and the central mass, and separates them everywhere
except at one point (fig. 36, b). As the fluid acenmu-
lates, the morula 1s converted into a vesicle (fig. 36, ¢),
the walls of which are formed of a single layer of small
clear cells, exeept at the point where the central mass
is attached and projects into the cavity (figs. 36, ¢, d,
and 37). The outer layer takes no part in the building
up of the embryo, but is concerned solely with the
establishment of relations between the ovam and the
uterine mucosa. It has been termed by Hubrecht

the frophoblast. The inner mass provides the material out of which embryo,
volk-sac, and in man and apes almost certainly also the amnion, are formed,

.I"rl-lr.f.._.._____

Fic. 36, —SEpcTIoNs OF THE OVUM OF THE BRABBIT
DURING THE LATER #$TAGES OF SEGMENTATION,
SHOWING THE FORMATION OF THE DLASTOCYST.
(E. Van Beneden.)

2, Seelion showing the enclosure of darker cells,
fem., by clearer cells, droph.: the enclosore is
usunlly complete ; &, more advanced stage in which
fluid is beginning to accumulate between the inner
and outer cells; ¢, the fluid has muech increased,
so that a large space separates inner [rom outer
cells except al one park; o, blastoeyst, ils wall
formed of alayver of fluttened cells (trophoblast),
with a pateh of dark granular cells (lormative
cell-mass) adhering to it ot one park; sp., zonn
pellucida.

and may be termed the formative or
embryonic cell-mass. At this stage the
ovum has usually been termed the

blastodermic vesicle, but as the actual blastoderm is not yet formed it is
better to call it the blastocyst.
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When the whole ovum iz involved in segmentation the egg is termed hololfastic.  This variety
of (-Icqwﬂ.ge gecurs in all s which are ecither alecithal (sce p i) or 'nluda?‘u-'cfy feloleeithal, llmugh
in the latter the division is very 1_|nn-q1ml, as, for instance, in the common fmg. In EX&E;L‘I'H[I![!]._‘,.‘
telolecithal egEs like those of some fishes, birds, I"l"PT:iII"'-.‘i, and monotremes anmong mammals, the
cleavage is confined to the animal or protoplasmic pole, and they are then said to be meroblustic.
In all holoblastic eggs, except in the caze of the mammal, the whole ovom is utilised for the
formation of the embryo: while in meroblastic eggs only a small portion forms the embrye,
the remainder becoming the yolk-sac and the egg-membranes,  The egg of the placental mammals
is holoblastic, yet the later stages correspond with those of meroblastic ova ; hence it is o com-
monly accepted opinion among embryologists that the mammalian ancesiry had large yolk-
laden eggs. This opinion is strengthened by the fact that the moest primitive mammals—the
Monotremata—have eggs like those of reptiles.  We are therefore justified in believing that in the
descent of the mammalia the yolk was lost when the egp came to be retained in the uterns
amd established nutritive relations with the maternal tissues, but that it has retained in
some respects its ancestral mode of rlnvo]ﬂlzmnnt, It must be added, however, that, while this
i5s the view of most embryclogists, others {e.g. Hubrecht) maintain the opinion that the
mammalian ovum inherits its mode of development from ancestors with telolecithal holoblastic
TR, like those of the Pri_r!il;:llt-{iﬂ}' EL||'|I:|]'ii|‘lilll1 forms,

FOEMATION OF THE GEEMINAL LAYERS.

The youngest known human ovum (fig. 93, p. 65) is already considerably
advanced bevond the stage of the blastoeyst. The resemblance between the
early stages in man, apes, and monkeys is very close. In certain particulars they
differ from the early stages of any other mammalian form except Tarsius spectrum.

This ereature has been commonly placed among the lemurs, but Hubreelit has shown from
embryological evidence that it is more closely related to the apes and to man, and he has
proposged to limit the order Primates so as to inclode only man, the apes and monkeys, and
Tarsing, These form embryologically a group by themselves among the mammals, and it is
now possible, thanks to the work of Selenka and of Keibel on the apes, and of Hubrecht on
Tarzing, to combine the data for the lower Primates with the data collected for man first by

His and Graf v. Spee, then by Keibel, Kollman, Peters, Eternod, Mall, Minot, and others, so as
to obtain a fairly eomplete, if in some points still hypothetical, picture of the early history of

the primate ovum,

The earliest phases have been observed only in Tarsius,' but from later
resemblances there are cogent reasons for believing that, except in one or two
particulars, these phases may be taken
as representing what actually takes place
in the development of the human ovum.

Formation of the entoderm.—
We shall begin with the stage of the
blastocyst, represented in fig, 37, The
trophoblast forms a continuous layer over
the mner or formative cell-mass, which
projects as a rounded knobinto the cavity
of the vesicle. Compared with the blasto-
cyst of the lower Amniota, this mass of
cells is as it were projected (invaginated)
into the interior of the vesicle instead of
being spread out on the surface (fig. 38).

From the inner face of the inner cell-

g Fio. 87.—BLASTOCYST OF TARSIUS
mass a layer of cells becomes split off, sPECTRUM.  (After Hubrecht.)
which is generally called the primitive or  fem., formative cell-mass; troph., trophoblast.
yolk entoderm (lécithophore of Van Beneden)
(fig. 39, a). Contrary to what happens in most lower mammals, this entoderm

~ VA A.W. Hubrecht, * Furchung wind Keimblatthildong bei Tarsins speetram,’ Verbandelingen der
Koninklijke Akademic van Wetenschappen te Amsterdam, viii. 1002,
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does not grow out round the wall of the vesicle closely applied to the ectoderm
(see fig. 41), but speedily forms a small closed sae, the entodermic or future
yolk-sae (fiz. 39, b and ¢), separated by a space from the trophoblastic wall

i

Fra, 38, =IDMaGrad To SHOW THE MFFERENCE BETWEEX THE BLASTOCYRT (BLASTULA] OF A
PLACENTAL MAMMAL- ¢, AXD THAT OF ONE OF THE LOWER aMxIoTa b (After Semon.)

. In @, the wall of the blastocyst is complete [rom the first, and the formative eell-mass projects
into itz interior; in 5, the wall is completed enly at o much later slage by the growth of the
ectoderm over the yolk, and the formative cells spread out on the suvface,

of the blastocyst. This peculiarity is clearly secondary, and is due to the
precocious and extensive expansion of the trophoblast shell, while the formative
cell-mass lags behind in development. The entoderm layer, which clings to the

T T

F'H'I. ﬂﬂ.—E.\!l[.T ATAGER IX¥ THE FORMATION OF THE GERMINAL LAYERS IN TAHRSIUS SPECTRLUM.
{After Hubrecht.)

fen., formative cell-mass ; ent,; entoderm ; emb, ect,; embryonic ectoderm.

embryonal eell-mass, is composed, as in many lower mammalian forms, of larger
more loosely arranged cells, while the free portion is formed of more flattened
elements,

It is mot quite clear how the layer of entoderm cells becomes converted intoa sac.  There are
three possibilities: 1. The cell-layer grows meridionally in all directions, finally to elose in
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ventrally. This would correspond to the extension round the wall of the blastoeyst that occurs
in lower mammals., 2. The layer bends round in front and grows backwards to close at the
posterior end. 3. The cavity is formed by a splitting among the budded-off entoderm cells so
that they are separated into two lamelle, None of Hubrecht's figures of this stage direetly
favour this last possibility, but it has been suggested that the volk-sac in the human ovam
may be formed out of a solid mass of cells in this way.

Formation of the embryonic ectoderm : bilaminar blastoderm.—
Though the primitive entoderm is already formed, the stage of a bilaminar blastoderm
1s not yet reached. The
formative cell-massisstilla
rounded knob, continuous
with, but to be distin-
guished from, the tropho-
blast. In the next phase
a splitting takes place
among the cells, so as to
form a cavity (amuio-
embryonic cavity, fig. 40) in
the heart of the knob.
The cells forming the floor
of the cavity arrange them-
selves in a columnar
manner, and form a plate,
which is the embryonic
ectoderm. This plate is
at first necessarily concave
owing to the invagination
of the formative cell-mass.

The fate of the cells form-
ing the roof of the cavity Fic. 40.—HYPOTHETICAL STAGE OF HUMAN BLASTOCYST
differs in Tarsius and the (T. H, Bryce.)

higher Primates. Tn Tar- fr., trophoblast ; am., amnio-embryonie cavity ;

z & awms, amnion-stalk ; end., entoderm.
sius, as the plate increases

in size it becomes flattened out ; the primitive invagination (inward projection) is
undone, and the embryonic ectoderm comes to lie free on the surface of the
blastocyst by the disappearance, due to retraction or otherwise, of the cells forming
the roof of the amnio-embryonic cavity. At a mnmdenhlv later period of
development, when the mnhr}'u has been laid down, the eavity is as it were again

. @i,

—
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FiG. 41.—SECTION OF FART OF THE BLASTODERMIC VESICLE OF THE RABBIT AT siX DAY,
{From E. Van Beneden.)

it, trophoblast ( Ranber's layer); &, formative cctoderm ; o, entoderm.

restored by the formation of folds which meet over the embryvo and form the
definitive amnion, as will be explained later.

In man and the apes this early stage is as yet unknown ; hut the later phases
are most adequately explained h}f assuming that the roof of the cavity persists,
that the primary invagination is not at this stage undone, and that the formative
ectoderm never comes to lie free on the surface of the h]aﬁtoc}rst. The cavity in
the formative cell-mass thus becomes the definitive amniotic cavity, which is
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closed from the first. Ttz floor becomes the embryonic ectoderm, its roofl the
amniotic ectoderm, and thiz is attached to the trophoblast by a short stalk,
which may be termed the amnion-stalk. Fig. 40, which represents an attempt
to visualize this hypothetical stage of the human ovum, will make these statements
clear ; but for a full understanding of the points at 1ssue, a comprehension of the
p!wuunmnnn known as entypy of “the germinal area 13 necessary.

[t must be stated here that the view adopted in the text has not the assent of all embryo-
logists. It is clear that the early blastoderm is invaginated in the human ovum, but is the
invagination primary as described above, or is it secondary ¥ It is held by some that, owing to the
complete imbedding of the ovum in the decidua, the embryonic ectoderm, at first on the surface
of the Blastoeyst, iz very early closed in by precocious amnion folds. As a further result, the
growith of the blastoderm caunses it to be inverted into the eavity of the vesiele, and the stage
imagined in fig, 40 wonld be reached hy the fusion of the folds over the embryonic area to form
what has been named the ammion-stalk,  Certain observations of Selenka on H}'In]mffis mn]:url'(::m,
and of Mall en abnormal human ova, support this view, which has also been advocated by
Keibel,  The view adopted in the text 1= that of Van Beneden, Selenka, Hubrecht, and others,

Fia. 42— IMAGRAMS To ILLUSTRATE EXTVPY OF THE GERMINAL anea. (T. H. Bryea.)
H!.Le—.t.-u:]tﬂ'h!li.t! b !'e-iL"h.' = 0y D-[ r:il:i.-it H f.i_. of II:lli!quII H l_|‘f |_'|5=|_'|,.L 4.i" uf monse OF Il.ll; £, OF gl,li.!l!l-na'l,-l:li:_', H _F-r ﬂf
kalong.
Trophollagt represented by continuouns black lines or masses; entoderm by intervupted lines;
embryonic eetoderm by opithelial eells,

anid it differs from the first only in holding that from the circumstances of the complete
imbedding of the ovum the embryo-amnio-genetic cetoderm is invaginated at a still carlier stage,
the blastocyst wall being folded over the formative ectoderm even before it is differentiated

into 1-1:||||nr_".'l"mi4: cetoderm,

Entypy of the germinal area.—In the rabbit ovum at this stage the
trophoblast is reduced to a thin sheet of flattened cells, against which the cells of the
formative cell-mass spread themselves out at an early stage (fig. 36, d, p. 26).
After the formation of the entoderm, the cells between that layer and the tropho-
blast form a plate of columnar cells, the embryonic ectoderm {fig 41, a), which 1s
flat from the first, and directly applied to the covering layer of trophoblast (here
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called Rauber’s layer). No amnio-embryonie cavity appears between them. Soon
Rauber’s layer disappears, and the embryonic ectoderm lies free on the upper
pole of the blastocyst. In some mamimals, such as the mole, pig, and Tupaja, the
germinal area is for a short time distinetly inverted, as in Tarsius ; but the phases
resulting in the opening out of the blastoderm on to the surface are even more
distinctly seen than in that anmimal. In the meole, for instance (fig. 42, b), the
cavity which hollows out the heart of the formative cell-mass is larger and deeper,
“and is roofed in by the trophoblast for a time. The embrvonic ectoderm is at
first markedly concave, but this is very soon rectified by the straightening of the
plate; and the roof of the cavity disappearing, a phase is reached exactly like
that described for the rabbit after the disappearance of Rauber’s layer,

In another and considerable series of mammals, the inversion persists rather
longer, and the cavity never opens out on the surface of the blastocyst. but remains
roofed in by the trophoblast layer. This condition was named by Selenka
‘entypy of the germinal area.’

Fio, 43.—EMBRYOKIC AREA OF MOLE IMMEDIATELY PRIOR TO APPEARANCE OF PRIMITIVE STREAK
AXD FORMED OF TWO LAYEHES ONLY.

Fio. 44.—FEuBRyoXIC AREA OF MOLE, SHOWING THE PRIMITIVE STREAK AXD GROOVE EXNDING
FOSTERIORLY IX A CREECENTIC THICKENING.

The area is bilaminar in front, trilaminar in the posterior half.

F1o. 45.—A SOMEWHAT LATER STAGE IN WHICH THE PRIMITIVE STREAK REACHES TWO-THIRDS OF THE
LENGTH OF THE EMBRYONIC AREA, AND EXDE BEHIND IN A KNOB OR THICKENING.

(Figs. 48, 44, and 45 are copied from Heape, They are magnified 49 dinmeters,)

There are a number of variations in the manner in which the condition manifests itzelf,

(A) In some of the bats (fig. 42, ¢) and in the hedgehog the cavity remains roofed in by
trophoblast, and persists as the amniotic cavity, the walls of the definitive ammnion being formed
not by the folds as in the other group, but by upgrowth of cells on the inner surface of the
covering trophoblastic layer,

{B) In mice and rats {fig. 42, d) the trophoblast over the formative eell-mass becomes great]y
thickened and invaginated into the interior of the blastocyte, necessarily pushing the mass before
it. A cavity appearsin this mass of trophoblast (false amniotic eavity), which becomes continuous
with the primitive amnio-embryonic eavity. The whole blastocyst becoming tubular, the germinal
layers appear reverszed, the entoderm being external to the ectoderm. In the further conrse of
development this persistent inversion of the germinal area is rectified by the tardy straightening
of the blastoderm and opening out of the amniotic cavity.

(C) In the guinea-pig (fig. 42, ¢) the blastocyst is drawn out into a tubular ghape just as in
rats and mice, and the formative ccll-mass is inverted in the same fashion into its eavity,
The placental thickening of the trophoblast is not, however, invaginated to the same degree as
the formative cell-mass, so that direct connexion between them iz lost.  Accordingly, when the
amnio-embryonic cavity is formed, its roof is independent of the trophoblast ; it never opens
into the cavity in the interior of the trophoblast plug (false amniotic eavity), and it becomes
the definitive amnion,
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(D) In the kalong (an East Indian bat, Pleropus eduliz) (fig. 42, [) the condition is much the
same as in the guinea-pig, but the blastocyst remains rounded ; there is no invagination of the
trophoblast ; no false amnionic cavity ; and there is not much greater inversion of the layers
than oceurs in the bats,

In apes and man (fig. 40) some such condition as in Pteropus in all probability exists; but
there is this difference, that, owing to the great expansion of the trophoblast-shell and to the
tardy formation of the entoderm, there is from the first a space between the trophoblastic wall
of the blastocyvst and the entodermic sac,

Formation of the trilaminar blastoderm: mesoderm and em-
bryonic axis,—7The mode of the formation of the middle layer in the Primates
varies in certain important particulars from that generally regarded as typical.
It will be convenient to give first a brief general description of the mode of
formation of the mesoderm in one of the lower mammals—e.g. the mole or rabbit.

The germinal area, at the stage now reached, is a circular dise on the upper
pole of the blastocyst (fig. 43). By unequal growth the dise becomes oval, and at
its smaller end a linear shading appears which is produced by a keel-like thickening
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Fro. 46, 4 A%D B—YIEWS OF THE EMBRYONIC AREA OF THE RABEIT, SHOWING TWo STAGER IN THE
EXTENSION oF THE MmEsobeERM. |(Kiolliker.)

In a the mesoderm extends on either side of the primitive streak over the posterior part of the
embryonie area, and also belind the |l;r|m|Ln e streak beyond the limits of that area

In & the mesoderm extends over a civenlar ares which swrrounds the nmhr'l.'rmir aren, The
cimbryonic aven is also trilaminar, except in the middle line in front of the primitive streak,

of the ectoderm, known as the primitive streak (figs. 44 and 45). The first part
of the streak to appear i1s a knob-like thickening which forms its head (Hensen's
knot). From the primitive streak cells are budded off into the space between
ectoderm and entoderm. They form a loosely arranged layer of branched elements
named the mesoderm. The ectodermic tluc-Leumg, at first separate from the
entoderm, quickly fuses with it, so that all thres layers are continuous in the
primitive streak.. By constant proliferation the mesoderm spreads round the
wall of the blastocyst until finally it entirely surrounds it. It will be noticed
that at first the extension is mainly backwards in a continuous sheet behind
the germinal area (fig. 46). This portion of the layer takes no part in the forma-
tion of the embryo, but is concerned in the laying down of the peripheral
mesoderm of the future vascular area, Within the germinal area the sheet is
divided into two lateral wings, separated by the primitive streal from which they
spring (fig. 58, p. 40 ; fig, 66, p. 44 ; and fig. 47). As the mesoderm continues to
spread, the embryo bcgms to take i::-rm in front of the primitive streak, and the
lateral wings of the mesoderm are found extending forwards on each side of a
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plate of cells which is the rudiment of the notochord (fig. 66, V. p. 44). In front of
the embryonal axis, in most lower mammals, there is an area named the pro-amnion,
into which the mesoderm does not spread until a later period, and where therefore
the blastoderm is formed merely of ectoderm and entoderm.

Pl
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F1G. 47 —DIAGEAM TO ILLUSTRATE THE SPREAD OF THE MESGDERM FROM THE PRIMITIVE
STREAK, p.al, IN A TYPICAL Lowkk MaMMaL. (T. H. Bryece)

In @ the mesoderm has not yeb spread round the entodermie sae, and is nndivided; in & it has
completely surrounded the blastocyst and is divided mio somatoplearic and splanchnoplearic layers.
eedy meg, enl, ectoderm, mesoderm, entoderm.

The mesoderm sheet now splits on either side into two lamelle—parietal and
visceral (fig. 47). The parietal layer adheres to the ectoderm, and forms with it the
somatoplewre ; the visceral becomes associated with the entoderm, and with it

IR LLR

Fra. 48 —IMAGRAM TO ILLUSTRATE A STAGE I5 THE Frg. 49, —DIsGRAM T0 SHOW A LATER STAGE
DEVELOPMENT OF THE MERODERM LATER TiAX I DEVELOPVMENT OF THE AMNION AND
I¥ PG, 47 b, AXD THE FORMATION OF THE YOLK-8AC THAN 1IN Fic. 48, (T. H.
AMETION, IN A TYPICAL LOWEE smamman., ('T. H. Bryoe.)
Bryee.) : ’
awm, amnion, now closed § eo!, intra-embry.
am, am, amuopion folds; eo, eodlom; som, onic colom; ce?, extra-embryonic coelom ;
somatoplenre; spl, splanchnopleure; ené, ento somi, somatopleare : spl, splanchnopleare ; ent,
derm of yolk-sac, y.s. entoderm of yolk-sac, y.5.

constitutes the splanchnopleure. The splitting first takes place in the embryonic
area, and apreads outwards until in eertain forms it completely separates the

blastocyst wall from the entodermic vesicle, now called the yolk-sac. The space
VOL. I. D
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between the layers is named the eelom. As the embryo takes form, it sinks
down, as it were, into the blastoeyst, and a fold of the somatopleure comes to
overlap it all round. The edges of the fold ultimately meet over the embryo and
enclose the cavity of the amnion (figs. 4% and 49).

The special feature about the formation of the middle layerin the Primates ! is
that the whole extra-embrvonic mesoderm is formed, at a relatively early stage,
before the primitive streak has appeared on the germinal dise. The precocious
mesoderm consists in part of cells budded off from the posterior edge of the
germinal area, which spread round the wall of the blastocyst and over the volk-sac
(fige. 50 to 53). The tissue formed is a loosely arranged layer concerned in the
formation of the lining of the trophoblast and covering of the entodermic
sac, and from the earliest period it forms a thick stalk of connexion (Haftstiel ;
embryophore) between embryonie area and trophoblast. This stalk becomes
vascularised at an early date, independently of the allantois, and constitutes at this
stage a formation peculiar to the
Primates. In respect of its fate
it may be considered as corre-
sponding to the mesoderm which
extends from the posterior end
of the primitive streak behind
the germinal dise in a typieal
lower mammal.*

The actual origin of this carly
mesoderm iz unknown in man. . In
Tarsius it iz derived from the ecto-
derm (Hubrecht),  In Semnopithecws
wasicns Selenka considers it to be of

Fie., S0 —8ECTIN (DIAGRAMMATIC) OF EARLY EMBRYO OF entodermic origin, but as it comes
Tamsivs seecTRUN.  (After Hubrecht.) from the same region of the disc

ect, embryonie ectoderm; w5, yolli-sae; e, conmecting as in Tarszius, it 18 !'":u...g...ilﬂp that an
atalk; p, thickened trophoeblast = ectoplacenta, earlier stage would exhibit appear-

The blastocyst is mot completely imbedded in the pueq susceptible of a similar inter-
nterine mucoss, and only o portion of the trophoblast
therefore tales part in the formation of the placenta. The
Cventral T omesederm covers only the posterior surface of G o £
the yolk-sac. While in all the Primates a

connecting stalk 1s a distinctive
feature of the early stages, there are some differences between the conditions in
Tarsius and those in apes and man, determined by the manner in which the ovum is
imbedded, and by the mode of formation of the amnion (ef. figs. 50, 52, and 53). In
Tarsius the ovam is not completely imbedded in the uterine mucous membrane,
and the amnio-embryonie cavity is early opened out ; only a portion of the wall of
the blastoeyst is thickened to form the placenta, and the mesoderm passes straight
back from the hinder end of the embryonic plate to it, and covers, at first, the
posterior wall of the volk-sac only. Owing to the maintenance of the primary inver-
sion in the higher Primates, on the other hand, the mesoderm is, in them, conducted
to the blastocyst-wall by the * amnion stalk * (figs. 52 and 53). It surrounds both
volk-sac and amnion, so that the embryonic rudiment with its two cavities hangs
from the wall of the vesicle completely imbedded in the early mesoderm. The

ln':-lminu to that of Hubrecht.

D e origin of the mesoderm in the primate blastoderm has been sindied in detail enly in Tarsius
by Hubreeht, The following acconnt is mainly founded on his descripbion. .,

! The ecarly mesoderm arising from the hinder border of the germingl area in Tarsing is named
by Hubrecht the ventral mesablost, becanse of the theoretical relationship he believes it to bear to
the mesoderm of the ventral lip of the blastopore in the Amphibia. He nses ihe term * :m_-mhim’-:lr_’ m
preference to * mesoderm,’ as he does not place the middle layer complex on the same Illurlﬂlf-llfrgl_wl
plane as the ectoderm and entoderm. Riickert (Hertwig's Handbueh, 1. Part 11} has, on similar
grounds, adaopled the term eenfeal mesoderm o signify the periphernl masodorm, which appears first, amnd
springs from the hinder end of the primitive streak in the lower mammals and Amniota generally.
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extra-embryonic ccelom is also occupied by delicate st.rnn:]ﬁ: of the same tissm:
stretching between the yolk-sac and wall of the blastocyst. These constitute what
has been named the magma reticulare.

While this loose mesoderm is developing, the entoderm, forming the roof of _th.“‘
entodermic sac, becomes in Tarsius thickened into a many-celled plate (fig. 51).  This
plate is produced by proliferation from the entoderm (Hubrecht), and is continuous
at the margins of the dise with the yolk-sac mesoderm, in the formation of which it
seoms to share. Itis therefore a second source of mesoderm-cells, quite independent
of the earlier one. It is named by Hubrecht the protochordal plate, but it will be
here referred to as the primitive entodermic plate, to avoid any theoretical
implication,

In Selenka’s fignre of a blastoderm of Semuopithecus nasicus (fig. 54) the mesoderm is repre-
sented at this stage as extending forwards into the disc from its hinder end. It would therefore
seem to be derived from the same source as
the mesoderm of the connecting stalk, which, sk, eel,
however, as already said, he refers to the ento- I
derm. In Peters’ and in Graf v. Spee’s carly
human ova a similar layer is seen (lig. 53).

From this description it will be gathered
that the ectoderm and entoderm are everywhere
separated in the Primates by a middle layer
before there is any sign of a primitive streak.
Although different from the conventional ac-
count of the origin of the mesoderm, there is no
doubt that the facts are as stated.  Their .
theoretieal significance will be dealt with in a i a1 £,
later paragraph.

Py

Up to the stage now reached, only
that part of the three-layered blastoderm
which we may call the head-plate, because
it will form the extreme head end of the

L
embryo, is laid down, and we have next ."." Jo
to describe a series of stages by which the o &

embryonic axis, forming the trunk, is =,
developed. As in the typical case de- >
seribed above, the germinal dise enlarges M
(fig. 56), and Hensen’s knot (profochordal 2@

knot, Hubrecht) appears as a thickening

of the ectoderm. This thickeningextends o 51 —Mepias  voverrvpvan  seerion

inwards and forwards between the two THROUGH THE EMBEYONIC PLATE AND VOLE-
. o 4p . e : . sAc OF TARSIDSE AT THE SAME STAGE as

PRIy lay ers (fig. 57}, and is continuous 1% FiG. 50, MORE HIGHLY MAGNIFIED. (After

with the thickened entodermal plate in Hubrecht.)

front. 1t then becomes fused with the enel, el embryonic ectoderm ; pp, primitive

entoderm on its under aspect, The primi. hiodennic plate; g.s. Pl My Teoi
tive streak next appears as an extension
backwards of the ectodermic thickening, Sections of the primitive streak show
that from its sides, as well as from Hensen's knot, wing-like masses of mesoderm
extend laterally between ectoderm and entoderm (fig. 58). They are formed from
cells budded off from the streak, and from this period onwards the new mesoderm
of that part of the blastoderm which lies between the head-plate in front and the
connecting stalk behind, and which gradually increases in length as the embryonal
axis is laid down, may be considered as arising from this source,

Hubrecht describes in Tarsius a tract of middle-layer cells springing from the
entoderm over a ring-shaped area, continuous in front with the primitive middle-

2
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laver cells of the head-plate and passing behind on to the wall of the yolk-sac. The
ring 15 elosed behind when the hind-gut becomes cut off from the volk-sac. Tt is
apparently directly related to the development of the blood-vessels. A similar ring

Fre, 52 —HyYroTHETICAL STAGE OF THE HUMAM oYUM IMEBEDDED [N DECIDUA, SOMEWHAT
YOUNGER THAN PETERS' ovid, THE TROPHOBLAST I8 GREATLY THICHERER, AXND LIXED WITH
MESGDEEM, WHICH SURROUNDS ALSO THE EMBRVOXIC RUDINESRT, WITH ITS YOLK-SAC AND AMNNIO-
EMERYORIC CaviTY. (T. H. Bryce.)

The embryonic rodiment is proportionally on too large a seala.

was described by the same observer in the shrew, and by Bonnet in the sheep,
but it has not been found in other mammals.

The primitive streak (although this feature is not marked in any of Hubrecht's figures of
Tarsiuz) becomes deeply indented by a furrow called the primitive groove, and it is to be observed

l'.lhll.lf'Pdlu i eefoderm
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e amnin
"~ pannect fing stall
allmipiols

Fia. 58.—MEDIAY LONGITURINAL SECTION OF AN EARLY HUMAN ovoM 0+ Ma. IN LEXGTH.
(After Graf v. Spee, from Kollmann's Entwickelungsgeschichte). = 27 diameters.

that in Graf v, Spee’s embryo of 2 mm. (fig. 59}, the mesoderm-sgheets are represented as
partially subdivided into two lamelle, one conneeted with the ectoderm, the other with the
entoderm. This feature, also seen in a number of lower forms, has been interpreted by Hertwig
as a vestige of an original development of the mesoderm by ceelomic pouches (see p. 46).
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The growth of the blastoderm at first chielly affects the region behind Hensen’s
knot, The primitive streak elongates and occupies the pointed end of the oval
disc which is now generally called the embryonic shield (fig. 56, b and ¢).

The next phase is characterised by a shifting of the maximum growth-activity
to the part of the shield in front of Hensen's knot, and the embryonie axis begins
to be laid down from before backivards, either by proliferation of the cells at the
anterior end of the primitive streak, as some think, or by gradual conversion of
the growing streak into the axis, as is indicated by experiments on the developing
blastoderm.' As the portion of the shield in front of the streak increases in length,
the mass of cells extending from Hensen's knot (profochordal process), already
described, iz necessarily lengthened into a column of cells (figs. 60, 61). It
becomes, however, at the samne time flattened out into a plate ; and as it is fused

£ --.'m’-'_r-, acl,

Fio, 54.—BECTION 0F AN EARLY EMBRYO oF SEMNOPITHECUS Xastcus. (After Selenka.)

ant, amnion; emby. ect,, embryonic ectoderm; y.s., yolk-sac; enf, entoderm; wies, mesoderm

eovering yolk-sac and extending bebween embryonie ectodorm and entodarm ; con. sfk., conmecting-
stalk mesoderm.

with the primitive entoderm on its under aspect, the result of this flattening and
opening out is, that it comes to roof-in the cavity under the shield along the
middle line. This plate is named the notochord-plate,* and is recognisable in
some cases as a shading in front of the streak in surface views of the blastoderm
(fig. 63). A section of the shield (fig. 64) shows that the plate is continuous on
Eﬂ:ﬂh side with the general entoderm, and, where plate and entoderm join, also
with wings of mesoderm which spread outwards between ectoderm and entoderm.
In front the plate passes into the thickened primitive entodermic plate, and
behind into the mass of cells at the head end of the primitive streak, out of

! Bee Assheton, Proe. Roy. Soc. 1896, also Anat. Anzeiger, xxvii.; Kopseh, Verhl. d. fiinfte

inl#rl_ml.. ool ‘Km‘lﬂ'l'l‘ﬁﬂ-.. Berlin, 1901, and Internat. Monatschr. f. Anat. o Phys. xix.; Pechles,
Archiv . Entwickelungsmech, vii,

_ # It has been also termed the archenteric plate { Urdarmplatte, Bonmet), for veasons wiich will be
given later on,
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Fra, 55 —TRANSVERSE SECTION THROUGH AN BARLY HUMAN EMERYO oF 04 mwm.
(Greaf v. Spee; of, fig. 55.)

i, wmnion ; wnes', mesoderm of ammnion; ect, embryonic ectoderm; enf, enloderm; mes?, meso-
derm of yolk-sac; mes®, scabtered cells between ectodern and entoderm of germinal dise.

¢

Fia, 506, —SURFACE VIEWS OF GERMINAL DIs¢c oF TARSIUS SPECTRUM AT THREE SUCCESSIVE
gTacEs.  [After Hubrecht.)

In a the dark spot represents Hensen's knot (protochordal knot, Hubrecht). As the pointed end of
the dise extends backwards, the thickening known as the primitive streak develops on it, e.
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which it is continually being added to. The wings of mesoderm springing from
the sides of the notochord-plate are of course continuous with those arsing
from the sides of the primitive streak.! As the axis extends, the streak mesoderm
mav be conceived as continually becoming converted into axial mesoderm.
Through this thickened head of the streak a fissure has meanwhile appeared,
which becomes converted into a short canal directed obliquely forwards, and
opening into the cavity of the yolk-sac (figs. 61, 62, G3, 65). It 15 called the
notochordal or neurenteric canal. In apes (figs, 62 and 63) the canal is considerably
wider than in Tarsius, and it is a very prominent feature in early human embryos
(figs. 63, 72). In some lower mammals—the rabbit, for instance—the canal does
not break through at any stage, although it is well seen in others—for example, in
the mole (fig. 64). In the higher Primates the canal is present at a very early
stage—considerably earlier than in Tarsius ; and it may also be mentioned here
that the primitive streak seems to be comparatively short in all the Primates
(figs. 62, 63, 65). The canal tunnels through the mass of cells in which the

emeh, el
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Fro. 57.—MEDIAN LONGITUDINAL SECTION THROUGH A BLASTODERM OF TARSIUS AT A STAGE AROUT
THFE SAME A% REPRESENTED IN Fig. 56, @, (After Hubrecht.)

p.k., Hensen's (protochordal) knot ; emb. eel., embryonie ectoderm; .5, yolk-sac; pp, primitive
entodermic (protochordal) plate : c.s., ventral mescderm (connecting stalk).

notochord-plate ends, and it has been given the name °notochordal canal’
because of its relations to that plate and the notochord which is formed from it.
The term * neurenteric canal’ signifies properly only the persisting posterior portion
of the notochordal canal, this name being given because it corresponds, when the
neural groove iz formed, to the neurenteric canal of lower vertebrates, It has
been already explained that at an earlier stage the protochordal process becomes
fused with the entoderm on its under aspect, and that the column of cells ansing
from the process opens out into a plate, and thus comes to roof-in the cavity
under the shield along the middle line. The final result of this process,
therefore, i1s the same as 1t would have been had the notochordal
canal tunnelled the whole length of the protochordal column of
cells, and had then broken through into the cavity of the yolk-sac

! Hubrecht leaves it opem whether these lateral sheets are formed in part or in whole from the
protochordal process. Bonnet, in the dog, represents the facts as deseribed in the text. The point is
important theoretically, but not from a mere descriptive point of view,
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Fic. $8.—SERIEZ OF TRANSVERSE SECTIONS THROUGH THE GERMINAL Disc oF TARSIUR AT A STAGE
SOMEWHAT EARLIER THAX THE DISC BEPEESESTED 1% FiG. 56, 6, (After Hubrecht.)

Section 1. passes through the blastoderm in front of Hensen's -[pmlut'lmr:]ui] knot, and shows only

the ectoderm and primitive entodermal plate. Seetion 11 cuts the head end of the protochordal

oeess where it is continuons with the primitive entodermic plate. Seetions IIL and IV. pass through

lensen's knot, which is geen in V. fapering away into the primitive streak. In ITL, IV., and V. the

mesoderm-sheets arve seen springing Irom the keel.dike thickening of the cetoderm, which in 111 and
1V, is observed (o be continnous into the entoderm,

I1.

v,
Fis, 09.—TRANSVERSE SECTIONS THROUGH THE NEURENTERIC CAXAL (¥0 L) AND PRIMITIVE
STREAK (¥0.1L) OF A HUMAN EMBRYO oF 2 MM, (Fo. T8, v 49). (Alter Graf v. Bpee.)
ect, cctoderm ; mes, mesoderm ; enf, entoderm ; pr. st., primitive streak. The mesoderm-sheet
springing from the streak show two lamelles,
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by the splitting apart of its floor. Such a process actually takes place
in reptiles, and in an abbreviated fashion in the bats among mammals (figs. 67

and 63, p. 43).

Looking back to the complicated series of changes deseribed above, we may divide the
period of the appearance of the mesoderm into two stages, In the first the mesoderm of the
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Fig. 60.—MEDIAY LONGITUDINAL SECTION OF A BLASTODERM oF TARSIUS SOMEWHAT LATER
THAN THAT snowx I¥ Frg, 57. [After Hubrecht.)
pk., Hemzon's (protochordal) knot continued backwards into the thickening of the primitive streak
il germinal dise; ecf, ectoderm of somatopleure ; mes!, mesoderin of ditto; cor, colom | pop,, primitive
entodermic (protochordal ) P!ar.u, continuons with popr, protochordal process ; enf, entoderm ; all, rodi-
ment of allantoic diverticolom ; wes”, mesoderm of splanchnoplenre.

connecting stalk (yolk-sac and amnion) and the head-plate is laid down. It is a continuous
and unpaired sheet, and is at no time segmented. In the second phase the primitive streak
appears, and the mesoderm now springs from its sides as bilateral sheets ; the embryonic axis
is differentiated out of the proliferating streak-tissue, the notochordal process and plate take
form, and from the sides of the plate the mesoderm continues to be thrown off as the dorsal
segmented mesoderm of the embryonic body.,

it

F16, 61.—MEDIAY LONGITEDINAL SECTION OF A RBLASTODERM oF TaARSIUS AT A
LATER STAGE THAN THAT SHOWN IN THE LAST FIGURE. (After Hobrecht.)

i, nearenteric ecanal; pop., primitive  entodermic (protochordal) plate ;
p-pr., notochordal plate; am? antenior, am?® posterior wnmion fold ; all, allantoie
diverticulam ; per, pericardial ecelom.

At the period now reached the blastoderm has the appearance presented in
fig. 63. Sections demonstrate that the mesoderm everywhere forms a continuous
layer. Within the shield it is still undivided, but outside the shield it spreads as
two lamelle from the edge of the disc, the somatoplenric lamella surrounding the
amuion and lining the wall of the blastocyst, and the splanchnopleuric enveloping
the yolk-sac.
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The gastrula theory and the mammalian ovum.—It is impossible here to deal
at length with the gastrula theory, because the evidence can only be satisfactorily presented
by extensive comparative treatment, A short statement must therefore suffice.

Fre, 62 —=Sunrack vVIEW oOF A
BLASTODERM oF CERCOCERUS
cVNOMOLGUS, (After Selenka,)

.o, neurenteric canal; pus.,
primitive streak.

Fig. 63.—SURFACE VIEW OF A4 BLASTODERM OF
Hyropates coxcornon, (After Selenka.)

The summion has been opened to expose the
germinal disc.

am, cub edge of amnion; y.s, yolk-zac; nofpl,
notochord-plate ;  n.c.,, neurenteric canal ;
5. primitive streak; ofl, allantoic diverti-
culum in connecting stalk.

It will be observed that in the mammal the two primary layers of the blastoderm, at least
their prineipal 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

I 8 w.f.

Fio, 4. —TRANSVERSE SECTION THROUGH RLASTODERM oF Doo. (After Bonnet.)
mp., nevueal plate; nf. noural folds; nofpl., notochordal plate ; enf, entoderm; mes, mesoderm.

may therefore be said to result from a process of delamination in an originally simple
mass or stratum.  But in Amphioxus amongst vertebrates, and in many invertebrates with
holoblastic (alecithal) ova, the bilaminar blastoderm is produced not by delamination, but hy
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the invagination of one pole of an originally simple hollow sphere—the Mastula—the invaginated
portion becoming the primitive entoderm and the remaining part of the wall of the vesicle
forming the primitive ectoderm (fig. 69). This condition, which was discovered hy Kowalewsky,
is known as the gestrida sfage, and it is regarded by many embryologists, following Haeckel,
as typical of the mode of formation of the bilaminar blastoderm throughout the animal
kingdom. The aperture by which the eavity of the gastrula, whether formed by delamination
or inrnginm ion, communicates for o time with the exterior has been termed the l.lfa-u.l‘fqmr{:
{ Lankester).

There are not wanting observations in mammals pointing to the existence in the bilaminar
Blastoderm of a blastoporic aperture,  Thus in the mole Heape figures an aperiure just before
the primitive streak appears (fig. 70). Similar figures have been published, though for rather
earlier stages, by Selenka in the opossum, by Hubrecht in the shrew and hedgehog, by Keibel in
the rabbit, amd by Bonnet in the dog ; while in Tarsivz the narrow slit in fig, 57, po 3%, may
have the same significance (Hubreelit). In other mammals, however, no such aperture has

U embermophiore

" primitiee strealk

e wllermtoiz

Fig, 65 —MEPIAN LONGITUDINAL SECTION OF THE HUMAN OYVUM REPRESENTED 1% FIG. 72, P 40,
{After Gral v. SBpee, from Kollmann.)

The wide and vertieal nenrenterie eanal is seen opening from the amniotie cavily into the yolk-sac,

been seen at this stage, and the opening in all cases has only a transitory existence. It is
doubtful how far it corresponds to the blastopore of a gastrula derived from a holoblastic ovum,
the whole of which is utilised for the formation of the embryo,

The accumulation of yolk in the egg profoundly modifies the process of gastrulation. Thusin
the amphibian holoblastic egg, owing to the character of the segmentation, a considerable propor-
tion of the yolk-laden entomeres are already within the blastula, and the invagination phenomena
by which the so-called gastrula is completed, represent a second phase of gastrulation concerned
in the formation of a dorsal plate which forms the dorsal wall of the trunk with the notochord
and segmented mesoderm.  During the development of the plate the gastrula eavity (archenferon)
is formed by a partial invagination, and the breaking through of the space so produced into the
cavity of the blastula. The archenteron is slit-like, becanse the gastrola is almost entirely filled
by the entomeres (segmented yolk). In the lower Amniota the animal pole of the telolecithal egs
alone segments.  The germinal dise in its early phases represents a small portion of the blastula-
wall, which iz not theoretically completed till long afterwards, when the blastoderm has grown
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Fic. §6.—A SERIES OF THANSVERSE SECTIONS THROUGH THE XEUREXTERIC CANAL OF A MOLE
EdMBRy0.  (Heape.)

The dorsal opening iz shown in I, continned into the primitive groove; the canal passes thence
through the head end of the primitive streak (IL) into the thickened posterior end of the netochord-
plate (IIL}, along which it extemds for some distance (IV.), and eventually opens ventrally in a
medinn groove (V).

ee, T, an, cetoderm, mesoderm, entoderm ; pagr. (in 1. and IL), primitive groova; e, nenrenteric
canal ; megr. (in 1IL,, IV., and V.), medullary groove.
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over the volk. The entodermis produced by delamination (first stage of gastrulation). It is from
the first entirely within the theoretical blastula, which is completely filled, as it were, by the ento-
meres and the great mass of unsegmented yolk. Owing to the profoundly altered conditions, the
second phase of gastrulation is further modified and abbreviated, as will be explained presently.

In the Mammalia the egg is holoblastie, but the blastocyst does not represent a blastula
like that of Amphioxus, but is rather like the theoretical blastula of one of the lower Amniota,
empty of volk and with one portion of its wall invaginated. The entoderm is formed by
delamination, but when the embryonic ectoderm-plate is differentiated a cirenlar blastopore
such as is seen in none of the lower Amniota in some cases breaks through.

Now, analysing the early appearances in the primate blastoderm in terms of the gastrula
theory and in the light of the above interpretations, the posterior edge of the germinal area

Fra. 67.—MEDIAY LONGITUDINAL SECTION OF A BLASTODERM oF VESPERTILIO MURINUS, SHOWING THE
XOTOCHORDAL CANAL REFORE ITE oPENING. (Van Beneden.)

ey posterior opening of notochord-canal; n'.e'., ils anterior opening ; p.s., primitive streak ;
., notochord-plate.

from which the mesoderm first gprings would represent the ventral lip of the blastopore, and
Hensen's knot its dorsal lip. Hensen's knot, however, signifies the commencement of active
changes in the dorsal lip which are concerned in the formation of the embryonie axis, and before
these are initinted a continuous layer of unpaired, and always unsegmented mesoderm is laid
down from the lips of the blastopore, which has no part in the embryo except at its extreme
head end. The formation of the primitive streak, during which the posterior border of the
disc or ventral lip is carried away from Hensen's knot by the growth of the pointed posterior
cnd of the shield, would signify the drawing out of the gastrula-mouth into a lineal aperture of
which the lips are fused. The second phase of oastrulation is now entered on, during which a
true invagination, but of a modified character, appears to occur. It is associated with the
backward growth of the dorsal lip and the laying down of the dorsal plate (embryonie axis)

FiG. 68 —MEDIAY LONGITUDINAL SECTION OF A4 BLASTODERM OF VESPERTILIO MURINUS, SHOWING THE
NOTOCHORDAL CANAL APTER THE BREAKING THROUGH oF ITs FLook. (Wan Beneden.)

cat., neurenteric canal ; ¢, anterior persisting portion of the notochordal canal; |
other letters as in fig. 67,

in front of it, and the re-establishment of the blastopore in the formation of the notochordal
canal.

In the Reptilia processes are observed whiclh throw a light on the muclh more modified
phases in mammals, and can again be linked on to the processes seen in those amphibian eggs
which are heavily volked. On the posterior border of the germinal area a thickening appears
called the grimilive plafe. On this a slight pocket appears, marking a spot where ectoderm
and entoderm are indistinguishable, The appearances are suggestive of proliferation of cells
to form the entoderm, but there is no true invagination. Later (second phase of gastrulation},
at the anterior ¢nd of the primitive plate the pocket deepens to form a true invagination, which,
as the dorsal lip inereases in length to form the dorsal plate, becomes extended into a canal.
The floor of the canal fuses with the primitive or }'{J]I.', entoderm, and then breaks thrmlgh, 20
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that the cavity under the developing dorsal plate (embryonic axis) is roofed-in by the upper
wall of the canal and opens behind on to the surface of the primitive plate by the mouth of the
original invagination or blastopore, In some Reptilia this invaginated canal is wide, in others
narrow : but it clearly corresponds to the solid protochordal process of mammals which is
tunnelled in its later stages, and in most forms only at it posterior end, by the notochordal
eanal, which opens on the surface as the blastopore. Tt is a common experience in embryology
to find a 1|.|-'.'1-]u'|:|:r|;|r-||1:|1 process modified, in the sense that o hollow rodiment is l'[‘]'llﬂl:"ﬂi I'r}’
a solid rudiment which is afterwards hollowed out.

The space under the embryonal axis, formed in the manner deseribed, may be taken, still
following this conception, as representing the dorsal part of the archenteron of Amphioxue

mﬁlﬂn:ur“m =

EFia, G —FoUR STAGES IX THE DEVELOPMEXT OF AMPHIOXUS, ILLUSTRATING THE FORMATION OF THE
GARTRULA.  (Hatschelk. )
[. Spherical blastoderm ; the cells at the lower pole are Inrger than the others, and filled with
cranules,
[1. Invagination of the lower pole produeing o cupping of the vesicle.
LII. Completion of the invagination; the blastoderm iz now bilominar, and forms a cup with
narrowed mounth, the blastopore, bf, and a double wall of ectoderm, ee, and entoderm, e,

V. The ovum is now elongated ; the cavity of the gastrula forms a primitive alimentary canal, the
ovifice of which is the blastopore, which is directed dorsally. Exiending from this along the doraal
surfmee (right in the figure) o shallow groove is seen in optical seetion : this 18 the rodiment of the
mervous system.

{fig. T1; and just a= in that form, the entoderm of the roof gives origin to the notochord, while
the axial mesoderm arvises from its lateral diverticula {colomic ponches).

Van Beneden has shown that the floor of the notochordal ecanal persists for a time in the
bat ; but in the Primates, and most other mammals, there is nothing to indicate the true
nature of the developmental phases, the whele series of phenomena being repeated in a still
more abbreviated form.  Eternod ' has, however, observed in the early human Blastoderm the
oceurrence of scattered ecllz adhering to its under aspect, or to the lip of the neurenteric
eanal, which he vegaris as traces of the floor of the archenteric sac or canal.

U Anat. Anzeiger, xvi.; Compt. remd. de I'Assoc. des Anat., 7 réunion, Geneva, 1005; .
&¢ Réuwmion, 1906 ; Bibliograph, Anak. xv.
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The question here arises, What is the fate of the primitive streak ? Isit convertedinto the
embryonal axis as it inereases in length, or is the growth of the embryo effected by a continuous
proliferation from a growth-centre at the head end of the streak ' Experimental data seem to
show that the Fnrtinn of the hlastoderm in front of the streak gi!,'e:_-'. rise to the extreme head end
of the embryo, that the anterior end of the streak forms the rest of the head, while the remainder
iz converted into the trunk, the growth-centre being placed near its posterior end, and forming
ultimately the knob of undifferentiated blastema which gives rise to the tail,

Fic. M. —LoxGITUHMEAL SECTION THROUGH THE MIDDLE LIXE OF PART OF AX EMBRYOXIC AREA (MOLE)
I¥ WHICH THE PRIMITIVE STREAK HA% BEGUN To ronral.  (Heape.)
The blastoderm i1s peclorated in front of the (short) prooitive streak (7 ]r]l’l.:ltlrlll.:lrl"l ||'.l-flr|l|: n Pew
mesoderm-cells are seen anlerior to the perforation; e, ectoderm; e, entoderm ; p.s, primitive
streak.

Starting from these premises, and accepting the assumption that the streak represents
the gastrula-mouth drawn out, the axial inerease from before backwards has been interpreted
as signifving the fusion of the lips of the blastapore postulated by the conerescence theories of
His, Minot, and Oscar Hertwig.  According to this conceplion, the bilateral symmetry of the
vertebhrate has been brought about by the elongation of the radial gastrula into a evlinder, and
the fusion along the dorsal aspect of the lips of the gastrula-mouth.  The fusion takes place from
before backwards, and is manifested ]J}' the Apparent backward growth of the dorsal Ii}l of the
blastopore, as the embryonal axis is laid down in front of it.  This process resuli= in the closing-in

Fie, TL=SECTIOXNS ACROSE AX AMPHIOXUS EMpRYo. (Hatschek.)

g, nenral groove ; p.e., nenral canal ; of, radiment of notochord ; wes, som., mesodermic somite. In
I. its eavily is in free communication with the alimentary cavity ; ecf, ectoderm ; ené, entoderm ;
af, alimentary cavity. In IIL the cavity of the somite has extended on either side of the alimentary
canal and forms a ewlom, or body-eavity (cm.

of the archenteron, the roof of which forms the dorsal aspect or axiz of the embryo, with the
notochord and segmented mesoderm.

A considerable tide of opinion has in recent vears set in in favour of o somewhat modified
conception of gastrulation, Keibel and Hubrecht! in 1888 independently worked out the con -
ception of gastrulation in two phases ; Hubrecht in 1902 named these two stages kephalogenesis
and nodogenesis.  The primary gastrula, formed in all Craniota by delamination, has a radial
symmetry and forms the fore-part of the head. The second stage of ontogeny, embracing the

I Bee Hobrecht and Keibel, Quart. Jour, Micro, Se. xlix, 1905,



18 TORMATION OF NEURAL CANAL

formation of the primitive streak and of the notochord, although involving invagination
phenomena, is not to be reckoned as part of the gastrulation process, but represents a
phylogenetic stage by which a radial celenterate form was converted into a proto-vertebrate
by the elongation of the gastrula and the formation of a dorsal plate which became the noto-
chord, The primitive streak is thus not the gastrula-mouth of ontogeny, but represents the
protostoma of an Actinia-like form, as suggested by Sedgwick and Van Beneden.

Assheton’s! theory alzo involves the acceptance of two ontogenetic phases : a first (which
may be exemplified by the carlicst phases in Tarsius) resulting in the formation of the forepart
of the head, and a second represented by the formation of trunk and tail.  The idea is that the
lips of the cireular blastopore grow actively so as to produce a eylindrical gastrula. The dorsal
lip, however, grows more actively in vertebrates, and produces the back and ultimately the tail
or post-anal part of the axis, The anus represents the blastopore, while the mouth is a new
opening (like the gill-slits) into the alimentary canal.  Such a process is greatly modified, of course,
in the Amniota, whether those with mesoblastie eggs or mammals, and the ventral lip of the
pastrula is greatly masked by the presence of the yolk-sac, According to thiz conception, the
primitive streak is only a phase in the development of the embryonie axis out of the growing
blastema of the blastopore-lip, or secondary * growth-centre,”*

EARLY CHANGES IN THE BLASTODERM, RESULTING IN THE
FORMATION OF THE EMERYO.

FORMATION OF THE NEURAL CANAL, NOTOCHORD, AND
MESODERMIC SEGMENTS.

Neural canal.—While the embryonic axis is developing, as described
above, a shallow groove appears on its surface in front of the primitive streak
{fig. 72). This elongates with the axis, and encloses, behind, the anterior end of
the streak with its neurenteric passage. Anteriorly and laterally it is bounded by

a fold of the ectoderm, the groove indeed bl?:lllj., produced h}' the upgmwt-h of
the limiting folds (figs. 73 and 76). The thickened ectoderm of the groove is called
the neural plate, because the central nervous system is formed from it, and the
bounding folds are termed the neuwral folds.

By the continued upgrowth of the neural folds (fig. 73) the neural groove is
converted into a deep furrow, and ultimately, by their fusion in the mid-axial line,
into a closed canal (fig. 32, p. 57). The neural plate is then separated from the
surface-ectoderm, and the closed canal becomes isolated as the rudiment of the
cerchrospinal axis. The closure of the canal appears in the human embryo to
begin in the region of the future trunk of the embryo, and proceeds forwards
and backwards. The point where the final closure occurs in front is called the
anterior neuropore.  When the neural canal closes posteriorly, the neurenterie canal
comes to lie in its floor, but it is obliterated at an early stage by the fusion of
it lips and soon completely disappears. The anterior end of the neural canal
extends bevond the notochord, and becomes enlarged to form the anterior of
three primary cerebral vesicles round which the brain is formed.

At the point where the lips of the neural folds meet, a mass of ectoderm-cells
forms a thickening known as the neural crest, from which, by a series of changes
afterwards to be deseribed, the nerve-ganglia are formed,

Notochord.—It will be recollected that in last section we considered
the development of a plate of cells which we named the notochord-plate. We

1 Anat. Anzeager, xxvir. 19065,
# The literature of the germinal layers in mammals and man up to 1902 will be found fully given in
Hertwig, i. Part 1. |I-p 81 and 049, For a eritical veview of the ewrlier literature, see Born in_Merkel

and Bomet's Ergebnisse d. Anat. w. Entwickelungsgesch. i. 1891 ; and of the later literature, Keibel in
the same publication, x. 1901,
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saw that, in the early stages, it lies under the neural groove (fig. 64), is directly
continuous on each side with the primitive entoderm, and at the points where it
joing with that layer also with the lateral sheets of mesoderm. By a process of
differentiation from before backwards, pari passu with the axial growth, the plate
now loses its connexion with the mesoderm-plates, although it continues to pass
directly into the lateral entoderm (fig. 76, IIL.). It next becomes converted
into a rounded rod of cells, at first continuous with, then detached from, an under-
lying layer of entoderm. The mechanism of this process is probably the doubling
up of the notochordal plate and the fusion of the lips of the groove thus formed in
the mid-axial line, just as in the case of the neural canal. The rod of cells thus
formed is the notochord (figs. 81 and 82), The anterior end of the notochord does
not reach to the anterior end of the embryo, but terminates in a recurved
point against the wall of the hypophysis cerebri (epithelial part of the pituitary
body) in the situation of the future body of the sphenoid bone, and close to the
dorsal attachment of the bucco-pharyngeal membrane (see Development of the
Mouth). It will be seen, there-
fore, that a portion of the neural
canal is prechordal.

It would seem from the data given
for Tarsing by Hubrecht, and also for AR i
the dog by Bonnet, that the anterior {
or head end of the notochord is
formed by differentiation directly out
of the primitive entodermic plate mabind groove —
ifig. 78, p. 34) (preodochordal plate,
Hubrecht ; Ergiuzungsplatle, Bonnet ).

The notochord is essentinlly an
embryonic structure in  mammals,
although it does not completely dis-
appear, for traces of it are to be . . i
found throughout life in the middle of
the intervertebral dises, When fully
developed it is a eylindrical rod com-
posed of clear epithelinm-like cells,
enclosed within a special sheath of

-u_.\_‘._ _.-._____I‘

erhelanriaal sfeld e -l -
homogeneous substance. These cells,
although they may become consider f:
ably enlarged and vacuslated, undergo 5
no marked histngu:lwtii.: chanee and A T ;:_" __1_..:_{ s
take no part in the formation of anyv Wm — @8
tiz=ne of the aduolt., FiG, 72.—SURFACE VIEW OF EARLY HUMAN EMERYO, % M,

v LENGTH. (After Graf v. Spes, from Kollmann's

T tal gesolielite, a0 dli ors,
Later history of the Ent H‘:‘ILkI:lllllf.Eu‘.!l gehichte.) = 30 diameters
The amnion is opened, and on the blastoderin ave seen

mesoderm : formation of the primitive streak, the dorsal opening of the neurenteric
the mesodermic or primi- conal, and the nenral groove,

tive segments and of the

ceelom.—At the time when the nenral groove is beginning to appear (figs. 73
and 76) a solid sheet of mesoderm extends outwards from the notochordal
plate between ectoderm and entoderm. to be continuous outside the embryonic
shield with the two layers of the extra-embrvonic mesoderm. As the neural folds
rise, the central portions of these sheetz expand to occupy the spaces, triangular
in section (fig. 73), which the folds enclose, These longitudinal thickenings
gradually thin off laterally into what is known as the lateral mesoderm (fig. 73).
They give origin to the voluntary musecular tissue of the body, and form what
may be termed the pararial, as distinguished from the lateral mesoderm. These
paraxial thickenings now become eut up—by the occurrence at regular intervals,

VoL, I. E
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transversely across the mass, of a process of thinning—into a linear series of
small cubical masses (fig. 74), the mesodermic or primitive segments.! The
first pair of these segments appears a short distance in front of Hensen's
knot (fig. 75), in what will ultimately become the junction of the head and
trunk of the embrvo. They are pmdm ed in suceession from before backwards,
being gradually added as the embryonal axis increases in length, until the full
number (thirty-five or more for the human embryo) is laid down. It has been
ghown in lower forms that the earliest segment to appear is not the most anterior
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Frc, 73—A SERIES OF TRANSVERSE SECTIONS THROUGH AN EMBRYO OF THE Do, (After Bonnet.)
Seetion L is the most anterior.  In V. the neursl plate is spread out nearly flat,
The series shows the uprising of the neural folds to form the nearal canal.

eof, eetoderm ;. end, entoderm ; wees, mesoderm ; se, segment o, intermediate cell-mass ; L., lateral
plate still undivided in L, IL, and IIL: in IV. and V. split into somatopleuric {sm) and splanchno-
plevric (sp) lnmello ; g, pericardinm ; &, &, rudiments of endothelial heart-tubes.  In IIT, IV, and V. the
sealtered cells represented between the entoderm and splanchnie laver of mesoderm are the vaso-
formative cells which give origin in front, according to Bonnet, to the heart-bubes ()3 (o) aortme,

of the series, as a number of fdead-segments develop from behind forwards in front
of that first differentiating, In the human embryvo there are probably three such.
The most anterior segment, in higher vertebrates, lies some distance behind the

head end of the notochord in the future occipital region, and there is no trace of
segmentation in front of this point.* As the segments are being cut out of the

! Formerly known as® protovertebrae, The term ‘somite ” is also frequently employed to designate
them.
¥ In Petromyzon and Selachians the mesoderm is segmented at least as far forwards as the

notochord extends ; the segments in front of the occipital region underge refrogressive changes, amd
disnppenr at an early stage.




FORMATION OF INTRA-EMBRYOXNIC CGELOM al

paraxial mesoderm, each remains attached to the undivided lateral plate hy
a continuous tract called the intermediate mesodern or intermediate cell-mass
(fig. 73, III. ¢). According to Felix, this continuous tract is formed by the fusion,
at a very early stage, of the stalks of the segments. As the excretory ducts are
afterwards laid down in this tissue, it corresponds to those portions of the hollow
primitive segments which are named the nephrotomes in the Anamnia.

A cleavage has meanwhile taken place in the lateral mesoderm, dividing it into
a parietal and a visceral plate. The parietal plate is associated with the ectoderm
to form the somatoplenre, and the visceral plate with the entoderm to form the

Fic. T4.—PHOTOGRAPI OF A CHICKEN EMEEYO. = 20 diameters. (T. H. Bryee,)

__ The mesodermic segments, eleven in number ab this stage, are seen as small eubical masses on each
widle af the exis of the embryo. The eleventh is still continuons with the unsegmented axial mesodern,
which in turn passes behind into the primitive.streak mesoderm. The neural folds have not umibed,
and they embrace posteriorly the head of the primitive streak. The optie vesicles are prominent
lateral projections from the fore-brain ; the mid-brain vesiele is visible behind the fore-brain, but that of
the hind-ibrain is hidden by the tubular heart, which receives posteriorly the two vitelline veins from
the vaseular avea.
splanchnopleure. The space between the layers becomes the intra-embryonic
coelom (body-cavity), and it follows that when the cleavage reaches the borders of
the shield the intra-embryonic will become continuous with the extra-embryonic
ceelom, and the relations of the layers will be established which are reached at a
much earlier stage in lower mammals (fig. 77 ; of. fig. 49, p. 33).

The segments now also show a small cavity in their interior, round which the
cells arrange themselves in an epithelial fashion. The cavity represents a part of
the cwelomic cleft, which in lower vertebrates is continuous with the general
coelom,
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The cleavage first makes its appearance at the anterior end of the axis in the
region where the heart-tubes will be formed. Thence it extends backwards, and
at the same time forwards round the head end of the axis, so that the lateral
crelomic spaces are continnous with one another in front, by a pericephalic cleft
which afterwards becomes the pericardium.

The relations of the lavers immediately in front of and behind the axis must
finally be referred to.  In the axialline the notochord passes in front into the head-
plate.  If this be followed forwards (fig. 78), it will be seen that it is continued into
a portion of the blastoderm between the head end of the axis and the pericephalic
ccelom, into which the mesoderm has not extended (or from which it has
disappeared). The ectoderm and entoderm are therefore here in contact, and form
a membrane known as the buccopharyngeal membrane, which later becomes
perforated to form the mouth-opening. The region of the blastoderm between the
buccopharvngeal membrane and the edge of the shield corresponds to the ©pro-

ORI ; L o i | o T T

Fii, 75, —S30RFACE VIEW OF A BLASTODERM OF CERCOPITHECUS cysoMoLeUs, (After Belenka.)

The amnion has been opened. The first three segments arve visible in front of the neurenteric
canal o eacl side of the neaval groove, which is still open.

amnion” of lower mammals ; butin the human embryo the ectoderm and entoderm
are, from the first, here separated by mesoderm. This is not split, however, so that
the pericephalic is separated from the extra-embryonic ceelom by a bridge of tissue.
Again, at the posterior end of the axis, hehind the growing point or tail-knob, the
primitive streak becomes detached from the lateral mesodermic sheets and resolved
into an ectodermal and an entodermal lamella, which together form the clozeal
membrane, This is afterwards perforated to form the urogenital and anal apertures.

Separation of the embryo : history of the yolk-sac and allantois.—
As the embryo increases in length, there is a certain increment also in the breadth
of the embryvonic shield: and although the yolk-sac has much increased in size,
the embrvo soon begins to expand in all directions beyond the limits of the mouth
of the sac. A folding-in round the margin of the shield, along the line where
amniotic and embryonic ectoderm meet, consequently takes place. The anterior
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old first appears (fig. 79), and as a result of the forward growth of the front end
f the axis a diverticulum of the yolk-sac is formed. This becomes in part the
harynx, but the fore-gut, as the diverticulum is called, is gradually lengthened by
e deepening of the fold and the coming together of the splanchnopleuric folds,
hich are nipped in from each side (fig. 76, I.). In consequence of the formation
f the anterior fold, the buccopharyngeal membrane becomes bent in under the
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Fra. 77.—TRANSVERSE SECTION THROUGH
o BT . i A HUMAX EBMRRYO oF 24 MM
-. e L w (T. H. Bryee.)
- B : fat, amnion ; g, neoral groove |

not, notochord; f.g., fore-gut; y.s., yolk-
sac; o, aortaof nght side | a.v., allantoic
vem of left aude; o, corlom,

Vessels are seem covering the whole
surface of the yolk-sne.
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Fii. 76 —TRANSVERSE SECTIONS oF THE HUMAN EMBRYO OF 2 MM, REFRESENTED IN Fig., T
{After Gral v, Spee.)

In I, which is most anterior, the fore-gut is separated off from the yolk-sac.

ngr, newral groove ; nf, nearal folds; wopl. (in ILL), nenral plate ; #ees', intra-embryonic mesoderm
still “ﬂ"f]l"-’lﬂ-?il : the commencing intra-embryonic coelom shows as a space [ pl—in L to the left, and in
IL. on both sides ;-it becomes the pericardium ; am.ect., amniotic ectoderm ; mes?, amniotic mesoderim ;
ent, entoderm of yolk-sac; mes®, mesoderm of yolk-sac ; mot.pl. (in I11.), notochordal plate.

head of the embryo and, reversed in position, now forms the still closed anterior
end of the fore-gut. Further, the pericephalic portion of the ceelom, also
reversed in position, comes to lie below the fore-gut, while the bridge of meso-
derm separating it from the extra-embryonic ccelom, and originally at the edge of
the shield, now forms the anterior lip of the primitive umbilical opening, and
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constitutes what is known as the septum transversum. The folding-in at the
tail end of the embrvo takes place rather later, and is complicated by the
presence of the connecting
stalk. In the earliest known
human embryos (fig. 79) there
15 a pocket between the
posterior end of the axis and
the upper aspect of the stalk.
As the embrvo increases in
length this deepens, the stalk
: iz displaced forwards, and the
per primitive streak iz bent in to

Fro, T8 —MESIAL LONGITUDINAL SECTION THROUGH THE HEAD  form, as the anal membrane,
R 07 4% oskarma scee ok sEb Mo NSO B b fiar of w diverieulim

cet, eetoderm of shield; not.pl., notochordal plate ; pp, Named the kind-gut. 1In front
primitive entodermal plate IHF'ml'u.?!rrrgh;{hdh‘, J_S-_m.lm*i-:l :Iﬁ-j.l.m., of the ;lttach!neut- of the stalk
buccopharyngeal membrane; per, pericephalie portion of ilis sollkesat is Rinklee foldes
pericardial coxlom. ; h _ he

The notochordal plate (archenteric plate, Bonnet) passes 1 and the h‘nd‘g“}" 15 gradlf‘
directly into the primitive entodermal plate {Ergdnzungs. a"}- elﬂilgﬁtﬁd, L,P to this
R ey stage the name connecting
stall has been applied to the cord of mesoderm uniting the embryonic rudiment

with the chorion. When the tail-fold is produced, it is bent round to the ventral
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Fro, 79.—MEDIAY LONGITUDINAL SECTION OF AN EMERYO OF 2 MM. (sece Fic. 72). (Gl v, Spee.)

aspect of the bodv of the embryo, and mav henceforward be appropriately named
the abdominal stall: ( Bauchstiel, His).

Between the hind-gut and the fore-gut there is at first a wide opening into the
yolk-sae (fig. 92), which is gradually reduced to a narrow aperture, and the stalk
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thus formed is drawn out into a long tubular passage, the wvitelline duect, which
widens distally into a rounded vesicle called the wmbiical vesicle.

Allantois.—In all the Primates the vesicular allantois of lower forms is
represented merely by a narrow tubular passage imbedded in the mesoderm of
the connecting stalk. It appears as a recess of the posterior wall of the yolk-sac
at a very early stage, before the formation of the hind-gut (figs. 53, 60, 61, 79).
This recess is drawn out into a tube as the connecting stalk increases in length.
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Fro, 80 —DIAGRAMMATIC LOXGITUDINAL SECTIONS THROUGH THE EMERYO oF THE RAREIT. THE
SECTIONE SHOW THE MANKER I[N WHICH THE PRO-AMNION IS FORMED BY A DIPPING DOWN OF
THE HEAD AND ANTERIOR PART OF THE BODY INTO A DEPEES2ION OF THE BLASTODERM, WHICH
AT THIS PART IS FORMED OF ECTODERM AND ENTODERM ONLY. THE DIAGRAMS ALSO ILLUSTRATE
THE MODE OF FORMATION OF THE ALLAXTOIS AND OF THE TAIL-FOLD OF THE AMNION IN THIS
AXIMAL, (Van Beneden and Julin.)

eef, cotoderm ;. end, entedorm ;. we, mesoderm ; car, parte of the coelom ; co', pericardial coslom, the

heart not being represented; pr.e., pro-amnion ; pl, seat of formation of the placenta; all, allantois;
€dit, amnion,

When the stalk is displaced to the wventral aspect, and the umbilical cord is
formed, the passage persists for a time in the cord, while its intra-embryonic
portion becomes the wrachus.

In lower mammals the entodermic diverticulum varies much in the degree of its development.
In the ungulates and carnivores it forms a large vesicle; in most rodents (fig. 80) it is less
cxtensive, being confined to the placental site; in the guinea-pig it is reduced to a tubular
passage in the body.-wall and the stalk is a golid cord of mesoderm ; but in all below Primates
the diverticulum, with its covering layer of mesoderm, projects free into the extra-
embryonic gelom before it comes into contact with the chorion. In the Primates the
embryonic shield is connected from the first with the chorion by the mesodermic
t'u'n:nm:ting stalk, and the allantois never pru-jccts free into the cmlom., The chorion 1= thus
vascularised directly and not through the agency of the allantois, This close attachment of the
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embryo to the chorion by the short abdominal stalk is accompanied by a certain retardation
of the development of the hind end of the embryo.

Early stages in the development of the muscles and of the
connective tissue and blood-vessels: mesenchyme.—It will be recollected
that the mesodermic segments were traced to a stage in which each shows a central
lumen round which the cells are arranged in an epithelial fashion (fig. 82). In
some cases the cavity is occupied by branching cells budded off from the ventral
wall.  In transverse section each segment is oval in shape, and now the lower part
of the inner and ventral walls becomes resolved into a mass of loosely arranged
- cells, wedge-shaped in section, which encroaches on the cavity (sclerofome) (figs. 8]
and 82). These cells, along with those in the cavity of the segment, divide actively and
wander inwards, to invest the notochord (fig. 83) and ultimately the neural canal,
in a continuous sheet of loose syncytial tissue known as mesenchyme! (fig. 84).
It constitutes the blastema out of which the axial connective and skeletal tizsues
are formed.

.ﬁ
Fio, 81, —TRANSVERSE £ECTION OF THE WUMAY EMERYO oF 20 MM, (see rio, T7), MORE
HIGHLY MaGRIFIED. (T. H. Bryee.)

ent, entoderm of yolk-sag: the lines indicate the Fuilltn of the splanchnoplenrie layers which will
come together to eut off the gut from the cavily of the yolk-sac; sy, outer wall of mesoderimic
sogment ; mec, part of its wall whieh gives rise to the muscle-plate; se, sclerotome ; cor, ceelom. The
other structures as lettered in fig, 7. The smnion, having been torn, is nol completed in this
figure.

While the sclerotomes are becoming differentiated, the cavity of the segment
15 reduced to a narrow slit bounded by an outer and an inner lamella derived
respectively from the outer and inner wall of the segment (fig. 84). The cells of
the inner lamella elongate, become arranged longitudinally, and are ultimately
{third week) converted into muscle-cells. Hence this lamella is named the
muscle-plate (myotome). It 1s the rudiment of the voluntary musculature of the
body. The outer lamella of the segment retains its epithelial arrangement for a
time; according to Maurer, it becomes entirely resolved later into a layer of
subcutaneous mesenchyme.

Balfour originally described both inner and outer lamell as becoming
differentiated into muscle, and in some forms this certainly seems to be the case—
e.q. Lepidosiren (Graham Kerr*) and pig (Bardeen?®). As regards the human
embryo, Kollmann (1891) described the outer wall as yielding muscle at least in
part, but Bardeen and Lewis state' that the whole outer lamella becomes
muscular tissue, .

! For definition of this term, see p. G8. # Rep. Brit. Assoc. 1904,
% Johns Hopking Hozpital Reports ix. 1 Amer. Jowrn. of Anat. i
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Each primitive segment is thus differentiated into myotome and sclerotome, while
its ventral part, concerned in the formation of the excretory ducts, may be termed
the nephrotome. The myotomes retain their segmental disposition, but the sclero-
tomes have really no separate identity, being at once fused into a continuous axial
sheet of mesenchyme. The primitive segments are not. however, the only source
of the embryonic connective tissue. The parietal and wvisceral plates of
mesoderm become likewise resolved into the mesenchyme of the body-wall and
gut-wall respectively, with the exception of the cells lining the ccelom, which become
the endothelial lining of the body-cavities (mesothelium).
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F1a, 2. —TRANSVERSE SECTION THREOUGH THE TRUNK AND HIXD-LIME BUDS OF A RABEIT EMBRYO OF
THE TEXTH DaY. THE LINE oF SECTION IS SLIGHTLY OBLIQUE. (T. H. Bryce.)

w.c., neural canal ; s, mesodermic segment ; se, ventral wall of segment becoming vesolved to Form
sclerotome ; iy, outer wall of segment; w.d., w.d., Wollfian ducts i on the inner aspeet of each a eord of
nephirogenetic tissue; A', A', the two primitive aortw cut close bo where they separate into the allantoic
arteries, A%, A*; C, ewlom; G, gut.

We have already seen that the mesoderm remains unsegmented in the region
of the head. Moreover, there is here no distinction between paraxial and lateral
mesoderm, and no splitting to form ccelomic spaces. The whole unsegmented
mesoderm becomes resolved into a continuous mesenchyme which surrounds the
cerebral vesicles and the head end of the notochord,

In lower vertebrates certain ccelomic cavities appear in the head which are
concerned in the formation of the muscles of the eyes, and of the branchial region,
They correspond to the preoccipital head-segments already alluded to, and are
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considered by some as equivalent to trunk-segments. They will be referred to
again i a subsequent section.

Mesenchyme.—The term mesenchyme is here employed to denote that part
of the middle layer which is the blastema of the connective tissues. Its use
mvolves the recogmition of two orders of mesoderm. First, mesoderm m the
stricter sense of the term (mesothelium)—i.e. that which we have termed thedorsal or
seginented mesoderm in earlier sections. It iz laid down in a coherent layer, in
which the ewlom is formed by a process of splitting. It may be considered as
tvpically developed from ceelomic pouches of the archenteron (see p. 46), although
i general, owing to the acenmulation of yolk in the egg and the secondary
modifications resulting therefrom, the rudiment is solid and secondarily excavated.
It gives origin to the skeletal muscles, the endothelial lining of the body-cavities,
the epithelium of the excretory ducts, the gnl'milml epithelium, and the cortical
portion of the suprarenal body, Second, mesenchyme, a syneytial formation
formed of cells budded
off individually from the
epithelial lavers, or formed
by resolution of the meso-
derm into a loose mass of
anastomosing cells.  From
it are developed the several
forms of connective tissue,
the unstriped muscular
tissue, perhaps even striped
museles, and also possibly
the blood and blood-
vessels, though in respeect
of the blood there is much
difference of opinion,

The mesenchyme occupies
everywhere the intervals be-
tween the epithelial layers,
amd forms a complex on quite
a dilferent morphological plane
from them.

Originally introduced by
0. and R. Hertwig,' the term
*mesenchyme " has  lost  its
more strict :iignii'i:.'ulwu. It is
now known to arise from

Fic. 88, —TRANSVERSE SECTION OF A HUMAN EMERYO OF THE THIRD
WEEEK TO SHOW DIFFEREXTIATION OF MESODERMIC SEGMEXT.

(Kollmann. ) several szites, and though in
s, menral eanal 3 ao, aorta ; wep, musele-plate ; s, a-.kiu.pl,uu_-: g{.'m:l'il.] a derivative of the
s, selerotome, mesoderm, it is said to arise in

some cases directly from the
entoderm,  The circular band of © mesoblast,” for instance, described {after Hubrecht) in the
section on the early formation of the middle layer (footnote, p. 34) as arising from the entoderm
in Tarsins and concerned in the formation of the blood.-vesselz is a caze in point, Further, some
authors (Kastchenko, Goronowitsch, Sewertzoff, Klaatsch, Julia Platt, Londborg, Koltzoff)
have described tracts of connective tissue arising from the ectoderm. But this has not gone
mneontradicted ; and in general it scems proper to hold that the mesenchyme is cssentially and
primarily of mesodermic origin; although, ineluded in the complex, and indistinguishable in
their undifferentiated state from the eells derived from this source, there are possibly other
portions of different parentage, Thus among the cells of mesodermic origin many authors
have described cells which they believe come from the ectoderm or entoderm. Maurer, for

! Die Colomitheorie, Jena, 18381 ; and Studien . Blittertheorie, 1850,

e o




BLOOD AXD BLOOD-VESSEL= OF YOLK-sAC 59

instance, and others are of opinion that the lencocytes found in the wall of the gut are
derived from the entodermic epithelium ; while, again, there is some reason to believe that
ectoderm-cells may wander from the neural crest, and even from the neural eanal along the
primitive ventral nerve-roots, and spread to guite distant paris within the mesoderm,

In connexion with the first appearance of individual cells between the layers, it may here
be mentioned that, according to the observations of Szily," the epithelia are all connected together
by protoplasmic threads which are spun out as they draw apart in the course of development.
The spaces between the epithelial layers are not vacant, as they appear to be in sections
treated by ordinary methods, but are occupied by a delicate protoplasmie reticulum, which
forms a basiz on which the wandering mesenchyme-cells arrange themselves into a syneytinm.

The blood and blood-vessels first appear in the wall of the volk-sac, In
the lower mammals a vascular area is developed (fig. 85), as in the Sauropsida,
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Fra. 84 —TraNsVERSE SECTION THROUGH THE TRUNK OF A RABBIT EMBRYO OF THE
ELEVEXTH pay. (T, H. Bryee.)

: J‘"z{h.m'.i_-i-':lt‘-pidh: ; &, shine-plate ; se, selerotome ; w.d., Wollfian duct ; w.f,, Wollian tubule.  The
ridge in which the duct and tubule lie is the Wolffian ridge. To the left the section has cut the wall
of o Woffian tubule where it is connected by a cellular strand with the ecelomie epitheliom. A, aorta ;
Oy eelom ; UF, UT, umbilical veins

but in the Primates the carliest vessels appear on the under aspect of the sac
(fig. 79) and gradually extend over its upper pole, until the whole sphere is
covered by a vascular network. Further, in Primates there is no terminal sinus.
These are regarded as secondary modifications due to the small size of the
volk-sac,

The first indication of blood and blood-vessels is the appearance of irregular
projections on the surface of the vesicle due to the formation of the blood-islands
of Pander between the entoderm and mesoderm. The blood-islands are groups of
rounded nueleated corpuscles closelv packed together : indeed the cell outlines are

b Annd. Anzeiger, xxiv. 1008,
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not clearly distinguishable. The peripheral layer of cells becomes the endo-
thelium of the vessel-wall, while the central mass is resolved into the primitive
nucleated blood-corpuseles, The islands are united together by cellular processes
which, becoming hollow, produce a continuous network of vessels.

From the third week onwards until the liver iz developed, it appears from the deseriptions
of Graf v, Spee that the wall of the yolk-sac becomes converted into a tissue resembling liver-
tissue in itz simplest form. Saccular dilatations of the entodermic lining of the wvesicle arc
produeced, and from the walls of these dilatations zolid massez of cellz are budded off. Among

Fra, 85— VASCULAR AREA OF THE RABEIT OF ELEVEX Davs, (v, Beneden and Julin,|

The arteries are represented red, the veins blue ; the capillaries are not shown. The terminal sinus
18 seen to be arterial.

the cells are seen * giant * elements, derived possibly from the epithelial cells, and within thesze
are smaller cells closely resembling young nucleated blood-corpuscles.

Once formed, the blood-vessels on the yolk-sac are in direet continvity with vessels which
develop in the connecting stalk, and through them with the vessels of the chorion, In this
respect the conditions in the Primates again differ from those prevailing in the lower mammals.
Thus Selenka has shown that in Hylobates rafflesi the vessels on the under aspect of the yolk.sac
communicate with the vessels of the chorion by a pair of vessels surrounding the allantoic tube,
before there are any vessels in the embryo itself. This arrangement seems to be present in the
human embryo also, for a similar vascular loop was described by Eternod in his young embrvo,
and named by him the sinus ensiforme.
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Early stages in the development of heart and embryonic vessels, —
| The first embryvonic blood-vessels are laid down in the splanchnopleure, and the
carliest channels to appear are two short tubes on each side of the head end

of the embryonic axis. These form the double rudiment of the heart.

Ji I '
h el
Fig. 86, —A, TRANSVERSE SECTION THROUGH THE HEAD OF AX EMDRVO RABBIT OF ELGHT DAYE
AND FOUHRTEEY HOURS, WITH A FART OF THE PERIFHERAL ELAsTORERM. 4%, | Killiker.)

b, &, rudiments of the heare ; sr, pharyngeal groove, with notochord-plate.

B. PART oF THE SAME MORE HIGHLY MagxIFIER. 132, (Killiker.)

.., neural plate (of hind-brain) ; w.g, nearal groove ; 0,0, nearal fold ; ecf, ectoderm @ end, entoderm ;
mes, mesoderm ; p, paraxial mesoderin: som, somatopleure; spf, splanchnoplenre @ per, pericardial
ceelom ; ah, fold of splanchnopleurs which will form wall of heart; of, endothelial tube of lweart:
s, wall of fore-got; moépl., notochord.plate.

Yarious views are held as to the origin of the vessels in the rmlhrl'..‘:'r. One iz that tlh.-l'!.' LT
into the embryo from the vascular area, by a budding of the endothelial walls of the vessels
first laid down there (Hig) ; another, that the whele closed vascular system is produced by exten-
sion of two primary endothelial sacs, the heart-tubes (Rabl) ; a third, that they arise iz sifu.
The third theory is on the whole most consonant with the appearances seen in mammalian
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Frg. 87.—SECTION PROM THE SAME EMBRYO FARTHER FORWARD THAX THAT SHOWX
IX THE PRECEDING FIoURE. |(RKiollilker.)

Letterimg as in fig. 86

embryos, but varying accounts are given of the actual mode of origin of the channels and the
source of the vaso-formative cells. According to one interpretation, the channels are spaces
in the mesenchyme which become converted into vessels by the transformation of the surrounding
cells into an endothelium ; and these spaces have been looked on hypothetically as the remains
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of the interval between the germ-layers (Ziegler), Aceording to another account, the vessels
appear first as cords or strings of cells which arrange themselves round a lumen, and form the
endothelium of the vessel wall (Riickert). The vessels in terms of both these interpretations
are intercellular spaces: but according to still other observers, the extension of the channels
iz brought about by the formation of spaces within the vaso-formative cells, which are converted
into wessels by being linked up together.

The vaso-formative cells are most generally regarded as mesodermie in origin; but they
are considered by some as being derived independently from the entolerm, forming thus an
entodermic, as distinguished from the mesodermic mesenchyme.

In Tarsius, it will be recollected, a l'itag—ﬁhztimi ﬂlil_'kl:nil]g of the entoderm was mentioned as
siving rise to a band of middle-layer cells related to the formation of the vessels, .-\r_-,::aﬂling to
Hubrecht's account, therefore, the vasenlar mesenchyme arises direct from the entoderm, It
may be noted that the dispozition of the ring eclosely corresponds with the primitive vessels
of the early human embryvo as deseribed by Eternod.

In the absence of detail for the early phases of the primate heart, the stages in
the rabbit-embryo may be taken as a type for the development of the parts.

ohT S
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Fri, 88, —TRAXSVENSE SECTION THROUGH THE REGIOX
OF THE HEART IN A BABRIT EMBRVO OF NINE DAYS,

SHOWING  THE COMMEXNCING FUSION OF THE TWoD
Tupes. 5, (Rallikev.)
j+ Jy Jugnlar veins; ao, aortm; ph, pharynx: som,
somatopleare of body-wall; &, bilaminar portion of Llasto. Fic. 88 —EMBRYO KABBIT OF EIGHT
derm forming pro-ammon ; ecf, enf, its two layers (ecto- BAYE AND EIGHTEEN HoURS, WITH
derm and entoderin 4 periearidinm ; spd, splanchnoplenre ; NINE PROTOVERTEERY ] VEXTRAL
ale, outer wall of heart; ik, rrul::t-ln-ﬁ;tl ming of heart ; aspecT. 3. (Killiker.)
o'y seplum between the two heart-tubes, The heard is still a double tube.

At an early period, before the splanchnopleurie folds have begun to fold in to
form the fore-gut, it will be seen (fiz. 86) that the pericardial portion of the
cwlom is occupied by a fold of the splanchnic mesoderm. This fold becomes
subsequently closed-in to form the muscular wall of the heart. It encloses a
second tube composed of flattened cells, which becomes the endothelial lining
of the heart. Authorities differ as to the origin of these cells, some deriving them
from the mesoderm, while others trace them direct from the entoderm, either in
the form of an evagination or as a solid cord of cells. When the splanchnopleuric
folds bend in to form the floor of the fore-gut, the two tubes are brought together
(fig. 88) below the pharynx. They at first lie side by side, but soon fuse into
a single median tube by the absorption of the dividing septum. The heart-
tube remains attached to the gut by a mesentery, the mesocardium posterius

(tig. 90},
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In the earliest stage described for the human embryo (thirteenth day) the
heart-tubes are still separate from one another. We owe to Eternod ' a description,
arrived at by reconstruction from sections, of the vessels of an embryo of the
thirteenth day, when the channels are still in the course of formation in the mesen-
chyme. The heart-tubes are simply dilated portions of a continuous sinus-like
vessel which surrounds the mouth of the volk-sae and ends in a common stem in
the abdominal stalk, which is in turn distributed to the chorion (fig. 91). The two
tubes are united for a short distance under the fore-gut into a single vessel, which 1=
the rudiment of the aortic bulb. From this two vessels sweep back on each side
of the notochord, which is still in the stage of the notochordal plate: these are the
primitive aorta, and the loops between the ventral bulb and the dorsal aorta are
the firat or primitive aortic arches.*  Behind, the aortie, sweeping past the neurenteric
canal, bend round the caudal
end of the embrvonic axis
into the abdominal stalk, and
pass in this to the chorion,
Where the abdominal stalk
becomes continnous with the
volk-sac the sinus-like vessel
18 joined by a vascular loop
from the back and under side
of the volk-sac (sinus ensi-
forme), but the vitelline veins
proper, which afterwards con- : _
vey the blood from the vitel- Nt e
line circulation to the heart, o ol '
have not yet been laud down.

[t would thus seem that

ak” e g

. P : Fig, 3. —SECTIoN THROUGH THE REGION OF THE HEART IN
there is a circulation set up A HABBIT EMBREYO OF TEX DAYS, AFTER THE TWo TUBES
between embrvo and chorion HAYE UNITED INTO A SINGLE MEDIAN opaax, [(Killiker,)
at a very l."-&lI'i‘k' stare. before ao, descending aorte ; ba, bulbong aortm ; ok, its external

i _ Sl =}

2 v : will ; ¢k, its endothelial lining § wep, mesocardinm postorios,
even the "h'U'“'L circulation is uniting the heart to the venteal wall of the pharynx, pd, and

established. This is to be here separating the pleoropericardial calom, p, into two
. i halves, which are, however, united on the ventral side of the

correlated with the "-'f'-:""‘-ﬂ'-'.'-':ll heart ; end, entoderm of volk-sac; Jf, its mesoderm : &, meso.

condition of the volk-sac, and derm of pharynx ; &, mesoder of gomntoploure | ecf, ecotoderm,

is another instance of the

remarkable series of vanations from the ordinary type which the development of

the primate embryo exhibits.

In the next stage of which we have complete detail, a human embrvo of
fifteen days (His" embryo Lg., fig, 92), and for the lower Primates an embrvo of
Cercocebus cynomolqus described by Selenka, the volk circulation is fully estah-
lished, and the course of the vessels has become so modified as to conform to
the condition described for the lower mammals with a large volk-sac and a vascular
A,

The heart is now a single tube, and shows a subdivision into an auricular,
a ventricular, and a bulbar part. It receives three veins on each side, which join
a transverse vessel placed in the septum transversum, named the sinus venosus.

The three pairs of veins are the vitelline, running in the splanchnopleure from
the yolk-sac; the allantoic, running in the edges of the somatopleure and

' Anab. Anzeiger, xv. 185,

# It may be mentioned that even at this very early stage, according to Eternod's descriptions, there
are indications of the rudiments of two, perhaps three, connecting vessels on each side representing
future aortic arches,
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connected behind with the common stem of the earlier stage in the body-stalk, and
bringing blood from the chorion : and the ducts of Cuvier, formed by the junction of
two veins from the body of the embryo (anterior and posterior cardinal). The
ducts of Cuvier and allantoie veins effect a junction before they reach the sinus
VENosus.

The aortic bulb passes into two ventral vessels, which join with the dorsal
aort® by two arches. The dorsal aort® in turn sweep back on each side of the
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Fr: 92, —PRroPlLE VIEW OF A HUMAN EMBRYO OF
AROGUT FIFTEEN DAYS, WITH THE ALIMEXTARY
CANAL IN LONGITUDINAL SECTIGN, IH.'iH..:I

o, primitive velum ; end, endothelial tnbe of

heart ; o, volk-sae ; w.e., uinbilical (allantoic) artery ;
o, wmbilical vein ; alf, allantoic diverticalum.

Frg, #l.—IMAGRAM OF THE VASCULAR CHAXXELS IN & HUMAN EMERYO OF THE SECOND WEEK.
(After Eternod. |

The position of the vessels will be understood if the diagram be compared with the surface view
of the blastodeym st thiz stage given in fig. 72 ip. 49,  The aferent channels (including the
two heart-tubes) ave colovred Blue; the efforent (aortm] red.  sees, wes, marginal sinos (primitive
umbilical veins: the anterior dilated portions of the veins are the primitive heart-tubes, fr);
ex, section of abdominal stalk enclosing «ff, allantoic diverticnlum, a single venous, and two arterial
1'|:Iz'|.|||.|g-|5-:;, M., nelnen berie |!u.!|!uLI. The dotted blae lines i.;||l|11'1.-||t.|.'+ Li:l‘! lmn.it.il‘:llll (1] ‘t.li(! 1.1‘11’!'!1.‘1-.! I.IH"
volk-sae, and therelore not seen from this view, of the sinons ensiforme,

notochord, giving branches (vitelline arteries) to the volk-sac: they terminate by
bending round the tail end of the embryo into the body-stalk, within which they
are carried to the chorion,

The further changes in the heart and vessels will be treated of in the second
part of this volume. Tt will suffice, at this stage, to have shown that in Primates
the embrvonic vessels are connected from the earliest period with the chorion, and
that by the end of the second week the circulation between that membrane and
the embryo is fully established.
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DEVELOPMENT OF THE FETAL MEMBRANES AND PLACENTA ;
IMBEDDING OF THE OVUM.

Having determined the manner in which the principal organs of the body
make their appearance, we must now study in somewhat greater detail than
we have yet done the history of the chorion and amnion, in order to ascertain
how the placenta, or organ which nourishes the feetus, and the membranes which
protect it during its sojourn in the uterus, are developed. It will be necessary,
however, first to deseribe how the ovum is imbedded in the uterine mucous
membrane, and the changes that take place in that membrane during pregnancy.

FiG. 95.—SECTIOX THROUGH AN OVUM OF THE FIRST WEEK.
(Reduced from Peters: from Hertwig's Handbuoch.)

The section passes through the embryonic rodiment, TV, thrombus closing an opening on the surface
of the uterine epithelium, I.E.; D), decidur. The very irvegular strands of trophoblast arve distinguisled
by their davker tint,

Imbedding of the owvum.—The earliest known human ova are already
completely imbedded in the uterine mucous membrane. The site of implantation
in man is normally the posterior wall of the uterus near the fundus.
Peters’ and Leopold’s ova lay in this position ; their situation was not marked
by any projection of the mucous membrane bevond the general level of the
swollen surface, The blastoeyst in Peters’ case (fig. 93) was oval in shape.
The wall was relatively thick and already intimately related to the mucous mem-
brane (decidua). Over the ovam there was an area, one millimetre in diameter,
where the uterine epithelium was absent, and here there was a soft thrombus (7'h),
which had a narrow stalk occupying the hole in the epithelium, and a broad head
spreading out like a mushroom over the edges of the opening. The uterine glands
in the neighbourhood of the blastoeyst took a somewhat concentric course round

VOT. L. r
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it, as if pushed aside by the growing ovum, and there was absolutely no indication
that any gland-mouths opened into the cavity in the mucous memhbrane, nor
were there any traces of uterine epithelium lining it.  These facts, which have
been recently confirmed in the ovam described by Leopold, clearly indicate that
the ovum 18 at a very early stage cut off from the general cavity of the uterus,

Fis. 3. —AXTERO-POATERIGR SECTION OF THE GRAVID
UTERUE AND ovVUM OF FIYE WEEKS: DIAGRAM-
saTic.  (Allen Thomson.)

i, anterior, p, posterior wterime wall ;) e, museular
substance ; w, placed in the cavity of the uteros:
i, the glandular layer of the decidea vera; #, the
|;lv|'|:'i1|,1|!|, l'.;LE'l!ﬂ.III“.ril-\.: .u,thuil.]l,lu I:lll:n:l,lin'.: { LB COEVIY I,I.‘t.v:ri:
o, chorion with its villi, which are more highly de-
valoped on the placental side; &, the embryo enclosed
in thee amnion, with the allantole vessels 1‘|:|.s-=hll:|'|g Jl.].l.bllg
a short allamtoic stalk into the placenta, and the
umbilical wesicle lying free in the space befween
amupion and chorion.

Fio. 85, =IMAGRAMMATIC SECTIONS OF THE UTERIXE MUCOUS MEM BHANE, SHOWING THE CHANGES WHICH
THE GLANDE UNDERGO WITH THE RSUPERVENTION OF PREGNANCY. |F-‘:mn _I'{.I_I.H{.I.I'ul. and ]':.!Il.___‘{!!ma-'l.lﬂl.}

A, Dhagrnm of the glands of the non-pregnant nterus ; o, muoscnlar layer. B, Condition of the
glands at the beginning of pregnancy ; o, compact layer near free surface of decidoa; the glands are
here somewhat enlarged bot not very torbuons, and the mueons membrane is rendered compact by
hypertrophy of the interglandolar tissue ; sp, spongy layer, containing the middle portion of the
glands greatly enlarged and tortuows, producing a spongy condition in the mucons membrane:
o, decpest portion of the glands, elongated and tortuous, but not much enlarged.

not, however, as used to be supposed, by an upgrowth round i1t of the mucous
membrane, but in some different fashion. For a parallel we must look to those
cases among the lower mammals in which the blastocyst remains very small,
and becomes very early surrounded by decidual tissne. Such cases oceur among
the I'nsectivora—e.g. the hedgehog—and also among the Cheiroptera ; but the nearest
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analogy is to be found in those mammals in which there is so-called ® inversion of
the germinal layers,” the Muride (mice and rats) and Cavia (guinea-pig) among
the rodents, In some wayv the early nesting of the ovam in the decidua is rvelated
to the inversion of the layers, and both phenomena are probably to be correlated
with the very minute size of the blastocyst.

The idea that the imbedding occurs by °circumvallation’ being given up,
there remain two possibilities—either (a) that the minute ovum is received into
a crypt of the mucous membrane, or (5) that it, in virtue of a biochemical action
of the trophoblastic ectoderm, absorbs the epithelinm, and eats its way into the
connective tissue of the mucous membrane. I the first alternative be adopted,
we must conceive the process to take place as it does in the mouse.! In this
animal the small blastocyst is received into a recess of the uterme cavity., The
epithelinm lining this eavity becomes flattened and then disappears, so that
the trophoblast and decidua become closely related.  The ectoplacenta blocks
the aperture between the decidual cavity and the lumen of the uterus, and the
cavity later becomes obliterated at the site of implantation. by the disappear-
ance of its epithelium and fusion of the exposed decidual walls. The gland-tubes
dizappear as the mucous membrane becomes converted into decidua, and new
capillaries are freely produced, especially in the neighbourhood of the ectoplacenta,
where the maternal part of the placenta is formed.*

If the second alternative be adopted, then we have to conceive the process as
deseribed by Graf v. Spee® for the guinea-pig. In that case the ovum reaches
the uterus in the morula or early blastocyst stage, and destrovs the epithelinm
at the point of contact with it. It becomes imbedded by a process of degeneration
of the connective tissue, which ultimately forms a sort of granulation-tissue capsule
around it.

The evidence afforded by Peters’, Leopold’s, and other early ova is strongly in
favour of the view that the ovam actually abszorbs the uterine tissue before it,
and therefore becomes implanted by the absorptive activities of its ectodermic
covering. In either case, at a very early stage the blastoeyst lies surrounded on
all sides by mucouz membrane without any trace of an epithelial laver,

Changes in the uterus during pregnancy.—The mucous membrane of
the pregnant uterus is known as the decidua.  For convenience of description, the
parts of the mucons membrane immediately enclosing the ovam, and that lining
the general eavitv of the uterus, have received distinctive names., Thus the layer
of membrane around the ovum is known as the decidua capsularis (reflexa) ; the part
next the uterine wall where the placenta is afterwards formed is the decidua basalis
(serotina) ; while the membrane lining the cavity of the uterus is termed decidua
vera (fig. 94).

With the subsequent growth and consequent expansion of the ovum the enclosing
decidua capsularis expands also pari passu, encroaching more and more upon
the 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 indistinguishable and the cavity of the uterus is obliterated (except at the
CErvIX uteri),

The ovum is received into the uterns when the mucous membrane is in the
premenstrual phase, and in the earliest pregnancies described (Peters’ and Leopold’s
cases) the mucosa has all the characters of the menstrual decidua (fig. 96). It is

I Bea (. Burckhard, Avchiv mike. Anat. lvii.
¥ Thsae (Sitzungsber. Ges, Befird. gesammt. Naturwiss., Marburg 1905) has shown that in mice and
ritd there occur large ginnt-cells in the developing decidua, which have o phagoeyiic action, and
<xcavate it for the growing ovam. See also Disse, Ergebnizse der Aunat. und Entwick. xv. 1905,
3 Zeitsche, Anat. u. Anthropel. iii.
F2
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very soft and markedly wedematous. The glands are enlarged and the blood-
vessels much dilated. There is considerable effusion of blood from ruptured vessels ;
the blood oceupving spaces in the loose connective tissue, and even the interior
of gland-tubes, which show desquamation of their epithelium and breaking down
of their walls.

The decidua undergoes further structural changes during the early months of
pregnancy, some of these changes being common to all three parts of the membrane,
whilst others are special to that part (. basalis) which enters into the construction
of the placenta. The following is a brief account of these changes.

Decidua vera.—With the supervention of pregnancy the mucous membrane

lining the uterus becomes thickened and the tubular glands become both dilated
and greatly elongated. This thickening of the membrane and enlargement of
the glands goes on during the early months of pregnancy until, between the second
and third months, the decidua vera reaches its maximum thickness of more than
a quarter of an inch.  Its glands have further undergone so considerable an elonga-
tion that they now no longer pass nearly straight through the membrane, but run
in a tortuous manner from the inner surface to the vascular layer, so that a vertical

Fio, 90, —=SECTION OF UTERISE MUCOUS MEMBRANE DURING MEXSTRUATION |[Sellheim).

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 deeper part of the membrane, where the dilatations look in sections like
a series of cavities, Imed 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 spongioswn of the decidua (fig. 95, sp). The deepest part of
the glands—that, namely, which is in contaet with, and is imbedded in the superficial
portion of the museular coat—does not share in this dilatation, and its epithelinm
alzo retains the columnar character. The part of each gland between the funnel-

shaped mouth and the dilatations above deseribed 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 becomes filled with large
epithelium-like cells (decidual cells of Friedlinder) and with numerous and large
capillary blood-vessels. This layer of the decidua has been termed the stratum
compactm  in  contrs adistinetion  to the stratum spongiosum external to it
(fig. 9D, e).
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By the sixth week degenerative changes show themselves. The glandular
epithelium in the stratum spongiosum beging to be shed in places; and, soon
after, the surface epithelium is thrown off, until in the fourth month all traces
of it have disappeared.

After the fourth month, by which time the great increase in size of the chorionie
vesicle with its contained embryo has brought the decidua capsulars 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 stratum spongiosum the spaces which have resulted
from the dilatation of the gland-tubes lose their lining epithelium, and become
flattened out conformably to the surface, so that they now appear as a layer of
compressed lacuna, separated by thin fibrous trabeculs.

Decidua capsularis (reflexa).—It has already been shown that the decidua
capsularis is not formed, as used to be supposed, by an upgrowth of folds round
the ovam, but is originally that part of the mucous membrane in which the ovum
has excavated a cavity for its lodgment.  As the ovum imbeds itself in the stratum
compactum alone, it follows that the decidua capsularis represents only the super-
ficial part of the mucous membrane, and therefore has not a stratum spongiosum
properly so called. Over the ovam there is at first an area in which there is little
or no decidual tissue, the capsule being completed by a fibrinous lamella formed by
the organisation of the blood-clot at the point of entrance. This constitutes
Reichert's scar, which used to be considered as the point of fusion of the folds of the
reflexa. The inner aspect of the capsularis is irregular ; it is not covered with
epithelium, nor do any gland-mouths open into the decidual cavity,

The decidua capsularis resembles at first in everv essential respect that portion
of the excavation which lies next the uterine wall and which becomes the decidua
basalis. The inter-relations between the mucons membrane and the villi are at first
similar all round the ovum. As the growing ovum expands, however, the decidua
capsularis and the villi imbedded in it degenerate (fig. 97). A gradual process of
atrophy supervenes until the membrane is reduced to a thin fibrinous or hyvaline
lamella in which all traces of glands and vessels have disappeared. By the third
month the capsularis has nearly everywhere come into contact with the decidua vera
s0 as to obliterate the cavity of the uterus. In the advanced months of pregnancy
it wholly disappears, so that the chorion comes to lie directly against the decidua
vera. The degenerative process at work in the membrane does not seem to he
a fatty degeneration, as long held, but a coagulation necrosis.

Decidua basalis (serotina).—The decidua basalis is that portion of the
mucous membrane which intervenes between the blastocyst and the uterine wall,
opposite the original point of entrance of the ovum (fiz. 93). The deeper portions
of the gland-tubes proper to it become much dilated, 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. At the same
time all the parts of the glands which are superficial to this layer suffer complete
atrophy, the only portions which remain nearly unaltered being the deepest parts
of the tubes, which are partly 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 basalis, The blood-
capillaries become much dilated into sinus-like vessels, and the interglandular
tissue becomes crowded with decidual cells, derived, as in the decidua vera, from the
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connective-tissue eells by a process of enlargement, and also by multiplication of the
clements,  The decidua is also invaded by feetal tissue, as will be explained later.
Before proceeding to the description of the development of the placenta, it
will be convenient to consider first the later history of the amnion and chorion.
Amnion.—As we have seen in an earlier section, there is zood reason for
believing that in man, apes, and monkeys the amnion is closed from the beginning.

Fio. 97.— DIAGRAMMATIC SECTION OF THE PREGKANT HUMAY UTERUE AT THE SEVENTH OR
EIGHTH WEEE. [Allen Thomson,)

¢, ¢, openingz of Fallopian tubes into the cavity of the nterms; o, cervix, filled by a plug of mucns:
e letters & and ¢ are placed within the original cavity of the uterns; de, decidon vera; div, decidoa
capsularis: ds, decidea basalis: b, chorion with its villi growing into the decidua capzularis and
d. serotina: in the former the villi ave becoming atrophied ichorion leve) ; u, nmbilieal cord, the detted
lines indicate blood-vessels within it ; al, allantoia; g, yoll-sae (wmbilical vesicle); g/, its stalk, passing
in the winbilical cord and connected with the intestine of the embryo, ¢ ; aw, amnion.

In all the earliest known normal embryvos it forms a thin membrane over the
embrvonic shield, consisting of an inner laver of flattened ectoderm-cells and an outer
layer of mesoderm. At first, as will be noticed in a later section, it closely invests
the embryo, but at the beginning of the second month it is distended into a sac of
considerable dimensions containing an albuminous fluid—the liguor amanii—in which
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the embryo floats. During the second month (fig. 97) it comes to fill the cavity
of the chorion, and the extra-embryonic ceslom is obliterated. As the umbilical
cord elongates, the amnion forms a tubular sheath round it, enclosing the vessels,
along with the allantoic and vitelline ducts, which are imbedded in mucous
connective tissue. From the cord it is reflected over the surface of the placenta
on to the chorion, with which it is intimately united to form what are known as
the fretal membranes, Between the amnion and chorion of the placenta lies the
umbilieal vesicle.

The flattened ectodermic cells of the amnion become cubical during pregnancy,
and at full time the membrane consists of an epithelial layer, and a lamella of
fibrous tissue. The epithelium has the form of a very regular layer of cubical

Fli'n HH.—DL‘HHL‘LH OF A HUMANY OVUM AT A |H"I.'P”T“E-TIL"'I.[J ATAGE 20MEWHAT YOUNGER THAXM
PeTER:' ovuM ; IMBEDDED IN THE DEcIipua. (T. H. Bryce.)

T'l, blood-clot at point of entrance ; g, g, glands opening on the surface of the mucous membrane ;
oo, decidun capsularis. The trophoblast partly cellular, porily plasmodial, i seen invading the
decidua, and opening up the dilated eapillaries. The extravasated Llood oceupies the spaces or blood-
lacunm between the strands of trophoblast. The gland-tubules in the decidua take a concentric course
rownd the ovom.

cells joined by distinet cell-bridges. The liquor amnii varies in amount at different
pertods of gestation ; it is relatively most abundant about the fifth or sixth
month. In the later months of pregnancy it contains urea, which is probably
excreted by the kidneys of the fartus,

Chorion.—We have already seen in an earlier section that the formative cell-
mass, from which entoderm, as well as embryonic and amniotic ectoderm, are
formed, is completely surrounded in the primate ovum by a layer of cells which
has been named the trophoblast. In the voungest known ova the trophoblast
shows a very irregular outer surface (figs. 93 and 98) consisting of cellular strands
separated by spaces containing maternal blood. Round the wall of the vesicle



T2 PLACENTA

the mesoderm is seen sending out buds which indent the trophoblast. By the
outward growth of these the epithelial strands acquire a mesodermic core, as
will be afterwards more fully explained : vesselz develop in the mesoderm, and the
result iz that the whole surface of the chorion becomes occupied by vaseular pro-
jections or villi, enclosing feetal vessels and bathed by the maternal blood. At
first equally distributed, the villi in the region of the decidua basalis become larger,
longer, and more branched, while those related to the decidua capsularis remain
relatively smaller and nltimately disappear by atrophy. The part of the chorion
in which the villh persist is known as the chorion frondosum. The remainder is
termed the ehorion {eve (fig. 97). In the third month the chorion frondosum
forms the feetal part of the definitive placenta, while the chorion leve, after the
disappearance of the decidua t'apsu]ﬂ,ﬂm comes in contact with the decidua vera,
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Fra., 9. —PoRrTioN OF THE TROPHORLAST OF PeTERs’ ovuu. (After Peters.)

eod, ool chorionic ectoderm ; mes, mesoderm budding out te form a villos core; 8.5, B4, Dlood-
lacun lined with o thin layer of svmeytinm; e, #r, eellular layer of trophoblast ; sy, =g, syneytium ;
sy ¥, 8yF, mass of syneytinm invading the fumen of a maternal bleod-capillary, e, ca; bz, bonndary.zone
between trophoblast and decidoa ; ¢, trophoblast-cell showing alteration of nuclens,

and along with the ammion, as already stated, forms the double membrane lining
the uterine cavity.

Having now sketched the history of the decidua and of the chorion, we are
in a position to study in greater detail the changes which lead to the formation of
the placenta.

Placenta.—We have to distinguish two phases of placentation in the human
subject, a primary and a secondary. In the first phase, the whole chorion is
covered by vaseular villi, similarly related to the decidua and the maternal blood,
and the placenta is therefore said to be diffuse. In the second stage, after the
atrophy of the villi of the chorion leve, the placenta is a discoidal plate formed
from one part only of the chorion (i.e. chorion frondosum), intimately united with
the decidua basalis.

e e s
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In recent years several early ova ' imbedded in the mueous membrane have
been studied by modern histological methods, and the facts elicited have con-
siderably modified the older views as to the structure of the placenta, and the
interrelations of uterine and feetal tissues in it.

In the earliest known stage, the ovum, as already stated, lies imbedded in the
stratum compactum of the mucosa. There is good reason for believing that it has
eaten its way into the mucous membrane by the activities of its trophoblastic
covering. In Peters’ ovum (figs. 93 and 98) and the still earlier ovum of Leopold,
the trophoblast is composed of irregular cellular strands attached by their outer ends
to the decidua. In the interspaces between these are lacunw filled with maternal
blood. The trophoblast is bounded on the feetal side by a fairly regular epithelial
layer (fig. 99, ect), which is lined by mesoderm. Itis indented at intervals by the
processes of that laver, which become the cores of the future villi.  The blood-lacun
reach down to this inner layer. They are everywhere lined by a nucleated proto-
plasmic lamella in which there are no traces of cell-outlines, This i1s known as the
placental plasmodivm or syneytium. The plasmodium where it lines the blood-
lacuna is reduced to a thin endothelium-like layer, but where the decidua and
trophoblast merge it spreads out into masses, which are szeen invading the
decidua and pushing their way into the capillaries.  The stratum compactum is
beginning to be crowded with decidual cells, the existing capillaries are enormounsly
enlarged, and there is evidence of the formation of new blood-channels. Immedi-
ately round the ovum there is a zone in which the decidual changes are taking place
more actively ; it contains many large decidual cells, lencocvtes and extravasated
red blood-corpuscles, besides multinucleated elements of which it is difficult to
affirm whether they are feetal or maternal derivatives (fig. 99). Some certainly,
probably all, are of trophoblastic origin. In this zone the capillaries are dilated
and sinus-like, and open directly into the blood-lacunm®. Masses of synevtinm
are seen in the interior of capillaries, and many sections show capillaries which
are lined on the decidual side by endothelium, and on the side of the ovum by
syneytium (fig. 99, s3%).  That the vessels are being opened up, and the endothelium
destroyed by the trophoblast, is clearly indicated by these appearances, as well as by
the occurrence of masses of broken-down endothelial cells,

We do not know by direct observation how this stage is reached in the case of
the human ovum, but recent work on the comparative histology of the placenta
leaves no room for reasonable doubt on the main point—viz. that cellular strands,
syncytial masses, and syneytial lining of the blood-lacunz are all equally
derivatives of the chorionic ectoderm.

Origin of the placental syncytium.—The view here adopted that the syneytiom is
merely the surface-layer of the chorionic epithelium is now very generally accepted, but there
are some other interpretations of the appearances which may be briefly alluded to.

1. It has been derived by some from the maternal epithelium either of the surface or of
the glands of the mucosa. If the newer views as to the imbedding of the ovam be correct,
such a derivation is very improbable ; but it is finally excluded by the fact that the willi of a
chorionic vesicle, which has become imbedded in the ovary owing to fertilisation of the ovum
]Hwing oceurred while it was vet in the Graafian follicle, are provided with a well developed
plasmodial layer. Fig, 100 is a drawing of a villus branch from such a case, and if compared with
fig. 104, p. 76, which is a drawing of a villus from an early uterine pregnancy, it will be seen that
the mesodermic core is covered, in both, by identical layers cellular and syneytial®

! See H. Peters, Ueber die Einbettung des menschlichen Eies, &ec. Deuticke, Leipzig und Wien,
”59‘“5. Siegenbeck van Heukelom, Arch. f. Anat. 1808 ; Marehand, Arch. Gyniikol. 1964 : Anat. Anzeiger
(Ergiinzungshelt), xxi.: Anat. Hefte, H. 67, xxi.; Rossi Doria, Arch. Gynikol. lxxvi.; Beneke, Deut.
med. Wochensehr. Jahrg, xxx. 1904 : Monatzehr. f. Geburtsh, u, Gynitkol, xix. ; Grafl v. Spee, Verhandl.
deatsch, l:'r_l_‘u. Gynikol. x1. 1905 ; Leopold, Arbeit. a. 4. k. Frauenklinik, Dresden, iv. ; H. IL“FP'-': Apat,
Hefte, xxxii.; Keibel, Anat. Anz. (Erginzungsheft', xxx. 1907 ; Frassi, Arch. f. mikr. Anat. lxx. 1907,

# Ovarian pregnancies are very rare. I am indebted to De, Munro Kerr for the opportunity of
examining the sections (prepared by Dr. J. H. Teacher) of an ovary, fixed immediately after removal
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2, The outer covering of the villi has been regarded as derived from the decidual tissue,
or from the endothelivm of the maternal capillaries. The idea is that there ocours a blending
or interlocking of feetal (chorionic) and maternal (decidual) tissue, go that the villi become clothed
with a laver of decidual tissue (subchorionic membrane, Turner), or that the endothelinom of
the dilated capillaries persists as the lining of the blood-spaces (Waldeyer). Such an inter-
pretation is diffienlt to disprove directly, but it is inconsistent with the newer views regarding
the nature and the activitics of the trophoblast. Recent research has provided nearly econ-
elusive evidence for the simpler reading of the facts, advanced more especially by Hubrecht and
Van Beneden for lower mammals, and for the human subject by Peters, Leopold, Minot, Webster,
Hart and Gulland, and others, in terms of which the whole placenta, exeept a thin layer of
decidua on its uterine surface, is derived from the chorion—that, in short, it isa great sponge-
like mass of fetal tissoe filled with maternal blood,

If we proeeed, then, upon the assumption that the cellular strands (cytoblast,
Van Beneden)and the svnevtium (plasmodiblast, Van Beneden) are both derivatives

FiG. 100.—SECTION OF A VILLUS FROM A CASE OF ovaRIAX PREcNaNcY. (1. H. Bryee)
sy, synevtiom ; L., Langhans' layer.

of the chorionic epithelium, the appearances described in Peters’ and Leopold’s
ova may be explained as follows: At a very carly stage, before there is any
differentiation of the embryonic ectoderm, the trophoblast proliferates actively,
and its surface becomes irregular by the outgrowth of epithelial buds. As these
extend into the decidua the maternal tissue is absorbed before them.” The
t'allil]uricﬂ are Opﬂ'lmﬂ. up by the destruction of their endothelial walls, and the
maternal blood is thus extravasated into the spaces between the strands of the
trophoblast. These spaces now necessarily form a system of intercommunicating
blood-lacunz (fig. 98).

by operation, in which a blastocyst lay imbedded partly in the ovarian stroma and partly in a mass
of fibrin and extravasated blood. The evidence of the sections is conclusive in favour of the fostal
origin of both cellular and syneytial layers.—T. H. B.

! The trophoblast-cells are supposed to act like phagoevies, and the maternal tissue to serve as
pabulum for the growing ovam. It was on account of the assamed physiological activity of the
chorionic epithelinm thai Hubreeht gave it the name of ° trophoblast "—i.e, * trophic epiblast.’ Here,
and elsewhere in this work, the term ° trophoblast ® is used in Hubrecht's original sense, to signify that
poart of the ectoderm which does nok share in the formation of the embrye, but constitutes the wall of
the blastocyst, Minot has introduced the word froplhoderm for the proliferated chorionie ectoderm, or
mantle, which is concerned in the implantation of the cgg.  The term is not used in this work, because
trophoblast has the priority, and also because in some particulars the processes involved are here
interpreted rather differently than by Minot (Trans. Amer. Gynee. Soe. 1904).

.
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The chorionie epithelinm, whether by reason of its active proliferation or other-
wise, becomes, in its superficial lamella, converted into a continuous plasmodial
mass, while the cells in the central portions of the epithelial strands remain isolated
from one another by distinet cell-boundaries. Peters in his original memoir
suggested that the conversion of
the surface-layer of the epithe- K
linm into synevtium was due to T,
the action of the maternal blood tr
on it; but it is more probable o
that the differentiation into two L ‘_%;__
lamelle takes place much earlier " ?;@9'*
(cf. fig. 40, p. 29), as Van Beneden Lo

has demonstrated forthe placenta ca g "V

of the bat. .-_*----.._L:' i R
The further changes leading e e ol

to the formation of the placenta T, i

will be readily understood by s

reference to the diagrams given

in figs. 101 to 103, The tropho-

blast-strands become invaded by B R R R e e S i At
Processes from the mesoderm THE PLACENTA. [After Petors.)

{hg4 |n'3], and are thus con- mes, mesoderm; fr, trophoblast: bJ, blood-lacona ;
verted into the pl‘i!l]:’tl‘}' villi. sy, syneytinm ; eq, maternal capillary ; de, decidua,
The wvillus-stems are at first

simple and attached at their outer ends to the decidua (figs. 101 and 102), but they
soon become drawn out and greatly branched (figs. 102 and 103).  Asthe mesoderm
extends into the epithelial strands, to form the cores of the villi, it is necessarily
covered by both cellular and plasmodial layers. The cellular layer becomes reduced,
as the villi develop, to a single layer of cells, except at their attached ends, and the
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Fic. 102, —DIAGRAM To ILLUSTRATE THE SECOXD PFHASE oF THE PLACENTA. (After Peters.)

The mesodermic core has now invaded the strands of the trophoblast, and is beginning to branch,
mres, mesoderm ; core, cove of villus; sy, syneytiom; mep, endothelinm of maternal capillary, ra ;
vs, intervillons space; fil, fibrinons material deposited ab junclion of trephoblast with decidua.

stems and branches now show the structure seen in fig. 104, In the mesodermic
core capillaries are seen containing nucleated blood-corpuseles from the embryo,
carried thither by the allantoic vessels in the abdominal stalk. The core is
covered by a double membrane, a cellular (Langhons’ fayer) and a syneytial.
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Meanwhile, as the villi become drawn out and branched, the original intercom-
municating blood-lacung become expanded into the intervillous space, in which
the maternal blood slowly circulates and bathes the villi. The placenta at first
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Fre. 108 —DiacRay To ILLUSTRATE THE THIRD PHASE OF THE PLACEXTA. (1. H. Bryce.)

The mesodermic processez have further branched, and are now everywhere covered by a single layer
of cells | Langhans’ layer) and a lamells of syneytinm. At b, where a villus is atbached, the eellular layer
retaing ila primitive arromgement @ wees, mesoderm; eeg, veg, vessels going to villi: sy, synevtiom
L., Langhans' layer; o, cvoss.section of a villns; dee, decidun; cq, maternal eapillary.

extends over the whole chorion, but when the villi of the chorion leve ﬂegenernt.e
it becomes confined to the chorion frondosum.  Here the villi become continually
more branched, and new wvilli are formed, until the complicated sponge-work

F16. 104.—SECTION OF A VILLUS FROM AR Fic. 105.—8EcTIox oF A VILLUR FROM
ovUM oF THE THIRD WEEK. (1. H. Bryee.) A PLACESTA AT THE SEVENTH
sy, evnevtium ; Lo, Langhans' layer, uoxTH. (T. H. Bryee.)

of the discoidal placenta is fully developed. In the later months of pregnancy
the Langhans layer on the villi disappears, and the foetal capillaries are separated
from the maternal blood by the connective tissue of the villus and a thin lamella
of syneytinm only (fig. 103).
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The changes which occur in the decidua basalis have been already (p. 69)
alluded to. It becomes invaded by masses of syncytium, which penetrate it
even to the muscular laver, and it gradually undergoes a process of degeneration
until it is reduced to a thin layer. This lamella may even be incomplete, for the villi
are sometimes found in direct contact with the muscular tissue. The final term of
the degeneration is the development of a fibrinous layer which serves to mark off
the fotal and maternal tissues, A similar degeneration affects the ends of the
villi, and in the later months this extends to the villi themselves, so that in many
parts the eellular elements have in great part disappeared, as will immediately
be noticed in the description of the full-
time placenta.

The shed placenta.— At full
time the placenta is a discoidal plate
measuring from 16 to 21 cm. in
diameter and 3 to 4 em. in thickness,
but in shape and dimensions it is
subject to considerable variations. It
iz thickest in the centre, and thins
away at the margin where it is con-
tinuous with the chorion and portions
of the decidua.

The surface which has been de-
tached [rom the uterus shows a number
of irregular areas (cotyledons) sepa-
rated by shallow fissures. The detach-
ment generally takes place through
the remains of the decidua basals, so
that a thin layer of decidual tissue
covers the ends of the villi. The feetal
surface is covered by the amnion, and
under it are seen the vessels radiating
outwards from the umbilical cord before
they dip into the substance of the
organ. The cord is usually attached
near the centre. It conveys two
arteries to the placenta. They branch
freely but irregularly, and extend out-
wards in the connective tissue of the

armnnion choriomn

chorion to reach the wvilli in a series Fi6. 106.—DIAGRAM 0F THE FLACESTA.
of terrace-like steps, spreading out (E. A, Beliifer.)
llDI‘i.EDIItEH}F and dlI}PIﬂg in verticallv & placemtal sinus; s decidua basalis: sp,

. i vt spongy layer: m, muscularis; a, ¢, uterine artery
several times, Thﬂ? end in the wilh and vein opening into placental sinus,

in capillary loops (fig. 106), from which
the blood is gathered into veins which, closely following the arteries, finally unite
to form the single umbilical vein round which the arteries coil spirally.

A section across the placenta (fig. 107) shows that the mass of the organ between
the amniotic and chorionic membranes on the feetal side, and the thin covering
of decidua on the uterine side, is made up of immense numbers of arborescent
villi, hanging free in a great space filled with maternal blood. Here and there
the root of a villus is seen springing from the chorion, while the larger stems
and finer branches are seen cut in every direction. A certain number of the
villi are attached to the decidua, but the greater number hang free into the inter-
villous space. Projecting into the placenta from the decidua there are certain
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connective-tissue processes, or septa, to which villi are attached, as well as to the
general decidual surface. These to some extent divide up the placenta into

Fig, 107. —SEcTION THROUGH A& NOBMAL PLACENTA OF SEVEN MONTHS IN SITU. [Mimot.|

Am, ammion; Cho, chorion; Vi, root of a villus; i, seetions of the ramifications of villi in the
smtervillous space * the larger blood-vessels within them are represented black; D), deep layer of the
decidua, showing flattened remnants of enlarged glands in spongy gtratum ; Ve, nterine vessel opening
out of placental sinus ; Me, muscular wall of uterus.
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loculi. The villi are elothed by a thin layer of continuous protoplasm in which
nuclei are regularly arranged (figs. 105 and 108), and many of them have a
laver of fibrinous material under this syneytium. In the outer part of the
p]:meuta the synevtial layer has in large measure disappeared, to be replaced
by a thick mass of fibrin, and many of the stems have undergone complete
fibrinous degeneration (fig. 108). A dense layer of the same substance also oceupies
the outer part of the remnant of the decidua basalis adhering to the placenta,
The blood enters the intervillous space by afferent vessels in the decidua

oo =
e
DT‘
L 3

o

(T
p e
o v o

i
@ gt

Fra, 108 —BECTION THROUGH A PLACENTA AT PULL TiME, (T. H. Bryee.)

The intervillons space is represented filled with maternal blood. The fortal capillaries were
imjected by siripping back the wmbilical cord before it was tied, and the eorpuseles are vrepresented
golid to distinguish them from the maternal. Notiee the layer of syneviinm on the villi; under it, in
many villi, there is a layer of fibrinous material represented by a continuons line; Fis a large villus
which has undergone fibrinous degeneration. (From a preparation by Dy, J, H. Teacher.)

connected with small arteries which pursue a spiral course, and are hence
called the * curling arteries,” while it leaves it by efferent vessels connected with
the veins in the deep part of the remnant of the decidua basalis.!

! For the liternture of the placenta, see Strall in Hertwig's Huandbuch, i. Teil L, I1. p. 856; also
for some later papers, Kollmanu's Handatlas, 1907, appendixz, p. 85, See also J. Clarence Webster,
Human Placentation, Chicago, 1901; and for comparative data, Arthur Robinson (Huonterian
Lectores), Jour, of Anat, and Phys. vol. xxxviii.
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GENERAL HISTORY OF THE DEVELOPMENT OF
THE HUMAN EMEBRYO. '

Estimation of age.—In estimating the age of embryos prematurely expelled
from the uterns, we must, in the absence of data as to the early stages, have recourse
to a conventional rule. The rule generally adopted is that formulated by His.
[t reckons the duration of pregnancy from the first day of the first omitted
period, the cessation of the menses being the earliest positive sign of

impregnation.’
First month.—The ova of Leopold, of Peters, of Beneke, and one of

those described by Graf v. Spee, must, according to His" rule, be reckoned
to belong to the first few days of pregnancy. Leopold’s ovum 15 [Jl’(}bﬂl:ﬂ}" the
voungest yet discovered, but the relations were somewhat disturbed by intense
congestion of the decidua, and no embryonie rudiment was identified.

(3

Fieg., 106, —~SECTION OF EMERYOXIC RUDIMENT 1IN PPETER2' oveM (FIRsT WEEK). (After Peters.)

ect, eefoderm of chorion ; mes, mesoderm: em, smnion ; ewsepl, embryonie plate; g, yolk-sae ;
ent, entoderm ; ex.ce, portion of extra.embryonic coelom limited by o strand of the magma veticulare,

We therefore begin with Peters’ ovum. In this the cavity of the chorionic
vesicle measures 1-6, *8, and *9 mm. in its three diameters. It is entirely surrounded
by very irregular trophoblast-strands, and the mesoderm is beginning to extend
into these strands to form the primitive villi. The embryonic rudiment (fig. 109)
is still a single layer of ectoderm, to which is attached a small yolk-zac, while it is
covered by a closed ammionic sac. The yolk-sac and amnion are contained within,
and attached to the completely closed chorion, by mesoderm which is already
separated into visceral and paretal layers. The extra-embryonic cwlom thus
formed is relatively very large, and is intersected by strands of fibrille known
as the magma reticulare,

The next stage may be illustrated by Spee’s embryvo » H (fig. 110),
belonging to the beginning of the second week. The chorionie vesicle measures

! Mall gives a usefol formula for estimoting the age of human embryos up to 100 mm. in length

100 x dength in mm.=age m days. In foetuses measuring from 100 to 220 mm. the vertex-breech
millimetre length is approximately equal to the age in days.
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7 mm. by 553 mm., and is entirely covered by villi.! The embryonic radiment projects
from the chorion in an oblique direction, and is attached by a broad mesodermic
stalk. The yolk-sac is larger than in the earlier stage, being 1'0583 mm. in diameter ;
the embryonic shield is oval, has indications of a primitive streak, and is some-
what concave, the embryonic ectoderm being directly continuous with the flattened
ectoderm of the small closed ammionic sae. The connecting stalk contains a
short diverticulum of the volk-sae, the rudiment of the allantois.

By the end of the second week the chorionic vesicle measures about 85 mm. by
-3 111'11]_, and is entimly covered by villi in all the :i[ml."lllmlls described, In S;}EB’S
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Fia, 110 A.—Eusryo oF 04 uM. (LETTERED #H) DELOKGING TO SECOND WEEK, SHOWING ITS
POSITION AND ATTACHMENT TO INXER ASPECT OF CHORION.

Fic. 110 B. THE SAME ¥ MESIAL LONGITUDINAL sECTION. (After Graf v. Spee, from Kollmann.)

JEME, BIMm 10m.

embryo Gle (fig. 111) the embryonic shield measures 1'5¢ mm. The embryo is
separated by a slight constriction from the yolk-sac, and shows a short primitive
groove, a large neurenteric canal, and a shallow neural groove, The yvolk-sac is
covered by projections caused by the development of blood-islands, and distinet
vessels are formed on its lower segment. The connecting stalk has narrowed down
relatively, and, compared with the embryo v H, it would appear that in the laving
down of the embryonic axis in front of the primitive streak a change in the relative
position of parts has taken place, the volk-sac coming to lie below the shield and

! The ovum deseribed by Reichert and one deseribed by Mall of about the ssame age, or rather older,
had merely a cirele of villi round the equator, the poles being bare.
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the connecting stalk at the pnutcrinr end.
and the allantoie diverticulum is a distinet tubular passage.
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HISTORY OF DEVELOPMENT

The fore-gut is beginning to be formed,
I'hr:- heart, as already
described, is represented I.-}
two lateral vessels which unite
together in front of the neural
groove,

His" embrvos E and S R
(fig. 112), estimated to be
about thirteen days, and
Eternod’s embryo present the
same characters,

Kollmann's embrvo (fig.
113), estimated as fourteen
davs old, is farther ad-
vanced, Tt measures 2-4
mm. in length, and is
separated both in front and
behind  from  the volk-sac.
The neural groove is closed
behind, but open front,
where the cerebral vesicles
form a conspicuous feature.
There are fourteen meso-
derinic  segments, and the
heart is now a single coiled
tube. The embryonic axis is
slightly concave.

ﬂ.}

AROUT THIRTEEX

By the thirteenth day, as illustrated by His’ embryvo lettered Lg (fig. 114),

the chorionic vesicle has enlarged to 15 mm. by 123 mm.,

numerous and branched. (In
this particular case they were
absent from patches at the
FII}IE.'S._' l‘TII{" q"l'l]'l'l!'li[]ll'] ﬂ"l“!‘-l'l}"
surrounds the embryo, which
in most specimens shows a
remarkable dorsiflexion. This
flexure may possibly be a
normal ' though passing fea-
ture, as it is seen also in
some  of the lower primate
embryos of the same stage of
development, The yolk-sac
1s spherical and about 2 mm.
m  diameter. The fore-gut
and hind-gut are formed, but
the cavity of the sac has still a
“-'i.f].ﬁ n'l.(.lut]:l. Thl'! Ill’.lll’lll gl‘ﬂﬂ\"ﬂ
15 closed, and the fore-brain is
bhent downward to form the

and the willi are
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6. 1120.—Exseryvoe oF 22 auM. (LETTERED SE) TWELVE To
FIFTEEY Davs oLb.  (His.)

cranial flexure ; the optic vesicles project from the sides of the fore-brain ; the ear-
vesicles are seen as distinet pits above the branchial region, which is marked by two

U An embryoof 25 mm., and estimated oz about fifteen days old, studied and modelled by Dr, Peter
Thompzon, does not show this dorsiflexion (Jovr, Anat. and Phys, =1i. Apeil 1007),




FIRST MONTH 83
slit-like external branchial pouches. The heart is a very prominent structure lying
immediately below the branchial region. About thirty-five pairs of segments can
be counted, and the tail forms a prominent rounded projection, from the under

aspect of which a short thick abdominal stalk connects the embryo with the
chorion, and contains the allantoic diverticulum and allantoie vessels, The
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Fie. 118 —Euxeryo or 34 uyv. aporT FOURTEEX DAYS oLb.  (IKollmans.)

stomodeenm is a recess between the under aspect of the fore-brain and pericardial
region, and is separated by the buecopharyngeal membrane from the fore-gut.

Coste’s embryo 1s of about the same age as the one just described.

By the end of thc third week a stage 1s reached represented by His” embryo
lettered Lr (fig. 115). The embryvo is almost completely cut off from the
volk-sac, the mouth of which is narrowed into the volk-stalk. The embryo
measures in a straight line between its most pm]mtm:r anterior and posterior
ends 42 mm. The head end
is bent on the trunk in the ramanion
neck region, forming the cer- e
vical flexure. The dorsi-
flexion of the body i3 no
longer seen, and the tail is
bent in towards the ventral
aspect. The abdominal stalk,
which 1z now lengthened out
somewhat, passes back to the
chorion on the right side of
the tail.

The olfactory pit is begin-
ning to show on each side of
the fore-brain; the optic
vesicles are Plﬂ'!llill{‘:llt swell- Fis. 114 —ExMprvo oF 215 s (LETTERED Lg) ABOUT
ings, but the lens pit is not FIFTEEN Davs onp.  (His)
vet developed ; the aunditory
pits are closed, and the branchial region, triangular in shape, shows four branchial
depressions. The ridges bounding the branchial clefts are now named the
mandibular, the hyoid, and the (three) branchial arches. The mandibular arch
bounds the stomodeum behind, the hvoid lies between the first and second
branchial clefts, the branchial arches bound the remaining fissures. The hyoid
arch is the largest of the series. The heart, which now lies rather farther back
than before, shows distinet constrictions separating off its several parts, The

el bon —
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mesodermic segments are distinet, and ventral to them on each side is a longitudinal
ridge called the Wolffian ridge. This rnidge is more prominent at two points,
opposite the posterior end of the heart and allantoic stalk ; the small swellings
thus produced are the earliest signs of the limb-buds.

The general features of a fetation at the end of the first month are well illustrated
in fig. 116, The chorionic vesicle is laid open. It is still very large relatively
to the contained embryo. The volk-sac is a rounded vesicle attached to the
embryvo by a stout pedicle, and, owing to the flexion of the embryo, the abdominal
stalk and vitelline staik come to be applied to one another. The embryo is closely
invested by the ammion, and iz markedly bent on itself. This bending is best
seen about the twenty-third day, when head and tail touch or even overlap one
another. The greatest diameter of the embryvo by the end of the fourth week is
about 7°5 mm., so that, allowing for the flexion, it has obviously much increased
in size. The cervical flexure is very marked.

Fig. 119 represents an enlarged view of an embryo at this stage. On the side
of the head are seen the olfactory pits, above them are the optic vesicles: the lens-
rudiments have the form of shallow open pitz. The auditory vesicles are plumim‘mt
rounded swellings, opposite the hyoid arches. The mouth is now a wide cavity
bhounded in front (fig. 123)
bv a broad field inter-
vening between the olfac-
tory pits called the fronto-
nasal process, behind by
the mandibular arches,and
on each side by lateral
processes  named the
maxillary processes, which
project forwards between

b soll-stall Mo SIE the optic vesicles and

Firc. 115—Expryoe o 4'2 uMM. (LETTERED L+) EIGHTEEX mandibular arches. The

TO TWENTY-ONE DAY oLb. (His. mandibular and hyveid

aud. ves, auditory vesicle; be, stomodeeum; fb, fore-brain; arches are each beginning

wih, mid-brain ; kb, hind-brain. to show swellings separ-

g% sep

ated by constrietions, and

the hinder branchial arches are hidden from view, being overlapped by the

anterior arches. This telescoping of the arches ]deucea a recess between the
branchial region and trunk, known as the precert ical stnus.

The 1111_-uu:l=;-1m|-:- segments are very prominent objects ; they are thirty-five in
pumber. In the early part of the fourth week the paired sw elhn.g,ﬂ- on the Wolffian
ridges become more prominent, and by the end of the week are seen as distinect
buds, the rudiments of the limbs., The heart is relatively very large, and, with the
developing liver behind and slightly above it, forms the prominent mun{]ed swelling
represented in the figure.

It will thus be seen that by the end of the first month all the organs have been
laid down, and the embrvo closelv resembles any other mammalian embryo at a
corresponding stage—as, for instance, the rabbit embryo at the end of the cleventh
dav. During the course of the second month, however, changes take place, which
confer dis Hmtl"-eh human features on the r_'nlhl"'lrﬂ

Second month.—During the first month the chorionic vesicle is, as we have
seen, relatively very large compared with the embryvo and its amnion, and the
villi are uniformly distributed. By the end of the second month the distinetion
between chorion frondosum and chorion leve is established, and the amnion has
become greatly enlarged, so as to come in contact with the chorion and obliterate
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the extra-embrvonic ccelom.  With the enlargement of the amnion the vitelline and
abdominal stalks are bound up together in a tubular prolongation of the membrane
to form the umbilical cord. At the end of the month the cord iz about 10 mm.
in length, and still contains at its attachment the primary coils of the small
intestine, The embryo enlarges greatly, but not so rapidly as during the first
month. The back is straightened and the head uplifted, and in consequence the

Fra. 116.—CHORIONIC VESICLE AT THE EXD OF THE FIRST MoxTH. Magnified.
(From a preparation by Dr. J. H. Teacher.)
The vesicle has been opened ; the embryo, closely invested by the amnion, is seen attached by the
abdominal stalk to the chorion.

extreme curvature 1s to some degree undone. The tissues become condensed and
opaque, so that the internal organs can no longer be made out. The head
remains relatively very large, being at the end of the month nearly as large as the
body of the embryo.

At the end of the fifth week the embrvo measures, from neck to breech,
about 12 mm., at the end of the sixth week about 17 mm., at the end of the
seventh week about 20 mm., and at the end of the second month about 30 mm.



Bi GENERAL HISTOLRY OF DEVELOPMENT

(measured, from vertex to breech). The chief changes, as far as outward form
ie concerned, are the formation of the face and external ear, and the development
of the limbs,

i e
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Fre, 117.—CHoRiox VESICLE, EAMBRYO, a¥D VOLE-SAC AT THE BEGIXNNIXG OF THE sSECOND MONTH.
(By permission, from o preparmtion in the Honterinn Musenm, University of Glasgow. )

Face—In the latter part of the fourth week the olfactory pits have narrowed
down to form grooves running backwards in the roof of the stomodeceum. The

Fio. 118, —=CUn0oRIOKIC VESICLE, EMBREYO IX ITE AMXION, AKD YOLKE-SAC TOWARDS THE EXD
OF THE 2ECOND MONTIL

By permission, from a preparation in the Hunterian Museum, University of Glasgon.)

marging of these grooves become raised into swellings, which superficially form what
are known as the lateral and mestal nasal processes (processus globulares) (figs. 123,
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124). Between the mesial processes there is a depressed area on the frontonasal
process. In the fifth week an angular projection appears on this area, which

Fis. 119 —Exenyo oF 75 MM, (LETTERED Fra, 120.—Eanvo oF 91 MM, THIRTY-0NE To
A} TWERTY-SEVEX To THIETY DAYS THIRTY-FOUL Davs oLbD. {His)
oLp. (His.}

Fri. 121.—Euxprve oF 155 L (NECK-
BEEECH LEXGTH| AROUT THE BEGINNING
oF THE siXTH WEEK., (. H. Bryee)

This embryo was obtained in a uterus

removed for o large fibroid tumour by Dr. Fre, 122 —Expryo oF 50 MM. ABOUT
Oliphant, Glasgow, and fixed @0 site with THE BEGINNING OF THE THIRD
sublimate solution immediately after the MONTH — Of  HATHEK — EARLIER
operation. It may be considered perfectly (T. H. Bryce.)

normal. (Thiz cmbryo was fixed in sifie.)

afterwards forms the tip of the nose, while the area above it later forms the bridge.
The mesial processes enlarge, and the maxillary processes grow forwards to
meet their outwardly curving ends. The mouth is thus reduced to a narrow shit.
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During the sixth week the maxillary processes fuse with the lateral nasal and
mesial nasal processes to form the cheeks, the lateral parts of the upper lip (fig. 125),

Kecerd

1. 183, —HEAD OF AX EMBEYO ABROUT
TWENTY-NIXE TeAYS 0L, FHOM
pEroRe, (His)
proglofh., globular extremity of the

mesisl masal process ; wer, maxilla; wee,

mandilde; Gy, hyoid aech; &7 first
branchial arch.

Fia, 125, —HEAD oF AX EMBRYO OF AROUT
SEVEX WEERS. I,HL.‘LF

The external nasal processes have united
with the maxillary and globular processes
to shut off the olfactory pit from the ovifiee

of tle moutl,

and the ale of the nose ; while by the end of the second month the mesial nasal
processes fuse with one another to form the mesial part of the upper lip and the

Fio. 124 —HEAD 0F AX EMBREVO ABOUT
THIRTY-FoUuR pavs oLn, (His)

i.ne., placed on the frontal-nasal process and

just above its intermediate depressed part;
Lo pr, lateral nazol PYOCEss i atpir., II]EHIH]. nasal
process § proaglob, as in the previons figure.

Fio. 126.—HEAD OF AN EMERYO
AT THE EXD OF THE SECOND
MOXTH, WITH THE FPARTS OF
THE HOBE ANXD MOUTH BEGIN.
NING T ASSUME THEIR FFPEIE-
MAXEXT RELATIONSHIES., (His.)
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columna nasi (fig. 126). The nose is, however, still broad and flat, while the
nostrils remain far apart and look forwards. 1t is only later that the bridge of
the nose is developed, and the nostrils come to be directed downwards. During
the second month an epithelial plug develops in each nostril, which occludes the
passage for a time. This condition, first deseribed by Kélliker, has recently
been further investigated by Retzius.! There is no doubt that such a plug exists
in the feetus figured in fig. 122 (see Development of the Nose).

The mandibular processes are at first separated by a flat area, but in the sixth
week they fuse together, and a mesial projection is developed which 15 the rudi-

FiG, 127 —SKETCHES SHOWING THE DEVELOPMENT OF THE PARTE OF THE EXTERNAL EAIL FROM
PROMINENCES UFON THE MANDIRULAR AXD HyoID ARcCHES. (Hig) Varionsly masnified,

A, embryo at the end of the first month ; B, embryo of thirty-five days; C, embryo of thirty-eight
dags; I, embryo at the end of the second month.

o1 tuberculum Aragicum ; 2, tuberculom  anterius  helieis; 3, tuberculmn intermedinum  helicis ;
de and e, I:Ll.lllﬂll h&-ln'lg-:: 4, tuberculum antihelicis; 5, tnbercolom antitragicnm ; 6, tuberenlum lobulare -
Ly in A, auditory vesicle; K, lower jaw.

ment of the chin. The lips appear as folds of skin in the sixth week, and by the
end of the eighth week have considerably advanced in development, but the red
margins do not appear till the third month. The eyelids are developed during
the same period as the lips, also as folds of skin. The lacrymal groove between
the eye and stomodeeum is covered over by the fusion of the maxillary and lateral
nasal processes. During the second month the branchial arches are telescoped
within the hyoid arch, so that the hyomandibular cleft is alone seen on the
surface, and by the end of the month the sinus precerviealis is obliterated,
Ear.—Round the hyomandibular cleft small swellings or tubercles appear,
which are named after the different portions of the adult pinna to which they

I Biolog, Untersuchungen, 1904,
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give rise, while the cleft itself becomes the concha and part of the external auditory
meatus. By the end of the month the auricle 12 so far developed that the adult
parts can be readily recognised. The transformations may be readily understood
from the study of the accompanying series of sketches copied from His, which
show these parts in gradually advancing stages in the human embryo (fig. 127).

H'q’i"flf.'.lﬂ' T

decialus capsnlaris

Fro 198, —PREGXANT UTERUS AT THE BEGINXING OF THE THIRD MONTH.

The wterns has been opened up ; a window haz been made in the decidua capsularis, and also in the
amnion, to show the fodus e site, A large plug of muens ocenpies the canal of the cervix. The
bristles indicate the openings of the Fallopian tubes. The ent edge of the decidua eapsularis shows
the villi of the chorion lwve. (From a prepavation by Dr. J. H. Teacher.)

Limbs,—In the fifth week the lmb-buds considerably enlarge, and show a
subdivision into two, then into three, segments (fiz. 121), The terminal segment
which forms the hand or foot is broadened out and differentiated into a thicker
basal. and a thinner marginal portion. At the base of the thin marginal segment
the rudiments of the fingers and toes appear as small tubercles, which soon reach
the free margin,  During the sixth week the limbs increase in size, the elbow and
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knee form prominent angles, and a certain rotation takes place so that the elbow
comes to be directed backwards and the knee forwards (fiz. 122).  The hind-limb
is at first smaller than the fore-limb, and is not so advanced in development. Thus
the fingers project from the free margin of the hand during the sixth week, while

Fre. 120 —PREGKAKT UTERUS OF THE FOURTH MONTH.
The anterior wall of the uterus has been removed to show the foctus in the amnion.

(By permission,
from a preparation in the Hunterian Museum, University of Glasgow.)

the toes do not reach the free border till the seventh week : the foot iz still in the
same plane with the leg. By the end of the eighth week the limbs extend beyond
the body, but the legs are still smaller than the arms. The thumb projects at
an angle different from the other fingers. The ankle-flexure now begins to show,
but the limbs are go rotated that the soles of the feet look towards one another.
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The tail, which began to disappear in the sixth week, is still distinct at the end
of the zecond month, but reduced to a minute tubercle. The human characters
are all established, and the embryo may now be spoken of as the fefus.

Third month.—Fig. 128 shows the general relations of feetus and uterus at
the beginning of the third month. The decidua capsularis is not vet fused with
the decidua vera. It is still a thickish laver intimately assoc qated with the villi
of the chorion leve, The amnion fills the whole chorionic vesicle. The umbilical
cord 15 a short, stout, and now twisted structure. The fwetus by the end of the
month measures about 7 em. from vertex to coceyx. All its parts have nearly
assumed their relative proportions, though the head is still large. The eyelids
and lips arve closed, and the auricle folded, The nails have appeared on fingers
and toes, and the external genital organs are apparent. The vitelline loop of the
intestine is now withdrawn into the body-cavity.

Fourth month (fig. 129).—During the fourth month the feetus increases to
12 em. or 13 em. in lc-nmh from vertex to coceyx. The muscles are now so
far developed as to give rise to movements of the limbs and body.

The skin becomes firmer, and is rose-coloured. - Short colourless hairs appear
on the head, and finer downy hairs over the rest of the body. The chin is a more
prominent feature, the arms and legs are of nearlv equal length, the umbilicns is
situated close above the pubes, and the sex characters are fully established.

Fifth month.— Bv the end of the fifth month the feetus measures about
20 em. from vertex to cocevx, and 25 cm. to 27 cm. if the legs be included in
the measurement. Its v.mLht 15 now abhout half a kilogramme. The skin shows
patches of sebaceous matter, and the hair is better developed.  The legs are longer
than the arms, and the umbilicus lies farther forwards.

Sixth month. At the end of the month the length of the feetus from vertex
to heels 18 30 em. to 32 em.: it has doubled its 1\'{*3;_;|1f, which 112 now about one
kilogramme. The skin is wrinkled and dull red in colour. Sebaceous matter has
mereased, especially in the axille and groins. The hawr 13 darker and stronger,
and the eyebrows and eyelashes appear.  The umbilicus is still farther forwards.

Seventh month.—The length of the fetus at the end of the month, from
vertex to heels, is about 35 or 36 em. ; it weighs about 11 kilogrammes. Owing
to the deposit of subeutaneous fat, tlw body has become plumpﬂr the evelids
re-open, and the hair is now plml‘riful on the head. The foetus, if born at this p[‘:llud
is capable of surviving,

Eighth month.— During the eichth month the fetus mereases to 40 to 45 cm.
in length from vertex to heels, but the increase in bulk is more marked ; it now
weighs from 2 to 2} kilogrammes. The skin loses the dull red tint, and becomes
of a bright flesh-colour. Its surface is covered all over with sebaceous matter,
now known as the verniz caseosa; the laver is thickest on the head and in the
axillze and groins.

Ninth month.—At birth the average length of the feetus is about 50 em.
from vertex to heels, that 1z, :1Imur 20 inches; the average weight is about
3 to 3} kilogrammes, or 6} to 7} pounds. The skin is paler than in the eighth
month, the body 15 more phllnp .;lnr.l rounded : the hair is long and abundant on
the head, but the downy hair (lanugo) on the body has begun to disappear. The
umbilicus now occupies the centre of the body.!

1 For literature other and later than His's Anatomie menschlichen Embryonen, Leipzig, 1885, and
Archiv Anatb. w. Phys. Anat. Abg, 1808, see Keibel in Hertwip's Handbuch, 1. Teil 1., 1i. 174 ; and general
literature hst, I. Teil 1. 83: P. Michaecliz, Arch. Gynitkol. lxxviii.; Retzius, Biol. Untersuchungen,
N.F. xi, Stockholm, 1904, Kollmann (Handatlas Appendix, p. 87) gives a full list of papers. In
addition are the following : Gage, Amer. Jour. Anat.iv.; Bremner, Amer. Jour. Anat. v.; Bonnot and
Heevers, Anat. Anzeiger, xxix, ; P Thompson, Jour. Anat. Phys, x1i.; Ingalls, Aveh. mike, Anat. Ixx,
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DEVELOPMENT OF THE ORGANS OF THE BODY.

Classification.—The organs of the body are generally classified according to
the germinal layer from which their primary or specifie elements are derived, but
the middle laver enters into the construction of all organs inasmuch as their
connective-tissue framework, sheathing or covering membranes, and blood-vessels
are derived therefrom. From the histological pomt of view such a elassification
is of importance, because the tissues springing from the several layers show a
certain specifiec character, both in their history and structural features. This is
especially true of the epithelia derived from the two primary lavers, and it holds
also, though less rigidly, for the derivatives of the dorsal, gﬂaha] or Pplﬂlﬂllat
mesoderm. The second order of mesoderm—the so-called mesench vine—is,
however, a blastema of more heterogeneous characters,

With these reservations, the following classification will form the general basis
of the deseriptive account of organogeny. From the ectoderm are derived the
epidermis and der mal :Lp]mnthw'ﬂ‘s |{Imu and nails) ; the epithelium of the sebaceous
and sweat glands as well as of the mammary gland ; of the mouth (in part): of the
anal canal (in part); of the nasal passages as well as of the glands and cavities
opening thereinto ; the glandular part of the pituitary body ; the enamel of the
teeth ; the whole central and peripheral nervous system ; the epithelinm of the
sense-organs ; the sympathetic-chromophil system, and medulla of the suprarenal
bodv. From the emtoderm are derived the epithelium of the alimentary canal
and all the glands conneeted therewith ; of the Eustachian tube and tympanum ; of
the larvnx, trachea, bronchi, and pulmunmv alveoli ; of the thyroid and thymus ; of
the urinary bladder and of part of the urethra. From the epithalial mesoderm
are derived the voluntary muscles ; the epithelium of the Wolflian and Millerian
ducts, and of the excretorv tubules both of Wolflian bodyv and kidnev ; the
epithelial lining of the bodyv-cavity ; the cortex of the supmmml body ; the genital
cords of ovarv aml testis (and ]]Ellltl-pﬁ the germ-cells). From the masanchyme
are derived the connective tissues, the mmvoluntary muscular tissue, the spleen,
hiemolvmph and lvmphatic glands, the endothelial lining of the heart. blood and
lvmph vessels, the red blood-corpuscles, and perhaps the lvmph-corpuscles,

DEVELOPMENT OF THE SEKIN, CUTANEOUS GLANDS, ETC.

In the section dealing with the formation of the embryo on the blastoderm, it
has already been noted that the ectoderm is early differentiated into a thic Iu:-ned
axial plate, the neural plate, and thinner lateral portions. When the neural eanal
has become closed and the embrvo is :-.{-p:uul'r-{l from the yolk-sae, the surface
ectoderm forms a econtinuous layer which gives rise to the epidermis,  The
ectoderm at first consists of an epithelial laver of more or less columnar eells ;
but in the stage represented in fig. 81, p. 56, 1t has taken the form of a thin
lamella of apparently continuous granular protoplasm with a single layer of
nuclei regularly and closely disposed. By the end of the first or beginning of
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the second month this layer has resolved itself into two lamelle—a deeper of poly-
hedral eells, and a :':'.upﬂrii{ri:‘li of flattened cells, the radiment of the stratuwm cornewm
of the skin.  As development proceeds, both of these layers increasze in thickness,
and several cellular strata are laid down, By the fifth month the surface cells
begin to be shed, and form with the secretion of the schaceous glands the cheesy
laver on the skin of the fwetus known as the verniz caseosa. Meantime, the
underlying mesenchyme has differentiated into a connective-tissue layer which
becomes the corium or true skin, and prnjc:t'tiunﬂ from this develop into the
vascular pamlla, The -[-pli}w]iutn of the glands is formed from the deepe[‘ ].:‘u. er
of the primitive epidermis. Solid processes grow inwards from this into the
mesenchyme ; in these a lumen is developed later. The sweat- glands open on
to the surface, but the sebaceous glands are formed in connexion with primitive
ingrowths of the epidermis, which give rise to the hairs and their root-sheaths.
The surrounding mesenchvine gives rise to the connective-tissne elements of the
glands, the sheaths, and papille of the hairs, and also to the muscular tizsne of the
avrectores pilee muscles and muscular tissue of the sweat-glands.'

The primitive downv hair of the feetus is known as the lanugo. Tt is partly
shed in the later months of pregnaney, and is replaced after birth by permanent
hair.

DEVELOPMENT OF THE NERVOUS SYSTEM.®

Az 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, The
anterior end of this canal becomes enlarged and converted by constrictions into
three vesicles, around which the several parts of the brain are formed. These
enlargements are known as the primary cerebral vesicles, The rest of the neural
canal remains of nearly uniform diameter ; its walls become converted into the
substance of the .‘-'~|:Ii.llill cord, while the cavity itself becomes vt-‘t*lti‘.llﬂll_‘l.' the central
canal of the cord. The walls of the neural groove are of course composed of
ectoderm, and it therefore follows that the whole structure of the central nervous
svstem is laid down in that laver, and consists in the main of more or less modified
ectodermic elements, except where mesodermic tissues subsequently penetrate
into it, conveving blood-vessels into its substance. The same is in all probability
true for all the nerves of the body, cramal and spinal.

Histogenesis of nervous tissue and peripheral nerves.— Before
entering on a deseription of the phases through which the neural canal passes as
the brain and spinal cord take form, it will be convenient to give a general
account of the changes by which the ectoderm of the wall of the canal is converted
into nervous tissue. The changes are n essence the same in all parts of the
tube, and in all vertebrates.

The neural plate consists at first of a laver of columnar epitheliom. The
divisional planez between the cells are rather ill-defined. The outer ends of the
elements are composed of granular protoplasm, the inner ends are finely striated.
The nuelet are in several ranges, placed at different levels; the innermost are
almost without exception in one phase or another of karyokinesis (fig. 130).
Proliferation is thus taking place on the free surface (afterwards the inner surface
of the closed neural canal), and through all successive phases this zone of dividing
nuelei persists until a certain stage of development is reached. It is therefore

I Some authorities devive the muscular fizsue of the sweat-glands from the ectoderm,

F Whe hiterature concorning the 11|.r-r|:iu:-g-.'|wuir= of the central nervous system in the Primates will
bo fonnd in Zichen's article i Hertwip's Handboch I0 Part ITL po 886 zeq.; that concerning histo-
genesis, thil. po 450 seq. For the literature of the development of the lw-riplwml nervens system
see Newmayer, ihed. p. 621 g0, Heferences to more recent pupers mentioned in the text are given in
e [1_]4,]1_”,”“ 5.
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spoken of as the germinal zone. The second stage is characterised by a disap-
pearance of cell-outlines, so that the wall of the canal appears formed of continuous
protoplasmic columns. These then break up (third stage) into a mesh-work

Fia.
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A, from an embryo of 7 mm. ; B, from an embryo of 10 mm.; g, dividing

nuclei in germinal zone ; o, filaments of myelosponginm.
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(His '), in which the trabeculw have, in a general way, a radiating disposition,
and the oval nuelei, which are distributed throughout the whole thickness of the
wall, have a vertical direction (fig. 1314). On both the inner and outer surfaces the
trabeculm fuse to form a limiting membrane (membrana lfmitans inderna and
erterna),  The nuclei now become densely erowded in the central part of the
thickening wall of the tube, and on the outer aspect a layer appears in which there
are no nuclei. It is crossed by delicate, radially disposed, protoplasmic strands,
which break up into a system of anastomosing threads. The original epitheliumn
has thus been converted into a protoplasmie framework (myelospongium), which
has a eolumnar and radial disposition and shows three lavers : (1) An inner germinal
zone ; (2) a middle nuclear mantle zone ; and (3) an outer nuclear-free reticular or
houndary zone. The columns of the framework are not separate, long-drawn-out
epithelial cells, but the radial trabecule of a continuous syneytial network, which
are more accentuated than the side
branches (Hardesty *), Tirthe germinal
zone the dividing nuclei are separated
by delicately strated ecolumns of
protoplasm which broaden out and
fuse into the internal limiting mem-
brane (fig. 1318). This appearance is
due to the persistence in this inner
laver of the second stage of the
epithelium, when the cell-outlines
have disappeared and it consists of
columns of protoplasm. The inner
zone 18 afterwards, when the nuelei
have ceased to divide, resolved into
the ependymal lining of the ecanal,
i.i.-li{l {!‘!l{"h f"l:l{!"l]ll:f]l]ill f‘GH: i.‘i {'l}“tilllll_’l':l._
! through the thickness of the wall of
' the tube, into a {ibre which represents
a radial strand of the myvelosponginm
(fig. 132). During the transformation
of the neural epithelium nto the
mvelospongium nuclear proliferation
has been very active, and the crowded
nuclei in the mantle zone (during the
Fri, 139 —SEcTIoN OF THE SPINAL CORDL TO SHOW third H":'lf_!i‘} are "IWi“““I." the ]H'!'Hlllﬂtﬁ
THE ARBANGEMENT oF THE EPENDYMAL asp of the divisions in the germinal zone,
ot n OF THE DEVELGUING€OR0 - Among them there can now be de-

' tected eertain nuelei which appear to

belong to pear-shaped cells with long tapering processes. These are the future
nerve-cells, and were named by His neuroblasts in contradistinetion to the cells of
the framework which he termed spongioblasts, 1t is generally admitted, the exist-
ence of two categories of cells in the early stages being allowed, that both
spongioblasts and neuroblasts spring from the multiplying ectoderm-cells; and
further it is believed that the neuroglia-elements of later stages are also of ectodermic
origin, though mesodermic elements—:.e. common connective-tissue cells—are
necessarily introduced with the blood-vessels which invade the epithelium. The
appearances described have been interpreted in two different senses. Aecording to
the interpretation hitherto almost universally accepted and due to His, each
neuroblast has a separate and isolated protoplasmic body from which a single

1 The Enbwickelung des mensehlichen Gehirna wibirend der evsten Monate ; Leipzig, 1004,
? Awper, Jour, of Anpat, 1. 1804,
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Fro. 133, —VENTRAL KOOT OF A SPINAL NERVE WITH THE SURROUXDING MESEXCHYME IX a
RABBIT-EMERYO OF THE ELEVENTH Dav. (T. H. Bryce.)

R, or.g.

LU

FiG. 1834, —PRIMITIVE SPINAL NERVE-TRUNK I¥ A¥ EMBRYO OF LEPIDOSIREN FARADOXA.
{Crahom Kerr,)

g, wall of neural canal ; w.t,, nervedrank ; mes, mesenchyme-cell ; pr.s., primitive shoath ;
wey, myotome.  The white bodies are yolk-grains.
vﬂrh- T+ i!
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protoplasmic process grows to become the axis-eylinder process of the future nerve-
cell, and by further extension a nerve-fibre, The dendritic proeesses are secondary
outgrowths which, according to the manner of their branching, confer distinetive
characters on the several varieties of nerve-eells, The neuroblasts occupy the
spaces of the myelospongium, and the nerve-fibre processes thread its interstices.
The =pongioblasts form :-euppurl'iwr elements merelv.  Aecording to another inter-
]m'hlhcm founded on the cone L]H.‘If_rll of nerve- tli‘«llu put forward h‘; \p:lt]n' and
Bethe, and advoecated by Held.! the neuroblasts are cells of the synevtinm in which
neurofibrille are differentiated. These form a plexus in the cell- hn-i.'llt, surround
the nueleus and extend first, as a chief bundle (pear-shaped stage), through one of
the cell-bridges and along a definite path through the synevtial framework to form
the axis-evlinder process, and later into the other eell-bridges to form the dendrites,
While this interpretation differs from the first in so far as that the nerve-fibres are
regarded ag neurofibrillar tracts in the substance of the myelogpongium, not free
processes threading 1ts meshes,
the two theories agree in respect
that the nerve-fibreis represented
as an active outgrowth from
the nerve-cell. On this point
Held’s view differs from that
of Apathy, who conceives the
conduecting fibrille as being lawd
down insitu along a protoplasmie
path pl*{ﬂ'iﬂuﬂ b cellz (* nerve-
cells”) united into a syneytiam.

Origin of the mnerve-
roots. — The wmotor nerve-roofs
appear before the sensory. In
mammalian embrvos, when first
detected, the rudiments of the
motor nerves appear as bundles
of extremely delicate proto-
plasmic fibrille extending among
Fia. 135, —Two STAGES IX THE DEVELOPMEXT OF THE the 111'?5'31"-'"}’13115'1’-"3[15 from the

NEURAL CREST IN THE HUMAX EMBERVO. (Lenhossék,) wall of the neural tube, within
which the bundles can be traced
backwards through the commencing reticular framework to neuroblasts in
the mantle zone (fig. 133). Followed putwards, they pass towards the myotome
(fig. 134). In the case of the spinal nerves each motor root is joined by a
contingent of fibrille from the spinal ganglion, and the mixed nerve so formed
15 seen extending into the Wolffian ridge along the mesial aspect of the growing
muscle-rudiment,

The sensory vools are developed from primitive ganglia which arize from
the neural erest. This 1s formed of cells derived from the ectoderm at the
angles of the neural folds (fig. 135). From the sides of the crest cells are
budded off into the space between neural canal, myotome, and surface ectoderm.
and are there collected into paired groups, which are the rudiments of
the spinal and eranial nerve-ganglia. In the trunk these are segmentally
disposed. It is possible that only a eertain proportion of the cells are
so utilised, for there 15 reason to believe that some of them wander farther
afield.  Each ganglion is at first connected with the side of the neural tube by o

U Anat. Anzeiger, Ergineungshelt, xxix. 1906; and Anat. Anzeiger, xxx. 1907.
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cord of ectoderm-cells.  Differentiation next oceurs in the ganghon exactly as i
does in the neural tube, and bundles of fibres appear among the cells.  These
extend through the cellular strand (fig. 136) and enter the wall of the neural tube,
where they form a special bundle in the reticular zone (see p. 101). From the
opposite end of the ganglion, bundles of fibres extend peripherally and join the
fibres of the ventral root
to form the mixed nerve-
trunk. The picture pre-
sented by a  preparation
of a developing spinal
ganglion stained by the
Golgi method shows that
the bundles of fibres are
proximal and distal pro-
cesses of bipolar neuro-
blasts, or, as Held be-
lieves, bundles of neuro-
fibrille  extending proxi-
mally and distally from the
ganglion-cells through a
svnevtium into which the
primitive ganglion  has
been resolved. The mixed
nerve-trunks are at first
composed of rather looselv
arranged fibrils, but soon
they appear as tracts of
compactly arranged bun-
dles of fibres which, traced
outwards, divide up, and
finally have the appearance
of ending freely as single
fibres, on which & terminal
enlargement is shown by
the Golgi method of stain-
ing. This terminal enlarge-
ment 18 highly character-
istic of developing nerve-
fibres.

The developing nerve- Fre. 180,

L SPINAL GANGLION AXD ANTERIOR NERVE-ROGOT IN A
puth.‘:‘. are studded with RARBIT-EMBRYO OF THE TWELFTH Dav. [T, H. Bryce.

nuclel, It iz generally
agreed that these represent the nuclet of the future sheath of Schwann, but
opinion is divided as to their origin.

It is not possible here to give more than the bricfest notice of the main hypul]ur.-mﬁ whielh
have been advanced regarding the mode of formation and growth of nerve-fibres. They may
be represented in tabular form thus ;

L Cutgrowth theory (Bidder, Kupffer, His, Cajal, Kélliker, Lenhosstk).—Each nerve-fibre
is the process of a nerve.cell (neuroblast) which by jree ferminal growth secks out its proper
end-organ and comes secondarily into relation with it.  In the case of the bipolar nenroblasts
there is growth in two directions,

1. Cell-chain theary (Balfour, Marshall, Dolirn, van Wijhe).—Each nerve is the product of
a chain of medullary ectoderm-cells, which extends by proliferation and establishes o secondary
nexus between central and end organ,

2
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ILL. Syneytiol nueleated nebiworl theory (0. Schultze).—There is a primary gexus between central
and end organ in the form of a network of anastomosing cells, which becomes differentiared
nto nerve-fibres,  Apathy’s conception of a plexus of * nerve "-cells in which neurofibrille are
deposited to join up * panglion "-cell and end.organ is closely akin to this,

IV, Outgrowth with early wnion theory (Hertwigsj.—The end organ is brought very early
nto connexion with the central organ by a protoplasmic process which is diferentiated into a
nerve and palled out as the organs deaw apart.

V. Primitive-nerve theory (Baer, Hensen, Sedgwick).—There is a primary nerus between
central and end organ in the form of protoplasmic strands which become fibrillar, and are drawn
out into nerve-fibres as the organs draw apart.

VI, Primitive nexus and owtgrowth theory (Held),—There is a primitive protoplasmic nexus
between central and end organ, along which nenrofibrille grow from the nerve-cell outwards,
In the first stage of the nerve the path is
non-nuclear, being  furnished by Szily's
inter-epithelial network (see p. 59); in the
second stage it is nueleated, being provided
Ly the cellular {mesenchymic) syneytinm,

The sheath of Schwann is variously inter-
IJI‘ELE.'I. Accordling to theories 111, and IV,
the nuclei of the sheath are those of the cells
entering into the formation of the nerve-
fibre, while the remaining hypotheses refer
them to a secondary investment either of
mesenchyme, or of ectoderm cells derived
from the ganglion-crest. or from the neural
tube along the motor root. It has been
stated above that the fibrous stage of the
dorsal roots of the ganglia iz preceded by
a cellular stoge, and the same is true of
ithe peripheral branches of certain purely
sensory nerves (A, F, Dixon' and others),
When the fibrous stage is  established
these cells envelop the nerve-fibres. Tt
would appear probable from this  that
the sheath of Schwann has an ectodermic
Fia. 187.—BEcTIoON OF SPINAL CORD OF FOUR- *.'rigi“ L5 6 TP IOE Iy U LURE .m“.mmﬁ

WEEKS HUMAK EMBRYO, (His.) ' is true of thr:_ m:.ttor nﬁrr_-:-llhrcs is pumfed
: e to by Harrison's experiments in  which

T|1I4.' tlm'ﬁl!.] rools  are conbinied “‘J.L]II'!'L t-llll!-' the motor nerves were found to develap
cord mnto a small longitodingl bundle which is g :
the radiment of the dorsal white coluomn, The without a cellular sheath in tadpoles from
anterior roots are formed by the convergence of whiclh the neural erest had been removed
l]l_l.' processes of the nearoblagts.  The latter, -;:}mlg I]}F operation {‘[_1“_5 dorsal roots mmnin'“lg of
::ﬂ-ﬂﬂ:! lfmfn“"r:lt.ul...;m ."'T?.E"..itfliﬂ?l‘f;;f-’r‘“ﬂi conrse undeveloped).  This derivation of the
the eord is teaversed by radiating fibres whiclh  sheath-cells from the neural.crest ectoderm
are the outer ends of the spongioblasts. The  has supgested that the peripheral extension
ventral commissure is boginning to appear. of the nerve: mav be associated with a

continuous proliferation of indifferent cells
which may become g-'_m:_',f'liﬂll-m}]ls in the sympathetic, or sheath-cells, in the nerve-trunks
{Kﬂl!l]}. n the other |1[I.I1-|:l, the evidence is strong in =ome cases that the ITII.".'F{‘.]'IL'II_‘.'!IIE-
cells furnish a nutritive sheath to the developing nerve (figs. 133, 134), and it seems
not impossible that the nuelei in and around the nerve-path may be derived from both
SOULCEE,
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The outgrowth-theory of His has been very generally accepted by anatomists
and physiologists as the embryological basis of the Newrone-theory, and it has
obtained its chief support from the Golgi method of staining, as applied more
especially by Ramon v Cajal.  But, as will be obvious from the above statement
of the various views which are prevalent on this subject, His’ theory is by no
means universally admitted. The work of Held seems to show that, while

! Trans. Roy. Dublin Soe. vi. (Series I1.), 18040,
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the main principle underlying the theory may be maintained, the divergent
results of different observers in matters of detail cannot yet be brought into line
in any general hypothesis.

MORPHOGENESIS OF THE SPINAL CORD AND BRAIN.

SPINAL CORD.—By the end of the first month the neural canal in the region ot
the trunk shows, instead of the primitive rounded ecavity, a narrow cleft-like
lumen, which widens somewhat at its dorsal end (fig. 137). This change is
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Fio. 188.—SpPINAL CORD OF A HUMAN EMBRVO oF 155 mm. (T. H. Bryee.)

ventr. eont., ventral commissove ; venfr. col., ventral column: ventr. horn, primitive ventral horn ;
pr. dors. eol,, primitive dorsal column ; m.r. motor, .. sensory root.

due to thickening of the lateral walls, which shows the three zones already
described—inner ependymal, middle mantle, and outer retiewlar; while the roof
and floor are represented merely by the ependymal lamella. The mantle zone
shows large numbers of neuroblasts whose nerve-fibre paths tend towards the
ventro-lateral aspect and leave the cord as the ventral nerve-roots. By the end
of the fifth week (fig. 138) the lumen shows a dorsal and ventral narrowing and
a mesial expansion, indicating a later demarcation of the lateral walls into dorsal
or alar, and ventral or basal plates. The ependymal roof projects beyond the
general surface as a convex swelling, and on each side of this is a portion of the
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reticular zone, which is connected with the dorsal nerve-roots, and is known as
the primitive dorsal eolumn.  Ventrally the mantle zone is much expanded, and
forms the rudiment of the ventral horn of the grey crescent on each side; while
over this the reticular zone is thickened, and projects as the primitive ventral
column.  The rudiment of the ventral horn is in the fifth week (fig. 138) sharply
marked off from the vest of the mantle zone by the character of its rounded and less
deeplv staining nuelei.  The ventral root-fibres can be seen emerging from the
ventro-lateral aspeet.  Between the horn and the eentral canal the fibre-paths all tend
towards the ventral commissure. Between the dorsal and ventral expansion is a
recessed area in which the boundary zone is very thin. In suceeeding stages this

Fio, 180, —SEcTIox OF THE SPINAL CORD OF A Husan esukvo or 80 smu. (T, H. Bryee,)

1 gradually filled up, until the ventral projection reaches the dorsal root, and
the continuous ventro-lateral column is laid down., The mantle zone of this
region becomes the dorsal horn of the grey creseent. It is at first separated
from its fellow by the now slit-like dorsal portion of the lumen, but it later
becomes isolated as the dorsal septum is laid down,

The anterior or ventral median fissure is at first a shallow recess between the
projecting primitive ventral columns. As these grow in dimensions the lips of
the fissure close in to form a narrow cleft, which encloses a process of pia mater
developed from the mesenchyvme surrounding the cord. At the bottom of the
fissure the anterior or ventral commissure is laid down by the extension of nerve-
fibres across the middle line.
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The so-called posterior or dorsal median fissure appears first in the sixth week
as a distinet infolding of the dorsal plate towards the lumen. At this time the
primitive dorsal columns are still separated by the projection of the plate on
the dorsal aspect of the cord. In the succeeding weeks the upper part of the
primitive canal appears to be obliterated, and only the ventral portion persists
as the definitive central canal of the cord. The apparent closure of the lumen is
associated with great expansion of the primary dorsal columns (future tracts of
Burdach) and the formation of new mesial columns (future tracts of Goll) (fig. 139).
As these columns increase in size, the dorsal horns of the grev crescents are
isolated and clothed on their mesial aspects by white substance. Meanwhile the
walls of the dorsal part of the central canal become apposed. and the ependymal
cells become obliquely arranged, the obliquity of their direction increaging as the
dorsal wall is approached. From this a mesial fibrillar septum extends to the
free surface. These appearances suggest that the canal is not obliterated by a
simple fusion of its walls, but, on the other hand, they cannot be explained wholly
by the growth of the posterior columns and posterior horns with persistence of
the primary canal and extension of the primary infolding of the
dorsal plate. Both factors probably share in the process,

The end part of the central canal is expanded into what
has been termed the terminal ventricle. 1t forms the dilated
part of the central canal in the conus medullaris.

Fio., 140.—BRAlx AND SPINAL CORD EXPOSED FROM DEHIND IN A FETUS OF
THREE MoxTHE.  (From Killiker.)

k, the hemispheres; m, the mesencephalic vesicle or corpora quadrigeming ;
¢y bthe ecrelwllum; below this are the medolla oblongata, s, and fourth
ventricle, with remains of the membrana obturatorin. The spnal eord,
s, extends to the lower end of the saeral eanal, and shows brachindl and erural
enlargements,

In the sixth week the lateral walls show a distinet separation
into alar and basal lamine.  With the former the afferent nerve-
fibres become connected: while from the latter the efferent
fibres take origin (His).

The characteristic evlindrical form of the cord is only attained
with the development of the lateral colummns. The cervieal and
lumbar enlargements are manifest at the end of the third month
(fig. 140).

Up to the fourth month, the cord and the vertebral canal increase 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 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 sheatl
is not formed simultaneously in all parts, but appears at different times in different

! In the figures published by His of the developing spinal cord, certain other folds of the wall are
represented.  Wilson (Jour, of Anat. and Phys. vol. xl.) has recently again drawn attention to these folds.
He suggests that they have morphological significance, and may possibly indicate a triple division of
the neural tube, It is doubtful, however, how far such folds or furrows are to be regarded as normal.
The appearance of the basal plate (see fig. 138) seems to be correlated with the earlier differentiation of
the motor region of the mantle zone. In a well-fixed embryo of 15°5 mm. {obtained at an operation),
and in one of 21 mm. 1 cannot satisfy myself that there ave any irregularities of the wall of the canal
such as are seen in His' figures.—T., H. B,
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3‘3‘ Wty .j
Fig, 141.—PRrorILE VIEWS oF THE BRAIN OF HUMAX EMBRYOS AT SUCCESSIVE STAGES,
HECONSTRUCTED FROM sEcTIoNs. (His)

A. Brain of an embryo of about fifteen days (the embryo itsell 15 shown in fig. 115) magnified
35 11i,'|.|1||_'1_1-'l'.q..

B. Brain of an embryo about three and a-half weeks old.

The aptie vesiele has been ent away,
. Brein of an embryo aboub seven and a-half weeks old.  The optic stalk is cut through.

A, optic vesicle; H, vesicle of ecrelral hemisphere ; &, diencephalon ; M, mid-brain | J, isthimus
between mid- and hind-brain; ik, cerebellum ; N, rhombie bran; Gb, otic vesicle; Ny, foarth
ventricle ; NE, neck-curvature; Hr, pons.curvature; Por, momillary process; T, infundibuolum ;
Hp (in B), outline of hypophysis-fold of boecal ectoderm ; IEl, ollactory lobe, In C the bagilor artery
18 represented along its whole course,
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columns corresponding with the tracts of conduetion ; the last of these tracts to
hecome medullated are the pyramidal tracts,

Fia. 142, —-RECTIONS ACROSS THE REGION OF THE CALAMUS SCRIFTORIVE OF THE BHAIN REPRESENTED
v FrG. 141, A, (His.)

A, vegion of the glosso-pharyngeal ganglion, B, region of the anditory facial ganglion,

The membranes are formed from the mesenchvme of the sclerotomes, 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

Fro, 148.—8ECTioNs ACROES THE FOURTH VENTRICLE OF A SOMEWHAT oLDER Exmpitvo. (His)

A, section taken through the lower part. B, seross the widest part (trigeminus region).
¢, through upper park (cerebellay region).
r, roof of neoral eanal ; al, alar lamina ; B, bagal laming; @, veniral border.

seen penetrating into the substance of the cord from the pia mater grow in from
this mesenchyme, carrving blood-vessels amongst the nervous elements,

Fro. 144 —BE0TIONS ACTUEE THE LOWER HALF OF THE RHOMEEXCEFHALOXN OF A STILL OLDER EMERYO,

SHOWING GEADUAL OPEXING OUT OF THE SEURAL CANAL AND THE COMMENCING FULDING OVER OF
THE ALAR LaMINA (at 7).

it, ventral border; § tenin ; of, otic vesicle ; «.l., recessos labyrinthi.

In the suceeeding stage (not here represented) the angle at v has almost disappeared, the fold 4
(rlombic lip) 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.

_ BRAIN—The cephalic part of the neural tubelcloses rather later than the spinal
part. In some mammals (pig; Keibel) the medullary lamine close only after
organogenesis has proceeded to some extent, and after the cephalic flexure has
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begun to be developed. This is probably the case in the human embrvo also.
The optic vesicles are formed in the pig as pits on the spread-out neural lamina.
and i the human embryo they are seen as hollow outgrowths from the fore-brain
before the lamina have united. Tn an embrvo at the beginning of the third week
{embryo of 31 mm.) the brain-tube shows an anterior and posterior dilatation
connected by a narrower portion which corresponds to a sharp flexure (cephalic
flexure) which has bent the anterior on the posterior segment. The hinder and
larger dilatation is named the hind-brain (rhombencephalon), the anterior the fore-
brain (prosencephalon), while the intermediate portion is termed the wuid-brain
(mesencephalon). The terminal wall of the fore-brain as shown in His' model is
not vet completely closed, a foramen being left called the newropore. From the
fore-brain the optic vesicles project as wide-open diverticula connected now by
narrower portions, the optic stalks.

During the third and fourth weeks, as the primitive brain increases in length
and the i'mhl'l'l.'u- becomes more folded, two other bends appear. The first of these
oceurs at the junction of the brain and spinal cord, and is due to the head being
bent down on the trunk (fig. 1414).
1t 15 called the cervieal flexure. and
its concavity is necessarilv ventral
like that of the primary head bend
(fic. 1418). The second flexure in-
volves the rhombic brain, and 1s not
determined by the eurving of the
embryonal axis. It is produced by
a doubling of the hind-brain on itself.
Its concavity is directed dorsally, and
the point of the hend corresponds to
the position of the future pons; 1t
iz hence called the pontine flerure
(fic. 141c). While these bends are
forming, the fore-brain, by the increase
of the cephalic flexure, is folded back
Fig. 146.—MODEL OF THE BRAIN oF & HUMaX  helow the parts of the tube originally

:i':.’f‘:." T:r “:EH:'::L 1::I::Tnnlr:u“f:ﬂmt:{: ’," behind it. so that itz ventral aspect

BESTIFOIM BODIES, AND CEREsELLUM.  (His) hecomes closely applied to the ven-

tral surface of the rhombic brain,
and the space between them is reduced to a narrow cleft filled with the
mesenchymatous investment of the primitive brain.  In this tissue the dorsum
selle 13 afterwards formed.  Owing to this increase in the cephalie flexure the
mid-brain comes to be the most anterior part of the brain-tube, and is for some
time a very prominent feature. althongh later it loses in prominence by the
greater development of cerebrum and cerebellum.  As morphogenesizs proceeds,
the walls of the brain-tube, thus sinuously curved, become thickened and expanded
in certain regions to form the several parts of the adult organ, while in other
situations they remain mere ependymal lamellse, which, becoming inflected into the
interior of the primitive vesicles and carrving vascular mesenchyme between their
layers, form the epithelium of the choroid plexuses. Instead of tracing the
development of the brain as a whole from stage to stage, it will be more
convenient to describe separately, through all the phases, the several parts
derived from each primary division of the tube.

Rhombic brain (rhombencephalon).—The hind-brain in its early stages
has the very characteristic feature that the ependymal roof-plate is greatly thinned
and expanded. At first full and convex,this membranous lamella has a triangular
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! shape when viewed from the surface. Its apex corresponds to the cervical flexure ;
its base is marked off by a thickened band, which afterwards develops into the
cerebellum. The hind-brain is broadest at the level of this transverse thickened
band : in front it is connected with the mesencephalon by a thinner portion called
the ssthmus (His) ; behind it gradually tapers to its junction with the spinal cord
at the cervical flexure.

In early stages, as shown for the human embryvo by Broman and by Peter
Thompson,' the rhombic brain shows slight constrictions marking off a series of
segments or nenromeres, seven in number.

Fic, 146, —=8ECTION OF THE HEAD OF A HUMAX EMBRYO OF 30 MM, (BEGINNING OF THIRD MONTH).
Photograph. (T, H. Bryee.)

IV, cavity of thombencephalon or fourth ventricle; in the roof of the ventricle the paired corebellar
ilate; the lateral enlargements are the rhembic lips cut where they pass into the cerebellar plate, N
15 placed in the naso-pharynx still continuous between the two palatal folds with the buceal eavity (M),
The Eustachian tubes are seen opening into the naso-pharynx on each side ; above them in the eranial
base are the auditory labyrinths ; in the floor of the mouth is the tongue.  Below the tongue are seen
bhe distal ends of Meckel's cartilages ; above on each side their proximal ends.

Pari passu with the development of the pontine flexure the lateral walls of the
hind-brain are opened out, and the epithelial roof becomes greatly expanded
(figs. 142, 143, 144). This seems to be the mechanical effect of the forces causing
the ventral folding ; the behaviour of the tube has been compared to that of a
split indiarubber tube which is bent on itself. The thickened lateral walls are
divided, just as in the spinal portion of the neural canal, by lateral grooves into

! Jour. Anat. and Phys. xli,
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alar and basal laminme. When the tube is opened up these become laid our hori-
zontally, and form the mesial and lateral portions of the floor of the fourth ventricle,
The lateral grooves bounding the alar and basal lamine are represented by the
superior and inferior fovea of the adult brain; the basal lamina beeomes the
trigonum hypoglossi and eminentia teres, and the alar lamina the ala cinerea, the
tuberculum acusticum, and locus cceruleus,! The apex of the fourth ventricle
reaches at first to the cervical bend—i.e. the beginning of the spinal cord. The
closed part of the medulla oblongata is a later formation produced by the neural
laming closing in again (His), presumably owing to the great development of
the ganglionic masses in the alar laminge which form the clavate and euneate nuclei.
The obex is the remains of the ependymal roof of this portion of the hind-brain.

At a stage when the alar lamina still stand vertically their dorsal borders
become recurved and form what are known as the rkombic lips (fig. 1448). The
two folds of the lips fuse with one another, and form marginal swellings which
run in front into the cerebellar lamina, They become ultimately the restiform
bodies (third month), and share in the formation of the cerebellum (fig. 145). At
an early stage the afferent fibres of the vagus and glossopharyngeal nerves
which have grown in from the corresponding ganglia form a conspicuous bundle
(funiculus solitarius) on the
surface just ventral to the
rhombic lip. It represents the
primary  dorsal column of
the eord in thiz region. In
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each rhombic lip a mass of
neuroblasts  develops  which
corresponds to the dorsal horn
m the cord, and from this
mass the cuneate nucleus and
substance of Rolando are de-
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of the alar and basal lamina,
close to the inner aspect, definite
groups of neuroblasts constitute
the nuclei of the cerebral
nerves ; but more superficiallv there are large numbers of seattered neuroblasts,
which persist as the nerve-cells of the formatio reticularis. Again, close to the
middle line on each side, but separated from it by a lamella of the reticular
zone, a large group of neuroblasts forms the rudiment of the corpus dentatum of
the olive.

The reticular formation of the medulla oblongata is produced by a great
expansion of the reticular zone associated with the development of the nerve-
paths connected with the neuroblasts of the rhombic lips and olivary nuelei;
the mesial raphe, like the ventral commisszure of the cord, is partly formed by
these fibres crossing the middle line. As the reticular formation is gradually
added to, the funiculus solitarius becomes deeply buried. Its position in the
adult indicates the original surface of the embryonic medulla oblongata. The
last formations to appear are the pyramids as expansions of the reticular structure
mesial to the olivary nuclei.  As they develop, they displace the olives laterally,
while at the same time the ventral median fissure is formed as a recess hetween
them,

Fro. 147.—CEREEELL UM, MEDULLA ORLONGATA, AND FOURTH
VENTRIMLE IN A WETUS OF THE FIFTH MOXTH, |[From
Rollmann's Entwickelungsgesclnchie, |

! According to Wilson (Jour. of Anak. and Phys. vol. xL), the alar lamina is represented by the area

postremns of Retziug only, and the subdivision of the floor of the fourth ventricle described in the text
13 not the primary one, which is triple, as in some lower forms.
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The upper part of the hind-brain, so far as its ventral area is concerned,
undergoes changes essentially similar to those described for the lower part. The
mass of transverse fibres forming the pons is very late in appearing.
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Fii. 1468 —MODEL OF THE BRAIN OF A HUMAN EMERYO OF (73 MAL (FOURTH WEREK)
LATERAL ASPECT. (His.)

Cerebellum.—We have already seen that over the rhombic brain the epen-
dymal roof-plate is much thinned and expanded. It is reduced to a simple

Fro. 149.—SAME MODEL AS THAT SHOWN I¥ FitG. 145; MESIAL ASPECT.

The month of the hemisphere vesicle, the foture foramen of Monra, is bounded below by the cerpus
strintum and behind by o fold separating the pallium from the lateral wall of the diencephalon
wihiteh becomes the thalamuns. The ni{::im above the optic recess where the corpuns strintum is
continuons with the thalomus is the astalk of the primitive hemisphere-vesicle,

epithelial layer, except along the line of attachment to the rhombie lip, where it
retains some nervous tissue and forms the ligula.  Opposite the pontine flexure it
forms a fold which projects into the cavity of the vesicle, and becomes much
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plicated (fig. 151). Between the plaits of the membrane vessels are formed in
the mcluded mesenchymatous tissue, and thus is produced the choroid plexus of
the fourth ventricle (plica choroidea inferior). Tf we follow the ependymal lamella
forwards we find it to be continuous with the cerebellar band already mentioned.
Just below this it retains its more primitive characters, and forms the inferior
medullary velum. Tn the region of the isthmus the roof-plate forms similarly the
superior medullary velum (valve of Vieussens), while laterally it is thickened to
nroduce the superior cerebellar peduncles. The cerebellar band proper becomes
anormously inereased in thickness to form the cerebellum. The thickening of
the roof-plate is at first bilateral, so that two plates are laid down, joined by a
thin intermediate band, and separated bv a cleft which communicates with the
cavity of the rhombie vesicle (fig. 146),
This cleft is afterwards obliterated by
the [usion of its lips, but a part may
for some time persist as a small cere-
bellar ventricle (Blake). The central
plate forms the central lobe or vermis ;
the lateral lobes or hemispheres appear
later as rounded enlargements of its
lateral portions. During the earlier
stages the cerebellum has a smooth
surface, but by the end of the third
month it begins to be folded owing
to the increase of its surface area
(fig. 147). Fissures appear which
separate certain  definite areas or
primitive lobes from one another.
The first partition involves the lateral
and posterior borders, which are cut
off by lateral fissures (flocenlar fissures)
to form the flocenlus and parafloceulus.
The foccular fissures meet on the
vermis, and mark off an area which
becomes the nodule. A deep fiszure
{fissuwra prima of Stroud) also appears
on the vermiz which separates the
Fig. 150.—MODEL or THE RBRAIN OF A MUMAX  foioupe enlmen and elives monticeuli,
EMERYG OF 136 MM VIEWED FroM apove. (His) i
SN N and extends on i';n- the hemispheres,
plhere-vesicles are z :
left the choroid plexus has been left in position, Later two other fissures mark off the
in the right it has been removed to show the  pyramid from the tuber valvule (suleus
corpus striatum.  For deseription, ::uu- text '_]':IJ‘!"pyrr'.rirH.rHr:“S'_ lffxxm'u. .'s'l“‘cl!nufr:,_, Elliot
Smith) on the one side and the wonla
on the other. These four fissures constitute the main dividing furrows of the
vermis, but during the fourth and fifth months various furrows appear on the
hemispheres which further subdivide its surface. The morphology of the fissures
and lobes of the cerebellum will be considered in the volume of this work
devoted to Neurology, but it may be here stated that the great horizontal fissure
is of late appearance, and is not of morphological importance, being produced
merely by the great growth of the hemispheres in the region of the lobus clivi and
the lobus pyvramis, which is so special a feature in the human embryo (Bradley).'

hepeizplhere

il by —

mesescephiolan

' Por the literature of the eerebellum, see Hertwig's Handbuch, foc. oif, and Bradley, Joorn. of Anat,
and Phys,, vol, xxxviii,; on the mommalian hind-brain, see also the same anthor, Journ, of Anat. and
Phys. vol. xli.
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The mid-brain (mesencephalon) is marked off from the isthmus by the
crossing of the trochlear roots, while in front, in early stages, it is separated from
the fore-brain merely by a slight fold in the roof-plate which extends on to the
lateral wall (figs. 148, 149). The cavity iz at first relatively large, and owing to
the expansion of the roof it is prolonged backwards over the isthmus (fig. 151), This
divertieulnum is ultimately obliterated and the lumen of the vesicle is reduced to
a narrow passage—the aqueductus cerebri (agueduct of Sylvius).  The roof-plate
shows at first a mesial ridge (fig. 150), which in later stages disappears except
at its posterior extremity where it persists as the freenum of the valve of Vienssens,
It then becomes thickened on each side to form two lateral swellings, subsequently
divided again by a transverse groove into the corpora quadrigeiming.  The ventral
portion of the vesicle forms the pedunculi (erura) cerebri, of which the teqmentim

FiG. 152 —MERTAN SAGITTAL SECTION

OF THE INFUXDINULUM AND
Fia, 151.—Mgniax sECTION THROUGH THE BRAIN OF A TWO PITUITARY DIVERTICULUM IN A

AXD A-HALF MoxTis wETUs, (His) Magnified 5 diameiers. RARBIT-EMBRYG, AFTER THE
OPEXING OF THE FAUCES, (From

The mesial surface of the left cerebral hemisphere is seen ) :
Mihalkovies )

in the upper and rig]ﬂ‘.-lu‘uu[ part of the figure ; tha farge

cavity of ﬂlu.r third 1.'l]-rlh'iv:lue- is bounded above wul in front by L e e T e e
a thin lamina ; below is seen the infundibulam and pitnitary ll|L,.lﬂ..,'-,,,-- if, infundibulumy tha, floor
Im:‘i_:.,-. Filling the upper part of the eavity is the thalamus of mL'“fﬂ"L:.m.ﬂ,]t,i!m,- .F"f' pit;litm'v
optieus ; in front and below this is the slit like foramen of Hdivecheilam: o .;-I;m.-.{]_t i, stalk
3"“]"“- l**‘-]}ilid the thalamus is seen another slit-like opning of original 1':}]lllllu1l_.iulllilrl..i tiii,h tluis
which leads into the still hollow external geniculate body, mouth ; ph, pharynx ; ok, notochord
olf, olfactory lobe; p, pituitary body; c.q., corpora quadri- in the spheno-oceipital part of the
"gemina; cb, cerebellum ; m 0., medulla oblongata. eraninl basis

is first laid down, while the crusta is, like the other portions of the pyramid tract,
a later formation. - |

The fore-brain (prosencephalon) undergoes a much more complicated
series of changes, which result in the formation of the thalams, the geniculate bodies,
the pineal body and its peduncles, the optic nerves, chiasma, tracts, and retina,
tuber cinerewm and cerebral part of the pituitary body, the corpora wmamillaria,
and the cerebral hemispheres.

The remarkable feature in the development of the human brain is the enormous
expansion of the hemispheres till they dominate all the other portions of the brain,
overlapping as they grow the part of the fore-brain from which they spring, then
the mid-brain, and ultimately also the hind-brain. ‘

At a very early stage, as has already been mentioned, the optic vesicles are
developed as hollow diverticula from the fore-brain. The mouths of the diverti-
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cula are gradually closed, and the vesicles remain attached by the optic stalks.
The history of the vesicles will be considered in the chapter on the development of
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Fio, 158, =MopEL 0F TIlE BRALX OF A HUMAX EMBRYO oF 1002 uws. (PieTH week). (His)
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Fig. 164, —Thnre sAME MODEL A% IN FIG. 158 FROM THE MESIAL ASPECT.

The large opening into the hemisphere-vosicle is the foramen of Monro. On the wall of the
diemeophalon the aolens of Monro is seen geparating the thalamus [dark-shaded aren) from the
hypothalamuas (lighter-shaded avea).
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IFig. 156, —~MopEL OF THE BRAIN OF A HUMAY EMBRYO or 136 s
(BEGINNING OF SIXNTH WEEK) FROM THE SIDE. [(His.)
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the eye ; but it must here be noticed that between the mouths ol the two vesicles
tllﬂl‘ﬂ f::..fﬁﬂtl': across the floor of the fore-brain a well-marked recess, which is
known as the optic recess (fiz. 149). In the posterior fold of this, the optic
commissure is afterwards formed, and it is an important landmark during the
development of the parts.

At first the fore-brain shows the typical regions of the rest of the neural tube—viz. a thin
ependymal roof-plate, a floor-plate of the same constitution, and in the thick lateral walls
a bazal and alar lamino so[mrﬂ_c‘I by a furrow (sndena of Monwra). The thalami are forme:l
from the so-called alar laminm, as are also the cerebral hemispheres, while the basal lamine
give rise to the hypothalami, the tuber cinereum, infundibulum, and mamillary bodies. It is
doubtful whether this subdivision has the same morphological value as in the rest of the tabe

[T ST ophef,

Fig. 166.—SECTION OF THE FORE-BEAIN OF A HUMAYX EMDRYO AT THE EXD OF THE FIFTH OR
EEGINXING OF THE SIXTH WeEEK. Photogeaph. [T H. Bryee.)

de, hemisphere-vosicle ; Foa, foramen of Monro ; 2.5, o5, corpora striatn; opst., opsi,, proximal
ends of opbie stalks.

By the thickening of the lateral walls to form the thalami, the cavity of the
vesicle of the fore-brain is reduced to a narrow vertical cleft—the third ventricle
of the adult brain. The thalami ultimately come in contact with one another, and
are joined by a grey lamina known as the tnfermediale mass or middle commissure,
The ependymal roof at first shows a longitudinal convexity. As seen in His’ model
of the brain of a sixth week embryo (fig. 150), the roof broadens out in front w Ims:
it reaches on each side the nﬂrgm of the foramen of Monro, while behind,
runs into a mesial swelling, which is the rudiment of the pineal body or epiph JEES.
Extending forwards from the sides of thig, two curved ridges represent the peduncles
of the pmeal body. Outside these, again, are two broader bands connected
behind with a semilunar ridge on the roof of the mid-brain; they hecome the
brachia of the superior corpora quadrigemina. In front of the pineal body, and
between the peduncular ridges, the roof becomes reduced to a simple epithelial laver
which covers later the under aspect of the velum interpositum (tela choroidea of the

VOL. 1. |
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third ventricle). The pineal body is at first a simple diverticulum of the cavity
of the fore-brain.! Its ependymal lining becomes thrown into folds, and the cavity
is ultimately obliterated. The stalk remains patent, and forms the pineal recess:
[t is at first directed upwards ; but as the hemisphere grows backwards the gland
15 thrown over on to the corpora quadrigemina, and the stalk assumes the curvature
seen in the adult brain. The prominent rounded swellings seen on the sides of
the fore-brain (fig. 150) are the rudiments of the lateral geniculate bodies. A section
(fig. 164, p. 120) shows that the external prominences correspond to diverticula
of the cavity of the vesicle, The area on each side, between the geniculate promi-
nence, the superior brachium, and pineal peduncular ridge is the habenular region.
When the hemisphere grows back over the thalamus (see below), the geniculate

Sor. of Mowro
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I'.l.ﬁ. 1537. —SBECTION OF THE CEEREBRAL HEMISPFHERES FURTHER FORWAKDS THAN THE RECTION
GIVEX 1% Fila, 156, IJ]IIFIL:IHI'JLPI:I. iT. H. Bryee.)

The acction should be compared with the medel représented in fig. 150, The mesenchyme in the
great longitudmal fisaure between tle hr-rll'ir'-l'rhd.:rl.':i iz the primitive falx cerelwi ; the choroidal fold is
1 Proess of formation. On the left of the ﬁj,:’lll'n' | ITH) COPPHLS atrintim is divided i_'.}' a furrow into two
limaba (see floor of rizghit henosplece o fiz, 150)

angle is displaced backwards to its definitive position, and the habenular area
forms the trigonum habenule and the pulvinar. The grey matter in the habenular
area becomes the ganglion habenule, and the two areas are early connected by a
commissure across the roof in front of the epiphysis. When the stalk of that body
is folded back, the crossing fibres are found in the dorsal lamella of its pe,dunr:le,
This habenular commissure must not be confused with the posterior commissure
which forms at the junction of mid- and fore-brain below and behind the posterior,
afterwards the ventral, lamella of the pineal stalk. The mesial geniculate bodies

L In lower vertebrates the pineal diverticulum is bilateral, but only that of the left side develops
into the piseal gland (Cameron).
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develop in the same manner as the lateral, showing at first as internal diverticula
and outer prominences on the sides of the fore-brain. In the displacements
resulting from the backward growth of the hemisphere they become pushed back
so as to be seen on the surface of the mid-brain,

The floor of the fore-brain early shows a deep depression behind the optic recess,
which becomes the infundibulum, and gives origin to the cerebral lobe of the
pituitary body. This is at first an open diverticulum (fig. 152), but later it
becomes cut off from the cavity by the obliteration of the lumen of the stalk, The
vesicle thus formed comes into intimate relation with the epithelial portion of the
body, to the posterior aspect of which it is applied, the two becoming bound
together by vascular connective tissue. The epithelial portion is formed as a
diverticulum of buccal ectoderm from the roof of the stomodeum, The diver-
ticulum extends backwards as a flattened cleft (fig. 176, p. 134) which divides
into twe horns embracing the infundibulum. Towards the end of the second month
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Frc, 158, —MopEL OoF THE BRAIN OF A FETUS oF 53 uM. (ELevexti weex). (His)

The right hemisphere has been cut away to show the mesial sarface of the left hemisphore ;
the corpus striatum is seen arching round the stalk of the hemizphere,

the walls become folded and epithelial sprouts grow to form a small mass of
tubules, the lumen of which is afterwards obliterated. The stalk is separated
from the buccal epithelium and becomes absorbed,

The mamillary bodies are developed from a mesial recess of the floor of the
fore-brain between the infundibulum and the anterior basal angle of the floor of
the mid-brain.

Cerebral hemispheres.—The cerebral-hemisphere rudiments first appear as
shallow bays in the fore-part of the alar lamine (fig. 149), In the roof and
anterior wall of the tube the walls of the bavs run directly into one another, so that
the two rudiments appear as a single anterior swelling of the fore-brain (fig. 148),

This, with the fore-part of the anterior extremity of the basal part of the fore-brain, iz often
termed the felencephalon, while the remainder is called the diencephalon. Opinions differ
as to whether the hemispheres are to be looked on as separate lateral diverticula, or as two
lobes of a single rudiment,

I 2



116 NERVOUS SYSTEM

The hemispheres in an embryo of the fourth week (fiz. 148) still form a single
rounded swelling, but the position of the future separation is marked by a longi-
tudinal ridge, which, however, does not reach the lower and anterior portion, Here
an area on each hemisphere is clearly marked off by a slight lateral furrow as the
rudiment of the rhinencephalon, When the hemisphere is looked at from within,
it will be obszerved that two areas can be distinguished—an upper rounded, the
rudiment of the pallium,' and a lower triangular,the rudiment of the corpus striatum.
Un the latter are seen three ridges running on to the mesial aspect of the rhin-
encephalic area. The mouth of the vesicle (the future foramen of Monre) has the
following lips, which it is important to distinguish : (1) pallio-thalamic, where
pallial and thalamic walls join one another ; (2) strio-thalamic, where corpus striatum
and thalamus are continuous; (3) strio-hypothalamic, where corpus striatum

and hypothalamus meet; and
¢ Aemisphere opened (4) lamina terminalis, where rhin-
encephalon 1s  continuous with
rhinencephalon, and pallium with
pallium.
- In the early part of the fifth

Ty,
X weelk the hemispheres begin to
B h expand (figs. 153, 154). Their ex-
& (! pansion takes place, like that of
a growing soap-bubble, in every
¥ direction from the stationary mouth
(foramen of Monro). The lamina
terminalis thus comes to lie at the
bottom of a fissure between the two
p— hemispheres which 13 occupied by
a lamella of mesenchyme, the
common rudiment of the mesial
pia and the falx cerebri; the
pallio-thalamic border is at the
same  time converted into an
_— angular arched fold which lies at
E']l:;t.“iI“:\‘:‘;:;l;::':\:;‘-ttlr:“;"’]‘:‘l‘_h]:;h:!._ “[{}h[i:,.r“' the hl]tt{l'l‘l‘] of a cleft between 'F]lﬂ
posterior part of the expanding

The right hemisphere has been opened up to show 2
the cavity of the vesicle and the inner aspect of its vesicle and the thalamus.
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mesial wall. The imward projecting fold round the : 4 32
stalk is the .|'II'|:'||-|||::a.-|.|||1rl.|:-:: Lhe IIIIKUIJLT fodd im Lhe The rhlnﬁl]ce-ph',ﬂu‘n 18 now
posterior lobe is the calear avis, * marked off very distinctly from

the pallium by a lateral furrow
(external rhinal fissure). The pallial vesicle soon becomes bean-shaped (fig. 155),
the hilum being repre:ented by a depression above the rhinencephalon. This
depression becomes the fossa of Sylvius, and corresponds to the stalk of the
hemisphere—i.e. the point of umon of corpus striatum and thalamus. The
hemisphere-vesicle, anchored as it were to the two ends of the rhinencephalon,
and expanding in all directions, becomes folded round the stalk. Its cavity 1s
consequently horseshoe-shaped, and the horns of the semilune represent the
future frontal and temporal horns of the lateral ventricle. There is no posterior
horn as vet. It is developed later, when the vesicle has still further expanded
backwards to form the occipital lobe.

I The terms rhinenesphalon and pallinom are used in o limited and ontogenctic sonse.  The division
is in a measure arbitrary, os we shall see that o pact of the pallivm in this sense (limbie lobe) becomes
clogely related to the rhineneephalon, forming with it the * rhinencephalon ' of Elliot-Smith's definition.
Untogenctically, however, the above sobdivision of the hemisphers-rudiment into rhinencephalon,
pullivi, and corpus steintum is wol only justified by fact, but necessary in description.
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The rhinencephalon at this stage is quite uncovered by the pallium and separated
from it by the external rhinal fissure (fig. 135). It extends back to the extremity of
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Fra, 160.—Brars oF A FIETUS AT THE BEGINNING OF THE FOURTI MONTH,
rios nELow.  (From Kollmann.)

The gyrus olfuctovins lateralis, gyrus ambiens, and gyros semilunaris torether form the
lobus pyriformis.
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Fra. 161.—~Brarx oF A FETUS AT THE BEGIXXIXG OF THE FOURTH MOXTH. {From Kollmaon.)

the temporal horn ; but as the temporal pole grows downwards and forwards, its
posterior extremity becomes covered over, and ultimately reversed in position,
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thus giving rise to the uncus. Meanwhile the formation begins to be separated into
its several parts. The anterior extremity becomes cut off from the frontal lobe,
as a hollow stalk which communicates with the tip of the frontal horn of the
cavitv. This separated stalk forms the olfactory bulb and tract as well as the
triqorie.  The remainder of the formation is not so isolated, and is represented hv
the anterior perforated spot and the lobus pyriformis (fig. 160). This is a well-
marked swelling during the earlier months, extending from the olfactory tract to the
inner aspect of the temporal lobe, but it becomes greatly reduced, and is ultimately

Fiag, 162, —CoRoNAL SECTION OF THE BRAIN OF & HUMAN EMERYO OF 30 MM, (EEGINXING OF
rimgp MoxTH), Photograph. (T, H. Bryee.)

The section cuts the thalami, cerebral hemispheres, and corpors striata. I, H, posterior lobes of
hemisphere : £, f, frontal lobes, 1T is placed in the habenular region of the third vengricle; in front
of thig the cavity 18 glot-like, and boundad Ir:l.' the bodies of the thalami. Faeh thalamus terminates in
o blunt-pointed end, the future anterior tubercle ; the anterior portion of the outer surlace is oblique,
and separated from the overlapping corpus stnatium by a fissure, in which the twenia semicircularis is
afterwards developed, The infrachoroideal ependymal lamella (see especially on vight side of figure)
of the mezinl hemisphere-wall is continned over this surfoce and fused with it.  The corpus striatum
being arehed, is cut in two places, head (!, e%) and tail (6 between these, the commeneing intermnal
eapsule is seen.  The head-end of the corpus striatum shows two crora, o mesial (¢') and a lnteral (%)
The longitndinal fissnre between the frontal lobes is distorted by a large hemorvhage.  On the left of
t‘lln"' ft;_‘lH'L' the ||||'-.'J'u;l 1.!.'||." F..II::I'H"-G FTY f::]ql, whil.:'h isl. I:hq' I:Ipl'mr r~t|l’] af T,In' Iiuﬁ'l_‘lr,-: !'I'|"i|lt.;L.

represented only by the uncus and the so-called lateral root of the olfactory tract.
On the mesial aspect of the hemisphere a special rhinencephalic area—trapezoid
plate or field (His), area paraterminalis (Elliot-Smith) iz marked off by a distinct
fissure in front (fissura prima), and limited by the lamina terminalis behind
(fig. 1¢4). Its fate will be considered later.

On the mesial wall of the pallinm the formation of the ehoroidal fissure has
already taken place. The vesicle-wall, where it passes over on to the thalamus-
wall, remains ependymal, and is folded into the cavity as a double layer enclosing
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vaseular pial tissue. Thus a plice choroidea is produced (fig. 150), which becomes
so extensive as mnearly to fill the interior of the wvesicle. The choroidal fissure
begins at the angle where the lamina terminalis and pallio-thalamic border of the
foramen of Monro meet. It is at first short and nearly straight, but gradually
extends round the hemisphere-stalk to the tip of the temporal horn. It is to be
observed that below the fissure there is an ependvmal lamella (infrachorowdeal
membrane) which becomes fused with the thalamus (see below),

It will be convenient at this stage to take the development of the corpus
striatum: As we have already seen, it lies in the floor of the hemisphere-
vesicle (figs. 156, 157); it is directly continunous, below and behind the primitive

\J . H L re—— - ] . . " e]
Firi. 163, —SECTION THROUGH THE SAME BHRAIN AS SHOWN I8 FlG, 162, SEVERAL SECTIONS
NEARER THE BasE., (T. H. Bryvee.)

Ehe same general deseription as given under fig. 162 will apply here, bt it will be nobed Lthat the
fispure between the thalamus and corpos steintum i3 now interrupted by the large primary thalamus.
bundle. This marks the stalk of the |;|1_"|||i:-_t|:1|'|4,—1'|_'. rouwnd which the o Ty iR atrinfum arches; ns B
stalk enlarges, the fissure (also, of course, arched) is graduoally obliterated, and is only represented in
the adult brain by the furrow between candate noclens and thalamos, in which the twenia semi
ciccularis lies,  The hollow on the surface of the hemnisphere opposite the stall 1 the fossa of Sylviuas.

foramen of Monro, with the thalamus, and is connected in front with the
rhinencephalon by three roots. The middle of these fuses with the nternal fold
corresponding to the fissura prima (fig. 164) in the floor of the vesicle and cuts ofi
a pocket of the frontal horn which is continuous with the cavity of the olfactory
stalk, When the lumen of the stalk is obliterated this pocket disappears. The
cleft behind this seems in part obliterated in its basal portion, but persists
above as the space between the caudate nuclens and septum pellucidum in
the adult brain. The body of the corpus striatum grows backwards part passu
with the development of the temporal horn of the vesicle, and its taid is
thus produced (fiz. 150). As the hemisphere-rudiment becomes more and more
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arched the corpus striatum becomes highly bowed, surrounding the hemisphere-
stalk and extending from the rhinencephalon in front (future locus perforatus
anticus) to the extremity of the temporal horn (fiz. 158), As the body is pro-
longed baclkwards into the tail it overlaps the thalamus, but is necessarily
separated from it by the cleft between thalamus and hemisphere {see fig. 150),
This cleft i1s obliterated from below, as thalamus and corpus striatum
enlarge, by a fusion of the two bodies, associated with the fusion of the
ependymal infrachoroidal lamella of the mesial hemisphere-wall with the

Fro., 104 —SECTION THROUGH THE SAME BRAIX AS IN FIGs, 102 AND 163, MUCH NEARER THE BARE,

(T. H. Bryee.)

The 2ection now ents the mid-brain M,  The diverticula on each side of 111, placed in the envity of
the third ventricle, are the rodiments of the peniealate bodies ; B, H, the temporal horns of the hemi-
sphere-vesicles with the tail of the corpus striatum. The noteh on the outer surface of each hemisphera
opposite rf is the sulews marking off the rhinencephalon on the lateral aspect of the beain; Illa is
placed in the fore and basal part of the third ventricle, Immediately in front (above in the figure) of
FILw iz the laming terminalis, here thickened. In front of the lamina terminalis are two triangular
fields (trapezoid areas), separated by a narvow eleft oconpied by a delicate prolongation of the primitive
falx. In front of this the falx is mueh broadened oot, and angular projections from it ocenpy the
fissurme prima, The cavity of the hemisphere-vesicle is at this level interrupted by the union the
projection corresponding to the fissora prima with the lateral crus of the corpus strintum (sec
figs. 162, 1651, The anterior pocket is the month of the cavity in the olfactory stalk.

outer side of the thalamus (fig. 162), The hemisphere-stalk is thus greatly
enlarged, and in the tissue between the thalamus and corpus striatum the internal
capsule takes form—first, by the formation of the thalamus bundle connecting
that body with the hemisphere (fiz. 163); and later by the addition of the
pyvramid-fibres connected with the crus cerebri,

It may here be pointed out that while the onter retieular zone in the spinal cord becomes the
white covering, this zone remains quite a thin layer on the hemisphere, and the white matter is
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laid down between the mantle zone and the ependymal zone by the development of the fibre-paths
connecting the thalamus with the hemisphere, and later by the addition of the pyramid-fibres.

The cleft between corpus striatum and thalamus lml'rs]'r'-t-x for a time as a groove
in which the stria terminalis or trenia semicireularis is formed.  During the formation
of the internal capsule the lenticular nueleus and claustrum take shape as isolated
portions of the striate body.

The vefem z'n.:’f:rpﬂal'tm.rt- (tela choroidea venlriculy lerter) arises from the vascular
connective tissue within the longitudinal fissure. This grows in between the
ependymal lamelle of the choroidal fissures to form the choroid plexuses of the
lateral ventricles, It also of course covers the {}ptlu thalami, and lies upon
the ependymal roof of the primitive fore-brain, which it inflects into that cavity
to form the choroid plexus of the third ventricle, The ependymal covering of each
lateral choroidal plexus is derived from the mesial wall of the hemisphere, while the

_|r||l|

Fre. 165, —DIAGRAM OF A TRANSVERSE SECTIOX OF THE BEAIN TO SHOW THE RELATIONZ AXD FATE
OF THE MARGIN OF THE MESIAL WALL OF THE HEMIsraerrE. (After His.)

Pl thalamus; Cs, corpus strintum, The mesial wall is infolded, and the sunk grey cortex ends
i bhickened ST, ||"'.|.".'1IL2 i froe |'l.1;_:'|' of white matter. In the 11'|||]|r||'|r.! lorn the Parts arve Lkl el
hify hippoeampal fissure ; fo, marginal grey seam ;. F, edge of white substanee,

infrachoroidal lamella 1s prolonged over, and becomes adherent to, the thalamus
(famina affiza) as far as the stria terminalis, which represents the line of union of
hemisphere-wall and thalamus-wall. In this way the anterior part of the thalamus
comes to lie in the floor of the lateral ventricle,

The hippocampal formation and the commissures.—If a section
of the mesial wall of the hemisphere be examined in the brain of an
embryo at the beginning of the third month, it will be found that the cortical
ganglionic layer which is forming over the pallial surface ceases before it reaches
the choroidal fissure, in which, as we have seen, the ependymal laver is alone
present. The reticular layver which in the hemisphere develops between
the mantle and the ependymal lavers, therefore. comes here to the surface
(fig. 165). From frontal lobe to temporal horn the margin of the pallinm thus
consists of a zone in which the cortical grey layer is present, and a zone in which
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it is absent, and this thins away by a margin (tenie) into the ependymal layer.
This portion of the hemisphere becomes much complicated by the development of
the fornix commissure and the corpus callosum. To make the matter clear, we
shall first imagine it developed without either fornix commissure or corpus
callosum,

The margin of the hemisphere becomes folded early in the third month, to
form a fissure arching from the foramen of Monro to the temporal horn, parallel with
the choroidal fissure. The inflected area is continuous in front with the trapezoid
area (area paraterminalis). The fissure iz a * complete’ one, and has an elevation
within the vesicle corresponding to it. The thickened marginal seam of the grey
matter sunk in the fissure, lies at the lip of the choroidal fissure, and the edge of the
white matter is rolled inwards towards the ventricle, as it thins away into the
ependymal layer covering the choroid plexus (fig. 165); The projection into the
ventricle becomes the hippocampus, the marginal grey seam the fascia dentata,
and the white lip the fimbria. The primitive hippocampal formation thus con-
stituted extends from the front of the foramen of Monro to the temporal horn
arching round parallel with the choroidal fissure. It is continuous in front with
the frapezoid plate (arvea paraterminalis) and behind with the uncus.

Thiz marginal area of the cerebral cortex iz of great morphological importance. In lower
forms, with a largely developed olfactory sense, it forms a prominent part of the brain, while
the rest of the hemisphere is relatively little expanded. In man it remains a diminutive
element, while the remainder of the cortex becomes enormously developed., Elliot-Smith,
geeing that it is in all probability related to the sense of smell, has included it in lis

* rhinence phialon,” while to the rest of the pallinm he gives the name neopelfivm.  On onlogenelic
grounds it seems better to limit the term *rhinencephalon® to that very distinet and early
izolated part of the hemisphere-rudiment to which the term has been applied in the foregoing
aceount, The later formed hippocampal formation is a part of the pallium in the sense defined
in the note on page 116, In respect that it is intimately related to the olfactory apparatus it
might perhaps be termed elhinopallivm to distinguish it from the neopalium.

The primitive hippocampal formation becomes profoundly affected by the
development of the commissures, hippocampal and neopallial (corpus callosum).
Thesze are developed in intimate relationship with the lamina terminahs, which, as
we have seen, from the first connects r]uinemrepha]{}n with rhinencepha]un and
pallium with pallium. The lamina terminalis becomes thickened ; but opinion
12 divided as to the manner in which this is effected. Some regard the increase
as due to interstitial growth, others believe that the opposed mesial surfaces of the
hemispheres become fused to form the plate in which the commissures appear.
The appearances seen in sections such as are here reproduced (fig. 164) are on the
whole in favour of the latter view. Immediately in front of the ependymal lamina
terminalis the faces of the trapezoid plates have fused to all appearance for a
certain distance. In the band of tissue thus produced the anterior commissure first
appears. 1t connects the corpora striata and temporal lobes: Both hippocampal
commigsure and corpus callosum develop in the upper part of the thickened lamina
terminalisz. The hippocampal fibres appear first, and the callosal later. They are
mdistinguishable to begin with, but the callosal soon accumulate on the dorsal
aspect of the hippocampal, and form a short plate arching forwards over the
cleft between the two trapezoid plates (arem paraterminales). The cleft open
below is now the cavum septi—the future fifth ventricle—and the two trapezoid
plates will become the two leaves of the septum pellucidum.

Once laid down, the corpus callosum becomes elongated ; there are two
divergent interpretations of the process. According to one view, the growth is
interstitial. The body is said to grow forwards and backwards, and is raised and
separated from the hippocampal commissure, As the original union between the
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two_is at the posterior end of the corpus callosum, the hippocampal commissure
(or, in other words, the upper part of the lamina terminalis) is stretched and
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Fie. 166, —GRAPHIC RECORSTRUCTION OF THE MESIAL NEMISPHERE-WALL
aF A FETUE 6 MM. LoxNG, [(Aflter 11 2.

P, stalk of hemisphere ; e, v, anterior and posterior parts of trapezoid aren (area paraterminaliz);
{4., lamina infrachoroidea of mesial hemisphere-wall below, ef., choroidal fissure; fepe, limbos of
wesial bemisphere-wall below, k., hippocampal fissure | c.e, corpus eallosum ; LL, laming terminalis ;
a0, anterior commizsure ; £, commencing colmmn (anterior pillar) of fornix ; ok, olfactory stalk.
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I."Lit:, 167, —=(FRAPHIC RECONSTRUCTION OF THE MESIAL HEMISPHERE-WALL OF A FETUS
oF 83 oM. noxa, (Aflter His.)

P, stalk of hemisphere; cs., caovam septi; b, fimbria, continnons with f, fornix; fem, limbuos;
e, corpus eallosum s A7, eallosal fissure ; Bp2, hippocampal fissure ; ef, calearine fissure ; wn, unens ;
.., Anterior commissure ; LE, laming terminaliz; o.e., optic commissure ; ok, olfactory stalk ; ves, ontline
of cavity of hemisphere.

drawn into a horizontal position forming the psalterium or Iyra, while the area
paraterminalis is also drawn out to form the apical portion of the septum pellucidum
(Elliot-Smith and others). According to the other view, the increase in length is
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brought about by the free medullary edges of the margins of the hemispheres coming
together, and by the growth of fibres across the bridge so produced (His and ﬂthers}
This takes place pari passu with the expansion of the pallium, and owing especially
to expansion of the frontal lobes the hippocampal commissure, w]nch remains
small and retains its primitive position, is separated from the fore-part of the
corpus callosum, and the tissue of the trapezoid plates is stretched between them
to form the leaves of the septum pellucidum.

The fate of the hippocampal formation is the same whichever interpretation
be adopted. The corpus callosum is formed within its are, and causes by its
arowth a stretching and atrophy of its forward moiety. The hippocampal fissure
of the temporal horn is represented by the callosal fissure of the mesial surface.
The grey cortex sunk in the fissure becomes the hippocampus in the temporal horn,
but is reduced to the gyrus cinquliabove
the corpus callosum. The marginal
seam of grev matter becomes the
Juscia  dentata below, the indusium

fibres arising from this wasted part of
the hippocampal formation, just as the
fornix-fibres spring from the hippo-
campus. The free edge of the white
matter becomes the fimbria, the
posterior pillar (crus), and body of the
fornix. The anterior pillar (columna
forniciz) 18 formed bya strand of fibres

Firc. 165 —YIEW oF THE INNER SURFACE <F THE E“TEF f‘:’rl“ﬂ‘d in the “-aﬂ uf th.e_ ]:I.E“]i.‘
RIGHT HALF OF THE METAL DRREAIN OoF ABOUT

S5 ok, (Reehit) sphere and connected with the thalamus
. 3 . : v U ;
I, frontal lobe; 1% parietal; ¢, occcipital; of its own side {ﬁf:" ]hb.l' TI'he so-called
T, temporal ; I, olinetory bolb ; £f, optic nerve; ?wdu“fffg g! f&g COF IS CGHGSHF” 15 &

S, calloso-marginal fissure; p, p', ports of the P : . .
parieto-oceipital fissure ; b, ealearme fissore ; g, 9, strand “ﬂ'ﬂ'“’”{u"’ Frm‘:’m“ﬂ”ﬁﬁ”mh“j

gyrus fornieatns ) o, ¢, corpus callosum | s, septum Elliot-Smith, or qifriis subcallosus,

pellucidum ; f, placed between the middle commis . R .
sure and the loramen of Monro ; », i the upper part ﬂuckcﬂmmli] formed on the t-I'ﬂ.PEIOld.

of the third I'Irtli-l:i.t']lt'; o’y in the back part of the I)[ute {ﬂ,ma Pﬂr&-t—ﬁ[‘lﬂillﬂﬁ&]. It is in-
Veniriche above the infandtum : 7, tecesens  timately connected with, indeed is the
pinealis; poe., pons Varolii; Ce, cerebellum, a,nt.e,rinr term_ina{‘.i{)n 'L'.'r, t-lll.’J ]ﬁPpu-

campal formation. When formed it
closes-in the septum pellucidum, and separates it from the other derivatives
of the rhinencephalon below and in front of it.

Formation of the fissures.—We have alreadv seen how the wall of the
vesicle is infolded to form the choroidal and kippocampal fissures. These are, in that
they involve the whole thickness of the wall, complele fissures. Two other such
fissures are produced—the calcarine on the mesial aspect of the hinder part of the
vesicle, and the central portion of the definitive collateral. Corresponding to these
fissures, the calear avis (fig. 159) and collateral eminence are found as projections
into the ventricle. From among the other fissures the fissure of Sylvius must be
placed in a category by itself. Itisformed by the uprising of the edges of the fossa
of Sylvius until with the increasing expansion of the free portion of the pallium they
meet over the grey area on the surface of the hemisphere-stalk., This becomes the
island of Reil, and the meeting lips are named the opercula. The frontal operculum
is last formed (Cunningham), and owing to the development of a triangular field
upon if, the two small anterior limbs of the fissure of Sylvius are produced. The
remaining sulei, which begin to appear in the sixth month, are merely folds
produced during the progress of differentiation of the grey covering of the

above; while the nervi Laneisii are’
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hemispheres, They follow a definite pattern determined by differentiation of
areas in the grev matter, which by their own growth, as well as by pressure on
adjoining areas, produce the folding of the cortex. The subject will be fully
treated of in the descriptive account of the brain (see Neurology),

PERIPHERAL NERVOUS BYSTEM.

Spinal nerves.—In the human embryo of the third week the rudiments of the
spinal ganglia are connected together by a continuous dorsal band, which extends
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Fia. 169.—RECOXSTRUCTION OF THE SPINAL AND CEREBRAL NERVES OF A HUMAN EMERYO
G0 aws, Loxc. (After His))

¥V, veniricle; A, nuricle of heart; L, liver; a.v., anditory vesicle; Frog. I"rurir:[fza ganglion,
The Koman numerals indicate the cerebral nerves, 1 O, first cervieal; 1 T, first thoracie; 1 L. frst
lumbar; 1 8. first sacral nerve,

from the auditory vesicle along the neural tube to its extreme tip (Streeter).!

Though there are no signs as yet of dorsal roots, the ventral roots are present,

and the ventral ends of the ganglia end diffusely among them as they pass out

towards the myotomes (Streeter), The ganglion-crest becomes interrupted in the
b Amer, Jour. of Anat. iv. 1905,



126 NERVOUS SYSTEM

filth week between the ganglia, and the dorsal roots are by that time completed,
Meantime the spinal nerve-roota have been formed by the union of fibres from the
ganglia with the motor root-fibres. During the fourth week, at a time when the
limb-buds are still small and undivided, the segmental nerves begin to be con-
nected by anastomosis (fig. 169). The connecting filaments between the nerve-roots
from the fourth cervical to the first thoracie, and again from the second lumbar to
the seeond sacral, constitute the future limb-plexuses (fig. 173). Each segmental

Fia., 170, —TRANSVERSE SECTION OF 4 HUMAN EMERYG AT THE EXD OF THE FIFTH
0L DEGINNING oF THE 21XTH WEEK. (T. H. Bryee.)

tr.en, nenral eanal; e, neural arch; spog., spinal ganglion ; 7., sensory root; »er, motor root of
spinal werve; o.b, dersal braneh: o.b., vemtral branch; sy, visceral branch of spinal nerve, with
sympathetic ganglion; sf, stomach; sp, spleen; ad, adrenal ; g.9., genital gland ; w.b.,, Wolffian body:
1y pancreas; 1, liver ; a, aoria.

nerve early gives off a dorsal branch which passes through the myotome, and a
ventral branch which passes along the inner side of its extended ventral part.
From thiz a short wisceral branch passes to the rudiment of the sympathetie
ganglion (fig. 170), The ventral nerve extends quickly into the neighbourhood of
the Wolffian ridge, and thence much more slowly round the body-wall.  All the
limb-nerves as they extend into the growing limb-bud divide into primary dorsal
and ventral branches.
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Cerebral merves.—Exclusive of the olfactory and optic, which must be
included in a different category from the others, and will be treated of with thesense-
organs to which they belong, the cerebral nerves divide themselves into a group
of pure motor nerves, the hypoglossus, abducens, trochlearis, and oculo-motorius,
and a group of mixed sensory and motor nerves, the vagus and accessorius
(vagus complex), the glossopharyngeus, the acousticus, facialis, and trigeminus.

The motor roots in both groups spring from the basal lamina of the neural
tube, but the nuclei of origin appear in two series, a mesial and a lateral, The
distinction is well marked as far forwards as the isthmus, but in that portion of the
tube and in the mesencephalon the separation into two distinet ranges disappears
to a considerable extent. The mesial column, which is a continuation upwards of
the ventral nerve column of the cord, gives origin in the region behind the anditory

Fic. 171, A and B.—EpcTioNs ACROSS THE HIND-BRAIN OF A HUMAN EMBRYO 10 My roxa. (His) %

Im A, the origin of the spinal aceessory and hypoglossal nerves is shown, the fibres of both arising
from proups of nearoblasts in the basal lamina of the nearal tube.  In B, one of the roots of the hvpo.
logaal is still seen and in addition the rook of the vagus nerve.  This is represented as in parb arising,
ike that of the spinal accessory in A, from a group of newroblasts in the basal laming and in parts
continuous with a bondle of longitedinally conrsing fibres placed at the periphory of the alar lnmin,
and corresponding in situation to the commencing dorsal white columns shown in fig, 1387,

vesicle to the kypoglossal nerve (fig. 171). Its roots are in series with those of the
ventral roots of the cervieal nerves, and it is to be regarded as representing several
(three or four) segmental—i.e. trunk or spinal—uerves fused into one stem. Thisg
idea is strengthened by the fact that a ganglion-rudiment (Froriep’s ganglion),
typical but rudimentary, is occasionally present in connexion with one or more of
the roots. These hypoglossal nerves are connected with the oceipital myotomes,
and are occipito-spinal nerves in Fiirbringer's sense—i.e. nerves properly belonging
to a part of the trunk which has become included in the hinder part of the head.
In the pre-otic region the abducens springs from the mesial column (fig. 172), and
its roots are in the same series as those of the hypoglossal. It is regarded therefore
by nearly all observers as the ventral (somatic) root of a segmental nerve. The
trochlearis and oculo-motorius, however, have been variously interpreted, some
observers regarding them as ventral mesial, others as lateral, motor roots; they
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have also been interpreted as being dorsal nerves. Fiirbringer (1902) puts the
trochlear in an intermediate position, but regards it as most resembling a lateral
motor root. His (1904) regarded both it and the oculo-motor as nerves springing
from a region in which the distinetion between the columns is less sharp than
elsewhere; he was not therefore inclined to lay special stress on the point. The
ocnlo-motor he held to be eertainly a mesial (ventral horn) nerve.

The lateral column includes the nuclei of the motor roots of the vagus and
spinal accessory, glossopharyngeal, facial, and trigeminal. The fibres supply the
visceral musculature.

The semsory roots are developed from ganglia which arise from a forward
continuation of the common ganglion-crest, but they show no regular segmental
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Fro, 172, —BEcTIoN FROM THE SAME EMERYO AT THE EXIT OF THE FACIAL NERVE, |(His.)
|Beveral sections have been combined to form this figure.)

VI, fibres of sixth nerve taking ovigin from group of nenroblasts in basal lamina ; VIL.G.g., zanglion
geniculi of the facial; VI dne, ntracranial ganglion of auwditory; FIJLG e, ganglion vestibuli;
VILE G, ganglion enchlem.

digposition. Moreover, unlike the spinal nerve-ganglia, they come into transient
relation to thickened patches of the surface epithelium (placodes) which are placed
above the gill-arches and have been interpreted in two ways, According to one
view (van Wijhe, Beard, Froriep, and others), the placodes represent branchial
sense-organs which have been lost in phyvlogeny, and they take no share in the
formation of the cranial nerves. They oceur in Selachians in two series, a lateral
and an epibranchial. According to a second opinion (Kupffer, Goronowitsch,
Julia Platt, Koltzoff, and others), these placodes are not rudimentary sense-organs,
but thickenings from which cells are budded off to share in the formation of the
definitive nerve-ganglia.

s
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Thus in Petromyzon Koltzoff describes the segmental ganglia as originating from a mesial
cudiment derived from the ganglion-crest, and from two peripheral ectodermic rudiments derived
from the lateral and epibranchial placodes. TIn the region of the head these join to form the
permanent ganglia; in the region of the trunk the surfnce plncurle_a do not join with the
central ganglion-rudiments, but remain separate and form the lateral-line organs,

VII o
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Fia, 178.—BECOXSTRUCTION OF THE XERVOUS SYSTEM OF A HUMAX EMBRYO oF 1002 mm,  (After His.)

v, ventricle of heart; lw, liver; vl vitelline loop of intestine; f, tail; ok, rhinencephalon ;
e.diy, cerebral hemisphere; dien, diencephalon; wres, mesencephalon; v, andilory vesicle;
Frag., Froriep's ganglion ; ph, phrenie nerve, The Roman numerals indieate the nerves.  The sixth
coerebral nerve is nob luhel[ﬁd, 1lu_|t. is seen passing forwards to the eye under the mandibular and
maxillary branches of the fifth nerve,

In embryos of the third week the rhombie brain, as has already been indicated, shows a
subdivision by slight folds into a series of divisions which have been termed newromeres on
the supposition that they represent a definite segmentation of the neural axis, In the pig
Bmd]c"'i’ finds the same number as Thumpaan in the human r;!m].‘!r}'ﬂ—"-‘iﬂ. seven—and states
that the eerebellum lies opposite the first and the auditory vesicle opposite the third segment, while
the trigeminal ganglia are related to the second, the acoustico-facial to the fourth, the glosso-
pharyngeal to the sixth, and the vagus to the seventh. Broman describes in addition an eighth

VOoL. 1. K
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neuromers in front of the eerebellum with which the fourth nerve is connected, and an indistinet
ninth at the end of the series,

The lateral motor roots have been interpreted as representing in the cerebral nerves the
splanchnic efferent fibres which in the cord leave the axis by the ventral root, and are not
therefore separated from the somatic efferent fibres. They may be, on the other hand, represented
by fibres which Lenhossék and Ramon v Cajal have shown to arise in the ventral horn of the
embryvonic cord (chick) and to run out in the dorsal roots.  The cell column from which the
lateral roots spring mayv represent the lateral horn column of the cord.

The accessory is (see below) ontogenetically a part of the vagus, wholly therefore a cerebral
nerve, From his studies of the oecipital nerves Streeter concludes that * in all higher vertebrates,
accompanying the conversion of certain gill-muscles into the trapezins and sternomastoid, the
cranial elements (i.e. vagus complex) make a candal invasion of the spinal cord,” The result of
this invasion, added to the inclusion in the skull of the occipito-spinal segments, is a blurring of
the line of demarcation between the nerves of spinal and those of cranial type, which is distinet
in spite of the inclusion of the occipito-spinal segments in the skull in lower vertebrates.'

Numerous attempts have been made to bring the nerves of the head into a segmental scheme,
and to homologise the cerebral with the spinal nerves. None of these are quite convincing, and
there is still great uncertainty as to what interpretation should be put on the serial characters
of the branchial region.

DEVELOPMENT OF INDIVIDUAL CEREBEAL NERVES.

The hypoglessal * appears in the third week as a number of rootlets
arranged in three or four segmental groups in series with the cervical motor roots,
and connected with the oceipital myotomes. During the fourth week they fuse
into one trunk as they pass towards the floor of the primitive mouth. Owing to
the bend in the neural tube, the hypoglossal and upper cervical nerves are
brought close together like the spokes of a wheel® (Streeter) and grow side by
side into a mass of tissue out of which the tongue and hyoid muscles are developed.
They are bound more or less together by the developing sheaths, and connexions
are established between them, When the muscles take form and draw apart the
nerves are separated out into a plexus in which is foreshadowed the adult
arrangement of the branches supph ing this group of muscles,

A ganglion (Froriep’s ganglion) is oceasionally found in connexion with one of
the roots (figs. 169 and 173).

The vagus eomplex includes the vagus and spinal accessory, which
develop pnrfi{*.lllv as a single strueture.  The ganglion-crest from which the vagus

,mg]mu is developed is a continuation forwards of the spinal ganglion-crest as
seen in embryos of the third week. Tt extends from the first and second cervical
to the auditory vesicle (fig. 175), where it is interrupted, the gap representing the
separation of the vagus from the glossopharyngeal. The motor fibres appear first ;
thev form a strand which runs mesial to the crest as low as the third or fourth
cervical segment, and are connected with the lateral-horn region of the neural tube.
This strand is the primary accessory trunk ; in front of its emerging roots and in line
with them are a few scattered bundles at the head of the crest. The ganglion
of the vagus early shows a duplicity—ganglion of the trunk and ganglion of the root.

These separated masses have usually been described as due to a subdivision of
the neural-crest ganglion ; but Streeter supplies evidence which seems to indicate
that the ganglion of the trunk (. nedoswm) may be developed separately. It is
related to an ectodermal pateh (epibranchial placode) above the gill-arches.
The two ganglia are at first separated by a eellular traet, which is afterwards
converted into a fibrous trunk. The gfmglmn-nmit now (by the third week) becomes
broken up into separate clumps by the laying down of fibre-paths. The most
anterior of these form the definitive gmigufmn of the root ; the remainder (three or

I Loe. cif., po 111,
! The summary of the development of the oceipital nerves is mainly founded on Streeter’s paper

(lere, cif.).
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Fic. 174 =—DIAGRANM SHOWING THE CENTRIPETAL AND CENTRIFUGAL ROOTS OF THE CEREBRAL NERVES
OF THE SAME EMBRYO AS sHows IN Plo. 173, (His.)

The places of exib of the nerves are marvked by dotted circles or ovals. The efferent nerves (111,
IV, mV, VI, VII pact of IX, X1, and X 1) are seen to arise within the nerve-centre from groups of
nenroblasts; the aferent fibrea (Vs VAT, v and ¢, moat of 71X, and X)) pass o certain distance
inwards, and for the most part also candalwards in the nerve-centre, and there end.  The ganglion-
rudiments from which they have grown are not shown heve. They are represented in the preceding
fignre.

e ———

fut, b

Fro. 175, —DIAGRAM KEPRESENTING THE DISTRIBUTION oF THE CEREERAL NERVES AND VESSELS OF

THE HEAD IN AN EMBERYO ABOUT THE FIFTH WEERK:; FOUNDED ON RECONSTRUCTIONSE BY T!.\rnj' |:|1
Stuerten, axp Mann., (T. H. Bryee.)

II! to XIL, cerebral nerves ; the sisth is wobt labelled : it is seen passing forwards below V 35, the
mandibular branch of the fifth. 1 to 7, ganglia of the first seven spinal nerves; a.v., anditory vesicle ;

f.it., truncus aorte ; ., lroncus pulmonalis ; v.a., vertelbral artery,
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four) are accessory root-ganglia, which gradually diminish in size until they are
found as mere rudiments in the root of the accessory nerve (fig. 173).

The result of the differentiation of the wvagus complex is, that the fore-
part or vagus division, becomes predominantly sensory, and the back-part or
accessory division predominantly motor (Streeter), The series of motor roots is
continuous, and both divisions are at first mixed motor and sensory.

The glossopharyngeal develops in a fashion identical with the vagus, and
in the human embryo it arizses independently of it. The petrous ganglion, like the
vagal trunk-ganglion, is associated with an ectodermie thickening (epibranchial
placode) above the third branchial arch. Though in the case of both vagus and
slossopharvngeal the part of the ganglion connected with the placode has possibly
an independent origin, Streeter does not describe any appearances which positively
prove an origin from the placode, as has been described in lower vertebrates. The
main bundle of fibres from the petrous ganglion runs in the third arch forming the
lingnal branch, while a second bundle runs into the second arch and hecomes the
tympanic branch (fig. 175).

The acoustic nerve arises from a ganglionic mass (acoustico-facial complex)
which lies just in front of the auditory vesicle and is early separated into acoustic
and facial portions. The acoustic portion will be described with the organ of
hearing,

The faeial has two roots, a motor and a sensory, The sensory root is derived
from a ganglion distinguished by its larger cells, which is separated off from the
comimon acoustico-facial ganghon and is named geniculate. It is direetly continuous
with an epidermic thickening over the hyo-mandibular cleft (embryo of twenty
third day : Futamura'),

The acoustico-faecial is gencerally considered a complex nerve connected with the hyoid arch
Giglio.Tos, founding on observations in a seventeenth-day embryo, argues for the independence
of the two nerves in the carliest phases.  According to his deseription, each of the two nerves
hag a median proganglion derived from the neural crest and two peripheral proganglia, a lateral
and an epibranchial, with corresponding placodes, The lateral placode of the acounstic nerve is
the auditory epithelium, that of the facial is a separate and distinet thickening ; the epibranchial
proganglia are continuous. The lateral and mesial ganglia are connected by cellular strands
{pronerves), and out of this complex the acoustico-facial ganglion is forme:,

The central root-fibres of the geniculate ganglion pass into the neural tube and
end in series with those of the glossopharyngeal (pars intermedia). The distal
branches appear about the fourth week as strands (A. Francis Dixon) which
become the greal superficial petrosal and chorda tympani nerves. They unite
secondarily with the branches of the fifth nerve with which they are connected
in the adult, and are well developed before the peripheral branches of the trunk of
the facial can be recognised. The motor root springs from a group of neuroblasts
in the antero-lateral part of the basal lamina, and at an early stage the fibre-paths
connected therewith show a general mesial direction (His) towards the nucleus of
the sixth nerve, foreshadowing the devious course of the facial root through the
floor of the fourth ventricle.  The motor fibres are distributed to the hvoid arch, the
museles of which they supply ; the sensory branches pass over into the mandibular
arch.

The abducens arises from the mesial column of neuroblasts in line with the
hypoglossal roots,  No ganghion has been described in connexion withit. Tt passes
forward mesial to the trigeminal ganglion to the rudiment of its muscle, the
external rectus of the eve.

The trigeminal nerve has a motor and sensory rudiment. The chiel motor
nuclens appears as a group of neuroblasts which forms a keel-like projection of

U Anntomische Hefbe, xxx, 1906,
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the wall of the neural tube opposite the ganglion, and immediately to the mesial
sidle of its entering dorsal root (fig. 174). The group of cells therefore belongs to
the lateral column, The descending root appears later, and is derived from a mass
of neuroblasts lying in close relationship to the aculo-motor and trochlear nuclei
in the floor of the mid-brain. The seasory root arises from a large ganglion, :
derivative (in part at least) of the ganglion-crest (see below). It iz situated
opposite the pontine flexure, and in the fourth week has become conneeted by
a single dorsal root with the neural tube, while peripherally it is already
provided with three primary branches—ophthalmic, maxillary, and mandibular
{ﬁgs 173, 175). The ganglion in an early phase is said |J‘..' (iglio-To: to be
cﬂnnect«ed with the .surfar:e ectoderm (placode). The gnn;.,hun becomes  the
Gasserian ganglion. The various subsidiary ganglia (ciliary, Meckel's, otic, and
sub-maxillary) arise like sympathetic ganglia (see below) in connection with the
several branches of the nerve.

In some lower forms the trigeminal shows traces of a composite character, and it has hence been
suggested that it represents the union of more than one sermental nerve.  In a human embryo
of the seventeenth day Giglio-Tos has described a complicated orvigin for the Gasserian ganglion.
He belicves, in the first place, that the radiment is primarily connected with the mes.
encephalon, and that the nerve becomes displaced backwards, He recognises three neura
* proganglia,” three epibranchial * proganglia® connected with surface placodes, and three
* pronerves "—i.r.cellular strands between the nevral and lateral ganglia, This complex mass fuses
into the single ganglion generally described as the rudiment of the dorsal root.

From the foregoing account it will be seen that ectodermic placodes have been described in
connexion with all the ecrebral nerve-ganglin in the human embryo ; it must be left an open
question, however, whether the gﬂngliu which are related to these p]:if:ml:rs. have not an origin
from the surface ectoderm.

The trochlearis springs from a tract of neuroblasts situated in the isthmus.
They oceupy both the mesial and lateral portions of the basal lamina (His, 1904).
The fibres take a dorsal course in the reticular zone to the roof of the isthmus
(future valve of Vieussens), where they cross and, again emerging, pass round the
wall of the mid-brain to their muscle (superior oblique of the eve).

The trochlearis presents the special and puzzling peculinrities—first, that though a ventral
nerve it emerges from the dorsal aspect of the neural tube; and second, that it crosses with its

fellow to form a dorzal commissure.  These facts have not received a satisfying ontogenetic
explanation.'

The oculomotorius springs from a ventral and mesial tract of neuroblasts
in the mesencephalon, and is generally pronounced a mesial or somatic nerve.
The root passes off from the ventral aspect of the neural tube just in the cephalic
bend, and passes backwards in its course to the rudiment of the ocular muscles,
which it supplies.

It has no ganglion-radiment, but in some forms the nerve-path is beset with nuelei, which have
been regarded as such, and the ciliacy ganglion has been sometimes considered as arising by an
aggregation of the outwandering elements on this nerve instead of from the Gasserian ganglion
of the fifth.

DEVELOPMENT OF THE SYMPATHETIC SYSTEM

The problem of the origin of the sympathetic is only a part of the larger one of
the origin of the peripheral nerves. There are two chief views regarding the source
of the ganglion-cells, According to the one (Remak, Kélliker, Paterson), they are
mesodermic; according to the other (Balfour, His Sr., His Jr., and many others),
they are ectodermic in origin, The first view is hn'-u:{! EP!LtEI‘SD]l} on the inde-
pmiflﬁnt- appearance in hml& and mammals of an unsegmented strand of mesoderm

! For a general diseussion of the queskion, ses Fiirbringer, * Morphologische Streitfragen,’ Morpho-
logisches Juhrl}mh xxx., 1902,
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into which, or through which, the visceral branches of the spinal nerves grow.
The nerve-fibres are said to become connected with the cells, and certain of these
persist to form the ganglia, while those of the intervening portion undergo changes
resulting in the formation of the commissural cords. This view has found little
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Fio, 1T6.—5EcTIoN OF THE HEAD OF A HUMAX EMpryo oF 155 man  Photograph. (1. H. Brvee)

The section will be readily understood if the structures be traced along the line between the two

arrows in fig, 175, p. 131, 111, cavity of diencephalon.

favour ; and even though the cells may seem to arise én sifu, our present knowledge
of the composition of the mesenchyme does not warrant our pronouncing all
eclements in it necessarily mesodermic. The second view is presented in several

forms.  One account, based more especially on Selachian material, describes the
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anglia as formed from outgrowths of the spinal nerve-roots (Balfour), the
cells of the outgrowths being identical with those which give ongin to the nerve-
trunks, and becoming differentiated in sitw into ganglion-cells.  Anothes
account regards the sympathetic simply as detached parts of the spinal
ganglia, the errant ganglia thus produced remaining attached to the spinal nerve
by the ramus communicans, and becoming secondarily connected together to form
the gangliated chain. His showed that in the human embryo the visceral branches
of the spinal nerves appear before the ganglia. He accordingly modified the
interpretation in the sense that the elements which form the sympathetic ganglia
are not formed nerve-cells, but indifferent cells which, arising in the spinal gangha,
wander passively or actively along the previously formed nerve- paths to become
aggregated into groups or pnmxtwe ganglia, where their transformation into
nerve-cells is completed. A third interpretation goes one step further, and
describes the growth of the sympathetic as a part merely of a general extension
in the developing nerve-paths of indifferent ectoderm cells, which undergo their
differentiation into nerve-cells, sheath-cells, or chromophil-cells only when thev
reach their peripheral situation (Kohn ') (see p. 100),

None of these interpretations of the appearances seen are easily capable of
objective proof, but the weight of evidence is decidedly in favour of the purely
ectodermic origin of the sympathetic, and of the discrete spread of indifierent
cells.

The sympathetic first appears in the form of groups of cells closely applied to
the ventral branches of the spinal nerves. Each of these soon becomes a cellular
cord which is the rudiment of the ramus communicans. The ramus communicans
next becomes fibrillar, and the ganglion is produced by prohferation of a
terminal group of cells (fig. 170). The prm‘utnz. ganglia are secondarily connected
by cellular strands into a continuous cord, which hu-::ﬂnms segmented later by the
conversion of the intervening strands into nerve-fibres. There is little doubt that
the whole system of plexuses and ganglia is formed by extension due either to
proliferation or to wandering of the cells from the primary chain. In the neck
the cord is closely related to the vagus, and the branches of the two are bound up
in a common plexus for the supply of the heart and lungs. The superior
cervical ganglion is said to be derived from the ganglion nodosum of the vagus,
and perhaps also the ganglion of the glossopharyngeal (His, Jr.). The abdominal
sympathetic consists at quite early stages of many groups of cells round the
aorta, and many scattered groups which extend into the mesentery, through which
the cells reach the stomach and intestine. The cells form a single layer in the wall
of the stomach, afterwards separated into the two plexuses by the formation of
the muscular coats (His, Jr.).

Chromophil, chromaffin, or phiochrome bodies.—It has within recent years been shown
that, more especially in the region of the abdominal sympathetic, but also along the whole
extent of the sympathetic cord, groups of cells are formoed from the primary indifferent
.Ej'mpﬂl-het.ic eells, which have the specinl property of staining ;,'ul.l.ow brown with the
salts of chromic acid. This chromophil system is represented in the adult by the medulla
of the suprarenal body, and perhaps also by the carotid and coeeygeal glands, Such chromophil
bodies, first discovered in the human embryo in 1901 by Zuckerkandl, are seen grouped
more especially between the kidnevs and suprarenal bodies, extending downwards along the
ureters into the pelvis, They consist of groups of large clear cells with very lightly staining
nuclei (fig. 257, p. 204), and contrast strongly with the groups of densely arranged smaller and
deeply staining cells traversed by nerve-fibres which are the rudiments of the sympathetic ganglia.
It is more especially to the researches of Kolin that the recognition of the system in the human
subject is due. It appears certain that the cells are sympathetic in origin ; they oceur not only
in masses, but in scattered groups in the ganglia. The histogenesis is conceived briclly

I Kohn, Arch. {. mike. Anal. 1xx. 1307,
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ag follows : The primary sympathetic cells are indifferent (ectodermie) elements which become
differentinted into two families of cells through a stage named in one case the sympathoblast,
andd in the other phiochromoblast (Pol '), which become respectively sympathetic nerve-cells and
chromophil or phiochrome cells, The significance of these researches in connexion with the

adrenal will be alluded fo later.

DEVELOPMENT OF THE EYE:?

The eyes begin to develop as a pair of hollow protrusions from the primitive
fore-brain, named the opfic vesieles. In some mammals the protrusions appear
before the neural canal is closed in by the fusion of the medullary folds; in the
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Fiua, 179, —8InE VIEW OF THE SAME PART

i

o ok OF THE BEATX IN A STILL MOLRE AD-
5. bel VAXCED EMERYO, THE EYE HAVING
o, BEEX cuT away. (His.)
!&m:g_’, opt., cut end of oplic stalk, showing
Wil medebianin the wanner in which it is folded:
i, infundibulum ; offp., posterior pat
16, 177.—TRANSVERSE SECTION OF THE HEAD OF A of olfactory lobe ; off.a., anterior part of
HUMAN EMBRYO oF 299 M3, SHOWING THE OPTIC the same; ok, cerebral hemisplore ;
VESICLES AaND avpiTony PiTs. (T H. Bryee.) t.e., tuber cinerenm.

pig, for instance, as shown by Keibel, they show as shallow pits on the medullary
folds while these are still spread out flat. The appearances presented by the
very carly human embryo drawn in fig. 177, show that this may occur
in the human subject also. The optic vesicle is continuous on its outer side with
the surface ectoderm of the side of the head ; and as this point of attachment does
not move so much during the formation of the eranial flexure as does the attach-
ment to the brain-tube, it follows that the vesicle becomes obliquely placed (His),

! In Hertwig's Hondbueh der vergleich, Entwickelungslehre 1110 Th., for which see references to

recent literature,
#* For literature, see Froriep, Hertwig's Handbuch IT. Th. i. and . p. 261 seq. More recent

references in footnotes,




OPTIC CUP AND LENS 137

with its surface attachment dorsal and caudal, and its central end or stalk ventral
and cranial. The surface ectoderm now becomes thickened and pitted-in so as to
form a cup-shaped depression (fig. 180), which subsequently becomes converted into
a vesicle by the closure of its mouth. This is the rudiment of the lens, and par:
passu with its formation the optic vesicle becomes doubled up to form the optic
cup. The cavity of the cup is occupied at first by the lens vesicle, but later it
becomes opened out to form the cavity of the eyeball or vitreous chamber, while

St
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Fie. 180, —TRANSVERSE SECTION HEAD OF A RABRRIT-EMDRYO OF THE ELEVENTH pav. (T, H. Bryce.|

Sy fove-hrain ; &6, hind-brain; opoees, optic vesicles ; lens, lens-plague;
audd., moditory vesicles.

the original cavity of the optic vesicle is almost entirely obliterated, appearing
merely as a cleft between the outer and inner walls of the cup.

Development of the lens.—The rudiment of the lens is a disc-shaped eecto-
dermal plagque situated on the side of the head opposite the upper and outer aspeet
of the optic vesicle (fig. 178). The plaque i1z at first closely applied to the outer
wall of the vesicle, but when thiz begins to be invaginated they draw apart some-
what, remaining connected, however, by protoplasmic strands (fig. 183). This
syneytial connexion is in all probability maintained during the formation and
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opening out of the optic eup—a point the significance of which will appear later.
In the few cases in which an open lens-pit has been deseribed in the human
embryo it is figured as & thick-walled, cup-shaped, then {lask-shaped depression,
the lips of which come together to form a vesicle which is connected for a time
with the surface ectoderm by an epithelial stalk, but afterwards becomes com-
pletely separated frem it. The inner wall of the vesicle at an earlv stage

Fic. 181, —DEVELOPMENT OF THE LEX¥Hs IK THE RABRIT. (After Babl, [rom Hertwig's
Handbuch der Entwickelungzlehre.)

Noz, 1 to 8= 180 digmeters : No. 9= D1 diamelers,  The stages 1 to 5 emnbeyos from the middle of the
eleventh to the middle of the twelfth day. No. 6 an embryo at the end of the twelfil day.

increaszes in thickness and encroaches on the cavity, while the outer remains a
thin lamella (fig. 181).

In the rabbit embryvoe the lens-pit does not coincide with the centre of the lens-plague ;
therefore in cross-scction it is triangular, not hemispherieal.  The vesicle consequently is also
triangular in section, and it is rather the upper and inner wall which becomes thickened by
the clongation of its cells,  The lens in its early stages thus appears in cross-sections of the
embryo to be obliquely placed in the optic cup (fig. 181). It may also be mentioned, though
the significance of the fact is unknown, that in the rabbit, and also in man (Rabl), the vesicle
contains o mass of epithelinl cells, which un-dergo degenerative changes and ultimately disappear.
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The thin anterior layer remains throughout life as a simple layver 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 : the central
fibres are the longest and straight (fiz. 182), while the rest are slightly eurved
with their concavity towards the equator. The fibres become gradually shorter
towards the circumference, where they pass through gradually shortening

Fig. 182, —SECTIOX OF THE DEVELOPING EYE OF A RABBIT-EMBRYO OF THE THIRTEEXTH DAY,
(T. H. Bryoe.}

The section passes through the optic stalk, and culs the groove in which the central artory of the
reting passes into the interior of the optic cup.  The cavity of the lens-vesicle is not yeb obliterated ;
its anterior wall is formed of a layer of cubical cells: its posterior wall, greatly thickened, is beeoming
converted into the lens-fibres.  The eavity of the optie eup is almost filled by the lens,  On the surfacs
of the retinal layer of the cup is seen a protoplasmie noelear-free zone which is the primitive vitreons.
It has shrunk away from the lens, and tllmre!:-g shows very clearly the vascular layver of mesenchyme on
the postevior aspect of thal bedy, The vesscls are seen entering the optic eup through the choroidal
fissure of the optic stallk, and also throngh the space between the lens and the mouth of the eap.

columnar cells (transitional zone) into continuity with the anterior epithelium.
By the growth of these fibres the eavity of the lens-vesicle becomes obliterated.
In this manner the central part of the lens is developed, 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
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successive lavers 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 cell-multiplication chiefly
takes place, and they grow hence meridionally backwards over the ends of the
already developed antero-posteriorly disposed fibres of the central part of the lens.

Development of the optic cup.—’

The doubling-in of the optic vesicle is
a gradual process of involution, and from the first the invaginated outer wall is
thicker than the inner (fig. 182). The thinner outer laver of the completed cup
early shows a deposit of pigment, and becomes the hexagonal pigmented
epithelinm of the retina, while the thicker inner layer 1= converted by a
complicated series of changes into the retina,

The optic vesicle at first opens into the cavity of the fore-brain by a wide
aperture. As the vesicle enlarges the lips of this gradually close in, and the stalk
becomes elongated into a hollow cord. The upper wall of this tube is thinner
than the lower. When the optic cup is formed the thin upper wall of the stalk is
continued into the outer layer, while the thick lower wall is continued into the
thick retinal layer of the cup. This is due to the character of the invagination of
the optic vesicle. It is not a simple in-pushing of the outer wall by the growing
lens-vesicle, for the folding is not confined to the part of the wall against which
the lens lies, but also implicates the ventral wall and commencement of the stalk
(fig. 178). A cleft iz thus left below the lens which is continued some distance
along the stalk as a fold of its thick lower wall (fig. 179). The cleft and groove
soon become elosed in, but before this is effected vessels enter the hollow of the
cup (fig. 182), the fate of which will be discussed later,

The line of closure of the lips of the cleft remaing apparent for some time owing to the fact
that when pigment develops in the wall of the cup this so.called choroidal fissure remains
unpigmented for a time. The malformation known as ecoloboma iridis is attributed to a
persistence of this fissure or unpigmented tract,

Development of the retina.—The thickened inner layer of the optic cup
early shows a distinction into a thicker posterior portion, the pars optice, and a
thinner anterior portion the pars ceca. The line of demarcation becomes marked
by a thickened lip known as the ora serrata, The pars eaca hecomes further divided
into the pars ciliaris reline where the inner layer remains as a single lamella of
columnar cells, and the pars diridis where it becomes closely united with the
pigmented outer layer, and spread over the inner surface of the developing iris,
to form the thickly pigmented epithelium known as the wvea.

The pars optica undergoes histological changes which are, in their essential and primary
features precizely similar to those already deseribed for the general neural epithelium. It is at
lirat a single layer of high columnar epithelinvm with elosely set nuelei at different levels. The
germinal zone is necessarily on the outer convex side of the lamella, that having been the original
inner surface. As the nuclei multiply & nuclear-free (or nearly free) zone is formed on
the concave aspect, which corresponds to the reticular zone of the general neural epithelium,
Sustentacular or primitive glial elements are laid down and persist as the fibres of Miiller, and an
outer and inner medullary lamina appear. The multiplying nuelei become arranged in zones
separated by narrow retieular bands. This is the expression of the grouping of the neuro-
blasts into radiating cell-complexes, or, interpreted by the syneytial theory, of the arrangement
of the neural syneytium into radiating multinuclear fibrillar paths. The nerve-fibre layer is
formed as elsewhere from the marginal reticular zone, The rods and cones appear first in the
axis of the globe as rounded refractile bodies projecting from the external medullary lamina into
the cleft between the two layers, They are produced progressively from the central point of the
retina to the periphery. Graham Kerr! finds in Lepidosiren paradora, in which the cells
are of great size, that in the elements destined to become wvisual cells a vesicle appears which
contains apparently a fatty substance. As this enlarges the cell bulges the external medullary

b CQuart. Jour. Miero, Bei. xlvi.; see also Cameron, Jonr. Anat. and Phys, xxxix,
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lamina before it, so that a part projects into the space between the layers of the optic cup. From
this a protoplasmic process is developed, which, elongating, becomes transversely striated and
converted into the euticular rod.

The optic stalk is, as we have already seen, hollow. lIts lower wallis thicker
than its upper and is invaginated by the choroidal fissure at its ocular end. The
fissure soon closes, and the arterv, entering the optic cup within the stalk, is
enclosed. The ventricular cavity is obliterated by the middle of the second
month, but the epithelial cells retain for some time longer their radial disposition.
This soon becomes lost, and the stalk becomes converted into a glial network in

leus il | J: _-.- . .I__ o ."-'5 i i.'ﬂ_ﬂ_

Fra. 185.—SECTION OF THE DEVELOPING EYE OF TRoUT. (Szily.)

lens, lens-vesicle not yet closed ; »ef, inner layer, pp, onter layer of oplic cup; po., primitive
vitreons; a, protoplasmic connexions botween the eells of the outer and inner walla of the optic cup.,

which the nerve-fibres appear at the end of the second month (His). The nerve-
fibres begin in the retina and grow along the stalk towards the brain, extending
into its thickened invaginated lower wall. The point where this is continuous
with the retina at the centre of the optic cup becomes the optic dise, The optic
chiasma is formed by fibres crossing in the posterior boundary of the optic recess,
and the optic tract is a new formation by which the eve is secondarily connected
with the optic thalamus and mid-brain.

Development of the vitreous body and lems capsule.'—The formed
elements of the vitreous body and the zonule of Zinn are to be regarded as a special

P The followimg account is founded on the observations of Tornatols, Habl, Addario, Van Pée,
Lenhossik, Killiker, and Szily. My own observations, on which the actual deseription is based, have
been made on rablit material —T'. H. B.
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development of the syncytial system of nuclear-free protoplasmic threads which
Szily has shown exist between all epithelial formations as they draw apart in the
course of development. In most situations, as has already been indicated,
this system is the basis of the mesenchymatous syncytial network when the
free cells have wandered into it, but in the case of the vitreous it remains
largely cell-free. The lens capsule belongs primarily to the same category, but
in mammals, in which alone a refe vasculosum lentis iz developed, mesoderm cells
and blood-vessels enter into its formation.

We have already mentioned the existence of primary protoplasmic connexions
between the lens and the future retinal epithelium (fig. 183). When the lens-pit
cloges in, similar connexions are formed between the outer wall of the vesicle and
the surface epithelium. When the retinal layer draws away from the lens, and the

f:l'ru.i (L]

Fro, 184 —8pcTion oF THE DEVELOFING EYE oF TRouT. (Srily.)

fens, leng; wel, retinn g hp, onter layer of optic cup; poe, primitive vitreons; ves, blood-vessel.
Mesenchyme-cells are seen passing into the space between the surface-ectoderm, the optic enp, and lens,

lens from the surface epithelinm, these protoplasmic threads are drawn out into a
mesh-work which fills the optic eup and surrounds the lens-vesicle (fig. 184). The
mesenchyme surrounding the cup does not at first extend beyond its mouth, butin
mammals mesenc-lwnm—ml]u soon extend round the lens and form a layer on the
back of that body, so that here the primitive syneytial meshwork is replaced by a
lamella of tt‘Pmai mesenchyme. In this vessels appear, and these are supplied
by a vascular loop which extends into the cup through the choroidal fissure, It
ramifies among the vitreous threads, and later becomes the central artery of the
retina and its hyaloid branch. As the optic cup expands this mesenchymatous
lamella clings close to the lens (fig. 182), and the space behind it is seen to be
filled with protoplasmic strands connected with every part of the retinal
epithelium (Rabl, Kolliker, and others). The connexion of the fibrille with the
pars optica is lost, but in the ciliary region the attachment persists, and the
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fibrils from the ciliary epithelium form the greater part of the formed portion
of the vitreous, the so-called hyaloid membrane, and zonule of Zinn,

The synevtial meshwork in front of the lens has a different fate. It becomes
invaded by large numbers of mesenchyme-cells, and is converted into a thick
cellular plate between the lens and the surface epithelium. At this stage a delicate
refractile membrane appears round the lens, formed apparently from the mesh-
work, and this, together with the mesenchymatous laver behind the lens, and
a delicate lamella of mesenchyme in front of it-—separated off at a later stage from
the anterior mass of mesoderm—becomes the lens-capsule.

The membrane thus defined becomes the funica vascnlosa of the later stages of feeial develop-
ment. The portion behind the equator of the lens is supplied by the hyaloid arfery, and the
part in front of the equator by the
anterior ciliary arteries. Shortly
before birth the vessels disappear :
the hyaloid artery is obliterated,
but its track in the vitreous per-
sists as the canal of Stilling, The
fore-part of the capsule is named
the pupillary membrane.'

Development of the
protective and wvascular
coats; the iris and
agqueous chamber. — The
optic cup is surrounded by a
specially vascular mass of
meszenchyme, and, as we have
seen, this extends into the
space between the lens and
the surface epithelium. It
here forms a thick cellular
layer, which is the rudiment
in great part of the cornea,
while the surface ectoderm
over it forms the corneal
epithelium. The cornea is at
first identical in structure

with the primitive sclerotic, Fis. 185.—Homzontan sEcTox THROUGH THE EVE 0F A
with which it 15? of course, EMBEVO-RARRIT OF EIGHTEEN Davs. % (Kiilliker.)

continuous. Later it under- o, optic nerve; p, hoxagonal pigment-layer; », relina;
rey, cilinry part of the retinn; p’, fore.part of the optic cup

goes hiﬂtn]ﬂgical c]lilllgﬁs (rudiment of the iris-pigment) ; g, vitreons, shronk away from
which cause it to hecome  the reting, except where the vessels from the arteria centralis
reting enter it} 4, iris: wep, membrana pupillaris; e, cornea
tmnspﬂrﬂnt- The mesen- with epithelinm e e, |1:a]|:u:-rhrn-; Iy lens ; £, lens-epithelinm;
chvme Slil‘l‘ﬂllt‘ld]‘llg' the {}Ptiﬂ f. selevotio ; m, recti muacles.  The formation of the agneous
’ A ; chamber is just beginning, and is seen as o eleft in front of
cup becomes differentiated  ihe iris on each side,
mto two layers—an outer
more condensed stratum which forms the selerotic coat, and an inner, looser stratum,
enclosing many vessels, which becomes the choroid coat. This is thickened
near the margin of the cup to form the cidiary body, and its surface becomes
radially folded over the thickening to give rise to the ciliary processes. On its
outer side the ciliary muscle is laid down.
The aqueous chamber is formed by a separation of the massof mesenchyme
between lens and surface into two lamelle—a thick anterior layer which becomes

! For an Exllﬂ_{lﬂﬁ\'ﬂ account of the development of the arteries of the mammalian eye, sce Fuclis
Anal. Hefte xxviii. 1005,
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the cornea, as above described, and a posterior which gives rise to the iris and the
mesenchyme of the pupillary membrane (fig.185). The separation begins just in front
of the ciliary region. Here the posterior lamella is composed of loosely arranged
mesenchyvme, applied to the pars iridis of the optic eup. It gives origin to the
stroma of the iris. The cleavage proceeds from the periphery over the front of
the lens, but here only an excessively thin lamella is separated off, in which the
vessels of the ]m]:'-ﬂlm'j.' membrane dm'ﬂlﬂp, It iz at first directly continuous
with the iris (fig. 185), but when the vessels disappear it is dissociated from that
structure, and if any trace of it remains it appears to be incorporated with the
lens-capsule.

Accessory structures.—The eyelids make their appearance as folds
of integument, subsequently to the formation of the eyeball. About the third
month of feetal life the two folds, one forming the upper and the other the
lower lid, meet and unite by a growth together of the epithelivm at the margins
of the folds, so as to cut off the conjunctival sac from the exterior. Shertly
before birth they again become disunited.

A third fold (of the conjunctiva) appears at the inner canthus, and in many
vertebrates develops into a well-marked third evelid, the membrana nielitans.
In man it remains rudimentary, forming the plica semilunaris.

The glands, hairs, and other structures belonging to the eyelids are developed
in the same way as the corresponding structures in the rest of the integument.

The laerymal gland is developed in the third month as a number of out-
crowths from the deeper laver of the epithelium, at the upper and outer part of
the conjunctival sac. The outgrowths are at first solid, and branch into the
surronnding connective tissue as in the case of racemose glands, subsequently
becoming hollowed out and differentiated into ducts and acini.

The lacrymal canals and duets were {ormerly described as being directly
developed by the enclosure of the fissure which separates the lateral nasal
process from the maxillary process (see Development of Face, p. 86), and
which passes in the early eml}r}u from the eye to the upper part of the naso-
bueeal cavity I[lil(‘l‘}"nlﬂ.] fissure). But it has been shown, chiefly by the researches
of Born, that in most animals the canal is at first formed as a tlll[‘kﬂl‘l]l]ﬂ of the
rete mucosum of the epidermis, which sinks inte 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 epithehal tube, which leads from the
conjunctiva into the nasal cavity.

The bifurcation of the duet where it opens on the conjunetiva was formerly believed to be
produced (Ewetsky) by a broadening out of the epithelial cord at the inner canthus, and its
subsgequent separation into two parts by an ingrowth of connective tissue in its middle, the
two parts developing into the upper and lower lacrymal canals. It has been shown, however,
(Matys, Fleischer, and Ask ' ), that, although the epithelial cord remains a long time in continuity
with the conjunctiva, both the lacrymal canaliculi and nasal duct are produced by proliferation
of the {-pithr]inl blastema in the connective tissoe, and come wc.wmln.rily and simultaneous|y
into contact with conjunctival and nasal epithelium respectively. The lumen appears first
in the inferior canaliculus, and then at different points in the cord. The upper canal lags
biehind the lower in development : it opens at first into the conjunctiva close to the inner
eanthus; while the lower canal opens considerably further out along the edge of the lid.
:{lm-cn is thus left in the lower lid, between the puncium !JIEr_]."nm]a and the inner canthus, for
the development of Meibomian follicles, As the lower eanaliculus enlarges, these are compressed,
and therefore atrophy, and the tissue in which they lie becomes the caruneula lacrymalis,

I Matys, Zeitschr. [. Augenheilk. xiv; Fleischer, Archiv f. Ophthal. Ixii.; Ask, Anat. Anzeiger,
axxa. 1907,
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DEVELOPMENT OF THE EAR.

The essential part of the ear—viz. the epithelial lining of the labyrinth—is
developed in much the same way as the crystalline lens, as an invagination of the
external ectoderm, which at first appears as a pit of thickened epithelium (auditory
pit, fig. 177), but is gradually converted by a growing together of the margins of
the pit into a hollow island of ectoderm, the awuditory or otic vesicle (fig. 180). This
process occurs somewhat after the formation of the eve has begun, and at quite
a different part of the head—viz. on either side of the hind-brain just over the
upper 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 mesoderm, which separates it from both the neural and external ectoderm.

Fio. 186.—STAGES IN THE DEVELOPMEXT OF THE MEMBRAXOUS Lapvmixte. (W. His, Jr.)

A. Left labyrinth of & human embryoof about four weeks, viewed from the onter side. v, vestibulare
part; o, cochlear part; v, recessus Inbyrinthi (aguednctios vestibuli).

B. Left labyrinth with parts of the facial and anditory nerves of a human embryo of about four and
a-half weeks, b, sucface of the hind-brain ; w, ntricular ; £, sacoular part of labyrinth ; a.a.c., pae.,ese,
rudimentary folds representing the two vertical and the horizontal semiciverlnr ennala ; w0, upper part
of rmemuﬂuhyrinl.hi becoming enlarged into the endolymphic saccule; oo, rudiment of eochlea; o,
vestibular branch of auditory nerve; gov., vestibular ganglion (ganglion of Searpa}; g.r., cochlear
ganglion ; w.f., fncial nerve, with genicnlate ganglion, g.9.

C. Left labyrinth of a homan embryo of about five wesls, viewad from without and below,  Letter.
ing s before. The horizontal canal is atill only a fold. The ampulle are beginning to be visible on
the two vertical canals.

The otie vesicle is at first flask-shaped, with the somewhat elongated mouth of
the flask directed externally towards the original point of connexion with the
exterior. In elasmobranch fishes this passage is never closed, but remains
throughout life in the form of a small duct-like tube which passes up through the
cranial wall and opens on the epidermis. In other vertebrates the opening to
the exterior becomes closed, and what remains of the original mouth, or canal of
connexion with the exterior, is visible as a distinet but small process from the

' For literature see Krause, Hertwig IL Th. i, and ii. p. 133 seq.  Reference to more recent papers
in footnetes,

VOL. L i



1406 EAR

upper and inner angle of the vesicle, and is known as the recess of the labyrinth
(fig. 186, r.l.). Ewventually it develops into a long epithelial tube, which passes
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Fra, 187, —MoODELE OF THE MEMERANOUS LABYRINTH: A OF A HUMAN EMBEYD oOF 11 MM,
Axp B or ax pxsnryo oF 15 smum.  (After Streeter.)

saee, sacenle ) co, cochlen ; e, recessos labveinthi; ase. superior, s posterior semicivenlar
0 maﬂ The future lateral semicircalar canal is represented by the fold projecting omtwards n.bnvn-
saee; or veatibular, er cochlear divizion of awditory nerve,

r.hrmigil the petrous bone, with an expanded end lying within the skull under-
neath the dura mater. This tube and its expanded termination form respectively
the endolymph canal and endolymph saceule (fig. 189).

In the meantime the andi-
tory vesicle becomes elongated
and begins to be irregular.
It shows a larger triangular
swelling in its dorsal part to
which the endolymph canal
is attached, and a smaller
flattened sac which is the
rudiment of the epithelial
canal of the cochlea. At the
junction between the two
moieties a bulging, described
by Denis and named afrium
by Streeter,! constitutes the
rudiment of the utricle and
saccule. The dorsal or vesti-
biudar pouch soon shows a
vertical and a little later a
horizontal fold (fig. 186) ; the
former is the rudiment of the

Fic. 185 —MopEL OF THE MEMDRANOUS LARYRINTH OF & two vertical (anterior and

MUMAY EMERY0 oF 20 uma.  (After Stroeter.) pﬂﬁtﬁriﬂl‘] spmnieireular canals

.l.:' utricle; s, sn.cl::lulc; -r'r.'.lfh.m.-hla.-a:k .l recessus I:Ih'l:h:\'rlintlhi; and their common Gpl}ﬂillg

alans o el ieton of ditors wores, M8 YR orug), the latter the rudiment

of the horizontal (external)

canal. The folds which give rise to the canals are flattened semicircular

hollow protrusions from the wall of the vesicle. The layers of the folds next
b Amer, Journ, of Anat, vi. 190,
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come together and coalesce, except near the circumference of the semicircle, which
now forms a tube connected at its ends with the vesicle. Subsequently, by
absorption of the coalesced lamelle, the tube is converted into a free loop.
One of the ends becomes dilated into an ampulla and econnected with a branch
of the auditory nerve. In consequence of the manner in which the two
vertical canals arise from the upper vertical fold they are at first in a line with
one another, but as they take form they come by differential growth to be

g,

Fre. 180.—MoDEL 0F THE MEMBRANOUS LABYRINTH OF A HUMAX EMEBERYO OF 300 M.
{ After Streeter.)

v, ntricle ; &, sacenle ; ee, cochlea ; ., recessns labyrinthi (aguednetos vestibnli) ; crws, common
opening of superior and posterior sewicirenlar canals ; sin, sinos atrienli laternlis; @ superior
aemicirenlar canal @ ampar, its ampulla; pace, posterior semiciveular conal: empp, ils ampulla;
Ls.e, horizontal semicircular canal; vr, vestibular division ; er, cochlear division of anditory nerve';
dy brameh from vestibular divigion of nerve to ampulla of the posterior semicirenlar canal,

placed at right-angles to one another, the ampullary end of the superior
retaining its original position. While the semicircular ecanals are forming,
the ventral cochlear portion begins to grow out and become curved on itself,
while the atrium becomes subdivided by a fold into an upper and posterior
chamber connected with the semicirenlar canals, the wricle, and a ventral and
antertor connected with the cochlea, the saccufe. This fold extends into the
attachment of the recess of the labyrinth and separates it longitudinally for a

short distance into two tubes, one of which opens into the utricle and the other
Lz
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into the saceule, forming the only permanent means of communication hetween
them. Another fold, or constriction. appears presentlv, somewhat lower down
and eonverts the connexion between the saceule and the cochlea into the narrow
duct of Hensen (canalis re-uniens).

In the meantime the eochlea-rudiment at the ventral end of the now labyrinthine
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 fhlS part of the anditory
organ (figs. 188, 189). This coiling, however. only oceurs in mammals ; in birds,
the cochlea is a short straight blind tube.

All these parts of the labyrinth are, when first formed, simple epithelial tubes
surrounded by and imbedded in vl]ll:ll”";ul]lL 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.
The cartilaginous capsule does not tluwlm invest the epithelial structures ; they
are nmnndunul_\ surrounded by emhnunu connective tissue, which fmms 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 of semi-fluid ground sub-
stance 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 embryvonic tissue
which is not gelatinous, and 1s connected with that lining the capsule by =imilar
non-gelatinous tissue separating the turns of the eochlea from one another, and
also running i the position of the future spiral lamma.

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
lining. The modiolus and septa of the cochlea, as well az the csseous spiral lamina, are formed
wholly in conneetive tissue without any preformation in cartilage.

The perilymphatic spaces throughout the whole labyrinth are produced by a gradual vacuo.
lation and disappearance of the gelatinous tissue which surrounds the membranouws 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
{seala) that the cochlear tube, which was previeusly oval in section, acquires the characteristic
triangular seetion which we sec in the fully formed organ.

The eells which form the wall of the epithelial tube become variously modified in different
paris of the labyrinth to produee the characteristic stroetures which there oceur—viz. the
hair.cells, the rols of Corti, the sustentacular cells of Deiters, and the epitheliom lining the
[ub}‘rjnth. The |11.E.-|11I}_rn|:m tectorin Appears as o cuticular lll.'E]l.‘I'.'iil. over the columnar cells
which are beeoming developed into the organ of Corti,

The auditory nerve arises from a ganglionic mass which 1s early divided into
an acoustic and a facial portion (geniculate ganglon) (fig. 186). The acoustic
ganglion lies on the front edge of the auditory vesicle with its lower end turning on
to its mesial aspect (figs. 186, 187). It consists (in embryos of 7 mm., twenty-sixth
day) of an upper and a lower part. The central root of the ganglion springs from
the upper part, and each division has its own peripheral branches. According to
Streeter’s researches, the lower part is not the cochlear ganglion as described by
W. His, Jr. The ganglion spirale develops from the ventral border of the pars inferior,
becomes coiled with the cochlea, isolated from the rest of the common ganglion, and
connected secondarily with the neural tube by a separate nerve-root, the cochlear
root. Thus the pars superior and pars inferior together constitute the vestibudar
gangfion. From its upper portion are derived the nerves to the utricle and to
the ampulle of the superior and lateral eanals, while from the lower portion come
the nerves to the saccule and ampulla of the posterior semicircular canal (fig. 189).
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The primary ganglion is closely applied to the auditory vesicle, and the peripheral
nerves arve very short. The secondary gangha become included m the capsule as
this develops round the labyrinth.

ACCOESBORY PARTS OF THE ORGAN OF HEARING: MIDDLE EAR
AND EXTEENAL AUDITORY MEATUS.

The middle ear and the Bustachian tube are derived from the first
branchial pouch of the pharynx: the auricular fossa and the external
meatus from the first branchial cleft; the former are therefore entodermic,
the latter ectodermic derivatives.'

The bottom of the ectodermic cleft, which is shallow above and deeper below,
comes into contact for a time with the entoderm of the corresponding pharyngeal
pouch and its dorsal prolongation. The original depression persists as the fossa
of the auricle (concha and upper auricular fossa), while the different folds of that
strueture are produced by a series of elevations which appear on the prominent

carrcher fiicus  aallens corhlee

P rags A,

Fre. 190, —=RBecoNsTRUCTION OF THE TYMPANUM, PRIMITIVE EXTERXAL AUDITORY MEATUS, COCHLEA,
AND OSEICLES OF A HUMAN EMOBRYO 24 asa. nono, vRoM THE FroxT.  (After Hammar,)

The tympanie eleft (fymp) is seen extending from the pharynx; at its onter end 18 o noteh
bounded by two recesses of the tympanic cavity, of which only the anterior iz seen; opposite the
noteh is the handle of the mallens.  Meckel's [:L‘Ll,'t.i!u.gi! (M) and Eeichert's cartilage (K.c) are cut
across at their lower ends : the former 12 directly continuons with the radunents of the malleus and inens.
pseane., primitive external meatus.  The spoon-shaped inward part of this is the meatal plate.

lips of the fissure (see Section L. p. 88). The external anditory meatus is in part
produced from an inward tubular prolongation of the lower and deeper part of
the cleft, and in part from a solid epithelial plate which grows obliquely from it
mwards and downwards, below the fissure representing the tvmpanic ecavity
(fig. 190). The cartilaginous portion of the meatus and also a small part of the
roof of the osseous meatus, which have a typical skin-lining, are derived from
the tubular invagination ; the deep portion of the osseous meatus is produced by
the shedding of the central cells of the epithehial plate. The lumen thus pro-
duced lies obliquely like the solid plate, and its upper and inner wall forms ultimately
the ectodermic covering of the tympanic membrane,

The primitive tvinpanic cavity is derived from the dorsal prolongation of the
first visceral pouch. This and its lateral expansion are at first in contact with
the ectoderm, but the epithelial layers are soon separated again by mesenchyme.
The extremity of the dorsal prolongation is to be recognised at this stage, and through

 The following account is based on the very detailed deseriptions given by J. Angust Hammar
(Upsala), Archiv. {, mikr. Anat. lix. 1902,
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all later stages, as a pocket named the anterior tympanic recess.  From this,

a forward tllwctmn a shallow groove extends along the roof of the pharynx. am:l
another furrow runs backwards to the dorsal pocket of the second visceral pouch.
This furrow is divided into two portions, a short, sharply descending section and a
shallow horizontal posterior prolongation. At the junction of these two a second
pocket develops which is named the posierior tympanic recess. By the expansion
of the pouch and the deepening of these furrows the primitive twupamlm 1s laid
down as a wing-like diverticulum from the pharynx, which extends in a horizontal
and then in a dorsal direction. In shape it is a narrow cleft, the inner wall being
rendered salient by the growing cochlea. In the mesenchyme on its outer side
the cartilages of Meckel and of Reichert are laid down. The upper end of the former
passes over the two recesses above named and expands to form the rudiments of
the malleus and incus. From the mallens a process extends downwards and
inwards which is the rudiment of its handle {fig. 190).  This causes a projection into

peslihacle

pram.

M.r

Fre, 191.-—<RECONSTRUCTION oF THE AUDITORY CAPRULE, THE TYMPANUAM, AUDITORY O38ICLES, AXD
EXTERNAL AUVDITORY MEATUS OF A HUMAN EMBRY0 24 MM, LoxNG, FROM THE FRONT. (After
Hammmar.h

M. eartilage of Meckel (the proximal end of Meckel's cartilage shows two points, the mallens and
ingus reapectively) ; Moo, cartilage of Reichert; pr.aom., the line points to the junction of the ouler
portion developed as n pit from the surface and the inner portion developed from the meatal plate.

the outer wall of the tvmpanum between the anterior and posterior tympanic
recesses.  The primitive tympanum iz cut off from the pharynx from behind
forwards until it opens only by a short tubal portion. At this stage the cut-off
tubo-tympanic cleft is directed ncn.rlv horizontally outwards. Its outer end, with the
two recesses, is obliquelv placed, and overlaps the inner end of the meatal plate
above described, a layer of mesenchyme—in which the handle of the malleus lies—
intervening between them. This layer of mesenchvme gives rise to the mem-
brana propria of the drum. and the epithelium to its inner mucouns covering. The
handle of the malleus lies between the two tvmpanic recesses. In later stages
the tubo-tvimpanic cleft comes to lie more and more antero-posteriorly as the
cranial base pushes forwards, and the short tubal portion becomes elongated,
until the adult position and relationships are attained. During the later months
of pregnancy the lining membrane of the tympanum becomes greatly thickened
and gelatinous, so that the epithelial lamells are brought together and the Inmen
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obliterated. The cavity is again established after birth ; it is believed that
this is due, in part at any rate, to the establishment of respiration. By the
expansion of the cavity in various directions its several recesses are formed, and
the ossicles and the chorda tympani nerve, which, as we have seen, lie at first in
the mesenchyme external to and above the primitive tympanum. come to he
enclosed in folds of the mucous membrane within the fully developed cavity:

DEVELOPMENT OF THE NOSE.

The olfactory organ appears towards the end of the third week as an area of
thickened ectoderm on either side of the fore-brain. By the upgrowth of its margins
the area soon becomes depressed below the surface, and the so-called oljactory pit
is produced. The depression is at first pyriform in shape, the smaller end running
towards the stomodceum (fig. 192). The mouth of the pit next becomes
constricted by the thickening and drawing-in of its lips; but at its pomted

! Froaed §
Fig. 199, —FPnorine VIEW OF THE HEAD OF A HUMAX Fio. 193.—Heap 0F A% EMBREYO ABOUT
EMBLYD OF NEARLY FOUR WEEKS. IH:[S.-}I TWENTY-NINE DAYE OLD, F R
‘ : : : BEFORE. (His.)
off, olfactory depression passing posteriorly into a 3
deep pit, the rodiment of Jocobson's organ; e, peglof., globular extremity of the
maxillary process . s, mandibular aveh; by, hyoidean mesial  nasal  process, The other
arvch i firl, b, first and second branchial arches, letters as in fiz. 192,

(stomodceal) end the circumference iz interrupted, the raised margin ending
mesially and laterally in the mesial and laferal nasal processes (fig. 193), Between
these the pit is continued as a groove or furrow on to the roof of the stomodeum.
We have already seen (p. 88) that the lateral nasal processes form the ale nasi,
and unite with the maxillary processes, which in turn form the cheeks and outer
parts of the upper lip; also that the mesial nasal processes (processus globulares)
unite with one another to form the central part of the upper lip and philtrum,
and then unite with the maxillary processes to complete the lip. If now the under
aspect of the processes in their first phases be examined, it will be seen that they
extend backwards in the roof of the embryonic mouth, being separated by the
groove already referred to (fig. 194 8). The groove is not, however, an open fissure
communicating with the olfactory pit, but is filled by a raphe of ectoderm produced
by the fusion of the opposing surfaces of the several processes. It is not clear
whether in man the epithelial raphe is a primary formation—an epithelial band
between the mesial and lateral nasal processes (Hochstetter)—or is secondarily

! For literature, see Karl Peter, Hertwig L1 Th. i, and i, p. 78 seq.  Later refevences in footnotes
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Fio. 104.—A, HEAD 0F A% EMDRYO AROUT THIRTY-FOUR DAYVE OLD, PROM BELOW, B, TeHe mroor or
THE FRIMITIVE MOUTH OF THE SAME EMEAYC AFTEER IEAMOVAL OF THE MANDIBLE. {Hiﬁ.j

i, placed on the fronto-nasal process, and just above its intermediate depressed park; .!f.n.ll,u:r',, Internl
nasal proeess; magpe, mesial nasal process; other letters as in fig. 192, The nasal lamine of the
processus globulares and the palatine projections of the maxillary processes are seen in B,
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FiG, 195 —SECTION THROUGH THE OLFACTORY VESICLES IN A HUMAX EMERYO oF 155 s
{'T. H. Bryce.;

ol was, olfactory vesiele : on the right the vesicle is still separated from the mouth by the buccs-
nasal membrang, oo, @ on the left this membrane has lliﬁll!]lll}.ﬂl‘ﬂd. and the section passes throngh the
primitive choana ; Lo, groove which will become Jacobson's organ ; #rfim., groove which will become
the inferior meatus ; pal., palatal folds.
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produced by the walls of the groove being caught between the growing lateral nasal
and maxillary processes (Lewis).

The mesial nasal process now becomes united with the lateral nasal and maxillary
processes by the extension of mesenchyme between them, and the epithelial raphe

septind vt ptileece

Tielerai

Fateand cerrtilerne

er PR ol

Fig. 196, —HoRIZONTAL SECTION OF THE XASAL FOSSE OF A HUMAX BMBERYO OF 30 M
(T. H. Bryce.)

S, Jacobsow's organ ; eon., conchae ; wd, laceymal ducts; nd', their openings into the nasal
fossme ; oss., commencing essification in maxilla,

is interrupted, It persists behind, however, and forms a thin membrane (bueeo-
nasal membrane), which breaks through later, so that a passage is established
between the hitherto blind nasal sac and the stomodecum (fig. 195), The two
openings thus produced are the primitive posterior nares (choane). The united
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nasal and maxillary processes in the roof of the stomodeeum constitute the
primitive palate, while the two mesial nasal processes which have meantime fused
together, form a broad primitive septum (intermaxillary process) (fig. 194 B). The
primitive choans do not correspond in position to the permanent posterior nares,
which are placed much farther back, and are established only in the third month,
when the permanent palate has been developed. The nasal sacs extend backwards
as the face takes shape and the interocular septum is produced, appearing as
narrow clefts in the roof of the primitive mouth. Each is surrounded by
mesenchyme in which a cartilaginous nasal capsule is laid down. On the outer
side—that is in the lateral nasal process—the cartilage takes the form of a
curved plate (fig. 196), connected behind with the trabecular region of the base of
the skull, and ending below in a free margin, The two lateral cartilages join
‘mesially with a septal cartilage (fig. 196), which has developed in the fronto-
nasal process as a forward projection of the trabecular region of the base of
the skull, The septal, like the lateral cartilage, ends below in a free edge, so
that the capsule is open below. The floor of the foss® is completed by the

o
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Frio, 197.—<THE moop oF THE MOUTH OF A HUMAX EMBEYD AROUT TWO AND A-HALF MOKTHS DLD,
SHOWING THE DEVELOFMENT OF THE FALATE. [(After His)

g, processus globularis; pag., palatal process of processus globularis: ner, maxillavy process;
w!, palaial fold of maxillary process.  Close to the angle between this and the palatal proeess of the
processus globularis, on ench side, the promitive choanm.

growth f[rom the lower part of the maxillary processes of the palatal folds
{ﬁg 197), which unite with one another and then with the lower end of the septum
to form the palate. The palatal folds extend from the line of union of the mesial
nasal and maxillary processes backwards on to the wall of the pharynx. They
are at first below the level of the dorsum of the tongue, and are directed downwards
and inwards (fig. 195). As the tongue sinks between the growing mandibles they
are rotated into a horizontal position and meet in the middle line above the tongue.
The posterior parts of the folds, however, maintain their original direction (Pélzl).
We have already seen that the mesial nasal processes, which unite superficially
to form the central part of the upper lip and the philtrum, extend backwards in the
roof of the stomodeenm, and there unite to form the intermaxillary process (fig. 197).
This projects farthest back in the middle line, and has two oblique lateral borders,

' I"' suggested explanations of this change of position of the palatallfolds, see the following
papers : His, W, Abhand. math.-phys, K1, Sichs, Ges. Wiss, 1901 ; l}ul?l Aoma, Anat, Helte, xxvii
L4 5 Se horr, Anat. Anzeiger, xxx. 1907, See also Giippert, Morph. Jahrh. xxxi. 1905, and Anat, -‘|.:|m'~1g£~r
wxiii. 1908, on the more general question as to the origin of the secondary palate.
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with which the palatal folds meet to complete the palate in front. Between them
openings persist for a time—the duets of Stenson, which correspond to the
permanent passages from the mouth to the nose in lower mammals. Though
obliterated during embryvonic life in man, the ducts are represented by strands of
tissue occupying the foramina of the same name in the bony palate,

The hard palate is formed by the extension of bony plates into the membranous
folds. Posteriorly these are absent, and muscular tissue extends into the folds,
giving rise to the soft palate and uvula, The palato-pharyngeal folds repre-
sent the posterior ends of the palatal folds which do not in this region unite
with one another. The turbinate processes appear in the second month, long
before the palate is completed, as projections from the outer wall composed of
a basis of mesenchvme covered by thickened epithelium (fiz. 196). In these
projections cartilaginous plates are laid down, connected with the nasal capsule,
which, growing inwards and becoming curved, form the rudiments of the various
conche, The accessory sinuses are produced by outgrowths from the onigimally
simple furrows separating the primitive turbinate processes.

The mechanism by which the processes and furrows are formed is variously interpreted.
In the first place, it may be definitely stated that the projections are not due to an inpushing
of the wall by the cartilaginous strands which become the conchme. The folds are present
before cartilage iz formed within them (fig. 196). There are two other explanations. The
projections may be either free ingrowing folds of the mucons membrane (Killian, Mihalkovies,
amnd ‘others) or they may be elevations left by excavations of the furrows in the outer wall
(Legal, Schinemann).  According to Schénemann, epithelial ridges grow out in the position of
the future furrows, and these are excavated into epithelial pockets, From this point of view,
the complexities of the nasal fosse are due to the operation of a single process, the early
furrows being produeed in the same fashion as the later sinuses. DBoth factors may be at work
gimultaneously (Glas).!

The organ of Jacobson, though represented by a vestige merely in the adult
human being, is a well-marked structure in the embryo. It appears as a deep
pocket at the stomodwal end of the olfactory pit, and afterwards, when the mouth
of the pit is closed in, as a pocket on the lateral aspect of the mesial nasal process
(fig. 195). Later, it has the form of a narrow duct, oval in section, running longi-
tudinally in the substance of the septum (fig. 196) and opening anteriorly near the
upper orifice of Stenson’s duct. When the septal cartilage becomes formed, a
special curved plate of cartilage is developed which partially encloses the organ
and persists in the adult.

The nostrils are closed for a time by an epithelial plug (fig. 196), the permanent
passages being established by a shedding of the central cells in the epithelial mass.

Olfactory mnerve.—What was formerly described by anatomists as the
olfactory merve is in reality, as we have already seen, a portion of the cerebral
hemisphere cut off to form a hollow stalk, which afterwards (in man) becomes a
solid strand, just as does the optic stalk. The distal end of the olfactory stalk
lies close to the developing olfactory pit, and the two become connected during
the fifth week by nerve-fibres. During the fourth week the lining of the olfactory
pit undergoes histogenetic changes comparable to those seen in the wall of the
neural tube, According to His, a group of cells hecomes detached from the
epithellum, and constitutes a ganglion resembling a spinal ganglion. The cells
become bipolar, and their processes, establishing a connexion on the one hand
with the olfactory epithelium, and on the other with the brain, form the olfactory
nerve-fibres.  According to Disse (for the bird), the nerve-fibre-producing elements
remain in the epithelium and themselves become the olfactory cells, which are thus
directly connected with the brain by single central processes. This view of the

' Glag Anat. Hefte, B, xxv. 1904,
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development of the olfactory nerves is in much closer accordance with what is
known of the atrueture of the olfactory epithelinm and of the olfactory bulb in the
adult animal.

The olfactory nerve-fibres are seen at a very early stage running between the
bhrain and the olfactory pit.  They are at first connected (Mihalkovies) with
every part of the epithelium derived from the ectoderm of the pit ; but it is only in
the upper part of the fosswe that the permanent connexion by nerve-fibres with
the olfactory lobe persists,  In the lower parts of the foss® the epithelinm remains
thinner, loses its nerve-connexions, and becomes ciliated, the fosse assuming the
.I‘T-'r{l!"!' III'!"I'I’IE Hf ]'"E"!"-'F'I]'['.,I'l'{l'['.‘.' II:I-"IHH}I_Lf'l"'ﬁ

DEVELOPMENT OF THE ALIMENTARY CANAL.

The early stages in the development of the alimentary canal have already been
described in treating of the formation of the embryo (p. 52 seq.). We resume here
at a phase reached during the third week, in which the primitive tract has assumed
the condition of a tube, formed by the folding-in of the splanchnopleure, and
consisting of an anterior section (fore-gut). a posterior section (hind-gut), and a middle
section (mid-gut), continuous with the cavity of the umbilical vesicle (yolk-sac).
The fore-gut is still closed in front by the buccopharyngeal membrane ; while the
hind-gut is separated from the surface by the primitive cloacal membrane, formed
from the persistent part of the primitive streak. From the hind-got, further. the
allantoie diverticulum extends as a narrow tube into the body-stalk, We must
now consider the development of the organs derived from the several sections of
the primitive alimentary canal ; but it will be convenient to consider in the first
instanee the formation of the bueeal cavity.

DEVELOPMENT OF THE MOUTH.

We have already seen (p. 52) that at a very early stage, while the blastoderm
is still a Hattened plate, there is an area between the head end of the axis and the
cross portion of the ceelom, in which the ectoderm and entoderm are applied to one
another without anv intervention of mesoderm, This has been named the bueco-
pharyngeal membrane.  When the head-fold is developed and the fore-gut formed,
the membrane is necessarily bent in below the head end of the embryvo. It forms
the floor of a wide and shallow fossa, bounded in front by the down-bent fore-brain,
and behind by the pericardium, and constitutes a septum between this fossa, which
15 the stomodeum, and the fum-wut (fig. 198). This stage iz reached by the twelfth
day, but during the third week ’rlw {lﬁl}lES‘ilﬂn 1= converted into an actual chamber
by the forward growth of the fore-brain and by the development of the prominences
which ultimately form the face. These prominences are the fronto-nasal which
overlaps the depression above and in front, the mandibular arches which bound it
behind, and the maxillary processes which elose it in on each side. By the end of
the third week (in embrvos of 32 mm., His), the buccopharyngeal membrane becomes
broken through so as to establish a communication between the stomodeum and
fore-gut (fig. 199) ; but before this opening is effected, a pocket is developed
immediately in front of the septum, which extends upwards in the angle between
the fore-brain and hind-brain formed by the cephalic flexure. This recess (Rathke’s
pocket) comes presently into connexion with a projection from the floor of the
fore-brain, and forms with it the pituitary body (see p. 115). The remains of the

I For literatore of the alimentary tract and ita gland, sea to date of ite publication, Maurer, Hertwig,

Handbuch der Entwickelongslehve LI Th. pp. 241, seq.; of the respivatory tract &b, p. 105 seq. : of the
maounth b, p. 853 of the tongue, i p. 58,
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septum seem to persist for a short time, and separate the pocket of Rathke, which is
of course ectodermic in origin, from an entodermic pouch called Seessel’s pocket,
developed from the blind anterior end of the fore-gut.'

Fig. 198 — FRoXTAL VIEW OF THE UPPER
PART OF A HUMAN EMBEYD OF AROUT
FIFTEEX DAYE, BECONSTRUCTED
FROM sERIAL spemioxs, (His) 40

The pericardiom is opened to show
the heart; between this and the fore-
brain is seen the primitive buecal eavity.

Fic, 1599, —SEETCH OF A LONGITUDINAL BEC-
TIOX THROUGH THE ALIMENTARY CANAL
OF A HUMAN EMBRYO, 500N AFTER THE
DISAPPEARANCE OF THE PRIMITIVE
vELUM. (His.) %

Fra. 200, —<FrLook oF THE PHARYNX OF AX
EMEBERYO ABROUT I."Il"'I'J'.'II:F PAYS OLDY, AS
sEEN PROM wiTHiN. (His) &

The first or mandibular pair of arches join in

the middle line ; the second arches are separated
by a rounded prominence (tnberculum impar).
|Behind  (below) this is the forked prominence
(furcula) bounding & median groove which will
become the laryngeal orifice. In the sections
of each of the first two arches the ineluded
artery is scen. The Homan numerals ave
opposite the corresponding arcles.

The alimentary canal is shaded through-
out. wk, section of mandibular arch;
KT, hypophysis, behind it the remains of
the pharyngeal septum; Ly, commencing
lung, the futuee orifice of the larynx being
opposite i ; Mg, stomaeh ; Lb, liver; N, yolk-
atalk; W, Wolffian duct; 1, blind portion of
hind-gut; all, allantois,

The remains of this septum have been termed the primifive velum, but the septum has nothing
whatever to do with the formation of the permanent velum I,IELI:Lli, or with the isthmus of the
fauces, The plane of the sepium forms in fact an angle with the plane of the future isthmus

L Zummermann (Archiv, f. ke, Anat. liii) has deseribed in a homan embryo of four weeks two
small vesicles in this region which he regarded ag devivations of the pocket of Seessel, and s possilile
representatives of the preoval gut (v. Kopfler) of lower forms.  See also Nusbanm, Anat. Anzeiger, xii.
and Bonnet, Anat, Hefte, xvi.
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faueinm, so that the primitive mouth or stomodcenm does not by any means correspond with the
permancnt mouth,  In fact, the floor of the mouth, including the tongue, is developed bekind
the septum, and therefore in connexion with the fore.gut rather than with the stomodeum ;
whereas the uppermost part of the pharynx, including the choans, is in front of the septum,

and therefore belongs to the stomodaam,

After the several prominences have united with one another, as described on
p. 86, to form the face, the primitive mouth is converted into a transversely
disposed cleft, and 1s divided by the development of the palate into an upper
nasal and a lower bueccal portion (see p. 154). On the margins of the processus
globulares and maxillary processes where they form the upper, and also on the
mandibular arches where they form the lower border of the mouth, shallow grooves
running parallel to their 'outer edges appear, These are due to the presence of
ingrowths of the eplthehum (Kollman), which are divided by a shedding of the
central cells into two lamellee. The fissures thus produced gradually deepen and
separate off the lips from the edges of the dev elnping jaws on which the dental
ridges are being developed. The vestibulum oris 15 produced by an extension of
the clefts between the cheeks and the alveolar edges of the jaws. The cheeks
themselves are formed by a union of the primitive ]l]‘]ﬁ as the buceal opening is
gradunally constricted.

PHARYNX.

The anterior extremity of the fore-gut becomes dilated to form the pharynx.
Its cavity 1s greatly flattened dorso-v untmllv but considerably expanded laterally.
On the whula, it iz funnel-shaped, and is bent on itself owing to the cephalic and
cervical flexures, The cavity soon becomes irregular, due to the development of
the visceral powches and certain other evaginations. Four visceral pouches are
present by the fifteenth day (fig. 200), and between them the branchial arches
show as rounded ridges in the interior of the pharynx. All the pouches have ventral
prolongations on to the ventral wall of the pharynx, and all except the fourth have
also dorsal pockets. The ventral prolongation of the first pouch reaches farthest
towards the mid-ventral line, joining the groove round the tuberculum démpar
(see below), The remaining pouches do not reach the floor of the pharynx. Each
visceral pouch corresponds to an ectodermic visceral cleft. The external cleft and
internal pouch are at first separated by mesenchyme ; but later this disappears,
and the ectoderm and entoderm come together on the lateral aspect of the pharynx
to form a thin septum between them. It is this septum which iz broken through
m gill-breathing animals to form the gill-cleft, but it is probable that the pharvnx
does not communicate with the exterior at any stage in mammals.

The branchial arches in the fish develop gill-filaments containing capillary loops eonnecting
the afferent and efferent branches of the aortie arches. No such filaments are r[nrelnperl in the

higher vertebrates, and it might be expected that, with the loss of gill-respiration the gill-pouches
would also have disappearsd.  They are retained to provide the ecellular rudiments of certain
;ml:.-nrlant Organs which arise from the {~|ril]u=|ium of the gi“-puuuhus in all vertebrates (Maurer),

Owing to the great expansion of the mandibular and hyoid arches, the funnel-
shape of the pharvnx becomes more pronounced as it narrows behind into the
wsophagus, and the hinder pouches take a nearly horizontal direction owing to the
manner in which the hinder arches are telescoped within the hyoid arch (fig. 201),
At first neither the branchial arches nor the visceral pouches reach the mid-ventral
line, so that the floor of the cavity is a flat plate overlying the developing heart.
On this flat surface a depression appears opposite the third and fourth arches, which
is the rudiment of the respiratory passages. This is bounded in front by a transverse
ridge joining the ventral ends of the third arches, and on each side by lateral ridges,




PHARYNX AND TONGUE 159

the whole forming a forked elevation called by His the furcula (fig. 200). In
front of the furcula a rounded swelling is developed in the angular space between
the ventral ends of the first and second arches named the tuberculum tmpar (His).

Development of the tongue.—It iz on the flat floor of the pharynx thus
defined that the tongue takes form. Aeccording to His’ account, the tuberculum
impar enlarges, projects forward on the oral surface of the mandibular arch, and
forms the body of the organ, It appears, however, from the extensive comparative

Fra. 201.—SiaILak VIEWS I¥ OLDER EMBRYOS OF THE SAME PARTS AS I¥ FIG. 200. (His) A, 'F; B, 15

T, tuberculum impar.

researches of Kallius, confirmed in the case of the human embryo by Hammar,!
that the greater part of the body of the tongue is really formed, as Born, indeed,
showed for the pig in 1833, from two lateral swellings which rise from the floor of
the mouth and surround the tuberculum impar. According to Hammar, the tuber-
culum impar forms in the human tongue only a small portion in front of the
foramen cmeum, but Kallius holds that it gives rise to the central part of the
organ. The lateral tongue-ridges are marked off externally by grooves which
deepen, as development proceeds, into
the alveﬂlu-lillgnﬂ.] sulei, The root of
the organ iz formed from a transverse
ridge which develops between the ventral
ends of the second arches (Born,
Hammar)., From this ridge two swellings
grow forwards to embrace, as with the
limbs of a V, the tuberculum impar
(fig. 201). At the apex of the V, and
between its [imbs, a deep recess marks
the rudiment of the mesial thvroid. The
line of union between this (copular) part gl < i

of the tongueand the body iz marked in j"";‘,';i:“' ]l:'ftj_lll:-':tlh‘J'll.Trl“J;-\.*I-.":;:ll‘I‘-\..I]‘.]-\[:ll|: .
the adult by the suleus terminalis of His, {His.] '

and the depression is represented by the

forawmen ecum (fig. 202), The root of the tongue is at first continuous with the
ridee which lies between the ends of the third arches and in front of the
primitive glottis. Later a fold develops on this ridge, which is the rudiment of
the epiglottis,

! See Hammar, Arch. f. mikr. Anat. lxi. 1902 ; C. Babl, Die Entwickelung des Gesichtes, Heft i
1902 ; Kallins, anat, Anzeigor (Erginzongsheft), sxiii. 19038,
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In front of the sulcus terminalis the circumvallate papillie begin to show about the beginning of
the third month (Griberg). Their position is marked by a pair of ridges diverging in front, but
meeting in the middle line behind.  On these ridges cirenlar epithelial thickenings appear which
srow inwards and cut, as it were, the papilla out of the mucons membrane., A fissure next
:i ppears in the ingrowing wall of epithelium, produced by the shedding of the central cells, which
Lecomes the trench round the papilla, while the marginal thickening on the surface into which the
stratum proprium extends becomes the vallum, The fungiform papille appear about the begin-
ning of the third month and the filiform a trifle later, both as projections of the connective
tizsue, over which the epithelium is thickened. The epithelial plague in the case of the filiform
papille is afterwards broken up by the irregular thickening of the epithelinm over them.

The visceral pouches of the pharynx begin to disappear towards the end of the
first month. The dorsal portions of the first pair become the tubo-tympanic

Fig. 205, —PRoOFILE SEETCHES OF TWO0 STAGES IN THE DEVELOPMENT OF THE ALIMENTARY CANAL IN
THE HUMAN ExMBnryo. | His.)

Clee, notochord ;3 S (in A, median rodiment of thyesid; 0K, section of mandibular areh:
1.1, hypophysis ; Lg., lung; K., lacynx : Myg., stomach; &, pancerens ; Lhyg, bile-duet ; Dse., vitelline
duct; Zg. (in B, tongoe; AL, allantois; B, entodermic clopea ; 1F., Wolffinn duct ; N, hind kidney.

passages (see Development of the Ear), the second in part form the pockets in
which the tonsils {lew]np (Hammar). No traces of the renmining pouches persist
in the adult, but in the embryvo thewr Fplthi:lml lining @ves orgin to important
organs. Thus the third pouches give origin to the r!.‘n,r:m.rs and the fourth to the
lateral portions of the thyroid gland, while both third and fourth supply epithelial
buds which form the parathyroid bodies.

(EIOPHAGUS, STOMACH, AND INTESTINES.

Immediately behind the pharynx, the fore-gut contracts again to form the
wsophagus, which is very short (fig. 203, A) in the early embryo, owing to the
imperfect development of the neck. Behind the G-ﬁﬂphnglh the gut widens out into
the dilatation which represents the stomach. This organ, w hich is at first nearly
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straight (fig. 199, A, My), soon begins to show the convexity of the greater curvature
on the side next the vertebral column, and the concavity of the lesser curvature
on the opposite border (fig. 203, B, My), while the pyloric end becomes tilted away
from the vertebral column, producing the duodenal loop (fig. 203), 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 thrown over to the right side of the abdomen (fig. 204).
The section of the gut between the stomach and the mouth of the yolk-sac is at
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FiG. 204 ~RECONSTRUCTION OF A HUMAN EMBRYD oF 17 sy, (After Mall)
i, bladder ; wad., Walflian doet ; @, nreter,

first short and straight. It early shows a forward directed diverticulum which'is
the rudiment of the liver. It gradually increaszes in length by the closure of the
mouth of the yolk-sac, until the whole length of the intestine is laid down as a nearly
straight tube which is attached to the posterior wall of the primitive abdominal
cavity by a continuous mesentery (fig. 203, A). As the liver develops and comes
to occupy a large section of the cavity, the intestine, increasing in length, forms a
loop which extends through the wide-open umbilicus (fig. 204). This loop
(vitelline loop) gives attachment at its extremity to the vitelline stalk (fig. 203),
VOL. 1. M
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and consists of a proximal descending and a distal ascending limb, As it
increases in length the two limbs come close together, and the posterior
extremity (afterwards the middle of the transverse colon) is brought into close
relationship with the end of the duodenal loop (fig. 204). Very early a rotation
of the loop commences round its long axis, which brings the distal over the
proximal limb, On the distal limb an evagination develops which is the
rudiment of the ceeum (fig. 204), and from now onwards it is possible to
distinguish the portion of the gut which will become the small, from that which
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Fic. 2050, —RBECONSTRUCTION OF o HUMAN BMpayvo oF 34 wy,  [(Alter Mall.)

will become the large intestine. The small intestine inereases in length more
rapidly than the large intestine, and, while still without the body-wall, it begins
to be coiled (fig. 205). It shows six bends which presently become six primary
circular coils (Mall). The distal coil ends at the ceeum, and from this the large
intestine passes straight back in the middle line to the back wall of the abdomen,
where it turns sharply down to end in the rectum (fig. 206). As the result of the
continuance of the axial rotation, the small intestine becomes displaced to the
left, under the large intestine and below the superior mesenteric artery, until it
assumes its definitive position, while the large intestine, also increasing in length,
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forms a U-shaped loop surrounding the coils of the small intestine (fig. 206).
The small intestine is next withdrawn into the abdominal cavity, and the
umbilicus is closed. The U-shaped loop of the large intestine is produced by its
proximal Pm-tinn being carried to the right, so that it comes to be transversely
disposed, passing from right to left. As it lengthens, the cwcum descends to
assume its definitive position in the right iliac fossa, and thus we have laid down
an ascending and a transverse colon. The distal portion of the large intestine, at
first in the mesial ‘plane, becomes, on the other hand, displaced to the left, as the
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Fig. 206, —RECONSTRUCTION OF A HUMAN EMBRYVO OF 24 MM. SOMEWHAT MORE ADVANCED IN
DEVELOPMEXT THAX THAT SHOWX I1¥ FiG. 205 (After Mall.)

colls of the small intestine increase in number until it ultimately assumes the
position of the adult descending colon. The primary coils of the small intestine
become progressively more complex by the formation of secondary coils, which are
arranged in definite groups so that they can be followed through all the phases
of development (Mall).

The epithelium in the duodenom during the second month inereases greatly in thickness by

the active multiplication of the cells (fig. 170, p. 126) until the narrow lumen is nearly or guite
closed (Tandler).! As the calibre of the gut increases in the third month the lumen is re-

U Anat. Anzeiger (Ergiinzangsheft), xviii, 1900,
M2
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established, Cases of congenital stenosis of the gut just beyond the pylorus are possibly to be
explained by the persistence of the early occlusion.

The eseeum is at first a uniform conical diverticulum. By the end of the
first month it shows a smaller apical and a larger basal section. The former
becomes the vermiform appendix, the latter the ceecum. The ceeum is at first
conical (fig. 206), with the appendix passing off from its apex; but later, owing to
the unequal dilatation of itz anterior and right walls, the appendix comes to be
attached to its posterior and left aspect.

Formation of the entodermic cloaca and anus.—The hind-gut ends
during the third week in a dilated chamber, which also receives the openings of
the Wolflian duets (fig. 205 A, B.). This chamber, which is called the cloaca
entodermica, 1s closed on its ventral aspect by a membrane derived from the
persistent part of the primitive streak, This cloacal membrane consists of
ectoderm and entoderm, which are here in contact with one another without the
intervention of mesoderm, and it forms a sepfum between the cloaca and a
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+ bladder; * sepium uro-rectale,

shallow surface depression (urinogenital fossa). The chamber is then divided by
a septum into a dorsal and a ventral passage, becoming the rectum and urogenital
sinus respectively (figs. 204, 205, 206), and these come to open on the surface by
the absorption of the membrane. The opening into the alimentary canal becomes
the anus. It does not correspond with the posterior extremity of the primitive
hind-gut, for at first there is a postanal cul-de-sac — the tail-gut, which later
becomes reduced and obliterated. The anal opening is completed during the third
month, The process by which it is formed will be dealt with later.

FORMATION OF THE GLANDS OF THE ALIMENTARY CANAL.

Under this head may be included not only those organs which are ordinarily so
termed, but also the lungs, thymus, thyroid. and pituitary body, since the early
development of these organs resembles that of the true secreting glands.

All the organs above enumerated are formed as epithelial involutions, either
golid at first and afterwards becoming hollowed out, or hollow from the first. As
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these epithelial buds grow into the mesoderm, they may either bifurcate or give off
lateral branches, and in thiz manner all the ramufications of the ducts of the
compound racemose glands are produced. The blind extremities generally end
eventually in 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

Blog. 208—A, LUSG-RUDIMERTS OF HUMAY EMERYO OF AROUT FOUR WEEKR, BHOWING THE BUD-LIKE
ENLARGEMENTS WHICH REFRESENT THE LOBES oF THE FUTURE LUxNGs. (His,)

Three buds are seen on the vight side, two on the left.

B, Luncs oF A MUMAN EMERYO MORE ADVANCED I¥ DEVELOPMEXT. (His.)

derived from the surrounding mesoderm. The salivary glands and most other
glands of the mouth, and part of the pituitary body, which must also be reckoned
as a glandular development, are formed in this way by involution of the buccal
or stomodeeal ectoderm ; 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 entoderm. The development of the teeth,
which also first make their appearance as
involutions of stomodweal ectoderm (enamel
germs), will be described after their structure
has been dealt with (in the part of this work
which is devoted to Splanchnology).
Salivary glands.— The submaxllary
gland appears as an epithelial sprout from the
floor of the mouth towards the close of the
fifth week (Sudler),' and the sublingual rudi-
ment develops on its outer side in the ninth
week (Hammar).* The parotid develops in the
lateral wall of the cavity in the angle between
the roof and floor of the primitive mouth.
When the cheeks are formed by the union of Fio. 200.—Luxas or 4 numax euenyo
the freed lip-portiona of the muuth-upening, STILL MORE apvaxcen. (His,)
its duct comes to open in the cheek, Accord-
ing to Hammar, Stenson’s duct is not formed as an epithelial sprout, as in
the case of the other glands, but appears first at the end of the first month
as a groove in the position specified, which afterwards closes into a canal and
becomes separated from the cheek by the ingrowth of connective tissue. The
duct in the tenth week runs over the masseter to the back of the mandible, where
the epithelial buds are given off which form the secretory tubules of the gland.

U Amer. Journ. of Anat. i 19048, ¢ Lac. cit.
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The lungs.—The lungs begin to develop during the third week from the ventral
part of the pharynx at its junction with the cesophagus (fig. 199, Ly). The lung-
rudiment is at first single and median, and takes the form of an elongated vertical
diverticulum of the fore-gut, communicating freely with that tube, and of course
lined by entoderm. Soon the diverticulum sprouts out at its lower extremity in the
form of two tubes which grow downwards on either side of the heart, into a mass
of mesodermic tissue, which keeps pace in its growth with the lung-rudiment, and
from which the connective tissues of the future lung become ultimately developed.
The extremities of the tubes in question are early seen to be dilated and lobulated
(fig. 208), three lobules being present on the rlght tube and two on the left. The
division of the lungs into their lobes 1s thus early indicated.

The further outgrowth of the lobulations produces the rudiments of the prineipal branches
of the bronchi, one for each future pulmonary lobe.  Each of these branches then gradually
progresses in growth, giving off as it proceeds 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. 208, B; fig. 220,
pe 174 ; fig. 268, p. 214). This iz due to the fact that they are undergoing a further division or
sprouting, This process goes on until the sixth month of intra-uterine 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 infundibula, but their walls are not at first beset with air-cells,
The formation of these takes place when the bronchial ramification is U.'l-]:'llljll‘.'tl‘:[l {ﬁlxlh maontl,
Killiker), as small, closely =et, 15(:1!1-]1~\i|:1.* protrusions of the walls of the infundibula, and of
the terminal bronchial tubes,

There has been much dilfference of opinion as to whether the branching described above is to be
regarded as monopodial or dichotomouws (i.e. whether the bronchial tree is developed by the growth
a chief stem from which secondary side-branches are given off, or by the continuous dichotomous
division of the terminal buds,  The troth seems to lie with His, who deseribed for the human
embryvo a monopodial division of the primary stems, and a dichotomous division for the secondary
branches, This is the view expressed in the most recent paper on the subject by Flint '
though he found that the secondary branches may also develop by monopodial division for two
or three generations.

The trachea and larynx are formed by a separation from the wmsophagus
of the original median diverticulum, from the lower angles of which the bronehial
rudiments have sprung, the separation commeneing below and leaving a relatively
small connexion between the two tubes above : this connexion is the rudimentary
glottis.  As development advances, both the tmchcu 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, separated
from one another by the wsophagus 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 cezlom (dorsal
portion), and receive a covering from its lining membrane, at first only below
and on the external surface, but subsequently on the internal aspect, so as to
separate them from the wsophagus (fig. 220). The portions of the body-cavity
into which the lungs project become shut off from the remainder on the
formation of the diaphragm and pericardium, and form the pleurz.

The rudiment of the larynx appears about the twentv-fifth day, before the
trachea is separated off from the median diverticulum, in the form of two lateral
swellings (Arygtanoidwiilste, Kallins), which lie behind the fourth visceral pouches,
and here compress the fore-gut in a sagittal direction. They possibly represent

b Amer. Journ. of Anat. v. 1906, On this subject see also a vecent paper on the comporative
embryology of the lung by Moser, Aveh, . mikr, Anat. Ixin. 18903,
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rudimentary fifth branchial arches (Kallius), but they soon lose any apparent
relation to the branchial region by enlarging dorsally and by growing forwards till
they reach almost to the level of the second visceral pouches. They are connected
with the floor of the pharynx by two folds which run into the transverse ridge
intervening between the ventral ends of the third arches. This ridge, and
the lateral folds, form the furcula of His, and, as already mentioned, the
epiglottis appears as a fold on the transverse ridge, while the lateral bands form the
arvteno-epiglottidean folds. On the anterior margin of the arytenoid mass,
external to its pointed end, a swelling, which appears very early, vepresents the
rudiment of the cartilage of Santorini. At an early stage, alter the trachea and
@sophagus have separated, the slit-like cavity between the swellings is for a time
partially obliterated by the cohesion of the opposed epithelial surfaces.

The connective tissue round the now shit-hike glottis becomes condensed into
chondroblast. Tn this precartilaginous stage the rudiments of the arvtenoids, the
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Culy €Ty earotid arteries.

ericoid, and cartilages of the trachea are continuous laterally, The ericoid
chondrifies by two centres, one on each side. These unite ventrally, but the ring
remains open behind for a time, until completed by the extension of chondrification
into the dorsal plate. The tracheal rings develop in the same way, but remain
incomplete. The arytencids are at first continuous with the ericoid by fibrous
tissue ; the cartilages of Santorini arve portions of the arvtenoids segmented off.
The epiglottis chondrifies relatively late, and is at first continuous behind with the
cartilages of Wrisberg, which are thus derivatives of the epiglottis (Géppert). The
thyroid is laid down in the form of two lateral plates which are united ventrally
by an intermediate nodule of cartilage (Nicolas). Each plate chondrifies from two
centres, an anterior and a posterior (Kallius), possibly representing separate bars
seen in KEchidna, derived from the third and fourth visceral arches (Goppert).



165 THYROID GLAND

The superior cornu is at first continuons with the great horn of the hyoid on each
side, and the cartilago triticea in the lateral thyro-hyoid ligament of the adult is a
remnant of the cartilaginous connexion.

The thyroid gland is developed partly from a median diverticulum of the
pharyngeal entoderm opposite the ventral ends of the second wisceral pouches
(fig. 203, A, Sd), partly from lateral diverticula of the posterior walls of the
fourth visceral pouches, The median diverticulum in most animals early becomes
separated from the p]hm ngeal entoderm, and is thus converted into an island of
eplthehum imbedded 1n mesenchvlne In the human embryo (fig. 211, A, thr)
it remains for some time in the form of a hollow bifid vesicle, which i3 connected
with the upper surface of the tongue’ by a small duct (ductus thyreoglossus, d);
subsequently, however, the vesicle becomes solid, and the duet is obliterated and
disappears, with the exception of a small portion near the orifice, which becomes
converted into the jammm ececum of Morgagmi, f.e.

Occasionally even in the adult a comparatively long duct is found, leading
downwards and backwards from the foramen cwcum. This, which has been
termed the ductus lingualis, 1= the remains of the original t]]}rmli.ngual duet

Fio, 211, —5KETCHES SHOWING THE COXDITION OF THE THYROID AND THYMUS GLANDS IX A
HUMAY EMERYO OF ABOUT FIVE WEEKS. (His)

A, profile sketeh from the left side, B, frontal sketeh from behind.

f, tomgoe: fo, foramen ewcum; o, doctus thyreoglossus; ep, f_]u"]nthu., opposite f, larynx;
fr, trachea o, wsophagus: e, median adiment of thyeoid; e, lateral rudiment of by roid ;
thae, developing thymus, seen on the left side of B to be 1_-u||:|1|'-_l|:l,|_'|_l 1.1. ith o visceral cleft ; a0 {(in B),
ascending aorta ; ao’, deseending aorta; ¢, carotid,

conneeting the median part of the thyroid with the tongue. It may further happen
that the lower part of this connexion also remains in the shape of a tubular
prolongation of the median portion of the thyroid towards the root of the tongue
(ductus thryoidens ; when well developed this portion forms the pyramid). The
so-called accessory thyroid bodies (suprahvoid, prehyoid glands, &e.) which are
oceasionally found near the hyvoid bone are also referable to the thyrolingual
duct (His). The mesial rudiment soon becomes enlarged into a lobed mass of
considerable size, which, as the neck elongates, assumes the shape of a horse-shoe
passing across the front of the trachea (figs. 212-214). It becomes converted into
ramifying and anastomosing cell-cylinders, between which vascular connective tissue
is developed. The cell-cylinders subsequently become hollowed out, and finally
are subdivided by growth of the connective tissue into small vesicles, which
aradually become larger from accumulation of colloid in their interior.

The two lateral diverticula, which assist in the formation of the thyroid body,
spring from the fourth wvisceral pouches (fig. 213). They have at first the
appearance of simple thick-walled saccular glands (fig. 216) partially encircling
the developing larynx. In front of this they come into connexion with the
median rudiment, and eventually blend with it. Like that rudiment, they become
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entirely separated from the entodermic surface from which they have taken origin,
and are converted into cell-cylinders in which colloid is nltimately formed.

The lateral rudiment of the thyroid apparently corresponds to a structure present in most
vertebrates, and known as the post-branchial bedy. It is an entodermic pocket which gives
origin to an epithelial body, but this does not yield colloid except in mammals, In Echidna
{Maurer) there is colloid formation, but the body remains distinet from the primitive median
thyroid. Only in placental mammals does it become united with the median rudiment. The
account given above is founded on Born's original description, but it is right to say that some
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Fig. 212 —TRANSVERSE SECTION THROUGH THE NECK oF Ao NUMAX EMBRYO oF 153 MM., TO SHOW THE
PORITION OF THE THYROID AXD THYMUS GLAXDE, AND HISTOUENESIE OF WALLS OF (ESOPFHAGUS
asp TeacHies. [T, H. Bryce,)

wof, notochord in vertebral body ; sy, ﬂjmlmthebic manglion ; vy, vagns; Lo, jugular vein ;
c.a., carotid artery ; Jhym, thymus ; wees. (e, mesinl thyvoid.

hold that, while the diverticulum from the fourth pouch becomes included as a vesicle in the
lateral lobe of the thyroid, it takes little (Simon) or no (Verdun) share in the formation of the
glandular substance,

The thymus in the lower vertebrates appears as a series of buds from the
dorsal pockets of the branchial clefts, The number of buds differs in different
forms, and the number of those which persist and enter into the formation of the
adult gland wvaries, In birds and mammals it arizes from one main rudiment
related to the ventral pocket of the third visceral pouch. To this is added in
birds and some mammals a rudiment from the fourth visceral pouch, but there
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is an absence of agreement among those who have worked at this difficult subject
as to the presence of this accessory element in man,
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Fio. 215.—RECOXSTRUCTION OF BRANCIIAL DERIVATIVES IX A HUMAN EMBREYO oF 14 .
{After Tourmenx and Verdun.)
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Fri. 214 —RECONSTRUCTION OF THE RERANCHIAL DERIVATIVES 1N A HUMAN EMBRYC OF 16 MM,
{After Tonrnenx and Verdun,)

rut., carobid artery; 7., jugular vein§ gmus ves, vesicle of thymus.

Fri, 215 —RECOXSTRUCTION OF THE THYROID AXD THYMUS GLAXDS WITH THE VEINS AXD ARTERIES.
A, I¥ A HUMAX EMBERYO OF 26 M. axD B, 1x oXE oF 24 aman  (After Tonrnenx and Verduon.)

In A the thymus lie in front, in B behind the left innominate vein.
thypr., thyroid ; g, thymus; per. IV, parathyroid of fourth pouch; par. IIL., parathyroid
of thivd powch; pyr, pyramidal lobe of thyreid:; #Hhyg., t.llj.rmgln duoet; e.n., carotid artery;
Jty jugolar vein; wvead, vena cava dexbra; w.es, vena cava sinistra ;) vsead,, vena subelavicularia
dextra; vses, vena subelavicularis sinistra.
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The thymus is thus in its first origin bilateral. A pocket develops from the
third cleft on each side, which extends downwards as a thick-walled tubular
prolongation along the carotid artery. The pocket persists as the thymus vesicle
in the proximal section of each rudiment (fig. 216). From the lower end of the
tube solid epithelial buds are given off, and from these lateral buds again come
off, so that this part of the gland acquires a ramified lobular appearance like an
acinous gland. The acini are, however, solid, and remain so. The two rudiments

par. IV, Fet. thye. o, FiF, s

.
S

Fra, 316.—SECTION THEOUGH THE BRANCHIAL DERIVATIVES I¥ A4 HUMAN EMERYO oF 15°5 M)
(T. H. Bryee.)

rutl.y carotid artery ; vy, vagus nerve ; jo., jugular vein; mes. iy, mesial thyroid ; Tai. thyr., lateral
thyroid ; thym., thymus ;]rmr- IV,, parathyroid of the fourth pouch; per. I1L, parathyroid of the
third pouch. It ap wre as n cellular mass closely related to the thymus rudiment; in the
adjoining section it es free, and forms o rounded cord having exactly the same strocture as the
parathyroid of the fourth poneh.

are brought into close contact with one another in front of the trachea (fig. 215),
and unite to form a single-lobed body, which comes to lie in the anterior
mediastinum in close relationship with the pericardium.

The surrounding vascular connective tissue forms a eapsule to the gland, extends between
Lhe several buds 50 as to divide it up into lobules, and also sends processes carrying veszels with
them into the interior of the lobules, Each lobule becomes differentinted into a cortieal and
medullary zone, but before this the gland loses its epithelial structure and assumes the appear-
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ance of a lymphoid organ,  The epithelial cells give rise to a reticulum (Hammar') (figs. 212, 2146),
in the meshes of which in the cortical zone lymphoid cells collect in large numbers. The origin
of these lvmph-cells has been much disputed, some, following Killiker, deriving them from the
entodermic epithelial elements (Prenant, Beard, Maurer, Nusbaum, &e.); others, following
Stieda and His, regarding them as invading the rodiment from without (Gulland, Kollmann,
&e.). It has been proved (Hammar, Bryee,® Stihr?) that lencocytes are already present
before the lymphoid transformation of the gland, so that the thymns cannot be the original
source of the lencocytes az suggested by Beard, Stohr in a recent publication advances the
thesiz that the thymus is an epithelial organ throughout, and is not lymphoid, as the characters
of the cells would suggest. The Hassall's corpuscles are very generally, and in all probability
rightly, regarded as cell-nests derived from the epithelial cells, as are also various kinds of
minute ¢ysts, some of them with a ciliated lining, which have been described as occurring
in the adult gland.

The parathyroid bodies develop in intimate relation with the thymus and
lateral thyroid from the entodermic lining of the third and fourth visceral pouches
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Fio, 217.—THE LIVER DIVERTICULUM AND PARENCHYME WITI SEPTUM TRAXKSVERSUM,
Husmax eupryo of 3 MM, Loxe. [(After His, from Killmoann, )

of the pharvnx.! They appear as paired epithelial buds, which soon hecome
geparated from the surface from which they have sprung, and form small isolated
bodies of oval shape (fig. 213). The buds from the third pouches lie at first in front
and to the outer side of the corresponding buds from the fourth pouches, but they
are carried backwards with the thymus, and ultimately lie behind the others
(fig. 214). The epithelial cells of each bud become loosely arranged and form
a syncytial reticulum closely resembling that of the early thymus (fig. 216). Each
body has a distinet capsule, and is quite independent of the other epithelial
derivatives of the branchial pouches. In the early stages the parathyroids are
thus quite unlike the thyroid, but resemble the thymus (fig. 216!,

b Awab. Auzeiger. xxvii. 1905, In this paper will be found all the most important veferenees to
the literature regarding the mammalian thymus. See also Bell, Amer. Journ. of Anat. v. 1906.

¥ Bryee, Journ. of Anat. amd Physiology, x1. 1905,

3 Btithr, Anat. Hefte, xxxi. 1906,

! The bud from the third pouch is often named the parathymus, while that from the fourth is called

the parathyroid. Here the term parathyroid is used for both bodies in view of their relations to the
thyroid gland in the adult,
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Liver.—The primary rudiment of the liver takes the form of a diverticulum
of the ventral wall of the gut immediately behind the stomach. The diverticulum
first appears as a wide and elongated groove, which becomes closed, and extends

Fig, 218 —SECTION OF THE DEVELOPING LIVER, TO SHOW HOW THE HEPATIC CYLINDERE ENCROACIH
O THE LUMINA OF THE SINUS-LIKE VEIXS To BREAE THEM UP ULTIMATELY IXTO CAPILLARY-LIKE
CHANMELS CALLED siNuvsoips. (Minot.)

J.e., hepatic eylinders; #i, sinusoids.

forwards into the substance of the septum transversum (fig. 217). From the fore-
part of the diverticulum cells are rapidly budded off from the epithelium to form
the parenchyma of the gland. The hinder part of the groove does not share in
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Fio. 210.—SECTION OF THE DEVELOFING LIVER AT A LATER STAGE THAX IN FiG. 218, To sHOW THE
MANNER IN WHICH THE HEPATIC CYLINDERS COME TO FORM A TRABECULAE FEAMEWORK OF
PARENCHYMA WITH A SETWORK OF SINUsoIDS IN 17s MesHes. (Minot.)

hoe., hepatic eylinders ; sé, sinusoids.

this proliferation, and persists as the bile-duct. Before being closed it gives off a
second ventral pouch, which is ultimately converted into the gall-bladder. The
mass of cells budded off from the wall of the tubular diverticulum invades the
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septum transversum, the mesenchyme of which supplies the capsule and con-
nective-tissue framework of the organ. As we have already seen, the omphalo-
mesenteric and allantoic veins pass to the sinus venosus through this septum,
and we now see the growing liver-parenchyma in the forin of cellular strands or
trabeculs extending round these vessels. The cells of the trabecul® continue to
proliferate very rapidly, and the buds produced invade the lumen of the vessels.
pushing the endothelial walls before them (figs. 218, 219), This process goes on until
the course of the vessels is completely interrupted. and the original channels remain
merely as capillary-like vessels, named by Minot ° sinusoids.’ !  The ultimate result
15 a =ystem of anastomosing epithelial trabecul®, in the meshes of which there is a

Fio., 220, —TrAXsvVERSE SECTION OF A HUMAX EMERYO AT THE EXD OF THE FIFTH WEEK.
Photograph. {T. H. Bryce.)

Atfe, ®ap, spinal gangling nenral eartilages to their outer sides ; &0, spinal nerve ; sl notochord in
vertebral body; sy, sympathetic ganglion; oo, aorta; fg, lung: w, asophagos; e, membrana
peunroperitonalis ; H, liver; I, rily,

second network of sinusoids. The thick trabeculs of early stages are gradually
reduced to columns in which only a single layer of cells bounds the narrow lumen,
which has meanwhile appeared in the zolid strands. The slit-like lnmen becomes
the bile-capillary. From the second month onwards during the earlier months
of pregnaney the liver is very activelv engaged as a blood-forming organ, the
vessels being erowded by voung nucleated red blood-corpuscles,

Though the liver-parenchyma is laid down in higher forms as =olid anastomosing strands,
in some. lower vertebrates (Cvelostomata, Selachinns, Amphibians, and certain Reptilia) the

I Minot, Proc, Boston Soe. Nat, Hist, xxix. N, 10, p. 185,
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trabecule are hollow from the first, and in Cyclostomata the arramgement is exactly like a
tubular gland in respect that the branches are separate and not jeined into a network.

The lobulated arrangement of the parenchyma is not completed until after
hirth. In the vounger stages the primitive lobules are larger than those of the
adult, and show an irregular arrangement of the liver trabecule. In each lobule
there are several anastomosing branches of the hepatic vein. Later, owing to
extension of branches of the portal vein with a certain amount of connective
tissue into the mass, it is broken up into as many secondary lobules as there are
branches of the hepatic vein. These branches become the central veins of the
lobules ; the trabeculme assume a radial disposition and the intralobular venous
network takes form.

The primary lobing of the liver is determined by the vessels in the septum transversum
along which the cellular strands extend, Accordingly there are four primary groups of liver-
tissue, two right and two left {Brachet). When the septum transversum has become fully
occupied by liver-substance there is a large ventral mass and an upper lateral expansion on each
side. The primary lobing is largely lost in later stages owing to the formation of secondary
lobes and fissures, The organ begins to be asymmetrieal by the eighth week, owing to the
presence of the stomach on the left side and to a greater expansion of liver trabeculs on the
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Fic, 221, —RECONSTRUCTION TO SHOW THE DEVELOPMEXT OF THE PANCREA® OF A MUMAX
EMERYO OF 08 mm. [ After Piper.)

richt side along the vena porte,  The folns Spigelid appears az a swelling on the inner [ace of
the right lobe, the surface which forms the outer wall of the epiploic (hepato-enteric) sac
{see Coelom). It intervenes between the ventral mesentery (gastro-hepatic omentum) amnd the
vena.caval fold (gee Cmlom), and projects into the epiploic sae.

The pancreas is developed from two rudiments, a dorsaland a ventral. The
dorsal pancreas arises as a diverticulum from the duodenum opposite the bile-duet ;
the venfral pancreas springs in the form of two lateral diverticula from the base
of the bile-duct (fig. 221). According to some authorities, these two outgrowths
both give origin to punrreatm tissue, but according to others only the right pmsmts
(Helly).! The dorsal diverticulum becomes the duct of Santorini, the persistent,
ventral outgrowth the duct of Wirsung. Each diverticulum gives off lateral offshoots
which form the ducts and alveoli, as in other compound acinous glands (fig. 170,
p. 126, and fig. 222). Owing to the rotation of the duodenum, the two rudiments
are united with one another on the ventral aspect ¢f the portal vein to form a
single body, which extends into the mesoduwodenum and mesogastrium, The

b Helly, Aveh. f.mike, Anat, lxvii, 1905,  Other papers dealing with the mamllmlmn panereas which
Tavve I].I_'I['l-'."'l'll‘i‘.‘-l.l simee Manrer's list { Herbwig, Entwickelungslehre LI Teil. i. and ii., p.250) are Vilker,

Arch, I mikr. Anat. lix.; Low, Proe. Anat. and Anthro, Soc. University of Aberdeen, 11_Il,l:_'l-1uun Piper,
Areh. f. Anat. 1900 ; Ingalls, Arch. . mikr. Anat. Ixx.
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opening of the duct of Santorini in the majority of instances becomes obliterated,
and thefduct of Wirsung persists. When the rotation of the stomach has
been effected the gland loses its mesial position, and comes to lie across the
back of the abdomen. In man, owing to the fusion of the mesogastrium with
the transverse mesocolon (see Development of the Ceelom), the posterior layer

Fia, 222, —TRANSVERSE SECTION OF A HUMAX EMERYO oF 30 M. ABOUT THE BEGINKING 0F THE
rHiRe MoxTH. (T, H. Bryes.)

Below the spinal cord iz seen the body of o vertebra; on each side of this the RKidney ; on the left
(right of fizure) below the kidney the adrenal ; on the right only o small portion of the right adrenal is
seen below and external to o large vein.  Bolween the two adrenals and below the aorta (distinguished
from the veins by its thick wall) some irregular groups of cells represent the abdominal sympathetic ;
om the vight side (left of figuve], just above the large vein, the bwo rounded clear bodies are chromaffin
bodies.  The liver oceupies the whole abdeminal cavity ; its right and lefk lobes are separated by the
ventral mesentory (faleiform ligament) in which the umbilieal vein passes, The stomach iz twice out in
the section ; betwoeen it and the adrenal is seen the mesogasirium, with the spleen. The doodennm,
with its much-folded mucosa, is seen on the right: between it and the stomach the pancreatic tubules
and pancreatic duets (ducts of Santorini and Wrisberg) ; between stomach, pancreas, and thin pertion
of the mesogaster bhe lesser bag of the peritoncum.

of the mesenterie fold which enclosed the pancreas becomes absorbed, and the gland
comes to lie entirely behind the peritoneum.

Owing to the manner in which the alveoli are budded off round the ends of the duct-rudiment,
the terminal portion of duct-epithelium is as it were included in the centre of the alveolus to
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form the eentro-acinar cells (Laguesse), The cell-islands of Langerhans have been gencr-
ally regarded as derivatives of the mesenchyme. This view has been advoeated by Hansemann
{1902), but it has been shown by Laguesse, Kiister, Pearce, and Helly that they are derived {rom
the gland-epithelium." Helly has traced (in the guinea-pig) the Langerhans cells back to a
gtage in which the pancreas-rudiment is still a solid bud, These special cells are charaeterised
by dense finely granular protoplasm ; they do not share in the formation of the tubules, but
lie loosely arranged in their walls. In the human embrvo (Pearce) such cells oceur in round or
oval masses and in direct continuity with the epithelial cells. They bud off and form solid
cell-processes which are at first connected with the acini, but later become separated from them
b:n' the iugmwt]'i of !'lll."!iE"Hf.:].l_'l.‘tllL‘. The rroup thus isolated is vaseularised, and FJF further
]1:iutf:-gm1eli.c {!h:mguﬁ becomes a luily forme: cell-islet,

DEVELOPMENT OF THE UROGENITAL SYSTEM.?
EXCRETORY ORGANS.

The excretory system first appears as a longitudinal duect and a longitudinal
series of epithelial tubules in that part of the mesoderm named the infermediate
cell-mass. This forms a continuous blastema from which every part of the
system takes origin. It consists at first of cells disposed, though somewhat
indistinetly, in two lamelle—outer and inner—which are connected with the
outer and inner layers of the primitive segment internally, and the somatopleuric
and splanchnopleuric layers of the lateral plate externally.

In the Anamnia the corresponding portion of the mesoderm forms in cach segment a hollow
stalk derived from the wventral part of the segment, through which the myocel is
continuons with the splanchnoceel (general body-cavity). In the mammalia, owing to the
condensation of development, the stalks are solid like the segments themselves, and all traces of
segmentation are lost at & very early stage.

In the nephrogenetic blastema the tubules are developed from before back-
wards, and are grouped, as they appear in time and place, into three systems, the
pronephros, mesonephros, and melanephros.

Pronephros and segmental (Wolflian) duct.—The pronephrosis developed
ag¢ a functional organ in the Anamnia during the larval stage. It is rudi-
mentary in the Amniota. and represented only by vestiges in the Mammalia. When
typically developed it consists of a number of coiled tubules, which, joining one
another at their outer ends, form the segmental duct, while at their inner ends
they open into a chamber, the mesial wall of which is invaginated by a glomerulus—
i.e. a tuft of r:u,piiiarv vessels derived from a branch of the aorta. The chamber
is formed (Brauer in Gymnophiona), by a folding of the mesoderm-layers, from
the ventral part of the hollow primitive segment. It becomes eut off from the
myocel, but remains connected by a passage with the splanchnoccel (body-
cavity). The tubule is formed as a diverticulum of the chamber by a folding
of the somatic layer of mesoderm, while the peritoneal passage becomes the
nephrostome.

In the human embryo a very rudimentary pronephros is probably to be
recognised in a longitudinal duet, some blind tubules, a peritoneal funnel, and
a vestigial glomerulus, which have been described by several observers,® in the fifth,
sixth, and seventh segments. It is posstble, however, that these vestiges may
represent degenerating mesonephric structures.

U Hongemann, Verh, dentsch. pathol. Ges, 1901 ; Loguesse, Ioe. eif. (Herbwig), and Aveh. 4'Anat.
:’“':ﬂmlmﬁ ::iig_”ﬂ; Pearee, Amer. Jour. of Anat., ii. 1908 ; Kiister, Arch. . mikr. Anat. Ixiv. 1904 ; Helly,
h llt:rnl.it.r_:1~p::,ﬁm up to 1905, zee Felix, Hertwig, Entwickelungslehre, TIT. Teil i. and ii. p. 852 seq.

4 Janokik, Arch. f. mile. Anat, xxx.; Tandler, Anat. Hefte, xxviil.; MaeCallum, Amer. Joor. of

Anat. i.; Gage, ibid. iv.; Reibel, Anat. Anzeiger (Evginzungsheft), xxvii. 1905 ; Ingalls, Arch. f. mikr.
Anaf. Ixx., 1807,
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The segmental or Wolffian duct appears as a solid cord of cells, which extends
backwards close under the ectoderm external to the nephrogenetic cord as far
as the cloaca, It soon acquires a lumen (embryo of 3 mm.), and opens into that
chamber (embryo of 4:2 mm. ; Keibel).

In the rabbit (Rabl) and marmot (Janofik) the head end of the duet arises by the fusion
of cords of cells which represent rudimentary pronephrie tubules, so that the mode of origin
characteristic of the Anamnia is repeated, though in a very abbreviated form. It is not
improbable that the head end of the duct arises in the same fashion in the human embryo.
Graf Spee, Kollmann, Flemming, and others have, however, derived the duct from the ectoderm,
which eertainly dips in along the line of the rudiment and lies in contact with it. 1t is as
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Fro, 228 —TRAXSVERSE SECTION THROUGH THE TRUNK AXD HIND.LIME BUDS 0F A RARBIT-EMBRYOD OF
THE TEXTH pa¥. (T. H. Bryee) Ox THE MESIAL ASPECT OF EACH WOLFFIAN DUCT THE XEFHRO-
GENETIC CORD,

vet uncertain whether the cetoderm actually shares in the backward extension of the cellular
cord, or whether the duct grows independently,  An ectodermic origin wounld be explained in
terms of Riickert’s theory of the phylogeny. of the duct—viz. that it is formed by a union
of the outer ends of the nephridia which_opened primitively on the surface.

Mesonephros or Wolffian body.—The mesonephros appears first as a ridge
(Wolffian ridge) on each side of the attachment of the primitive mesentery, which
extends from the fifth cervical to the fourth lumbar segment. It is formed by the
enlargement of the intermediate cell-mass, as the tubules and their Malpighian
corpuscles develop in its tissue. As the tubules increase in number the ridges
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become prominent bodies, which increase in size until the eighth week, after wh_iuh
they gradually diminish owing to the fact that the tubules undergo degenerative
changes. These degenerative changes commence at an early stage in the head end
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FFra. 234, —TRANSVERSE SECTION THIOUGH THE TRUNKE OF A RARBIT-EMBEYO OF THE ELEVENTH DAY
{T. H. Bryee.)

me, muscle-plate ; ep, skin-plate of segment ; sc, sclerotome; w.d., Wolffian duct ; w.i., Wolffian
tubule, The ridges in which the ducts and tubules lie are the Wolffian ridges, To the left the section
has cot the wall of o Walffian tubule where it is comnected by a cellnlar eord with the celomic
epitheliom. A, aorta; €, ceelom ; LT, 7.7, umbilical veins.
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Fro., 025, —TRANSVERSE SECTION OF A WOLFFIAX TUBULE IN THE TWENTY-XINTH SEGMEXT
OF A RABHIT EMBRY( AT A LATER STAGE THAX THAT REPRESENTED I FrG. 284, (After
Sehreiner.) = 195,
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of the Wolifian body, and it is here reduced to a membranous fold which plays an
important part in the formation of the primitive diaphragm, and behind that
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Fio. 228 —SecTios 0F THE WOLFFIAN BODY OF A HUMAN EMBRYO AT THE EXD OF THE FIFTH OR
BEGINXING OF THE SIXTH WEEK. (T. H. Bryee.)

il oy glomerali s w.d., Wollfian duct: w.t., od., Wollfian tubules; gengl, genital gland.

structure forms the diaphragmatic fold of the Wolffian mesentery. By the fifth
month the tubules have almost entirely disappeared, and in the end only persist as
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accessory parts of the reproductive apparatus. The Wolffian duct lies external
to the Wolffian body, enclosed in a fold of the peritoneum, which fuses posteriorly
with that of the opposite side to form the genital cord (see below).
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Fre. 227, -~RECORSTRUCTION OF A WOLFERIAN TUBULE OF A HUMAN EMBRYO OF
1r2 e LoxG.  (From Kollmann.) < 260,
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Fia, 228 —THE PRIMITIVE PELVIS OF THE KIDXEY, FROM A RECOXSTRUCTION, (After Schreiner.)
The p:lvis is surronnded by nephirogenetic tissue differentinted into an inner epithelial
. and outer mesenchymatous zone.

ﬂ:rl.rln of the tubules.—The intermediate cell-mass becomes differentiated (in the
rabbit-embryo, fig. 223) into an inner part adjoining the segment, which has a mesenchymatous
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and an ounter part having more of an epithelioid character (nephrogenetic cord, Schreiner), This
outer part forms a cord which becomes separated from the ceelomic epithelium, and secondarily
segmented into a series of solid rounded bodies. These soon develop a lumen amd form a
geries of small vesicles (fig. 224).  There are several such in each segment in the rabbit, but it
ha= been asserted (Kollmann) that the organisation is segmental in the human embryo in the
mrl_-r stames, In some eases it can be determined that the vesiele is connected with the eolomie
epithelium by a slender string of cells (fig. 224). From the outer and upper part of the wall a
solid sprout, which is soon hollowed out to form a diverticulum of the vesicle grows against, and
ultimately opens into, the Wolffian duoct. Thiz is the rudiment of the tubule proper, the
original vesicle forming the Malpighian r'n|1-.~'.u1r_q The tubule elongates and becomes S.shaped
' (fig. 225). Into the space between
its proximal loop and the upper
originally mesgial wall of the now
fattened, spoon.shaped wesicle, o
branch grows in from the adjoining
acrta, From thiz weszsel a knot of
capillaries is formed which lies in the
hollow of the upper wall of the vesicle
and becomes the glomerulus,

The connective-tissue framework
of the Wolffian body is derived from
the mesenchyme of the intermediate
cell mass,

DMetanephros : perma-
nent kidney.— The meta-
nephros arises from the posterior
part of the same nephrogenetic
cord as forms the blastema of
the mesonephros.! The tissue,
however, remains passive during
the time when the tubules are
forming in the Wolflian body,
and becomes related to a diver-
ticnlum which grows out from
the dorso-mesial aspect of the
Wolffian duct immediately
front of its opening into the
cloaca (fig. 228). As the diver-
ticulum increases in length in a
dorsal direction, the nephro-
Fro., 2209, —SEcTioN oF THE PRIMITIVE PELYIS OF THE genﬂtit: tiﬂue hﬂ(’:ﬂrﬂﬂ'ﬁ displﬂced

KIDNEY OF A HUMAN EMBRYG oF PIVE weeks onb.  and separated from the Wolflian

T | oryy - Py e e s :
el e duct until it comes to lie dorsal

The inner zone of nephregenetic lissue is sharply marked : : R
off ; the outer zone pasaes gradually mto the surcounding ﬂ.!'lﬂ mesial to it. The dl‘h"l?l
mesencliyme. ticulum becomes expanded at its

distal end to form the primitive
pelvis of the kidney, while the stalk represents the future ureter. As the ureter
elongates the kidney gradually changes its position relatively to the Wolflian body,
until eventually it lies above and dorsal to it. The primitive pelvis is surrounded
by the nephrogenetic tissue, which now shows a differentiation into an inner
epithelioid and an outer mesenchymatous zone (fig. 229). The latter is con-
tinuous with the blastema of the mesonephros, but the former is quite separate

Wreler,

Wil gfieems et

;'_.'H.""“'-"-"".

Bifepadif |

! Thiz foet, ficgt demonsteated for the chick by Sedgwick, has been substantiated for all the
Amniota, inclading man, more especially by Schreiver, Zeitschr. . wissen. dool. lxxi. 1908, In a
recent ]f:qn-r. Jancdik (Arch. §. Anat. April 1907) has again thrown doubi on the ontogenetic e,
though he admits the gemeral proposition that the kidney is merely a part of a primitive organ of
which the Wolffinn body is the anterior end.
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from it, The primitive pelvis is at first simple, but soon becomes branched
(fig. 235, p. 187) by the outgrowth from it of bulbous ampulle, each of which

Fire., 950, —SEcTION 0F A PORTIOX OF THE COLLECTING TUBE AND TWO TUBULES IX THE
DEVELOPING KIDNEY 0F A RApRIT-EMBEREYO. (L. IL. Bryee)

Omn the right the tubile is in the vesienlar stage; on the left the vesicle has elongated, and is
assmming the 5 shape, but it lns not yet joined with the collecting tube.

'I_r:l.lrr.l' ﬂlru.’.]'

eodleting ke —
fonrer heaal

wiifalle picee

T T

exipieile

Frs. 431, —SECTIoN OF A DEVELOPING KIDREY-TUBULE (RaBpIT). (T. H. Bryee.)

13 covered by a cap of the epithelioid inner zone, which has been broken up into
separate masses during the proeess of branching., The collecting tubules are
formed by a continuous process of dichotomous budding from the primary
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branches of the pelvis. The secreting tubules, on the other hand, arise quite
independently from the °inner zone’ of the nephrogenetic blastema, while the
“ outer zone ' provides the connective-tissue framework and capsule of the organ.

Origin of the tubules.'—At each division of the primary collecting tubules the ©inner
zone * cap becomes divided into two. The peripheral part of each moiety becomes the new
cap of the new branch ; but the central portion of each becomes separated off as a detached
oval and solidl body which lies in the angle between the side branch and the main stem of the
duect. This is the rudiment of the capsule of Bowman, and the further phazes in the development
of the tubule correspond exactly to those already deseribed for the mesonephric tubules, A
lumen appears in the solid rodiment (fig. 230), and from the upper extremity of the vesicle a
diverticulum passes, which abuts against, and finally opens into the collecting duct, Briefly
stated, the phases in the evolution of the vesicle are as follows. It first becomes comma-shaped
by the thickening of ita outer wall. The knee formed deepens into a cleft which separates
the ventral part, the future capsule of Bowman, from the peripheral part, the future tubule.
By a second fold, which appears in the upper part of the inner wall, the tubular portion
beeomes S-shaped, the one limb of the $ opening from the capsule, the other ending in the
collecting duct (fig. 230). The
primitive capsule of Bowman, from
the first hemispherieal, becomes
spoon-shaped by the upgrowth of

==— e Beeags K s s
conectin nperdemd. e lips. Into the hollow thus pro-
el duced the mesenchyme extends,
. il and in it, either by formation in

T Aredlinde prjinos 3 . . 3

ke sitw, as some think, or by ingrow th
Hewie' of a bud from a neighbouring
il Y - B e bend blood.-vessel, a glnmcruhllsis furmeEI.
3 By a further great increase in
Dsnian’s length and coiling of the tubule
eapnle ronnd the Malpighian body as a
more or less fixed point (Herring),
ellceling fube the complicated adult tubule takes

: hp iml
Fig. 232 —Xopen oFf Two DEVELOPIXG RIDNEY-TUTULER, form. The centrsl limb ?E AL
{Alter Stoerk.) ; S becomes the first, the peripheral

limb the second convoluted tubule,

On the r!g]'nl.._ H.i.:ﬂll' lhl_- :lllhulu 18 J:II the S-shaped stage:  while the bend of the ﬂg.u:‘-c, lll"iﬂE

on the leit side it is beginning to coil to form the different o goot in the hollow of the spoon,
parts of the adalt tulule,

clongates to form the looped

tubule of Henle (figs. 232, 233). As

the primarv branches of the ampulla: of the primitive pelvis continue to sprout and divide,

it necessarily follows that the zone in which tubunles are being produced is progressively

displaced outwards, and thus a zone is laid down in which new tubes are formed during nearly

the whole of feetal life, only ceasing in the eighth month {Herring).,  As the kidney at an early

stage is divided into primary lobules, corresponding to groups of branching primary collecting

L The aecount in the text iz founded mainly on the descriptions and fgures of Herring, Schreiner,
sl Corl Hiiber, controlled by personul exmnination of rabbit-material. The view that the tuboles
have a double origin was originally advanced by Kupffer in 1865, 1t was sobatantiated by Sedgwick
and adopted by Balfour. It has recently been contiemed by several observers, more especially the three
pamed ; but it should be stated that many authors have preferred the view of Remak (1855), which was
maintained by Tolds and aceepted by Killiker, Waldeyer, Minot, and many others, to the effect that the
bubules are in fheir enticety produced by budding from the original diverticulum. For references to the
literature and for a history of opinion on this sobject the reader iz referred to Hiibor's paper in the
Americon Jonrnal of Anatomy, vel, 1v. 1005,

Janodik, in the paper referred to in the note (o page 182, admits the dizcontinnons origin of the
secreting tubuoles, but deseribes the phases of their development differenily from any other observer.
The process as he conesives il is one of great complexity and irregularity. The chiel points are ns
follows: the primitive capsule and its primitive tobole connecting it with the collecting duct gives off
Blind processes, which may become permanent tnbnles when the enpsule is separated from the doet, as
it very early is. This separation may take place in various ways, so that the primitive capsule remains
conmected with the whole or part of ils primitive tabule, or be isolated from it. The capsule pow
pequires & new eonnection with the collecting duct at o point nearer the cortex, cither divectly by some
part of its own tubale, or indirectly threugh the medinm of a different tubale, This may belong either
to auotlher eapsule, in which ease o double tubule results, or may be o tubule whicl has lost its oviginal
capsnle.  Fuorther, the capsules are often double in enrly stages, due to o anion or Lo a cleaving of the
original rodiment. Henle's tubale cannol be recognised st an envly stage as described in the text )
apparently any loop may give rise to it
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tubules, the neogenic zone does not form merely a layer on the surface, but extends between the
groupa down to the pelvis as a series of septa, the * primary columns of Berfin' (Haugh), The
primary collecting ducts are at first relatively far apart, but as the division progresses they
come to be set at sharp angles to one another, until at last they form the straight tubules of the

pyramids and medullary rays,

The urinary bladder is developed from the ventral portion of the cloaca
entodermica, which, as we have already seen, becomes divided by a septum into
rectum and urogenital sinus. The sinus and the allantois now form a tubular passage,
on which a dilatation appears implicating the section derived from the cloaca,
and perhaps also part of the allantois. This becomes the bladder, and the allantois
is obliterated to form the urachus. When the division of the cloaca is effected
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Fie., 233, -DIAGRAMMATIC SECTIOX OF A DEVELOPFING KIDNEY-TURULE AND GLOMERULUS.

(T. H. Bryce.)

the Wolffian ducts come to open into the urogenital sinus. The openings are at
first common to the ducts and the ureters, but soon they are caused to open
separately by the lower ends of the Wolffian ducts being taken into the wall of
the sinus. The portion of the sinus intervening between the pairs of openings
then elongates, and the relations are so altered that the ureters open into the
bladder dilatation, and the Wolffian ducts into the sinus proper. This ultimately
forms the prostatic and membranous portions of the urethra in the male, and the
whole urethra and the vestibulum vagin in the female. The Wolffian ducts at
first open into the urogenital sinus close together, separated by an eminence in
which the fused Miillerian ducts end (fig. 248, p. 196). In the male the eminence
persists as the erista wrethralis, which extends also along that section of the sinus
which becomes elongated as the ureters and Wolffian duets draw apart. When,
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at a later stage of development, the bladder dilates and the ureters are drawn
apart, the upper part of the crista is expanded into the trigone of the bladder.

DEVELOPMENT OF THE GENITAL GLANDS AND DUCTS

The genital glands develop comparatively late, on the mesial aspects of the
Wolffian bodies (figs. 226, 237). Here the cozlomic epithelium becomes thickened
to form what is known as the germinal epithelium (Waldeyer). The cells become

Fro, 204, —5SECTION THEOUGH A IUMAX EMPRYO OF 30 MM, ABOUT THE BEGINXING OF THE
Tiikn mMoxTH. (T, H. Bryce.)

On each side of the spinal cord are seen the cartilages of the neural arch; below the cord the body
of| the primitive vertebra with the notochord passing through it; between the two are the spinal
ganglia, from which extend downwards the spinal nerves.  Below the vertebra the cardinal veins
are united by a large anagtomosis ) below this the iwo common iline arteries. Between the iliae
arteries the mesantery leaves the posterior abdominal wall; on esch side of this the ureters. External
to the ureters, the Wolflian bodies.  On the mesial aspeet of each is seen the genital gland connected
by its mesentery ; on the outer aspeel of each, the Wolffian mesentery containing, to the inner side
the Wolflian, 1o the outer side the DMiillevian duct. Projecting into the abdominal cavity from
below, the allantoie duct attached by a mesentery, in which the twe allantoie arteries run. The
intestine is cut in several places, and on encl side are goon the lateral lobes of the liver.

columnar and arranged in several layers, while the underlying mesenchyme
becomes somewhat thickened along a projecting ridge, the gemital ridge. The
germinal epithelinm by proliferation of its cells increases in depth, and among the
proper epithelial elements certain larger and more spherical cells appear (fig. 226,
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Fr, 235, —PeLvis; nuMay EMBERYO oF 115 MM (FOUR AXD A-HALF WEEKS).
(After Keibel, from Kollmann's Entwickelungsgeschichte,)

* septum uro-rectale.
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Fru, 286.—PELVIS ; HUMAX EMBRYO OF 25 ML (EIGHT AND A-WALF To XIXE WEEKS OLD).
(After Keibel, from Kollmann's Eutwickelungsgeschichte.)

I, liver ; *seplum uro-rectale,
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p. 180), These are the primiive ser-cells, and, as far as any evidence vet
available permits conclusions, they arise from the germinal epithelium in situ.
It is, notwithstanding, a question of great theoretical importance, which must
be left to the future to decide, whether the sex-cells actually do so arise in situ,
or whether they are only segregated here, having been set apart from the somatic
cells at the earliest stages of development. Large sex-cells are already present in
or under the peritoneum at the root of the mesentery in the region of the first
five trunk segments in a human embrvo of 49 mm. (Ingalls, 1907).

The proliferating epithelium now grows inwards to form strands of cells known
as the genital cords. At first there 1z a very small amount of connective tissue
between them, but this soon increases in amount, and the cords become
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By e ® G®
AT Ao
A ey O

e e T e

i; .‘. "..l.

Jb?:'::':.:
Fig, 8837 —SECTION OF THE GERMINAL EPITHELIUM AND ADJACENT STROMA IN A MALE
CHICK-EMBRYO. | Semon. )

e, merminal epithelivm forming o thickened ridge-like projection ; pr.oee., primitive ova of various
gizeg, some in the germinal epitheliom and others gomewhat beyond the limit of this epithelivm;
st,, strands of cells which have grown from the germinal epithelinm, and one of which appears connectod
with an enlarged primitive ovam,

more clearly defined. The cords consist of epithelial cells, among which are seen
primitive sex-cells, and, it is said, elements which have characters which are
transitional between the two.

According to the researches of Coert and Allen on embryos of the pig and rabbit, the epitheliom
over the eranial end of the genital ridge is lower than the true germinal epithelium, but here
again strands are produced by proliferation which are easily distinguishable from the penital
stramds by their smaller cells and darker-staining nuclei, These extend inwards and also back-
wards between the gland-rudiment and the Wollfian body, and when later they acguire a lumen
become the rete tubules (zee below).

After the gland has reached this stage specialisation begins in the hitherto
indifferent rudiment, and it acquires the distinctive characters of ovary or testis.
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As the glands take form they become separated from the Wolffian body, remaining
attached to it only by a stalk or mesenterv—the mesovariuim or mesorchium, as
the case may be.
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Fia. Eﬂm—l'.mmrrl_:m::..u. SECTION THROUGH THE OVARRY OF A CAT-EMBRYDO OF "J"i LML LONG
{zenemaric).  (After Coart, from Hertwig's Handbueh der Entwickelungslehre.)

epithelinm

corler o

Fio. 289, —SecTioN OF THE OVARY OF A HUMAX FETUS OF THE FOURTH MOXTH,

The ovary retains longer the primitive characters, in respect that the germinal
epithelium remains many-layered, and retains its proliferative activity. The
future history of the gland is explained by the fact that the mesenchyme grows
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outwards into the germinal epithelium, while the epithelial strands grow inwards,
so that we have an interlocking of epithelial and eonnective tissnes. In the early

eprithedinm | 4 "I_ :
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Fis. 210, —8EcTIoN OF THE OVARY OF A HUMAX FETUS 0F THE SEVENTI MONTIH.
i Figs, 289 and 240 from Felix and Biibler, Hertwig's Handbueh der Entwickelungslehee. )

stages, a narrower corfical zone, in which the epithelial strands are closely pressed
together and separated by a very small amount of connective tissne, is distin-
guished from a central medul-
lary zone in which, owing fo
the increase in the wvascular
stroma, the primary genital cords
are more definitely marked off
from one another (fig. 239). This
medullary portion of the paren-
chyma iz gradually reduced as
the cortical zone increases in
thickness, and the medullary
cords are reduced to a few
epithelial strands, in which ova
are no longer to be seen. The
body of the ovary is formed
from the cortical zone. The
epithelial columns (egg-tubes of
Pliiger) become separated, then
cut up, by the growth of the
Fra. 241.—SECTIOR OF THE OVARY 0F &4 NEWLY BORX stroma, into  cell-islands  con-

| i'1IrII..1J. {\_"l.";l.ll:'lf:grer.}. H-ighlg‘f magmified, taining one or more I]['il]liti'\-'&

avel Seminal exihelium dipying in at by to form un oy these again into smaller
epithelinm; d, , longer tube becoming constricted 50 as  groups or nests of cells, until
:::L'H:;:{n hljﬁfli t:-ll‘-'l'ifll Uf'il;'-n. :1.;11.] “:if;-trln.'lila:ll?:l ';': ‘:r,rlj Tytl-l:ul'l}, u]tlmatel_‘,f the anltlve fﬂ]]]ﬂl[!ﬁ
vessels, are isolated, each contaming
a single ovum surrounded by a

layer of follicular cells (fig. 241). From these the Graafian follicles are formed.
This process, by which the stratum germinativum of the ovary is formed, goes




TESTICLE 191

on during all the later months of feetal life, but is completed by the time of birth
or shortly after.

According to the important rescarches of Winiwarter,' the germinal epithelium comprises two
layers of cells with nuclei of distinctive characters. In the superficial layer, the nuclei stain
deeply as a whole, but the nuclear network is very delicate, and the nuclear membrane is indis-
tinct ; in the deeper layer the nuclei are smaller, but the network is conrser, with distinet
kar}‘osnmm., and the nueclear membrane 12 an obvious feature. There is no true nucleolus in
either variety of nuelens. Winiwarter names them © noyawz profobirogues a anwd b, In the epithelial
massez invading the stroma, cells with * noyvaux protobrogques b’ are seen in active division, but
there is also a third variety of cell with a large clear nucleus and distinet nucleolus (noyat dendo.
broque). These cells no longer divide, and are the young cocytes.  In the nuclear division pre-
ceding the appearance of these cells the prophase of the heteroty pical division has been initiated
by the synapsis, in which the chromatin-loops fuse in pairs (see p. 17). The cells with * noyaux
protobrogues b * become the follicular cells.  As these gather round the cocytes they become
arranged in a continuous low columnar epithelinm.  The cells, however, multiply, and form,
goon, a many-layered investment to the oocyte, The Hywor folliewli next gathers among the
eells, and separates a mass surrounding the ovum and attached to the wall of the follicle named
the dizcus proligerus {cumudus pophorus),
from the cells lining the follicle or strafum
granulosum.  Outside  this  epithelial
laver the connective tissue becomes
contdenged round the ovom inte the
theee [olliewli, which shows two layers,
an external (theea externa) more fibrous,
and an internal (theca interna) more
cellular. The eells in the theea interna
are rounded or polygonal elements of
some size, which exactly resemble the

il e

wlbinginem - == I‘f

inferstifind cells seattered in the ovarian '
gtroma,  These interstitial cells  are sugporling . - bm
generally regarded as being derived from ctll.

the mesenchyme, but Miss Lane-Clayton ®
has sopplied evidence which seems to
show that they mav be derived like the
follicular eells from the germinal epithe-
linm. The cells of the corpus luteum *
are considercd by some as arising from
the stratum granulosum, by others from
the cells of the theea interna,

The tubules which have been ob-
served by wvarious authors near the Fio. 242 —SECTION OF ONE OF THE GENITAL CORDS
hilum of the gland, and named the e s, HTIOLE. DF - & - EUALY  ENIYD.  OF
rete tubides because they are regarded as S LR o R
being homologous with the tubules of the
rete testis, have been generally regarded as derivatives of Wolffan tubules, but according to the
results of Coert and Allen, referred to above, they arise like the primary genital cords from the
ccelomic epithelium.

The testicle is early distinguished from the ovary by the reduction that takes
place in the germinal epithelium, which becomes marked off from the parenchyma
of the gland by a layer of connective tissue, the future funica albuginea. The
genital cords of the primitive gland become the seminal tubules. These, which
of course are at first solid, consist of smaller cells probably representing the cells
of the germinal epithelium, and larger rounded sex-cells. The tubules acquire
alumen quite late in their history, and increasing in length become coiled (fig. 242).
The larger rounder cells multiply, and ultimately line the greater part of the wall of

! Avehives de Biologie, 1900,
- dourn. of Phys, xxxii. 1905, and Journ. of Obstet. and Gynec. xi. 1007.
3 Hee "Ovary’ n volume on Splanchnology.
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the tubule as spermatogonia. The tubules of the refe festis have long been regarded
as probably derivatives of the Wolflian tubules, but recent work, more especially
of Coert and Allen, points to their origin, as indicated above, from the ccelomic
epithelium as epithelial cords which afterwards acquire a lumen. They become
joined with the seminal tubules, and, growing towards the Wolffian body, they
open into the capsules of Bowman of some of the anterior Wolffian tubules.

The interstitial cells of the testis are, like the corresponding cells of the ovary,
generally regarded as connective-tissue elements, but some observers deseribe
them as arising from the germinal epithelium,

Genital ducts.—The fate of the Wolffian body and Wolffian duet differs
in the sexes. In the male the duct persists as the canal of the epididymis, the
vas deferens, and ejaculatory duct ; the seminal vesicle is formed as a diverticulum

Fro 243 —Two FIGURES EXHIRITING A COMPARISOX BETWEEN PARTS OF THE GENERATIVE ORGANS I[N
THE Two 2EXER. (From Farre, after Kobelt).

A, ADULT OVARY, PAROVARIUM, AND FALLOPIAN TUBE.

ity i, Epoophoron (parovariom) formed from the upper part of the Wolflian body ; &, remains of the
uppermost tnbes, sometimes forming hydatids ; ¢, middle set of tubes : d, some lower atrophied tubes;
e, abrophied remains of the Wolfian doct; f, the terminal bull or hydatid; &, the Fallopian tube,
originally the duet of Miiller ; ¢, hydatid attached to the extremiby ; 1, the ovary.

B. THE ADULT TESTIS AXD EFIDIDYMIS,

a, o, convoluted tubes in the head of the epididymis developed from the upper part of the Waolflian
Loaly ; & and f, hydatids in the head of the L:lpidid}.w:iﬂ; ¢, comi vasenlosi; o, vasa aberrantia;
I, vemains of the duct of Miiller with ¢, the hydatid of Morgagni, at its upper end ; !, body of the testis.

from its lower end. Certain of the anterior tubules which have been joined by
the rete tubules remain as the cond vasculosi and vasa efferentia (fig. 243, B).

The organ of Giraldiés or paradidymiz represents some tubules which have lost their
connexion with the duct, and the vasa aberrantie others which have not been connected with
the rete tubules or have secondarily lost their connexion with them. The head end of the
duct iz said to persist as a stalked hydatid, and certain peritoneal tubules which have been
deseribed are supposed to represent the remainz of nephrostomes,

Inthe female (fig. 243, A) the head end of the Wolffian body, which undergoes still
greater reduction than in the male, persists as the rudimentary organ known as the
parovarium. This consists of the head end of the duect and a number of tubules,
which lie in the mesosalpynx (epoophoron), and some remains of tubules in the
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broad ligament (paroophoron). The greater part of the duet disappears, but
remnants of it are occasionally to be seen in sections across the body or cervix

alomernlng

genital ridge

Wolsase o et Millerian duct

Fro. 244. —TRAXSVERSE SECTION OF THE WEAD-END OF THE WOLFFIAX BODY OF A HUMAN EMBRYVO AT
THE EXD OF THE FIFTH OR BEGINNING OF THE SIXTH WEEEK, SHOWING THE FPERITONEAL OPEXNING

o THE MiLLEriax pucr. (T. H. Bryee.)

of the uterus, or even lving in the vaginal wall. Tt persists as the duct of Giirtner

in some mammals—e.g. the pig.

The MEiillerian duct arises on the lateral aspect of the Wolffian body, and
near its anterior end, as a thickening of the ceelomic epithelium. This soon shows

a longitudinal depression, which, deepening
at its posterior end, becomes converted into
a funnel-shaped depression. From the
caudal end of this the duct grows backwards
in close relation to the Wolffian duct. In
embryos about the middle of the second
month the two ducts lie in a free fold
projecting from the outer side of the
Wolffian body, the Miillerian duct being
to the outer side (fiz. 234). Behind the
Wolffian body this fold, merging with the
Wolllian mesentery, passes on to the lateral
wall of the contracted part of the ccelomic
cavity which will form the pelvis (fig. 246).
Here the folds from opposite sides meet in
the middle line; the four ducts are thus
brought close together, and are imbedded
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Fre, 245 —TURoGENITAL SINUS, BELADDER,
AXD GENITAL DUCTS OF A FEMALE HLUMAN
EMBRYO OF 29 mu, [After Keibel.)

in a mass of tissue called the gendtal cord (figs. 245, 247). The Miillerian ducts,
as they pass into the genital cord, eross over the Wolffian ducts, and come to lie
close together between them. Within the cord the epithelial tubes fuse, but behind,
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the lumina remain separate for a time, and the fused walls terminate in an epithelial
thickening which projects into the uu;-gemml sinus between the openings of the
Wolfian ducts {'ILerrmn anmie:wc} (fig. 248). Here, but at a much later date,
the opening into the sinus is effected. The thickening in which the ducts end is
produced by proliferation of the epithelial cells at their terminal gmwm points,
the so-called vaginal bulbs, The future history of the ducts differs in the sexes.
In the male they dizappear throughout almost their whole length, but the head
end is believed to persist as the hydatid of Morgagni, while their fused posterior
ends remain as the prostatic utricle (uterus masculinus).

Fra, 840, —<SEcTION THROUGH THE TRUNE OF A HUMAY EMIORYO oF 155 aM. AT THE LEVEL
or THE Hisp.r1ums, (T, H. Bryee) Photograph.

g, Bpinal nerve ; e, oo, eavdinal veins (between them the aorta giving off the allanioie arteries) ;
ki, kidney; we, ueeter; w.b, Wolffian body ; w.el., Wollfian duet in Wolffian mesente ry; #, rectum ;
bl, blndder ; a.a., @ar., allantoic arteries.

The glandular tissue of the prostate is developed as a series of epithelial
sprouts from the urogenital sinus, which appear in the fourth month, proximal
and distal to the opening of the Wolflian ducts. These acquire a lumen and form
the parenchyvma of the gland, the museular and connective tissue being derived
from the mesenchyme of the genital cord. Similar gprouts form the so-called
Skene's tubules of the female urethra.

In the female the duets persist, and their upper independent portions become
the Fallopian tubes, while their fused posterior portions form the foundation of
the uterus and vagina. The fusion begins near the lower end (fig. 245), and
proceeds both downwards towards the future orifice and upwards for a certain
length. The extent to which the Miillerian duets are fused varies in different
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animals, and certain malformations of the genital tract which oceur in the human
subject, involving a greater or lesser degree of duplicity of the tract, are explained
by defective fusion of the ducts. Meanwhile the urogenital sinus shortens, the
vaginal bulbs elongate, and the Miillerian eminence is brought close to the surface.
Tt follows that when the opening out of the fused solid ends of the ducts takes
place the orifice is superficial, and the urogenital sinus is only represented by the
vestibule of the vagina.

For a considerable period the vagina is solid. Opinions differ as to the origin of this
condition, According to one view (Nagel) it is primary, the vagina being formed from the

Fie. 247.—8EcTiox THROUGH A HUMAY EMERYO OF S0 MM, ABOUT THE BEGINNING
oF THE THIRD MoxTH. (T.H. Bryce.)

Below the spinal cord is seen the body of a verlebra with the notochord, and on each side of the
cord the neursl arch; between thews a pair of spinal ganglin,  The large cartilages on cach side are
the ilia. The peritoneal cavity is bridged over by the genital cord formed by the fusion of the Wolflian
mesenteries ; in the cord are seen the two Miilllerian docts about to fose, and externally the Wolflian
ducts, Above the genital cord is the rectum ; in the wall of the pelvis, one on either side, the ureters ;
below the cord the bladder and allantoic arteries. On each side of tﬁ?;; the peritoneal cavity is interrapted
by a fold, the plica gubernstriz extending from the Welffan mesentery to the inguinal rvegion.

Meotice how at the ingninal attachment of these folds the muscular tissue of the abdominal wall extends
into the gubernacnlnm,

elongated epithelial mass in which the Miillerian ducts end. According to Berry Hart and
F. Wood-Jones, who adopt a very similar explanation, two separate epithelial cords are formed,
which fuse to give rise to the solid wagina, According to another view, the condition is
secondary, and is due to the temporary fusion of the epithelial walls, The cavity is produced
or restored by the shedding of the central cells after the fourth month, Opinions also
differ as to the origin of the hymen. According to the most generally accepted view, it
represents the remains of the margins of the opening of the thickened ends of the fused

duets inte the urogenital sinus, Berry Hart, and also recently Kempe, have, however, derived
it from the epithelium in which the genital ducts end.

02
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The epithelial lining of the Millerian ducts gives rise merely to the epithelium of
the genital tracts. The muscular and connective-tissue elements of the mueous
membrane, and of the wall of the uterus and vagina, are derived from the genital cord,
which undergoes a progressive development as compared with that of the male. The
lower part surrounding the ends of the ducts grows downwards, and apparently
in the process occasions the shortening of the nrogenital sinus already referred to.
By the fifth month the muscular wall of the uterus begins to differentiate, and the
mueous membrane to thicken, It is noticeable that during the later months of feetal
life the cervix bears a very large proportion to the body (fig. 249), which is very
short, and it is not till puberty that the body begins to assume its proper relative
proportions,

Fio. 248, —SECTION THROUGH A HUMAN EMBRYO oF $H) MM, ABOUT THE BEGINNING OF THE
TaiRp moxTH. (T, H. Bryee.)

Bielow the spinal cord is seem the body of a sacral vertebra ; on each side the lnteral part of the
saernm and a portion of the ilinm ; between the body and the lateral cartilages a pair of spinal nerves.
The section pas=es throngh the hip-jointa ; between these ventrally the pubic cartilages. Between the
two ischiol eartilages the rectum, below this the orogenital sinoes with the Wolffian ducts opening into
it : between the Wolffian duoets the Miillerian eminence, in which is seen the irregular blind end of the
fused Miillerian duects ; between the pubic cartilages the nrethra,

Descent of the ovaries and testes.—In both sexes the genital glands
undergo a displacement from their primitive position in the lumbar region and
come to lie above the brim of the pelvis. From this situation in the later months
of pregnancy the testicles descend into the scrotum, while the ovaries retain their
secondary position until ultimately, with the enlargement of the pelvis, they sink
to the definitive position. The descent of the glands is chiefly effected by the
agency of a fold, in which muscular fibres develop, called the plica gubernatriz
(fig. 247),

The change in position of the different structures is best understood by referring
back to a stage reached about the end of the se -ond month (fig. 251). The Wolffian
body, on each side, is seen to be attached to the posterior abdominal wall by the
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Wolffian mesente v, which is continued upwards as a fold to the diaphragm. The
genital gland is fixed to its inner aspect by the genital mesentery, and the two
ducts to its outer side by the wrogenital fold (fiz. 234). The latter merges
with the Wolffian mesentery behind the Wolffian body to form the urogenital
mesentery, and this in turn unites with its fellow to form the genital cord
(fig. 247). The genital mesentery is continued upwards as the wupper, and
downwards as the lower genital fold. The latter joins, at the lower end of the
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Fro. 249.=VERTICAL LONGITUDINAL BECTION OF THE PELVIE: A, OF A FETUS oF 6 CM.;
B, or & FETUS oF 10 oM. C, 0F A FIETUS OF THE SEVEXTH MONTH. (From Nagel.)

In A and B: 1, Junction of vagina and uterns ; 2, sinus urogenitalis ; 3, bladder,

Wolffian body, the urogenital fold, while from the same point a fold passes to
the groin, the plica gubernatriz. In the female the adult conditions are easily
deduced from this description, When the Wolflian body dizappears, the Wolffian
merges in the urogenital fold to form the mesosalpinx, and the mesovarium
becomes an adjunct to it. The remainder of the urogenital mesentery is the
primitive broad ligament; and when the Fallopian tubes and ovaries sink into
the pelvis, all merge in one wing-like fold of peritoneum. The upper genital



Fro, 250, —DIaGRAMS TO SHOW THE DEVELOFMENT
OF MALE AXD FEMALE GEXNERATIVE ORGANS
FROM A coMMoxN TYvPE. [(Allen Thomson., )

A—DIAGRAM ©OF THE FPRIMITIVE UROGENITAL
ORGAXE IN THE EMERYO PREVIOUS To
BSEXUAL DISTINCTION,

8, ureter: 4, urinary bladder: 5, urachog ;
of, the genital ridge from which either the ovary
or testicle is formed: W, leit Wolfinn body;
wy w, vight and left Wolfan duets ; m, m, right
and left Miilllerian ducts aniting together and
running with the Wolffian ducts in ge, the genital
cord 3 wg, sinns urogenitalis; i, lower part of
the intestine ; e, cloaca; op, elevation which
becomes clitoris or penis ;. {s, fold of integument
from which the ]uli:ial. majorn or serotum are
formed,

B.—DiicRaM OF THE FEMALE TYPE
OF SEXUAL OROAXS.

o, the left ovary; po, parovarium
{epoophoron of Waldeyer); W, deat-
tered remains of Woelfian tubes near
it (paroophoron  of  Waldever);
d G, remaing of the left Wolffian
duet, such ns give rise to the duct
of Gartner, represented by dotted
lines; that of the right =ide is
marked ¢ ; f, the abdominal opening
of the left Fallopian tube § &, aterus |
the Fallopian tube of the right side
is marked wm; g, round ligament,
corresponding  to gubernacalom
iy lower part of the intestine;
v, vaging &, sitoation of thehymen ;
', gland of Bartholin (Cowper's
gland), and immediately above it he
urethra; o0, corpus  CAvernosumn
clitoridis ; sc, vareular bulb of corpus
spongiosum § &, nympha; [, labinm ;
¥, vilva.

C.—IMAGRAM OF THE MALE TYPE OF
BEXUAL ORGANS,

¢, testicle in the place of its original
formation : o, caput epididymis; vd, vas
deferens; W, scattersd remains of the
Waolffian body, constituting the organ of
Giiraldeés, or the paradidymis of Waldever;
ok, vas aberrans; o, Miilllerian duet,
the upper part of which remeing as the
hydatid of DMorgagni, the lower part,
represented by a dotted line descending
to the prostatie vesicle, constitutes the
occasionally existing eornu and tube of
the uterns masculinus ; g, the goberna-
enlmm ;  ws, the vesieula seminalis;
vy the prostate gland ; &, Cowper’s gland
of one gide; ep, corpors cavernosa penis
cut short; sp, corpus spongiosum are:
thrae ; g, serotum ; ¢, together with the
dotted ines above, indicates the direction
in which the testicle and epididymis de-
geend from the abdomeninto the serotum,
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and upper Wolffian fold become the suspensory ligament of the ovary enclosing
the ovarian vessels. The lower genital fold, and the plica gubernatrix develop
involuntary muscular fibres and become the ovarian and round ligaments respec-
tively, In the male the primitive relations are more departed from, owing to the
descent of the testicle, and are further modified by the disappearance of the
Miillerian duets. The Wolffian mesentery, the genital mesentery, and the

e
R
SUPTAFERN] o e = bl
g~~~ ==~ diap hragnatic
S e fald
A gl geapital
I : Fold
I"_ i
genifal glaid ===t  [—
" = = ===gcaudal genital
11!1:;-1'};'1'11& e ! ol
I} -E .r-
\ ° .'I AT == plica gubernatriz
B L 1L L il

Fig. 251.—THE PERITONEAL FPOLDE CONNECTED WITH THE WOLFFIAY BODIER AND GENITAL GLANDS
OF A PIG-EMBERYD OF 67 cM. LoXa. (After Klaatsch.)

urogenital fold are merged in the different portions of the adult mesorchium, but
leave no trace within the abdomen. The plica gubernatrix, which after the atrophy
of the Wolffian body iz continuous with the Wolffian and genital mesenteries,
becomes the gubernaculum testis, The testis descends to the iliac region in the
third month, but only enters the internal abdominal ring in the seventh month.
Previously to this a pouch of peritonenm—the processus vaginalis—has descended
into the scrotum along the abdominal ring, pushing before it part of the internal

F16. 253, —DIAGRAMS TO ILLUSTRATE THE DESCEXT OF THE 'T_EH-TICLI: AND THE FORMATION
oF ITs covemxas. (0, Hertwig.)

In A the testicle is lying close to the internal abdominal ring, In B it has passed into the sae of
the tunica vaginalis. 1, skin of abdomen; 1%, skin of serotnm ; 2, superficinl abdominal fascia
2, Cooper's fascin; 3, muscular and aponeurctic layer of abdominal wall; ¥, eremaster musele and
spermatic fascin; 4, peritoneum; 4, processus vaginalis; 4", visceral layer of processus vaginalis
covering testicle; f, testicle ; v.d., vas deferens ; r, internal abdominal ring.

oblique muscle and the aponeurosis of the external oblique, which form respectively
the cremasteric muscle and spermatic fascia (fig. 252).  This pouch, after the descent
of the testicle into it, becomes shut oft from the abdominal cavity, and forms the
cavity of the tunica vaginalis. The descent of the testicle into the scrotum is
intimately connected with changes in the gubernaculum. The gubernaculum
extends from the integument of the groin, which afterwards forms the serotum,
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upwards through the abdominal ring to the lower part of the epididymis, Round
its attachment to the subcutaneous tissue a thickening is formed which includes
muscular fibres from both transversalis and internal oblique muscles, The
formation of this mass seems already initiated even at so early a stage as that
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Fre, 25 —DIAGRAME REPMRESENTING FOUR ETAGEE IN THE DEVELOPMEXT OF THE CLOACA
EXTODERMICA, THE CLOACAL PLATE, AXD GENITAL PAPILLA.  (T. H. Bryce,)

figured in fig. 247, p. 195. The muscular tissue forming this inguinal cone
occupies the base of the inguinal pouch, and it is by the outward growth of the
mass that the ontpushing of the abdominal wall is produced, and the processus
vaginalis is carried down into the serotum. When the processus vaginalis is
formed, the gubernaculum lies behind the serous sac. The descent of the testicle
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is accompanied by a shortening of the gubernacular cord, which thus appears
to draw the organ downwards into the scrotum; the testicle, following the line
originally taken by the gubernacular cord, paszes down along the posterior wall
of the processus vaginalis, which it therefore invaginates from 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 eryptorchismus, in
which one or both testicles have failed to reach the scrotum, and have remained either in the
inguinal canal or within the abdominal eavity, are not unfrequent in the human subject. In
rare cases the ovaries may also pass through the abdominal ring by a passage corresponding
to the processus vaginalis called the canal of Nuck, and may even be found in the labia majora,
where they resemble in position the testicles within the serotum.

Fate of the cloaca entodermica: Formation of external genital
organs, perineum, and anus (fies. 253, 254, 255).—The cloaca entodermiea,
as we have already seen, is a large chamber connected at its oral end with the
allantois and hind- wut :a,nd closed ventrally by the cloacal membrane (fig. 253, A),
which extends fmm the umbilicus to the root of the tail. The cloacal chamhz:u,
surrounded by an investment of mesoderm, occupies the whole depth and width
of the hinder part of the body-wall. By the inerease in the amount of the investing
mesoderm, dorsal to and on each side of the cloaca, the body-wall is caused to
project between the hind limb buds az an elliptical swelling known as the cloacal
tubercle, For some distance behind the umbilicus the mesoderm reaches the mid-
ventral line, and an even salient surface is produced, which ends below in an angnlar
projection. This afterwards expands into the genital papilla. Behind the angle the
lateral sheets of mesoderm are separated by the ecloacal membrane, and produce
surface folds, which bound a shallow eleft. This extends towards the root of the tail,
but is separated from it by a small projection, also eaused by a thickening of the
underlying mesoderm (anal tuberele), and by a slight recess behind it which marks the
posterior limit of the cloacal elevation. Meanwhile important changes are taking
place in the form of the cloacal chamber. Owing to the inerease of the mesoderm in
the tongue-like projection between the allantois and hind-gut (fig. 253, A) and also
at the sides of the cloaca, the openings of the allantois and hind-gut are apparently
shifted backwards—in other words, a frontal septum takes shape which separates a
dorsal or rectal from a ventral or urogenital tube, and reduces the cloaca to a
narrow passage between the two (fig. 253, B, ). Whether the process thus sketched
involves an actual division of the chamber by lateral folds, or is merely the expres-
sion of differential growth such that the ventral part of the chamber, with the
Wolflian ducts attached thereto, expands forwards, while the opening of the gut
is shifted backwards to the candal part of the dorsal wall, is not vet decided. While
this urorectal septum is forming, the lumen of the ventral part of the chamber is
narrowed to a sagittal cleft, and is encroached on by an epithelial mass which
forms a sagittal plate named the cloacal plate.

The cloacal plate (Kloakalplatte, Keibel ; bouchon cloacal, Tournenx ; Uralplatte, Fleisch-
mann) may be looked on as a thickening of the cloacal membrane in the future urogenital
part of the cloacal fossa, According to Disse (1905) the epithelial cells are entodermic in
origin, the plate being formed by the apposition of the walls of the ventral part of the cloacal
chamber.  The same view was advanced earlier by Fleischmann (1902-1904). Tourneux,
who was the first to deseribe the plate (1889), looked upon it ag an ectodermie thickening, and
as representing, when afterwards fissured, the rodiment of an ectodermic cloaca,  Otis (1906)
inelines to the same opinion,

The cloacal plate extends as a keel-like thickening into the substance of the
cloacal tubercle, and reaches caudally nearly, but not quite, to the anal tubercle,
Here the cloacal membrane remains as a thinner lamella, which closes in the dorsal
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part of the now narrow cloacal chamber, and lies at the bottom of a shallow
transverse depression (ano-perineal area).

Owing to the increase of the mesoderm round the base of the cloacal elevation,
the lips of the outer depression become raizsed into the outer genital folds. The
increase is, however, greatest at the anterior or cranial lip, and the salient angle
already alluded to grows in a ventral direction to form the genital p{:piﬂu The
cloacal plate is necessarily displaced ventrally and rotated until it lies in the position
seen in fig. 253, D, on the caudal face of the genital papilla, as a mesial ridge which
runs, at the apex of the papilla, into an epltlm]ml horn (seen in fiz. 254, B)
produced by a thickening of the surface-ectoderm,
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Fia. 264.—DEVELOPMERT OF TIII EXTERNAL oRGAXS. A, MALE EMBERYO oF 21 MM. LoNG; B, MALE
EMBRYO OF 28 My, Loxo; O, FEMALE FETUS OF T MM. LONG (ELEVENTH WEEK); D, FEMALE
FIETUS OF 15 Cil. LONG qun;u:«-'ru weEK). (Kollmann,)

g, genital papilla; gls, glans ; elif, elitoris; o.q.f., outer genital folds; ig.f., inner genital folds;
an, anus; sin, urogenital sinms ; lab, win., labin minorn; fab. maj., labia majora; frgpee, hymen;
o, coeeyx ; mne, umbilical cord.

The cloacal plate at the base of the genital papilla now breaks through, and
the urogenital opening is established. By a loosening of the central cells of the
plate in front of the opening a groove is produced, running on to the caudal face
of the genital papilla, and known as the urethral groove. The edges of this groove,
formed by the salient lateral sheets of mesoderm, form the inner genital folds. The
cloacal chamber has meantime been completely divided, and the mesoderm, which
lies between the dorsal and ventral portions of it, is allowed to reach the surface,
and here forms the perineum. A ring-shaped mesodermic thickening at the same
time forms round the proctodmal depression. This at first has the form of two
projections from the anal tubercle, which grow forwards round the anal depression,
and gradually convert it from a transverse into a semilunar, then into a circular,
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depression (Otis). In front the thickening so produced joins the mesoderm forming
the perineal bridge, and forms with it the definitive perineal body separating the
anus from the urogenital opening.

In the female the adult arrangement of parts is readily derived from this neutral
condition described above ; the inner genital folds become the labia minora, and
the outer the labia majora, while the genital papilla forms the elitoris. The groove
on the base of the papilla remains open and forms the entrance to the vestibule,
which, as already mentioned, is derived from the much shortened urogenital sinus.
Further, it is owing to the shortening of the sinus that the urethra comes to open
separately on the surface.

In the male the inner genital folds meet to form the bulbous wrethra, which is
carried forwards on the cloacal aspect of the genital papilla, first as the solid
epithelial ridge already described, then as a groove produced by the shedding of
the central cells of the solid cord, This groove is closed from behind forwards,
becoming the spongy portion of the urethra. The enlarged end of the papilla becomes
the glans penis. In this the urethra is closed independently, so that the last part
of the tube to be completed is at the junction of glans and body. The external
genital folds meet in the mid-ventral line to form the serofum. The prepuce in both
sexes 15 developed by the
ingrowth of a solid ridge of

ectoderm (Berry Hart), which, = NS
by separating into two
lamelle, sets free a cutaneous
fold as a cap to the glans,
The amnal opening is =
S LT

formed later than the uro-
genital; while the urogenital
opening is effected in a
158 mm. embryo, the anal
opening is still closed in
one of 29 mm. (Keibel).
From the proctod=al pit the
ectoderm grows inwards fora Fio. 255.—MaLg FETUS 4} CM. LoXG (TENTH WEEK)
short distance and forms the IR E LR

short ectodermic portion of

the anal canal. The remainder of that passage is derived from the terminal, last
closed part, of the cloacal chamber, above which the primitive entodermal tube
of the rectum ends in an ampullated dilatation (fig. 236, p. 187).

It appears from the observations of Tourneux, Retterer, Keibel, Fleischmann and his pupils,
Disse, and others, that the development of the cloacal region is essentially the same in allmammals.
Even in Echidna (Keibel) an entodermic cloaca is completely divided, and the rectum and
urogenital sinus open independently into a secondary ectodermic invagination or ectodermic
cloaca, just as they do on the surface in placental mammals in which there iz no external cloaca,

Fleischmann ! believes that the cloaca entodermica, or Urodifum, as he terms it after Gadow,
is not divided by two lateral folds, as first suggested by Rathke. It is, perhaps, after the first
frontal fold separates the rectal opening from the part of the chamber receiving the Wolffian
ducts, not further divided at all, but the stage represented in fig. 235, p. 187, may be reached by
differential growth, the urogenital section being pushed in a ventral and cranial direction, while
the rectum retains its primitive position, and comes to open into a small dorsal chamber
of the urodiium, the pars analis, This becomes separated from the ventral chamber to form
the entodermic portion of the anal canal. Wood Jones® and Keith * deny that the cloaca has
any share in the formation of the reetum. The idea involved in Wood-Jones's interpretation,
1 Marphol, J_nhrlm_n]l, 1904. The reader will find here (P 5%) & lengthy historical réswmé of the
literature on this subject. ,

* Brit. Med. Jour. 1004, p. 1680. % Human Embryology and Morphology (2nd ed.), London, 1904.
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which was, however, put forward hefore the appearance of Keibel's paper on Echidna, is
that the urogenital sinus represents the cloacw, and the formation of the upper septum is the

Fio, 256.—-BEcT10% THROUGH ax EMeryo oF Tanra Burorga. {After Sounlie.)

zie, bad From eclomie epitheliom, the radiment of suprarenal body (cortical portion); weg., posterior
cardinal vein ; glm, glomerulos; ced,, Wolffian duct ; o, vein.

Fic., 267.—SECTION THROUGH A CHROMAFFIN-BODY IN A 44 MM HUMAN EMBRYO, TO SHOW THE
DIFFEREXTIATION OF THE PRIMITIVE INDIFFERENT SYMPATHETIC CELLZ, {HU]II’I.}

1 gy mother chromaflin.eells (Phiioshromoblasts); sy, sympathetic cells; b, blood.vesseal,

expression of the closure of the mouth of the hind.gut into that chamber, the rectum proper being
a sub-candal extension of the terminal part of the gut, which becomes secondarily connected
with an ectodermic anal invagination,
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SUPRARENAL BODIES (ADRENATLS.

The suprarenal bodies consist of two parts of totally different origin. The
cortex is derived from the mesothelium covering the inner aspect of the fore-part of
the Wolffian body, immediately lateral to the attachment of the mesentery and
in front of the germinal epithelium (fig. 256). It appears as a series of buds which
fuse into a cellular mass imbedded in the mesenchyme of the Wolflian ridge.
The cells become arranged in columns, and the three zones characteristic of the
cortex of the adult gland are early to be made out; The whole body consists
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Fro. 258, —TRANSYERSE SECTION OF THE EUPRARENAL BODY OF A HUMAX EMBRYO OF 155 MAL
(T. H. Bryce.)

sy, &, the abdominal sympathetic; sy, s, groups of eells extending from the sympathetie into the
ssu[:nmrmmi: ey, capsitle of the gland ; o, aorta.

at first of cortical tissue (fig. 258), and in the centre the trabeculs are arranged
in an irregular network with vessels (sinusoid in nature) in the meshes, and
opening into a central venule. The appearance is very like that of a liver
lobule, The medulla’is derived from the sympathetic, and is produced by an
ingrowth of cell-groups on the mesial aspect of the gland. In an embryo
at the end of the second month the abdominal sympathetic consists of
numerous groups of cells in the neighbourhood of the aorta; As we have seen
{p. 133), these groups of cells are derived from the ectoderm, and have wandered
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from the rudiment of the spinal ganglion, or perhaps from the medullary plate, along
with the ventral nerve-roots. The cellular groups in these earlier phases are not
ganglia, but masses of indifferent or mother-cells which differentiate in two directions,
some becoming ganglion cells, others chromophil or chromaffin cells (i.e. cells having
special affinity for salts of rhmlmr:: acid and staining yellow therewith). Masses ni
these indifferent cells invade the substance of the adrenal, undergo differentiation
into chromaffin elements, and colleet in the central part of the body to form the
cell-groups of the medulla. The medulla begins to be marked off from the cortex
in the fourth monfh, The adrenal is rounded in early stages and larger than the
kidney (fig. 170). In the third month it becomes flattened and triangular in section
(fig. 222), but remains relatively large all through feetal life.

The development of the adrenals has been the subject of much discussion. Opinion has
been divided both as to the cortieal and medullary parts of the glands. All have agreed
that the cortex arises from the mesoderm, but there have been three main views as to the exact
origin of the cells, some observers tracing them to the general mesenchyme, others to the
epithelium of the excretory duets, and others to the mesothelinm, The latest work of Wiesel
and of Soulie, confirming that of Janofik and Inaba, affords very strong support to the view
that cells are budded off from the peritoneal epithelium,' Recent work, more especially that of
Kohn on the chromaffin elements, has thrown much light on the old problem of the medulla,
and it may be now taken as proved that Balfour's view of the origin of the medulla from the
sympathetic is the correct one.  The close association with the sympathetic accounts also for the
presence of ganglion cells under the capsule, at the hilum, and in the medulla of the organ,

DEVELOPMENT OF THE VASCULAR SYSTEM.
THE HEART.

In an earlier section the initial phases in the development of the vascular
system have been described. We there saw that the heart was first laid down as
two tubes which unite together to form a single mesial tube, This lies under the
fore-gut in the pericardium, united to its dorsal wall by a double fold named the
dorsal mesocardium. The mesial tube i3 divided by constrictions into three
portions—the primitive auricle, ventricle, and aortic bulb. Behind it is connected
with the sinus venosus, a transverse commissural vessel in the septum transversum
which receives three pairs of veins—the vitelline, allantoic, and ducts of Cuvier.
In front it is continued into a ventral stem—the truncus arteriosus—which divides
into two vessels. These, looping round the fore-gut, are continued backwards on
each side of the middle line as the primitive aorte.

The simple heart-tube soon becomes bent on itself. This bending is due to its
increasing in length disproportionately to the pericardial cavity which encloses it.
The dorsal mesocardium disappears between the primitive auricle and the attach-
ment of the bulb to the floor of the fore-gut. These two parts remain in close
relationship during all succeeding phases, but the free loop, becoming enlarged
and displaced backwards, comes to lie behind the original posterior end of the
tube.

DEVELOFMENT OF THE OUTWARD FORM OF THE HEART.

In the following account we shall start with the stage reached in the human
embryo by the fifteenth day (fig. 259). The auricular portion of the heart-tube lies,
still attached by the mesoeardium, immediately in front of the septum transversum,
From this point it is directed forwards and to the left. Reaching the anterior limit
of the pericardium, it turns ventrally to join, by a eonstricted portion named the
auricular canal, the ventral U-shaped ventricular loop, This consists (1) of a

b The literature of ihe development of the adrenals is very completely given in the arbicle by Toll
in Hertwig's Handbuch der Entwickelungslelive, p. 608 seq.
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descending limb which passes from left to right, from the left dorso-anterior to the
right ventro-posterior extremity of the pericardium ; (2) of a transverse portion
directed dorsally ; and (3) of a smaller ascending limb which, passing forwards,
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, B0 —CoNDITION OF THE HEART I¥ THE HUMAX EMBRYO oF ABROUT FIFTEEX DAYE,
RECONSTRUCTED FROM SERIAL sSEcTIONs. (His) 42,

A, from before, showing external appearance of heart; B, the sgame with the muscular substance of
heart removed showing the endothelinl tube; C, from behind.

mn, mandibular arch with maxillary process; by, hyvoidean arch ; b.a., bolbus aorte ; o, right
ventricle ; ¢, lelt veniricle; aw, auricular port of heart; e, canalis auricularis; s, horn of sinns
vemosus  with wmbilical vein (nop.), superior vena eava (v.esd, and vitelline vein enterimg 1t;
i, diaphragm ; wip., mesocardinm postering ; [, liver; dud., bile.duet.

graduallv narrows into the aortic bulb, This, finally inclining inwards, reaches the
mid-dorsal line at its point of attachment to the floor of the fore-gut. The ascending
limb of the loop is separated from the bulb by a slight constriction (the frefum

B
A Pavir, b,
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FiG, 260 —HeART 0F A SOMEWHAT MORE ADVANCED HUMAN EMDRYO. ([(His) 4.
A from before ; B, from belind.

v, right ventricle; Le., left ventricle; bur., bulbus aorte; raw., rvight aoricle ; Law., left avricle:
ors., Vel Civi hll|:1i_:L'il:l]'; LT, tllll‘li]il'il] VEIIm: 9., \'llq']lilll! ‘|'1'iJ|.'l 1.|lr LIi;Ll!llL‘i,l;_"!ul.

Halleri), and although it ultimately becomes a portion of the right ventricle, it is
to be regarded at this stage as the proximal segment of the aortic bulb, and a
distinet chamber of the primitive heart (Greil).' In the following account we

' Morphol. Jahrbueh, xxxi. 1008,  See also Hochstetter, in Hertwig's Handbuch der Entwickelungs-
lehre, 111 Twil 11
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shall speak of the ascending limb as the bulb, and of the remainder of the tube
as the truncus arteriosus. As the heart-tube inereases in length, and the peri-
cardium expands in a backward direction, the sinus venosus is drawn into the
cavity out of the septum transversum, necessarily of course carrying with it a
covering of the connective tissue of the septum. The ducts of Cuvier undergo a
similar apparent anterior displacement, and now run in lateral folds, bounding
the aperture between the pericardium and the remainder of the ceelom, and named
the lateral mesocardia (fig. 293, p. 239).

As the ventricular loop inecreases in size, it 1s more and more displaced in a
backward direction, so that the auricle and its annex, the sinus venosus, which
now consists of a transverse portion and a larger right and a smaller left horn,
come to lie on the dorsal aspect and ultimately in front of the ventricular
segment (fig. 262). The root of the bulb is thus brought into close relationship
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Fia, 261, —RECONSTRUCTION OF THE IEART OF & HUMAN EMBEYO oF G'S aw, ([ After ]_:'1'|1[tr,}
The pericapdium has been represented as opened to show the ventral azpect of the heart.

with the auricular canal. As a further result of these changes, and consequent
backward expansion of the pericardium, the ducts of Cuvier take a gradually
increasing antero-posterior inclination on their way to reach the sinus venosus.
Meantime the primitive auricle has thrown out ear-like dilatations on each side,
and the descending limb and transverse portion of the ventricular loop have become
dilated to form the primitive common ventricle, The ascending limb remains at
first more tubular ; but it also soon dilates, and, as a result of the increasing distension
of the whole distal part of the loop, the cleft between its two limbs, representing
a centre, itself stationary, round which growth is proceeding, becomes relatively
shorter, until it disappears at the base of the heart, forming there a fold (bulbo-
auricular fold) of the heart-wall, where the wall of the bulb passes directly
into the wall of the auricular canal (fiz. 263), The expansion of the loop
is further accompanied by a rotation round the stationary point, of the
dilating ascending lhmb and truncus arteriosus towards the front (fig. 261).



HEART 209

On the transverse portion of the loop a suleus now appears, which corresponds
to the developing interventricular septum within the ventricular chamber.

Fra. 262, —View FROM BEHIND oF THE HEART OF A HUMAX EMERYO OF ABOUT FOUR
WEEKS, MAGXIFIED, [His.)

The two docts of Cuvier and the inferior cava arve seen opening separately into the smus, which is
a transversely elongated sae communieating only by & narvow ovifice with the right auricle,

The appearance of this sulecus is the expression of a commencing bilateral
expansion of the common ventriclee. We can therefore now name the
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Fra. 263, —DIAGRANMS TO ILLUBTRATE HOW I¥ THE NSTEXSION OF THE VENTRICLES THE ' LESSER
CURVATURE' OF THE HEART-TURE I8 REDUCED, AXD THE PROXIMAL CHAMBER OF THE AORTIC
nuLn (B) Loses 1m8 MEsiaL waLL., (After Keith,)

a.o., aorbic bulb (distal part); an, aoricle; B, aortic bulb (proximal pact); RV, right ventriele;
LV, left ventricle ; £ (in &), pulmonary artery,

lateral dilatations the right and left ventricles, It will be observed that the
right ventricle is formed from the right portion of the transverse section of the
VOL. L. P
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primitive loop and its ascending limb, As this latter constitutes a special chamber,
corresponding to the reptilian aortic bulb (Greil), the right ventricle has a composite
character. Neither at this stage, nor later, is there any distinet demarcation
between the two chambers of the right ventricle in normally developed hearts;
but in certain cases, where there has been defective development, they remain
in a measure distinet (Keith).! As the ventral rotation of the right side of the
heart above mentioned proceeds, the auricular portion also undergoes a displace-
ment, but in the opposite direction. Thus the auricular eanal, which is at first
on the right side, comes to be placed opposite the middle of the developing
ventricles, with the bulb lying against its ventral aspect. The auricular canal
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Fre. 264.—TRANSVERSE SECTION oF A HUMAX EMBERYO oF 24 usm. (T. H. Bryee.)

The seetion passes through the heart attached to the posterior wall of the pericardial cavity below
the fore-gut by the posterior mesoeanrdinm. Notice the wide interval between the wall of the heart-tube-

and the endothelial tube.

further disappears from view by the expanding auricles coming into contact with
the expanding ventricles to form the deep auriculo-ventricular sulei (fig. 262).

The relative position of the several parts now achieved is maintained throughout
all subsequent phases, and the further changes will best be understood by tracing
in somewhat greater detail the historv of each segment.

In the early phases of the development of the interior of the heart-tube, the
endothelial lining is separated by a considerable interval from the outer wall
(fig. 264). This space is at first filled by a fine meshwork of connective-tissue
fibrils, but in later stages by muscular columns and trabecul® (fig. 268), over which
the endothelial membrane is spread, following all the irregularities of the surface.

U Aberdeen University Quarter-Centenary Volume : Studies in Pathology ; 'W. Bullock, p. 17 (1908)
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Further, at the various orifices solid connective-tissue thickenings are formed,
which serve in the developing heart as primitive valvular arrangements,! and
become by changes presently to be described converted into the valves of the

adult organ:

DEVELOPMENT OF THE CHAMEERS OF THE HEART AND FORMATION
OF THE SEPTA.

Sinus venosus.—When the sinus venosus has been drawn into the pericardium
it becomes separated by a fold from the primitive auricle. This fold appears first
on the left side, and though it is completed all round the tube it remains deeper
on the left side, The result is that the opening of the sinus into the auricle i=
displaced to the right side. At first a wide opening, the ostium is converted into
a narrow cleft by the drawing together of the lips corresponding to the outer folds,
and these are then invaginated into the cavity of the auricle to form two flaps or
valves, known as the right and left venous valves (fig. 265). The sinus at first

. ot i,

Fio. 265 —~HEART OF HUMAN EMBRYO SLIGHTLY MORE ADVANCED THAN THAT SHOWX I1X Fla, 166, (His.)

A, interior of auricle and ventricle displayed. B, endothelial tube.

a.c., anricular canal; aid., area interpositn of His ; m, posterior mesocardinm; raan., Lo, vight and
left auricles ; Le., left ventriele ; vy, vight ventricle ; b, bulbos aorte.

receives three pairs lof veins, but by a series of changes, afterwards to bLe
described, the blood is ultimately returned by an unpaired vein, the inferior vena
cava, and the two ducts of Cuvier, The sinus by the forward displacement of the
duects of Cuvier has meantime become horseshoe-shaped, and the lateral horns
receiving the ducts become uneqgual in size (fig. 262). The larger right horn and
transverse portion of the sinus, which become separated from the left horn by
a septum, are taken into the right auricle as the atrium of that chamber, while
the left horn becomes the coronary sinus.

Auricular chamber.—The cavity of the auricle, at first single, receives on
its right side the ostium of the sinus venosus, the lips of which are invaginated
into it as the venous valves. It opens into the left side of the common ventricle

! It must be borme in mind that the heart does not develop as o passive organ, It beging to beat
while yek a simple tube, and the primary contraction is peristaltic. ' When the primitive chambers are
differentinted and separated from each other by constricted portions of the tube, the peristalsis is
converted into asuecessive conteaction of anriele and veniricle.  The endocardial eushions must not only
tend to prevent regurgitation, but alzo offer an obsiaele to the onflowing blood, and the inerease of
pressure within the chunbers which will necessarily result must be the cluef factor in the moulding of

the heart,
r 2
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through the auricular canal. It becomes distended at a very early stage into two
lateral diverticula, which become the auricular appendages (fig. 265). On the
outer side of the connecting portion between these appendages (the original
tubular auricle) a fold now appears which indicates the position of the future
primary septum, On the inner aspect another fold is also now seen running over
the roof and connected with the venous valves. It is known as the septum
spurium, and corresponds to a muscular fold which stretches these valves in the
reptilian heart (Rise),

Immediately to the left of this the primary septum extends inwards from the
dorsal wall (fig. 266). This is the septum superius of His, or septumn primum of

Teft pen, pales

& Ham PJ'fmwm

right pen. pales -

Fight auricle -

Figfel
rentiiele

Fis. 266, —MoDEL 0F THE HEART OF A HUMAX EMDBRY0 oF 68 am. (After Piper)

The primitive auricule has been opened vp to show the septum primom and the valves sz_'un-ldi:ﬂg
the mouth of the opening of the sinus venosus. The fold passing on to the roof of the auricle amd
connected with the venons valves is the septum spurium,

Born. At first it forms only an incomplete partition, the two sides of the
common auricle communicating below its free thickened lower border by the
ostitm primum (Born) (fig. 265). 1t soon fuses below with the endocardial
thickening in the auricular canal (see below), and the ostinm primum is closed, but
a new opening (ostium secundum) appears near its dorsal attachment (fig. 268).
Meantime a second septum (septum secundum, Born) has extended into the
cavity, It iz sickle-shaped, and the horns of its free semilunar border fuse with
the ventral attachments of the septum primum. It overlaps the primary
septum and the opening between the two is the foramen ovale. The aperture
15 bounded by the free border of the secondary septum, and the free portion of the
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primary septum forms a valvular flap which closes the foramen from the side

of the left auricle.

In feetal life blood passes from the right to the left auricle

throngh the foramen ovale ; but at birth, with the establishment of respiration,
the valvular septum primum unites with the septum secundum and the parti-

tional wall iz complete.
secundnm.

The annulus ovalis represents the edge of the septum

By the end of the first month the left venous valve and the septum secundum
seem to have united with one another to obliterate a space seen in earlier stages

between the left venous valve and the
septum of the auricles. Further the
right venous valve is continuons with
the posterior horn of the septum as it
passes to join the septum primum at
the base of the posterior endocardial
cushion. The sinus venosus thus
comes to lie partlv in the septum
secundum as it passes forward to
open into the auricle (Low).! The
slit-like opening of the sinus venosus
meanwhile opens out, and the cavity
of the sinus is completely taken into
that of the auricle, the junction of
the two chambers being indicated
merely by the suleus terminalis of Hig,
The greater part of the right venous
valve is converted into the Fustachian
valve, but its lower edge becomes the
valve of Thebesius,

The left auricle receives, at a
stage when the primary septum is
appearing, the common stem of the
right and left pulmenary veins con-
veved to it in the dorsal mesocar-
dium (figs. 266, 267). In later stages
the mouth of the vessel opens up
like the mouth of the sinus venosus,
and its proximal part is taken into the
auricle as its atrium. This process of
expansion proceeds in some animals
until the union of the two pulmonary
veins is reached, so that they come to
open separately into the chamber : but
in man it is carried still farther, and
extends to the junction of the two

Fic., 367.—SECTION THROUGH THE HEART OF A

{Born.)

.8y L8, vight and left horme of sinus receiving
from above the respective docts of Cuvier; v,
fan,, right and left aoricles ; v, Le, vight and
left parts of the ventricle ; roewe, Lvov, right and
left valves guarding the orvifice from the right horm
of the sinus into the right auricle ; aw.e.e, one of
the two endoeardial cuzhiong which are beginming
to subdivide the rommon auriculo-ventricular aper.
ture. The dotled line encloses the extent of the
andoeardial thickening. The small oval detached
ares of endocardial thickening in the right ventricle,
and the swelling opposite 1t on the septum inferius,
helong to the proximal chamber of the nortic bulb,
and will afterwards unite to separste the conus of the
right from the aortic vestibule of the left veutricle,
&, aeplom  primom growing down between the
auricles and prolonged below by a fluckening of
endecardium.  Close to this septum in the left
auricle ig seen the opening of the pulmonary viin ;
sinf., inferior septum of the ventricles.

RAERLT - EMERY .

main fributaries of each vein, in consequence of which the auricle comes to
have four separate pulmonary veins opening into it.

Auricular canal.

By the overlapping of the expanding auricular and

ventricular chambers the auricular canal is telescoped within the cavity of the
ventricle. Its lumen becomes slit-like, and endocardial cushions develop on its
dorsal and ventral walls. These fuse with one another to divide the canal into two
passages, which become the auriculo-ventricular openings. When the auricular

! Proe. Anat. and Anth. Soe. Univ. of Aberdeen, 1900=1902.
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septum joins the fused cushions these openings lead from the two auricles, but
at first they both communicate with the left side of the ventricular chamber.
In consequence, however, of the rotation above described, the canal is moved
towards the right ; and when the septum of the ventricles, presently to be described

Fio, 268, —SECTION OF THE TRUNK OF 4 HUMAN EMBRYO OF 165 mu. (T, H. Bryce.)

The section cuts the pericardium, heart, and lungs, Below the neural canal is the eentrum of a
vertebea, which is eonnected with the neural arch on either side, and with a pair of ¥ibs, To the inside
of the cartilage of the neural arch are seen the spinal ganglia ; ontside are the myotomes separated into
dorgal and ventral portions by the dorsal branches of the spinal nerves. Below the vertebra is the aorta
giving off o pair of segmental arteries. On each side of the aortn the eardinal veins, and farther oot
the sympothotie cords, Below the aorta the ossophagus and trachen ; on ench side the lungs; the
lotbers of and of are placed in the plenral sacs ; notice how they are separated from the ribs by a thick
lamella of veryopen connective tissue, The plenral spaces are separated from the pericardinm £ by
the plewro-pericardial membranes. The heart is attached to the mesenterie sepium by the mesoeardinm.
Attached to this on the left side by a fold is the now much reduced left duct of Cuvier. r.v. right,
Lo, left ventriele; we. zight, Lo, left avviele; sp., septom primum ;) the arrow marke the ostiem
secumlum , raea, right venous valve,  Above it is the opening of the sinus venosas, closed o the lefi
by the left venous valve.

also unites with the fused endocardial cushions, they come to be connected each
with its proper ventricle, The formation of the auriculo-ventricular valves will be
considered in the following paragraph.

Ventricular chamber.—The common ventricular chamber is formed, as
already stated from'the descending limb and transverse portion of the ventricular
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loop, while the ascending limb represents a proximal chamber of the aortic bulb
afterwards taken into the right ventricle. The mesial suleus seen on the outer
aspect of the heart, representing a fold in its tubular wall, has corresponding to it,
within the cavity, a proje-tion which is the rudiment of the ventricular septum
(septum inferius of His) (fig. 267). As the ventnicular dilatations increase in size, this
becomes progressively higher, its upper edge always maintaining the same relative
position to a projection into the cavity from above, which corresponds to the fold
between the two limbs of the primary loop, and which gradually shortens, as the
chambers expand, until it is reduced to a slight crescentic ridge corresponding
to the outer bulbo-auricular fold. Bv the shortening of the fold separating the
two limbs of the ventricular loop, the ascending limb or bulb loses, as it were,
its mesial wall and its independence as a separate chamber of the heart (fig. 263).
The septum is obliquely placed and is semilunar in shape. The dorsal horn runs
on to the dorsal wall of the auricular canal (fig. 268), while the ventral horn passes
into a fold continuous with the projection into the ventricle just mentioned.
The free edge is inclined towards the right, and the blood is conducted through the
opening left between the chambers into the aortic bulb,

The space between the endothelial lining and the outer wall of the heart-tube
has meantime become occupied by columns and trabeculs springing from the
outer wall; and the endothelial lining, by the
distension of the endothelial tube. becomes
stretched over and around these so that the
greater part of the cavity becomes occupied
by a spongework of muscular columns, which
persist in the adult heart as the columns
carnem,' The wall of the auricular canal, at [ =

2689 —Inagnay SHOWING THE

first lel&, alzo becomes undermined from the DIVISION oF THE LOWER PART OF
4 ¥ = 3 THE TRUNCUS AOGRTE, AND THE FOR-
side of the "uentrm]e,‘and the inner lamella i e et
comes to hang free into the chamber, but { After Gegenbaur and His.)

connected to its walls by muscular trabecula, A, undivided truncus arteriosus

The septal flaps of the auriculo-ventricular v_-'ilh four I-mln_mrdim cushions : B, ad-
valves are formed in part from the endocardial ju"5" (e division of the Tumen
cushions, which are at first spongy but later be- €, projection of three endocardial
. cushions in ench part ; Dy the separation

come membranous, and the marginal flaps from ;40 worta and pulmenary trunks com-
the undermined wall of the auricular canal. The  pleted with three cushions in each.
muscular trabecule which connect the mmner
tube with the ventricular wall become the musculi papillares and chordw tendinea,
the muscles being the basal portions of trabecul® which remain muscular, while
the chords represent strands which have been converted into connective tissue.
The ascending limb of the ventricular loop, at the stage in which it is still more
or less tubular, has a uniformly thick lining. Two endocardial swellings are
formed, one on the dorsal and one on the ventral wall, and then by a process of
undermining, similar to that deseribed for the auricular canal, the chamber is
taken into the right ventricle. The endocardial eushions remain, however, as
projections into the cavity (fig. 267). The fate of these, and the manner in which
final closure of the interventricular opening takes place, will be considered after
the division of the bulb has been described.

Distal part of aortic bulb.—The truncus arteriosus 1s subdivided into
two vessels, the ventral aorta and the pulmonary artery: The division of the

lumen is first effected by twojlongitudinal endocardial thickenings which fuse with

! This process is interpreted rather diffovently by Lewis (Anab. Anzeiger, xxv. 1004). The spaces
between the trabeeuls are considered as equivalent to sinnsoids {Minot) produced by the breaking g
of the original endothelial tube by the growing trabeculm,
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one another. Between these primary thickenings there are two smaller ridges, so
that the cavity is divided into two triangular passages (fig. 269). The main folds
run in a spiral direction from a point on the ventral aorta between the last two
aortie arches to the base of the truncus, and as they lie dorso-ventral in front, and
right and left behind, it follows that when the vessels are separated from one
another they are phu:ed dorso-ventral at their proximal, and right and left at their
distal ends. The actual cleavage of the truncus arteriosus is brought about by two
folds of the connective-tissue wall which correspond to the primary fused endocardial
ridges. These endocardial ridges are prolonged into the part of the right ventricle

v “all

FTK_'I.. '.!'; .'-'-‘PIH'I-FI].I—'. VIEW OF A HUMAN EMBRYO OF ABOUT FIFTEEN II.'L'i'F-1 WITH THE
ALIMENTARY CANAL 1% LONGITUDINAL sEcTioN. (His.)

Two arterial arches are formed at this stage.

Fio, 271 —5IMILAR VIEW OF A SoMEWHAT OLDER EMBERYO, SHOWING FIVE ARTERIAL ARCHES.

1,2, 8, 4, 5, are opposite the re ‘|'|.I'LL1..I‘|! HI'CLI-I:LIZIIII.} cerebral vesicles; from the side of the fore-brain
the primary n|1L|-. vesicle 18 seen !n'nlt,-ﬂmg of, ofic vesicla, still open in fig. 270; v, Bephum betwesn
month and pharynx (primitive velam), This !ms-: disappe :.uw'l in fig. 271 ; I, rnmmmmng liver in seplum
transversum ; o, vitelline stalk ; aff, allantois enclosed within stalk; joo., jugalar vein; ev., eording
veln; &+, sinns venosus within ml-|1t.um transversuim ; .., left mtlhl]n’:ﬂ-l (allantoic) artery ; L., lofi
umbilical vein; end, endothelial tube of heart. The :-.I:rwp curve of the trunk of the ambryo towards
the yolk-sac is normal at this peried of development.

formed from the ascending limb of the ventricular loop (proximal chamber of aortic
bulb), and are continuous with the endocardial cushions proper to it. As these
also unite with one another, the aortic septum becomes extended into the right
ventricle to divide its distal portion (aortic bulb) into two passages, pulmonary
and aortic. These become the conus of the right, and the aortic vestibule of
the left ventricle respectively (fig. 263). The semilunar valves are formed by a
hollowing of the endocardial eushion from the distal side at the mouths of the aorta
and pu]mulmr}' artery (fig. 269).

The interventricular foramen, however, still persists. It is now closed by
a somewhat complicated process. We left the interventricular septum at a
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stage when its obliquely directed upper free edge bounded a relatively large
interventricular foramen. This becomes constricted by the fusion of the dorsal horn
of the septum with the already fused endocardial cushions of the auricular canal.
This fusion takes place nearer the right than the left edge of the cushions (fig. 268),
so that the septum is placed nearer the right than the left auriculo-ventricular
opening. The two ventricles properly so-called are now completely separated, ’[:rut
a foramen etill connects the left chamber with the distal part of the right ventricle
or proximal chamber of the aortic bulb, meanwhile divided by the fusion of its two
endocardial ridges with one another, and with the aortic septum proper. The
septum of the bulb now unites with the remaining free edge of the interventricular
septum, the pars membranacea septi is formed, and the two sides of the heart are
finally entirely izolated,

DEVELOPMENT OF THE ARTERIES.

The earliest stages in the development of the vessels have been already described
(p- 63). We shall here begin with a stage reached in the human embryo about
the fifteenth day.

Dorsal aorta (fig. 270).—The two dorsal aortee of the early stages come
together in the middle of their course, and fuse into a single mesial vessel. The fllri-l[.l'l'l
proceeds forwards and backwards, but at the head end the primitive arteries remain
separate, one on either side, on the dorsal aspect of the pharynx. Behind, the
vessel divides into the allantoic arteries, which are continued into the body-stalk.
These vessels correspond to branches of the aorta which vascularise the allantois in
lower Amniota, and which appear at a later stage after the volk-cireulation has
been established.

Aortic arches.—By the term wortic arches we understand a series of vascular
loops which are formed in the branchial arches, and join the ventral aorte to the
dorsal aorte round the walls of the pharynx. They appear in succession from
before backwards, one in each branchial arch.  On the thirteenth day the primitive
mandibular loop is alone present ; by the fifteenth dayv a second arch is completed
in the hyoid arch (fig. 270); and by the eighteenth day three others have been
added (fig. 271). The first three, along with the ventral and dorsal vessels, by a
series of changes presently to be described, form the carotid system of art eries, the
fourth becomes the systemic arch, and the last the pulmonary arch. Between the
systemic and pulmonary arches a vessel appears at a rather later stage; this has
been regarded as a rudimentary fifth arch corresponding to the fifth arch of lower
forms. It soon disappears, and takes no share in the formation of any adult
vessels (Zimmermann and Tandler).! 1If this be so, the pulmonary arch must be
the sixth of the series.

The observations on the fifth arch in mammalian embryos are not quite in complete accord,
but the variations in development of the vessel, interpreted in this sense, may perhaps be due to
its transitory and wvestigial character; and in view of the conditions prevailing in lower forms
the conclusion that there is a rudimentary fifth arch in mammals also, in front of the
pulmonary, seems justified on the evidence afforded by recent rescareh,®

In' the majority of cases the anterior arches have already become incomplete before the
last has been formed, but in the human embryo the series (with the exception of the
rudimentary fifth arch) is complete for a time.

! Tandler, Morph. Jahrb. xxx.

* Zimmermann (Verh. Anat. Ges, 1887) first showed the existence of a vascular channel belween
the aortic and polmonary arches in the homan embryo. It teok the form of a vessel springing from
the systemic arch and joining it again. Tandler (loc. cif.) deseribed a more complete arch (figs, 272,
273) passing from the systemic to the pulmonary arch. For detail as to the lower mammals, see
dimmermann, Anat. Anzeiger, iv. 1880; Lelmann, ifdd. xxvi. 1905, and Zool. Johrl, xxii.; Loey,
Anat. Anzeiger, xxix. 1008 ; Lewis, ébid. xxviii. 1906, The last named holds it doubtful whether the
irregular channels described as ffth arches are really of that nature,
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At the stage when there are five complete arches (fig. 274) the loops arise in a

radiating fashion from the truncus arteriosus, the two anterior arches being
connected with an ascending, the remaining arches with a descending trunk. As

o,

Fie, 272.—Tur AORTIC ARCHEE IN A WUMAY EMBERYO OF 5 u¥. Loxc. (After Tandler.)

The arches are represented in their relations to the visceral pouches of the Flmrj'lm. I to V1 norbic
arelies ; T, truneos arteriosus ) ao, dorsal aorta s #r, trachea; o, esophagus ; 4, island,

the heart is gradually displaced tbackwards, the truncus arteriosus comes to lie
first opposite the third and then opposite the fourth arch, so that all save the
pulmonary now spring from the ascending limb or, as it may be termed, the

r @ Ao

Fri, 275, —=THE AORTIC ARCHES IN A HUMAN EMERYO oF 0 am. LoNG. [Alter Tandler.)

I to VI aortic arches; T.A., troneus arteriosus; vue., ventral aoria; I.P., truncus pulmonalis
pat., pulmonary artery ; énf.ear., inbernal carotid artery.  Other letlering as in fig. 272,

ventral aorta. At the stage when the truncus lies opposite the fourth arch the
aortic septum begins to develop in its Jumen backwards from the interval
between the systemic and pulmonary arches; when it has completed the division
of the trunk into the aorta and pulmonary artery the aorta remains connected
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with the four auterior pairs of arches and the pulmonary artery with the pulmonary
pair alone. ) )

The first and second arches early become interrupted in their course, but the
dorsal part of the second, and possibly also of the first, persist and take part in the
formation of an embryonic vessel called the stapedial artery (see below). The third
arch remains complete, and is for a time the largest of the series, The dorsal aorta
between the third and fourth arches
next becomes obliterated, and the
carotid system of vessels begins to
take shape. The ventral aorta in
front of the third arch, now discon-
nected from the dorsal aorta, becomes
the external carofid ; the third arch
and the dorsal aorta constitute the
internal earotid ; and the ventral aorta
behind the third arch is the common
carofid. This is at first very short, but
when the heart is displaced back-
wards, and the neck is formed it
becomes much drawn out, and the
internal carotid assumes a directly
ascending course by the straightening
out of the third arch.

The fourth arches persist on both
sides, but the left early assumes larger
proportions. When, somewhat later,
the dorsal aorta on the right side is
obliterated between the fourth arch
and the point of fusion of the two
dorsal aortae into the descending aorta,
the left fourth arch alone remains in
connexion with that vessel and forms
the aortic arch (in the strict morpho-
logical sense of that term); while the
right fourth arch becomes the first part
of the subclavian artery. At an early
stage, when the truncus arteriosus has
been displaced backwards to the level
of the fourth arches, the proximal

segment of the ventral aorta forms a
common stem for the fourth and third
arches. On the right side this becomes
the innominate artery ; but on the left
side, though the arrangement is at first
symmetrical, the common stem con-
tracts  as the fourth arch enlarges,

Fra. 274.—PROFILE VIEW OF A HUMAN EMBRYO OF
AHOUT  THREE WEERKS, SHOWING ALL THE
CEPHALIC VISECERAL ARCHES aAXD CLEFTS.

wmz, maxillary process; men, mandibular arch ;
.., duck of Cuvier; fa., jogular vein: ew., coar-
dinal vein ; v.v, vitelline vein ; w.v., umbilical vein ;
.., nmbilical artery; all, allantois ; pl, placental
attachment of allantoic stalk ; off, olfactory depres-
siom ; of, olic vesicle,

and is only represented by the portion

of the adult arch between the origins of the innominate and left common
carotid arteries. The pulmonary arch on each side at an early stage gives off
a branch which runs along the developing lung-rudiment of its own side. On
the right side, the portion of the arch distal to this disappears at the same
time as the section of the dorsal aorte with which it was at first connected. On
the left side, however, it persists as the duetus arleriosus connecting the pulmonary
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Fra. 276, —PROFILE VIEW oF A NUMAN EMBRYD OF ABOUT THREE OK FOUR WEEKS, SMOWING THE
PRINCIPAL ARTERIES AND VEINS. (His.)

1,2, 8, 4,5 the secondary cerebral vesicles; hyp, hypophysis; of, otic vesicle; mn, mandibular
arch; fg, lung-rudiment ; ¢, stomach ; TW.d,, Wolffian duct opening into clonca; T, IT, 1T, TV, V, the
arterial arches springing from f.e., nlbus artericsus; p, pulmonary artery ; «.C., duet of Cuvier:
e, notochovd,

Fia. 276.—IMioRAM To SHOW THE DESTINATION OF THE ARTERIAL ARCHES IN AN AND MAMMALSH,
(Modified from Rathke.)

The truncus artericans and five arterial arches springing from it are represented in outline only,
the permanent vessels in colonrs—those belonging to the aorlic system red, to the polmonary system
blue. This dingrom is retained here in order fo present the traditional aceount of the development
of five nortic avches handed down from Baithke, '.E‘Iw recent views are prosented in fig, 377,
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artery with the aorta. After birth this is obliterated and forms the ligamentum
arteriosuin.

The inferior laryngeal nerves at an early stage reach their destination by passing
behind the pulmonary arches. When the heart is displaced backwards and the
systemic and pulmonary arches are carried with it, the points of ongin of the nerves
from the vagus trunks are necessarily also drawn backwards, and they assume their
recurrent course. On the left side the primitive relationship to the pulmonary arch
is maintained—i.e. the nerve loops round the obliterated ductus arteriosus; but
on the right side, on account of the disappearance of this part of the arch, it comes

posf, cereliral .

cehd, cereleral d,

aapprr-rlital b,
of stapedial .

ﬂﬂ]’mﬁmf i,
1L, div,Vth a,

frifra-erbital @,

ITL. fie. Vibh n,

il denfeal o,

Feeeleef it il caroli o,

Finrerivend g,

sup. Ehyroid o,

ammpmm =

CORRON Saradid a,

airrlic arcl

Pl iy
areh

polmumiary ariery
doraal aarie

Fri, 277.—DIAGRAM TO ILLUSTRATE THE FATE OF THE AORTIC ARCHES AND THE ORIGIN OF THE
MATN BRANCHES OF THE CAROTID SYSTEM oF ARTERIES. (Founded on Toandler.)

to loop round the persistent fourth arch—i.e. the first portion of the subelavian
artery.

Carotid system (fig. 277).—The dorsal aorte, now the internal carotids, are
seen at an early stage to be continued from the dorsal roots of the first arches
to the developing brain. Each divides into an anterior and a posterior branch.
The anterior stem ends at first in the mesial nasal process and afterwards in
the septum nasi. This terminal branch is, however, afterwards obliterated, and
the stem ends in the ophthalmic to the developing eye (the future central artery

of the retina), the anterior cerebral, and middle cerebral. The posterior branch
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sweeps backwards, gives branches to the brain, afterwards concentrated chiefly
in the posterior cerebral, and joins the cerebral portion of the vertebral (see below)
to form the cirele of Willis.

The ventral aorte, now the external carotids, extend forwards into the mandibular
arches, In its course each gives off as secondary branches the superior thyroid,
lingual, and facial, and then, turning backwards to reach the proximal end of
Meckel’s cartilage, 1t turns inwards and forwards on its lateral aspect to be joned
to the mandibular branch of the stapedial artery by an anastomosing branch.

The stapedial artery, though only an embryonic vessel in man and some other
mammals, persists in others, such for instance as the rat. Tt arises in that

[T

ol Ioph,
F'rg. 278, —=IMAGRAM MEPRESENTING THE NERVES AXND ARTERIES OF THE HEAD OF AN EMBRYO OF THE
FIFTH WEEK, FOUNDED ON RECONSTRUCTIONS BY Taxpren, Marnrn, axp StReeTen. (1. H. Bryce.)

I to X1I, cerebral nerves; 1, 2, 3, three branches of fifth nerve; the sisth nerve is not labelled—it
15 geon passing forwards below 3.

The trancus arteriosus, T'.A., 15 continued forward as the common carotid, which divides into external
and internal carotids. The latter avehing forward batween the vagos (X)) and glosgopharymgeal (IX) nerves
passes mesial o the nerve-roots to the brain, and gives off two terminad branches—an snterior which
aupplios the posterior middle and anterior eerebral arteries, and a posterior which joins the vertebral,
V.d., toform the primitive cirele of Willis. Below the auditory vesicle av., the stapedial artery is seen
passing throngh the annolus stapedialis and sapplying sopra-orbital, infro-orbital, and mandibular
branches |:|-|"|'|::|ln!5||'|.t|:,'it|g the three divisions of the Gfth nerve.

animal (Tandler) from the dorsal persisting portion of the second arch, and is
continued forwards as a longitudinal anastomosis between the second and first
arches. In man its origin and course is the same (figs. 277, 278), but the share
taken by the first arch is not certainly known (Tandler). At its origin it passes
through the rudiment of the stapes, and later between the limbs of the ossicle.
The artery gives off two trunks—a superior and an nferior. The superior passes
forward on the mesial aspect of the Gasserian ganglion to the roof of the orbit
(supra-orbital) ; the inferior divides below the Gasserian ganglion into an njfra-
orbital branch which runs forwards mesial to the mandibular root of the ganglion,
and a mandibular which accompanies the mandibular nerve (fiz. 278). The
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mandibular branch becomes joined by an anastomosis with the external carotid ;
and later, when the stapedial artery proper becomes obliterated. this anastomosing
vessel becomes the tnternal maxillary artery ; thus the original branches of the
stapedial become branches of that artery (fig. 277). The descending trunk, which
passes between the roots of the auriculo-temporal nerve, becomes the middle
meningeal and the inferior denfal. The infra-orbital branch passes at first mesial
to the mandibular nerve; but a vascular ring forms, in the generality of cases, on
its outer side. and the deeper vessel becomes obliterated. The occasional orbital
branch of the middle meningeal represents the original forward eontinuation of
the stapedial artery to the orbit.

Segmental vessels; vertebral and subclavian arteries. A\ series of
segmental branches arise from the dorsal aorte, and also from the common aortic
stem. The first of these accompanies the hypoglossal nerve to the side of the brain
(hypoglossal artery), and from this a vessel (cerebral part of vertebral artery) extends
forwards to join the posterior branch of the internal carotid (civele of Willis).
The two vertebrals fuse below the hind-brain to form the basilar artery.
According to de Vriese, the two vessels become connected by a network, and out
of this a new mesial channel is developed. The next seven segmental arteries
and the hypoglossal artery are joined by an anastomosing vessel; when the
heart and aortic arches are displaced backwards the arteries are obliterated,
but the anastomosing vessel persists as the cervieal part of thevertebral
(fig. 278). From the seventh cervieal segmental artery the subclavian arizes as a
lateral branch and passes into the limb-bud. As the limbs increase in size the
subelavians become larger than their parent vessels ; the vertebral arteries
therefore now appear as branches of the subelavian stems. The upper thoracie
segmental arteries likewise become obliterated, and an anastomosiz developed
between them becomes the superior infercostal. The remaining thoracic and
lumbar segmental vessels become the intercostal and lumbar arteries,

?italline (omphalo-mesenteric) arteries.—The aorta at an early stage
supplies a number of arteries segmentally arranged to the volk-sac (Mall ; Tandler '),
but ultimately only one pair persists, The two arteries pass out on each side of
the intestine to the volk-sac. Later, when the embryois cut off from the volk-sae,
only a single stem is found running to the umbilicus in the mesentery of the
vitelline loop. * Reaching the extremity of the loop, it divides into two branches
which encirele the intestine, uniting again into a single trunk at the attachment
of the yolk-stalk® (Bonnot and Seevers®). This arterial ring suggests that the
two arteries have fused with one another except where they surround the in-
testine, rather than that one of the pair has atrophied, as has usually been
stated. In either case, one side of the ring disappears and a single vitelline
arterv is left. When the yolk-circulation has been obliterated, the whole of
the artery distal to the intestine disappears and the remainder pemsts as
the swuperior mesenteric arfery. The omphalo-mesenteric or superior mesen-
teric artery has thus at first several roots. These are united by a longi-
tudinal anastomosis, which persists as the anterior roots are one by one lost. The
ceeliac artery represents one of the primary roots of the omphalo-mesenteric
(Tandler). The remaining visceral arteries arise as secondary branches from the
aorta.

The allantoic arteries run at first, clﬂseh’ applied to the intestine and mesial
to the Wolllian ducts, to the stalks of the allantoic diverticulum. Later another
channel is formed on each side external to the duct (secondary caudal arch
of Young and Robinson), and the mesial vessels disappear. From the new

U Mall, Journ. of Morph. xii. ; Tandler, Anat. Hefte, xxii. and xxv.
? Bonnot and Seevers, Aunt. Anzeiger, xxix. 1906,
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vessels the arteries to the posterior extremities and the vessels to the pelvie visecera
arse,

Arteries of the limbs.—The limb-arteries are first laid down in the limb-bud
in the form of a plexus of capillary loops (see fig. 223, p. 178). This plexus arises
prﬂhahlv not from a single vessel, but from several representing a segmental
series. K. Miiller has described a plexus in the developing upper limb related to
the nerves of the brachial plexus which he regards as being suggestive of a primitive
segmental arrangement, but he did not observe a stage in which there was more
than one subelavian arterv.'  As the nerves extend into the grm‘.‘iug limb-buds, the
capillary loops follow mainly the course of the nerves (De Vriese, E. Miiller %),
and the definitive arteries are formed by the enlargement of certain of these loops.
The main arterial stems are at first central, but later the lateral branches assume
larger proportions, and the primitive arrangement is lost. In the arm the primary
brachial stem is continued to the forearm and hand, as a mesial vessel (in part
the future anterior interosseous) which pierces the carpus and extends to the
dorsal aspect of the hand. This artery soon recedes in importance, and the loop
*ummlmming the median nerve becomes the main artery of the forearm. This
in turn becomes a secondary stem owing to the enlargement of lateral loops which
hecome the ulnar and radial arteries.  The original artery of the lower limb
accompanies the sciatic nerve, but a new vessel represented 'hjr the external iliac
and the femoral appears later. This anastomoses above the knee with the sciatic
artery, and then becomes the main arterv of the limb, the original vessel becoming
reduced to the arteria comes nervi ischiatici. The primary stem is continued
to the leg and foot as an interosseous artery, which, like that of the arm, pierces
the tarsus and reaches the dorsum of the foot. It is represented in part by-the
peroneal arlery. The anterior and posterior {ibial arteries are secondary loops enlarged

to form the main arteries.

DEVELOPMENT OF THE FPRINCIPAL VEINS.

At the fifteenth day, as we have already seen (p. €3), the ductus venosus receives
three veins on each side, the vitelline from the volk-sac, the umbilical (allantoic)
from the body-stalk, and the ducts of Cuvier, formed by the union of the anterior
and posterior cardinal veins.

vitelline veins.—The vitelline or omphalo-mesenteric veins enter the abdo-
men along the vitelline duct and ascend at first along the front of the alimentary
canal, but higher up they come to lie on either side of that tube (duodenum).
Here transverse communications form between the two vemns, two in front of, and
one behind the duodenum, so that the gut is encircled by two vascular rings
(figs. 279, 280). Above these venous circles the direct communication with the sinus
becomes lost, the intermediate venous vessel on either side becoming broken up
within the substance of the liver (which has by this time developed around them)
into a vascular network. The vascular network is produced by the breaking up
of the large vessels by the hepatic epithehal eylinders which grow into and cut
up the lumen into a network of capillary-like spaces (sinusoids, Minot).

The vessels which pass from the upper venous ring to the liver sinusoids are
known as venwe advehentes : they become the branches of the portal vein; those
which pass from it into the sinus are the vene revehentes: they become the hepatic

velns,

T That the limb arteries are in the first inatance segmentally arranged was on theoretical grounds
suggested many years ago by Muenlister (dourn, of Anat. and Phys. xx. 1886) and by Mackay
i Memoirs and Memoranda in Anatomy, Cleland, i. 1889), Hans Rabl has recently bronght forward
some ohjective evidenee in favour of this ]nputhl.'mn [(Areh, [ mike. Anat. Ixix. 1907),

T De Vriese, Bertha, Avch., de Biolosie, xviil, xxio: E. Miller, Anat, Hefte, xxii. xxvii.; see also

Giippert, Ergebnisse der Anat. und Entwickelungsgeschichte, xiv. 1905,
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The lower communication between the vitelline wveins takes the form of a
complete longitudinal fusion fof the two vessels, at least for some distance. This
fused part receives veins from the intestine and stomach, and becomes the
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Milnes Marshall's Embryology.)

commencement of the portal vein. At a later date the vitelline veins distal to this
point are obliterated, and the new veins in the mesentery become the tributaries
of the portal vein of the adult. :

VOL. I Q
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The umbilical veins are for a time double within the abdomen, although
thev have fused within the umbilical cord into a single trunk. Diverging from this,
they pass to the sinus on either side in the somatopleure, just where this is becoming
hent round into the amnion (fig. 21, p. 56). Aftera time, however, it is found that
this direct communication with the sinus is partially interrupted by the development
of a vascular network, and that on the left side a fresh communication has become
established with the upper venous eircle of the vitelline veins. The interruption
subsequently becomes complete on both sides (fig. 280), and on the right side the
greater part of the vein becomes atrophied (on both sides the part which ﬂngnmllv
upvund mto the sinus venosus remains evident fora time) (fig. 279). The 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 the capillaries of the liver. But a branch is soon seen passing from the
upper venous circle direct into the right hepatic vein, near its entrance into the
sinus., This forms the ductus venosus (Arantii) or vena ascendens, and it now carries
most of the blood of the umbilical vein direct to the heart. Subsequently the left
hepatic vein loses its direct communica-
tion with the sinus venosus, and comes
to open into the right hepatic where it is
joined by the ductus venosus. The
channel conveying the blood from the
three vessels is called the common hepatic
vein, and this vein becomes later con-
nected with the vessel which gives rise
to the inferior vena cava (see below).

The lower part of the portal vein is
formed, as we have seen, by the united
vitelline veins, The upper part is formed
as a single trunk out of the double venous

Fro, 281, — UsnER-SURFACE FUETAL

OF THE

LIVEK, WITH ITS GREAT BLOOD-VESSELS, AT
THE FULIL PERIO.

a, the umbilical vein, Iving in the ambilical
figruire, wnd turnimng to the right side, at the
transverse fissure (o), to join the vena porto: (p);

annulus by atrophy of the right half of
the lower ring and the left half of the
upper (fig. 280), The spiral turn around
the duodenum is thereby produced, and

d, the ductus venosus, continuing straight on to
join the vena cava inferior (¢); some branches
of the umbilical vein pass from a into the
substanee of the liver ; g, the gall-bludder, cut,

thus it is also that the portal vein at
first appears more directly connected with
the right venz advehentes than with the
left. Most of these embryvonic veins are
at first of relatively large size and have an irregular sinus-like character (fig. 279),
which disappears at a later stage of development.

Cardinal veins,—On the thirteenth day, two short transverse venous trunks,
the ducts of Cuvier, open, as has been above stated, one on each side, into the sinus
venosus of the heart. Each is formed by the union of a superior and an inferior
vein, named respectively the anterior and the posterior cardinal.

The posterior cardinal veing are the primitive vessels which return the blood
from the Wolflian bodies and body-walls. They receive segmental veins all along
their course, and in the region of the Wolflian body are largely broken up into
sinus-like spaces (sinusoids). Behind they are continued into vessels which after-
wards become the infernal ifiacs, and these receive, when the limbs develop, the
sciatic and then the external ilige veins.

At first all the blood from the trunk is returned through the cardinals and
duets of Cuvier, but by a series of changes the cardinal system of veins is tapped
by the hepatie system, and a new channel is opened up, which becomes the inferior
vena cava. In the region of the Wolflian body the cardinals receive a series of
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small veins from the mesentery, which are united with one another across the front
of the aorta. These unite with one another on each side to form a pair of longitudinal
anastomoses (subcardinal veins, Lewis), running parallel to the cardinal veins and
united with them at both ends as well as by many small veins along their course
(fig. 282).7 The cross-connexion between the two subcardinal veins next becomes
limited to one large anastomosis below the superior mesenteric artery (fig. 283). The
right subeardinal now acquires a secondary connexion with the hepatic veins on
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Mg, 282, —DEVELOPMERT 0F THE INFERIGR VEXA CAVA IN THE RARRIT-EMBRYO (FIRST STAGE)
[After Lewis.)

the dorsal aspect of the liver, and as the blood comes to take this new short cut
to the heart the portion in front of the anastomosis becomes rapidly enlarged.

According to Hochstetter's account ' (with which that of Lewis here followed otherwise agrees
in every essential respect), this connexion is established by a new channel which arises from the
common hepatic (original right vitelline) vein, and first appears as a small vessel which passes
downwards, through a celomic fold which is named the caval mesentery along the mesial
surface of the Wolffian body, where it forms the vein called by Lewis the right subeardinal.
A similar vessel appears simultancously on the left side, and the two are connected by the
anastomosis already mentioned.

The right subcardinal, thus enlarged, becomes a portion of the vena cova, while
the disconnected anterior part of the left subcardinal probably persists as the left
suprarenal vein. The portions of both subeardinals behind the cross-anastomosis
diminish in size and disappear as blood-channels ; the corresponding sections
of the two cardinal veins, which are connected with one another across the middle

! For references, ses Hochstetter's article in Hertwizg's Handbuch L1 Th. ii. mul 1. |]r. 161 seq.
More I‘Etl"tlt papers are Lewis (rabbat), Amer. Jour. of Anat. 1.3 Dexter ieat), elid, i.; Miller [bird),

ibid. ii. ; Bonne {rablit and sheep), Jour. d'Anat. of *de Lo Phys, xxxix. 1904 ; Soulie 4.[- Bone (mole),
ibid. xli. 1906.
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line through the pre-aortic subcardinal anastomosis, on the other hand, enlarge.
Az the permanent kidneys assume their definitive position a series of changes takes

place, which need not here be entered on, until ultimately the renal veins are found

opening into the cardinals at the level of the cross-anastomosis, and close to them

the veins from the sex glands, spermatic or ovarian. The cardinals are at first

svmmetrical, but the sections behind the anastomosis are now larger than the

sections in front of it.

It will be convenient to trace the fate of these portions separately. A series
of post-aortic anastomoses is formed between the posterior and Wolffian sections
of the veins. One of these (transverse iliac vein) enlarges, and now all the blood
fron the pelvis and limbs passes into the right cardinal, which accordingly inereases
:n size and becomes the posterior part of the vena cava inferior, while the left
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Fro, 255, —=DEVELOPMEST OF THE INFERIOE VENKA CAVA IN TRAE RABEIT-EMRRYO (SECOND STAGE).
{After Lewis,)

diminishes and ultimately forms the small ascending lumbar vein (fig. 284).
The transverse iliac vein becomes the terminal portion of the left common iliac
of the adult, and the other anastomoses carry the lumbar veins over the vertebral
column to the right cardinal, now the vena cava. The inferior vena cava is thus a
composite vessel formed from (1) the common hepatic vein ; (2) branches of the hepatic
in the liver ; (3) right sub-cardinal ; (1) lower part of the right cardinal.’

The upper portions of the posterior cardinals become the azygos veins. The
right remains complete as the vena azygos major ; the left is interrupted by the
development of one or more post-aortic anastomoses. The lower portion becomes

I In a preliminary note, which has appeared sinee the above was written, Honlington and MeClure
(Amer. Jour. of Anat. vi) deseribe the development of the post-cava in the eat rather differently.
Aceording to them, a pair of veins develops dorso-median to the primitive posterior cardinal by lomgi-
tudinal anastomosis between somatic post.cardinal tribotaries, These form the post-renal parts of the
poat-eava by o secondary median fusion by means of post-nortic anastomoses, and also become the azygos
veins, replacing the primitive eardinals, Only im it pre-renal seetion has the primitive cardinal any part
in forming the vena cava inferior,
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the wena asygos minor, opening through an anastomosis into the vena azygos
major. The upper part becomes the hemi-azygos superior.

The anterior cardinal veins return the blood in the first instance from the
developing brain. The primitive vein passes in the early stages mesial to the
auditory vesicle and the roots of the cerebral nerves (fig. 286). Towards the end of
the first month it becomes shifted to their lateral
aspect by the formation of vascular rings round
them, which are joined up on the outer side to
form a new vein (vena capilis laferalis) (fig. 285).
The original vein becomes the internal jugular
behind the last cerebral nerve-roots, In front the
channel where it lies mesial to the Gasserian
ganglion persists as the cavernous sinus; between
the fifth and twelfth nerves it is apparently
obliterated, but is re-established at a later date
as the wnfertor petrosal sinus, The vena capitis
lateralis thus extends from the anterior end of
the jugular vein, lateral to the nerve-roots and
auditory vesicle to the fifth nerve. Near its
posterior extremity 1t 1s joined by a branch
accompanying the vagus (vena cerebralis posterior)
and at its anterior extremity by a branch emerging
between the fifth and seventh nerves (vena wepATIC ===
cerebralis media) (fig. 287). The first collects the /
blood from the hind-brain, the second from the
region of the cerebellum. The anterior cardinal \\

Iying mesial to the trigeminal ganglion (cavernous K
sinus) receives a vein from the eyve (ophthalmic),
and is continued forwards as a vein (vena cerebralis
anterior) which collects the blood from the cerebral
hemisphere rudiment. Itsterminal branch encircles
the hemisphere and becomes the superior longitu-
dinal vein. This unites with its fellow of the
opposite side to form the superior longitudinal
stnus, which early shows a dilatation marking its
posterior end, the forcular Herophili. All the blood
from the fore-part of the brain is at first returned 0
through the anterior cerebral vein, the persistent . g
anterior part of the cardinal (cavernous sinus), 55
and the lateral vein, into the jugular (fig. 287); &
but as the hemisphere expands the connexion with il e
the anterior cerebral is lost, and a new anasto- =y esmer or i Criee veies
mosis is formed uniting the longitudinal sinus oF THE BoDY. (G D. Thane.)
with the middle E-E!‘Eb[‘:ll Vein, and then with the ] '_1']14: promitive venous tronks are
posterior cerebral vein (fig. 238), The vena lateralis ’l:’:l:,::ml'r}"l]f,l:f.h::l"'l::','uf..:m;::’.E;:r
meantime becomes ]]]ta}r[_’uptq}d and ﬁnal[}r oblite- theses. The definitive veins are
rated, so that all the blood passes through the T Presented Ko

anastomosis and posterior cerebral into the

internal jugular. The new channel is the lateral sinus (fig. 289), and the middle
cerebral, which now conveys the blood from the cavernous sinus to the lateral
sinus, i8 the superior petrosal sinus. Any further change is only one of position,
due to the backward extension of the hemisphere,
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16, 285.-—~RECONSTRUCTION OF THE HEAD .OF A HUMAY EMERVO OF 9 ma. noxa, (Mall)

The vena cevebraliz latevalis is seen to pass on the outer aspect of the posterior cerebiral nerve-roota
amdl the anditory vesicle . The vein on the mesial aspect of 17 the ganglion of the fifth NErve, rEpre-
sonts a porbion of the primative jugular. V, Gasserian ganglion; of, aconstico-facial canglion ;
Otanditory vesiele; g, glossopharyngeal ; Sy, hypoglossal.

AV

ACY

5LS

FiG. 286.—IMAGEAM OF THE VEIXS OF THE HEAD OF AN EMERYO 0F FOUR WEEKS OLD,
(After Mall.)
ACV, anterior cardinal vein: VOL, venn eapitis lateralis ; SLS, superior longitudinal sinus;
OF, ophthalmie vein ; ¥, fifth nerve; 4 ¥, anditory vesiele.

VCP

AV
, 2\
W.J ;

FiG, 287 —DIAGRAM OF THE VEINS OF THE HEAD OF AN EMERYO OF FIVE WEEKS oLb. (After Mall.}
Vd, jliﬁlllﬂl‘;‘.':_‘in; _] _'!':'P, vona eerebralis posterior ; OM, venn cerebralis meding VAT, venn corebralis
anterior; TH torcular Herophili; OV, ophthalmic vein, Other letters as in fig. 286,
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The external jugular 1s a secondary_channel formed by the union of a superficial
facial vein and a vein in the neighbourhood of the ear. It extends backwards
and unites with the primitive or internal jugular, near its junction with the
subclavian vein from the arm.

Fro. 288, —DiaaRad oF THE VEINS OF THE HEAD AT THE BEGINXING OF THE THIRD MOXTH.
(After Mall) Lettering as in fig. 287.

A secondary anastomosing vein is formed between the external jugnlar and the lateral sinus,
which emerges through a foramen in the temporal bone (foramen jugulare spurium). This
occasionally persists in the human adult, and in certain mammals it enlarges and, owing to the
disappearance of the primitive jugular, draws all the blood from the eranial sinuses. Salzer

Fio. 280, —DisciaM OF THE VEINS OF THE BRAIN OF ax OLDER FaTos. [(After Mall.)

Lat.Sin., lateral sinug (v. cercbralis pestorior): Swup Pel., superior petrosal sinus (v. cerebralis
media) ; 55, Sylvisn or middle cerebral vein; SP5, sphenoparietal sinus; SR, sinus reetns;
ILS, inferior longitudinal sinus; Vi, vena galens magna.,  Other letters as in fig. 287,

(1895) first showed that the view of Luschka, according to which this channel represents the
primitive jugular, is untenable ; and Mall, whose account has been here followed, has recently
eonfirmed Salzer's deseriptions in the case of the human embryo.?

1 Halzer, Morph. Jahrb. xiii.; Mall, Amer. Joor. of Anat, iv. 1905,
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The primitive jugular veins ave at first symmetrical and join, as already stated,
the posterior. cardinals to form the ducts of Cuvier. A communicating branch is,
however, formed between the point of junction of the left jugular and subelavian
veins and the right jugular. This anastomosing vessel is converted into the left
innominate vein. The portion of the right primitive jugular between the transverse
vessel and the right subelavian becomes the right innominate, while the portion
between it and the entrance of the posterior cardinal (vena azygos major), together
with the duect of Cuvier, forms the definitive superior vena cava. On the left side
the portion of the primitive jugular below the anastomosis becomes the superior
intercostal, but the duct of Cuvier becomes obliterated (with the exception of a
portion which in part forms the coronary sinus). Traces of the vessel are to be
recognised even in the adult, in the form of a fibrous strand which runs over the

W

Fro. 290 —A axp B, DIAGRAMMATIC OUTLINES OF THE VESTIGE OF THE LEFT SUPERIOR CAVA
AND OF A CARE OF I1TS FERSISTENCE. (Sketched after Marshall.) 4.

The views are supposed to be from belore, the parts of the heart being removed or seen through.

1, 1, internal jugular veins; 2, 2°, subelavian veins: 3, rlgllt. i aake :1 right or rerular
superior cava; 4, left innominate, TOFT: al in A, radimentary in B; §, in A, the opening ul' the hl:Er-_'uar
intercostal vein into the innominate ; &', vestige of the leflt supe rior cava or duct of Cuvi ier ; u-, F,in B,
the left vena cavn superior .l.h]luullulil\ persistent: G, coronary sinns; 6, coronary veing ; 7, ",upenm
:nlq reostal trunk of the left side 1]1‘.1!— cardinal vein); 8, the |1n:|1u1ml neygos (right cardinal vein);
7, &', some of the apper intercostal veins ; 9, the opening 1.1-f the inferior vena cava, with the Eustachian
Vi llu.-

back of the left auricle, and a small vein (obligue vein of Marshall) ; and in front
of the root of the left lung there remains an indication of its former presence in the
form of a small fold of pericardium (vestigial fold of Marshall).

The left duct of Cuvier has been observed persistent as a small vessel in the
adult. Less frequently a right and a left innominate vein open separately into the
right auricle, an arrangement which is also met with in birds and in certain mammals,
and which results from the wvessels of the left side being developed similarly to
those of the right, while the cross-branch remains small or absent.

Veins of the limbs.—The veins of the limb-buds form, to begin with, a
vascular loop with two marginal vessels, Of these latter the wnar and the fibular
are the primary stems. Each extends down the postaxial border of its proper limb
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and over thedorsal aspect of the future hand or foot to the pre-axial border, there
to become continuous with a smaller and temporary channel, the radial or tibial
vein respectively. These latter veins are replaced by new (secondary) veins which
become the radial and cephalic in the upper arm (opening at first into the external
jugular), and the long saphenous in the lower limb. The primary ulnar vein persists
in the upper arm as the basilic, axillary, and subeclavian veins; the primary
fibular, on the other hand, persists in the leg only, as the short saphenous. The
deep veins which accompany the arteries are later formations.

PECULIARITIES OF THE F@ETAL ORGANS OF CIRCULATION.

It may be useful here to recapitulate shortly the peculiarities of structure
existing in the advanced stage of the formation of the feetal organs of circulation,
with reference to their influence in determining the course of the bloodyduring
intra-uterine life, and the changes which oceur in them upon the establishment
of pulmonary respiration at birth.

The foramen ovale has the form of a free oval opening hounded by the
geptum secundum, and guarded on the side of the left auricle by a valvularplate
derived from the septum primum, so that the blood can only pass from the right
into the left auricle, not in a contrary dire tion.

The Eustachian valve constitutes a crescentic fold of the lining structure of
the heart, which is so situated as to direct the blood entering the auricle by the
inferior cava towards the opening of the foramen ovale,

The ductus arteriosus establishes a communication between the main
pulmonary artery and the aorta, by which the blood from the right ventricle is
carried mainly into the dorsal aorta.

The two large hypegastric or umbilical arteries, prolonged from the iliac
arteries, passing out of the body of the fretus, proceed along the umbilical eord,
to be distributed in the fewetal portion ofythe plicenta. From the placenta the
blood is returned by the umbilical [vein, which, after entering the abdomen,
communicates by one branch with the portal vein, and is continued by another,
named ductus venosus, into one of the hepatic veins, through which it joins the
main stem of the vena cava inferior.

Course of the blood in the foetus,—The right auricle ol the fetal heart
receives blood from the two venwe cavie 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 [rom 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 portew or 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 artery. 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 che placenta. From these several organs it is returned by the vena cava inferior,

! Bee paper by Lewis, Amer. Jour. of Anat. v, 1905,
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the vena porte, and the umbilical ven ; and, as already noticed, reaches the right

auricle through the trunk of the inferior cava.

Fie. 291,
TION IX THE FETUE OF 51X MONTHS.

IDMAGRAMMATIC OUTLINE OF THE ORGANS OF CIRCDLA-
{Allen Thomson.) '

BA, vight auricle of the heavt : T{'lr', vight ventriele; LA, left
suricle ; Ev, Enstachian valve: LV, left veniricle; (L, liver;
E\ left kidney ; I,,pmt-mll of small Ilrtl’*-lllll‘l'* i, avch of ﬂn’: aorta;
a'y its dorsal part; a”, lower end; ves, superior vena cava;
eet, inferior vena \l.lua-n it joins lhg r'igln. auricle; wei', its
lower end ; 5, subelavian vessels; f, vight jugular vein ; ¢, common
enrobild seteries ; four carved dotted arrow lines are enericd through
the aortie and pulmonary opening and the auriculo-ventrienlar
orifices ; «a, opposite to the one passing throngh the pulmonary
lrier}, marks the pl.uq of the ductus arteriosus; a similar arrow
line is shown passing from the vena eava inferior through the
fozsa ovalis of the nght aoricle, Lmd the forpmen ovale into the
left auricle; Ao, the hepatic veins; op, vena porta; o to
ped, the ductus venosuos; sp, the nmbilical vein ; e, umbilical
arteries ; we, nmbilical cord cut shovl ; §, &, iline vessals,

Of the blood entering
the heart by the inferior
vena cava, it is supposed
that only a small part 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 wveins, 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.

In earlier stages of
development than those
above described, it is cer-
tain that there is little 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 gene-

rally, 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.

CHANGES IN THE CIR-
CULATION AT BIRTH.

The changes which occur
in the organs of circulation
and resmration at birth,
and which lead to the estab-
lishment of their perma-
nent condition, are more
mmmediately determined by
‘he inflation of the lungs

! In this dingram the arteries are conventionally coloured red and the veins bloe, bat these eolours
are not intended to indicate the nature of the blood conveyed by the respective vessels.
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with air in the first respiration, the accompanying rapid dilatation of the
pulmonary blood-vessels with a greater quantity of blood, and the interruption
to the passage of blood through the placental circulation, These changes are
speedily followed by shrinking and obliteration of the duetus arteriosus, and of
the hypogastric arteries from the iliac trunk to the place of their issue from the
body into the umbilical cord ; by the cessation of the passage of blood through
the foramen ovale, and anmm&hat 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 that organ.

The process of obliteration of the arteries appears to depend at first mainly on
the contraction of their coats, but this iz very soon followed by a considerable
thickening of their substance, reducing rapidly their internal passage to a narrow
tube, and leading in a short time to final closure, even although the vessel may not
present externally any consziderable diminution of its diameter. It commences at
birth, and is perceptible after a few respirations have oceurred. It makes rapid
progress in the first and second days, and by the third or fourth day the passage
through the umbilical arteries i1s usually completely interrupted. The ductus
arteriosus is rarely found open after the eighth or tenth day, and by three weeks
it has in almost all instances become completely impervious,

The process of closure in the veins is slower ; but they remain empty of blood
and collapsed, and by the sixth or seventh day are generally closed.

Although blood ceases at once to pass through the foramen ovale from the
moment 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
tardy than any of the other changes referred to. It is gradually effected by
the union 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 bevond the place of union, and not unfre-
quently the union remains incomplete, so that a probe may be passed through
the reduced aperture. In many cases a wider aperture remains for more or less
of the first year 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;
this oceurs as the malformation attending the morbus coeruleus.

THE LYMPHATIC SYSTEM.

Lymph-vessels.—Little that iz quite certain is known regarding the develop-
ment of the lymph vascular system. In the lowest vertebrates there is no such
system of vessels distinet from the blood vascular system, and the only channels
comparable to lymph-vessels are spaces in the connective tissue. In mammals
organogenesis is well advanced before there is any sign of walled and valved
tymphatic vessels, Up to that stage there are spaces, in certain situations, which
no doubt contain lymph, and it has been very generally held that the permanent
lymphaties are such spaces round which the connective-tissue cellz are arranged to
form the walls of the vessels, while the communication with the veins iz secondarily
acquired (Gulland, Saxer, Sala). On the other hand, Klein described the lvmphatics
as developing by the hollowing out of mesenchvme (connective-tissue) zells (vaso-
formative cells), whick join with one another to form protoplasmic tubes, the walls of

! For litemlurn., see Hochstetter, Hertwip 111, Th. ii. and iii. p. 165.  Alro SBabin, Amer. Jour. of
Anat. vols. i. dii. and iv. ; Langer (quoted by Sabin), Sitzungsber. d. k. Akad. d. Wissenseh. 1. Abth, 1565
MacCallom, Archiv {. Amat. u. Phys. Anoat. Abth. 1902; Lewis, Amer. Jour. of Anat v. 1905 :
I'II.IDI.III'-'"LIJII and MeClure, The Anatomical Record, Amer, Jour. of Anat, vi. No, 3, April 1907.
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which are subsequently differentiated around the nuelei to produce the lymphatie
endothelium. Two other views have been taken of the origin of lymphatic
vessels—viz, (1) that of Budge (1830), which derives them from the ca:lom, but
is not supported by any satisfactory evidence, and has fallen into the background ;
and (2) that of Ranvier, that the lymph-vessels are derived from the veins, Miss
Sabin has supplied the most complete body of evidence in support of this
theory (that the lymphatics arise from the veins), According to her account
(1902-3), the lymphatic system in the pig arises from the venous endothelium at
four points, forming four duets, These primary ducts dilate to form four
“ lymph-hearts,” homologous with those of the Amphibia, though not possessed of
muscular walls. From these, as from centres, all the lymphatics grow first along
the veins towards the skin, and second along the aorta and its branches, until
they extend to every part of the body. The process of budding Miss Sahin
supposes to occur as described by Langer and Ranvier—viz. solid buds are
formed which are afterwards hollowed out. In the formation of plexuses the
buds open into neighbouring ducts by absorption of the endothelium, and valves
are formed at the point of junction. The communication between the posterior
lymph-hearts and the veins is lost, but the anterior ducts persist as the right and
left lymphatic ducts of the adult. The primary lymph-glands she describes as
being formed from the four lymph-hearts,

Lewis also derives the lymph-vessels from venous endothelinm, not, however,
from four sites, but from several. The openings into the veins he believes to be
secondary, not primary, and holds that the existence of structures comparable
with lymph-hearts has not been demonstrated in mammals. Huntington and
McClure return to the idea that thelymph-vessels are mesenchymatous spaces.
They find that the main lymph-channels are formed along the early veins, They
arise as oval or spindle-shaped spaces outside the intima, in an adventitious
reticular tissue which takes form as the primitively redundant venous channels
shrink. As the intima recedes, following the diminishing column of blood, these
spaces increase in size and number, and, becoming confluent, form large irregular
channels which open secondarily into the weins. They explain the adult
distribution of the larger lymph-vessels by tracing them to embryonic wveins,
which are temporary, and subsequently entirely or in great part abandoned.

Lymph-glands.—The lymph-glands arise from a plexus of lymph-vessels
which in"section appears as a sinus broken up by connective-tissue trabeculs;
Capillary blood-vessels are formed in the trabecul® connected with the branches of
the artery of the future gland. Round the capillaries free cells (lymphocytes) gather
in the connective-tissue spaces, either introduced from the wvessels (Gulland) or
produced in situ (Saxer), The lymph-follicles (lymph-cords) are thus laid down,
and the central parts of the strands where the lymphocvtes are actively multiplying
are the germ-centres. The original plexus of lymph-vessels forms the sinus of the
gland. and is necessarily connected with afferent and efferent channels.’

The hmmalymph-g‘lands are apparently developed in a similar fashion, " but
the plexus is venous, not lymphatic.

SPLEEN.:

The spleen appears in the mesogaster as a cellular mass produced by an aggre-
gaton of mesenchyme-cells. It lies close to the dorsal pancreas. The cellular
mass becomes partially detached from the mesentery, but remains connected with
it by a fold (gastro-splenic omentum), through which the vessels enter. While

! See further on this subject the account given in the part of this work dealing with Hmluluga
# For literature, see Hochstetter, Hertwig 111 Th. ii. and iii. pp. 165-66.
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still of minute size the organ shows a remarkable notching, of which traces are to
be found in the adult (fig. 170, p. 126 ; fig. 222, p, 176).

The cells are at first closely packed, but spaces containing blood-corpuscles
appear, and the original cellular mass is converted into a trabecular framework.
The spaces become the venous sinuses of the organ. They are from the first
crowded by great numbers of lencocytes of all varieties. The artery is late in
developing, Round its peripheral branches lymphoid cords are formed, which
become the Malpighian bodies, It is very difficult to determine the origin and fate
of the free cellular elements in the spleen, owing to the minute size and crowded
state of the cells in the higher vertebrates. The question whether they are
produced in situ, or introduced from without, can only be answered indirectly,
and opinion is divided on the point.

In Lepidosiren the cells are of very large dimensions, and from observations on the
developing spleen the present writer * has been able to supply strong evidence in favour of the
view that the original mesenchyme-cells of the rudiment are differentiated into both red and
white blood-corpuseles, thus confirming the work of Laguesse and others on the Selachian
gpleen. The spleen sinuses are at first merely spaces in the mesenchyme-mass, which later
beeome lined by endothelium, derived from the surface cells of the primary cellular trabeculee.
The spleen mn the lower vertebrates is thus an active hemapoietic organ. It is probably more
than o mere Jocus (i.e. a site in which the primitive corpuscles collect and multiply). as there
is evidence to show that blood-cells are actually formed from the indifferent cells of the rudiment,
In most mammals itz share in blood-formation is limited to a certain peried of foeetal life, after
which that function is transferred to the bone-marrow.

DEVELOPMENT OF THE BODY-CAVITY.

The early stages in the development of the cwelom have already been described
on p. 49 seq. It was there explained that the corlomie space’within thelembryonie
shield had at first the form of a U open behind, the clefts onjeach side of the axis
being joined across the front of the shield by the precephalic ewlom. Tt was
also shown that, whilein the region of the trunk the space was continuous with the
extra-embryonic ecelom, in the region of the head the future pericardial portion
was separated fiom it by a lamina of mesoderm. It was further explained that
when the head-fold is formed the precephalic cleft comes to lie below, then behind, the
bucco-pharyngeal membrane. It is by the expansion of this space that the definitive
pericardial cavity is developed, and in the following fashion. The pericardial
ceelom consists at first of a mesial limb and two horns. The horns lie on either side
of the open pharynx, and their splanchnopleuric mesoderm is doubled in by the
primitive endothelial heart-tubes. At first on the ventral, these subsequently come
to lie on the mesial aspect of the splanchnopleuric folds as they bend in towards
one another; Before the folds meet to close in the floor of the pharynx they have
already become folded-in ventrally, and the mesial cross-portion of the pericardium
has come to lie below them, so that when their union is effected, and the heart-
tubes are brought together, there iz no wventral mezenterv (Robinson, Vélker,
Rouviére).? By further extension backwards of the mesial eleft the lateral
horns are taken into the cavity, and the pericardial ceelom communicates with
the general ccelom only by two apertures, one on either side of the mesocardium,
When this disappears in part of its extent somewhat later, there is necessarily
only a single aperture extending across the middle line, and it further follows
that the lateral coclomic spaces must also communicate in this situation with one
another below the free ventral edge of the gut-mesentery.

! Trans. Roy. Soc. Ed. xli. 1904,

* Robinson, Jour. of Anat. and Phys. xxxvil.: Vilker, Bibliogr. Anat. x.; Bouviére, Jour. d'Anat. ef
de la Phys. x1.
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Behind the heart the walls of the volk-sac are nipped in, and come together,
before they are folded in from the front by extension of the mesial pericardial
cleft, so that here a ventral mesentery is produced, as well as a dorsal, and this
continues to be formed until the union of the lateral edges of the shield has
extended beyond the point where somatopleure and splanchnopleure are con-
tinuous with one another. This union primarily extends all round the front edge
of the shield ; when, therefore, the head-fold is formed, and the splanchnopleuric
lavers unite with one another, a plate of mesoderm will extend right across
the body of the embryo below the gut and lateral ccelomic spaces, and behind
the pericardium. This is the sepfum transversum.' It forms a bridge of tissue
in which the allantoic and Cuverian veins pass inwards and join the vitelline,
to form the sinus venosus, It i1s at first set nearly transversely, but as the
pericardium extends backwards it becomes rotated, till it lies obliquely in an
antero-posterior and dorso-ventral plane. It forms the dorsal and posterior walls
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of the pericardinm, while in its anterior edge, which bounds the pleuro-pericardial
opening, lie the sinus venosus and the Cuverian veins, which sweep into it
from the somatopleure on each side. Between the dorsal surface of the septum
and the back wall of the body-cavity stretches the mesenteric partition,
containing the gut and its hepatic diverticulum, on each side of which the
vitelline veins extend forwards through its substance to the sinus venosus. The
septum transversum soon becomes greatly thickened by the extension into it
of the epithelial trabecule of the liver parenchyma, These follow the
walls of the veins, which they surround, imbed, and break np into the sinusoids
already described (p. 174). The primary expansion takes place forwards, but
does not extend to the edge containing the sinus venosus, Later the trabecule
grow up on each side to form lateral masses of liver-substance which project into

' The view adopted in the text regarding the formation of the septum transversum is not shared by

all embryol gista.  Many following Ravn consider that the somatoplenre and splanclhinopleure are
brought secondarily into union by the enlargement of the omphalo. mesenterie vein.
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the ccelom from below. Between the lateral lobes on the dorsal aspect is a groove
in which the mesenteric partition is inserted. Into this partition the lung-
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Frg, 208, —FIGURE OBTAINED BY COMBIXIXG SEVERAL .‘_‘ll-'l".'l'.'-"-ﬁl"l'. SECTIONS OF A HUMAX
EMpRYO oF T-5 MM. (Fourrd week). [(From Kellmann.|

The arrow indicates the opening of the pleural eavity into the peritoneal.
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Fi. 204.—MoDEL OF A HUMAX EMERYO 0F §°8 MM., SHOWING THE DORSAL WALL oF Loy, (After Piper.)

PL nmmhrmm, plevro.-peritomalis ; w.f,, anterior end of Wolffian fold; .., dorsal pillar of
[:]e'uru peritonenl membrane,

rudiments extend from before backwards, and encroach on the ceelomic clefts,
The anterior part of the ccelom of each side now becomes the primitive pleural
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cavity, the posterior part the peritoneal cavity. The pleural cavities are
at first only short and narrow clefts, bounded behind and on eitheri side
by ] certain folds which are concerned in the ultimate separation of the
several portions of the cewlom from one another, and in the formation of the
diaphragms:

The closure of the pleuro-pericardial opening is chiefly effected by lateral
folds (lateral mesocardia) related to the Cuverian veins (fic. 293). The veins pass
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The figure shows the cranial hall of the model,  The broad band containing the hepatie veing is the
sepium transversum thickened by the livee-trabeculie.  The pleuro-peritonea]l membrane is seen on
each side stretehing between its dorsal and ventral pillars.

in a dorso-ventral direction in the lateral body-walls into the septum transversum,
in which they then take a transverse direction. With the expansion of the body-
wall the dorso-ventral portion of each vein comes to lie in a fold projecting into
the cwlom. Owing to the backwaid displacement of the septum iransversum
and its related parts,fthe veins come to take an increasingly antero-posterior direc-
tion. The lateral folds, and the anterior edge of the septum transversum which
is continuous with them, are necessarily brought from the transverse into a coronal
plane. The terminal portions of the Cuverian veins now run parallel to one
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another, and bound the pleuro-pericardial opening. The folds in which they lie
{the original anterior edges of the septum transversum) become expanded owing
to the enlargement of the pleural clefts and ]lt-l'i:'m'di:!.l r-m'it}', and their free
marging fuse with the free ventral border of the mesenteric septum so as to shut
off the pericardium from the pleural cavities (fig. 297, p. 239). The septum thus
formed is known as the pleuro-pericardial membrane.

The closure of the pleuro-peritoneal openings is effected by a very complicated
series of changes, which result in the formation of the diaphragm. The
chief factor in the development of the septum is the extension of the liver
trabecul® into the septum transversum, into certain folds in connexion with it,
and nto the mesenteric septum, until the liver occupies the whole depth of the
body-cavity. The connective-tissue sheet covering it, and derived from the several
partz into which the trabecul® extend, becomes freed from the liver-substance,
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Fig. 296 —MonpgEL oF A HUMAY EMERYO oF 6'S5 M. (After Piper.)

The ewlom is opened, and the dorsal wall removed by eutting through the dorsal mesentery,  The
lnngs and liver are thus exposed from the dorsal aspect. .

and forms a divisional plane which by a further series of modifications is developed
into the diaphragm.

We have already seen that the liver at first consists of a mass 6f epithelial
trabecul® occupying the septum transversum, and that the mesenteric septum
is attached to its dorsal aspect.  On each side of this the pleural spaces are con-
tinuous with the peritoneal cavity. The openings are in part constricted by folds
named the pleuro-peritoneal membranes (figs. 294-296).  These lie at first in a
nearly sagittal plane, with their free edges directed backwards. The dorsal pillar
of each fold is continued on to the dorsal bodv-wall to be attached to the mesial
side of the Wolllian ridge, and the ventral end is prolonged on the dorsal aspect of
the liver, ranning behind into the attachment of the mesenteric septum to that
organ. The pleuro-peritoneal membranes are in reality the anterior ends of the
Wolffian nidges, here reduced to membranous folds owing to the atrophy of the
head ends of the Wolffian bodies (Bertelli, Keith, Brachet, Wiilfel) (fig. 297).
They separate the anterior end of the pleuro-peritoneal eavity into mesial recesses

VOL. 1. R
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which become the plenral spaces, and lateral recesses which belong to the peritoneal
cavity. These peritoneal (antero-lateral) recesses of course overlap the pericardium.
Thus, while the anterior edge of the septum transversum internal to the
pleuro-peritoneal membrane separates on each side the pieul‘al space from the
pericardinm, the portion lateral to the pleuro-peritoneal fold separates the peritoneal
recess from the pericardium (peritoneo- ?Jc*n'c‘m'rﬁui membrane) (fig. 297). The
pleuro-peritoneal membranes soon become altered in pu;1tmu owing to the growth
of the body-wall and the extension of the plenral cavities. Their dorsal attach-
ments are shifted laterally until the membrane ultimately assumes an oblique
position, lving in a ecaudo-dorsal and eranio-ventral direction. At the same
time another fold has formed on the right side of the mesenteric septum, due to
the formation of a ewlomic diverticulum extending inwards and then forwards
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Fre. 297, —DIAGRAMMATIC SECTION OF THE TRUNK OF AX EMBRY0 caLP 15 uM. noxa., (Wilfel)

into its substance. This cleaves the mesentery into two lamelle, of which the
left follows the gut and the right passes on to the dorsal aspect of the right lobe
of the liver (fig. 206). This right lamella (mesolateral fold of Brachet) has a
free edge bounding the opening {I'c-ranwn of Winslow) into the diverticulum, and
it has a dorsal and a ventral pillar. The ventral column passes on to the liver to
be continnous with the wventral pillar of the pleuro-peritoneal membrane:; the
dorzal iz continued on the dorsal wall of the body-cavity in a fold in which the
vena cava inferior runs, and hence iz known as the caval mesentery. The pleuro-
peritoneal openings are constricted and ultimately closed by the extension of the
liver trabecul®, first mesially into the caval and mesolateral folds on the right
side, and into the dorsal mesentery round the cardia of the stomach on the left
side, causing a thickening of both lamell® of the mesenteric septum ; second
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laterally into the pleuro-peritoneal membranes, causing an uplifiing of their
ventral pillars (ef. fig. 295) and drawing-in of the outer and ventral marging of the
openings, The ultimate result is the merging over the surface of the expanding
liver on each side of the mesial layer of the pleuro-peritoneal membrane with
the layer covering the thickened mesenteric septum (the mesolateral fold being
considered part of this septum).

The primitive diaphragm 1s thus lormed first of the septum fransversum
(including under that term a part of the pleuro-pericardial membrane) ; second
of the thickened mesenteric septum, and third of the mesial laver of the plenro-
peritoneal membrane. It consists at first merely of a connective-tissue sheet
covering the liver; it is at first continnous with the parenchyma of the liver, but
spon becomes separated from it by cleaving into two lavers. The cleavage, how-
ever, does not extend all round the organ, and the result is that it remains attached
by suspensory bands, which afterwards become the coronary ligaments,

The {litn]lltl'ug.{ttl thus consti-
tuted is placed at first very
obliquely, but as it descends to
itz definitive position it comes
to lie transversely, and at the
same time increases in cirewm-
ference by the expansion of the
pleural spaces. These, as we
have already seen, are at first
small, and are placed entirely
dorszal to the pericardium, Owing
to the development of the ribs
the body-wall now becomes
oreatly mpanded and a thick
layer of loose tissue dev elops on
their inner side (fig. 268, p. 214).
Thiz iz gradually invaded by the oo s Drissiv or Tk PROLTIVE DIAPKAAGN. T0
pleural sacs, which, pushing into SHOW THE SEVERML PAITS FROM WHICH IT I8 BUILT UP,
the body-wall round the peri- {After Bromaa.)
cardium, gradually come to en-

1, pericardial part derived from septum transversom;
: ;- 4 and &, parts derived from the mesentery: 4, 4, parts
|'IUH3- t'llﬂt- l'tl\'”:‘.', anid 'J."'Etl"fl'].l]]?_f derived from plewro-peritones] membranes: between thess
behind into the tissue circum-  dorsally and the mesenteric portions are the nearly closed
T i plourvo-peritoneal openings; 5, 5, parts derived from the
:-:1'r'|h|||g 1'“.-" {llili}hrﬂ?_’l" form body-walls; 1, 2, 8, 4, 4, cover the craninl aspect (mpper

the costo-diaphragmatic recesses, surface) of the liver.

The pleural sacs thus reach their

final dimensions by excavating the body-wall, and, further, a certain portion of
the circumference of the diaphragm must be referred to tissue really belonging
to the body-wall (fig. 298).

Muscular tissue extends into the diaphragm derived from the fransversalis
and the reefus sheets (Keith), The supply of the muscle by the phrenic nerves
shows that part of it is a derivative of cervical myotomes, which are displaced
backwards as the diaphragm sinks to its permanent level.!

I The above fccount of the development of the dinphreagm 15 a merve sketeh of a VEry -:'|l|J'|!'l]:l.'.|.l|mi
proeoss.  IMor forther defail- the reader must be veferred to specinl works on the subjeet,  The earlier
literatare will be found fully reviewed by Brachet in Merkel and Bonnet, Ergelnisse der Anatomis l|l|-|
Entwickelun; ESEE- IhLl’.|Ill_ 7. Relerences o some more recent L will be found in Hochstettor's
article in ][u‘lﬂll 5 Handbueh, Bd. IIT Th. i. and &, p. 160, 56l more recent papers arve Mall, Boll.
of the. llimh“fl['h.lnh Hospital xii.; Broman, Anat. "|.:'|.-'| iger | Brginsungshelt) xxi. ; Bertelli, Areh, Anst.
e Embriol. Ttal iv.; Heith, Jour. of Anab and Phys. xxxix. "'-'\ul!-.l Anat. Anzeiger xxx%.; Debevse,
Eiblicgraph. Anat. xiv. ; Brachet, Contribution & la r.i;.;uilinninn morphologigue du diaphragm dorsal,
Broxelles 1904,

B2
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Development of the mesentery and lesser sac of the peritoneum.—
A ventral mesentery iz not developed behind the umbilicus, The fold so called
in front of it is largely taken up by the liver-parenchyma (fig. 292, p. 238), and
in the adult is represented by the gastro-hepatic omentum and faleiform ligament.
The dorsal nesentery extends along the whole length of the gut. It becomes drawn
out into an extensive sheet when the vitelline loop is formed. As the gut
mereases m length the neck of the mesentery (which lies within the body while
the rest of the sheet is enclosed in the celom of the umbilical cord) becomes
narrowed until the end of the vitelline loop (the future mid-point of the transverse
colon) comes into close relationship on the dorsal wall of the abdomen with the end
of the dundenum, This mhrimmhip persists through all the later stages, and
when the loop of the colon is formed, a twisting of 1:]1!: neck of the n1e.qenter}1
e |=-.--.:11'E1. tales ]}l.a{{- in such fashion that the slnﬂ.ﬂ aut with its mesentery, T
carriedd to the left under the distal (colonic) part of the vitelline loop with its
mesentery (fig. 301). When this rotation is complete, and the colonic loop is

Fiii, 209.—DIaGRAM 0F THE MESEXTERY, STOMACH, Fio. $00.—DIAciaM oF A SECTION ACROSS THE
AXD INTESTINE OF A MUMAX FARRYVO OF SIX ABDOMEX OF A HUMAN EMBRYD OF THE
wEEK=. [Toldt.) THIRE MoNTH, (Toldt.)

st stomach ; g.e., greaster curvature ; Lo, smaller {, I liver; &, kidneys ; guo., greal omentum ;
curvature ; wg, mesogastriom ; spd, apleen; p, pan- gtof, omental sac: so, qmall omentum,  The

creas; o, ceeam; ¥, rectum;  mee, mesentery ; other letters ns in fig, 200,

ao, aorta; el, coeliae axis; somesa., donesa., ETE
vior and inferior mesenteric arberies.

carried to the right, the meso-colon is necessarily stretched into a transverse plane.
At the same time the portion of the gut distal to the vitelline loop being carried
to the left, as the small intestine develops, the mesentery proper to it assumes a
transverse position and becomes the left half of the transverse mesocolon, The
ascending and the descending colon have at first a free mesentery, but they become
fixed by le_- disappearance of the posterior layer on each u..lf]i‘ and the adult
conditions are realised,

The lesser sac of the peritomeum ' is very early ‘oreshadowed by the
formation of the diverticulum in the mesenteric septum mentioned above, Some
ohservers attribute its formation to the downward growth of the mesolateral fold,
while others regard it as an actual inpushing of the cezlomic space to form a pocket.
The opening into the diverticulum (foramen of Winslow) at first lies between the
rudiment of the right lung and the stomach, but later, by the extension of the
liver-trabeculse into the dorsal pillar of the mesolateral fold and the formation
of the caval lobe of the liver, it comes to lie between the liver and duodenum,

A review of the literatoure of the lesser sae of the peritoneum, by Broman, will be found in
i‘rg: dbmisse der Anatomie nnd Entwickelungsgeschichte, 1805,
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Pra. 301.—DEVELOFMENT oF THE MESENTERY IN THE HUMAX EMBREYO, SEMI-DEAGRAMMATIC,
{From Kollmann.)

The arrow points to the foramen of Winslow,

i = ] Ak ATING : DEVELOPMENT O i GREAT OMENTUM. . Herbwig,
Fic. 302 DIAGRAME ILLUSTRATING THE DEVELOPM EXT OF THE GREAT OMENTUM 0. H rhwig.
A, earlier stage. B, later stage.

sty stomach ; 5o, small omentum ; #%.0°, omental sne; o, mesognstriom, springing from the posterior
wall of the abdomen, near which in A it encloses the pancreas: of, attachment of mesogastrium to
areater curvature of stomach ; 0% fold of mesogastrinm or great omentum growing over cotls of small
Llll.l."ﬂml‘:, me, mesentery | e, transverae mesocolon ; of (in 13), dotted line showing the situation of that
lamella of the mesogastrium whml: at first assisted in c:wlm’-:mg the pancreas, but which has now
disappeared. The next part of this lnmells has coalegeed with the adjueent lamella of the transverse
mesocolon, and has also disappeared.  The coslescence is indicated by the black line.
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The eranial extension of the pocket disappears, but when the stomach turns on its
axiz the diverticulum enlarges horizontally between liver and :tomach, and is
hounded on the left by the displaced mesogaster, The mesogaster is connected
with the greater curvature—i.e, the original dorsal border ol the organ—and is
thus deflected to the left., It now grows down as a double fold, containing an
extension of the lesser sac, to form the greater omentum. Thiz passes down at first
to the left of the colonic loop, but when the definitive positions are assumed it
comes to lie in front of it. An adhesion then takes place between the posterior
lavers and the mesocolon, 2o that the colon comes to be attached to the omentum,
Further, by a disappearance of the posterior layer of the double mesogaster, the
pancreas, which at first lies between its lamelle, comes to lie behind the peritoneum,
just above the line along which the mesogaster is joined to the mesocolon (fig. 302).
The duodenum also loses its mesentery, either by fusion of the visceral and parietal
lavers of peritonenm, as some describe it, or by a stripping off of the peritoneum from
its posterior aspect, due to the covering layer not expanding proportionately to the
out-wall.

DEVELOPMENT OF THE MUSCULAR SYSTEM.!

Muscles of the trunk.—We have already studied the early phases in the
development of the myotomes (p. 36). In the human embrvo during the third
week the muscle-plate 1s produced from the inner wall of the mesodermic segment ;
the axial mesenchyme iz formed [rom the sclerotomes ; the mesenchyme of the
somatopleure becomes a thick laver, and the mesenchymatous thickenings on
the Wolllian ridges which constitute the rudiments of the limb-buds are laid down.
During the fourth week the mvotomes become greatly lengthened in the trunk and
extend into the somatopleure. Their inner wall has become entirely converted
into muscle-cells, but the outer wall is still epithelial, and the cavity (myocel)
haz become obliterated by the fusion of the two lamelle (ef. fig. 34, p. 59).
During the fifth week the outer wall also becomes muscular (Bardeen and
Lewis',” and the myvotomes are joined into a dorso-ventral sheet in which
the original segmentation has largely disappeared, This sheet next becomes
subdivided by ingrowing mesenchyme septa into a dorsal and a ventro-lateral
mass,  During the sixth week the dorsal begins to be separated from the ventro-
lateral mass ; the dorsal section becomes subdivided into three longitudinal
columns (ifio-costalis, longissimus dorsi, spinalis dorsi) ; and the ventral-lateral into
mesial and lateral portions, of which the mesial forms the rectus, and the lateral,
cleaving into three strata, the obliguus externus and internus and transversalis,
[t is in the thorax alone that anv segmental arrangement is retained, the ventral
projections of the myotomes being separated by the rudiments of the ribs and
giving origin to the intercostal muscles, By the seventh week the premusecular
tissue is all resolved into its definitive divisions { Bardeen and Lewis).

The rectus-muscle rudiments are at first separated by a considerable interval
(Mall), the bodv-wall between them being formed only by the membrana reuniens
or fused somatoplenric lavers, The muscle-sheets ultimately grow towards the
middle line, and come into apposition, carrving their nerves with them.

Muscles of the limbs.—In the early stages the limb-buds consist of a mass
of mesenchvme continuous with that of the Wolflian ridges and lateral to the line
of the myotomes (fig. %2, p. 57). As the buds increase in length this becomes
differentiated into a skeletal core and a premuscule sheath. It is not definitely

! The literature of the development of the muscles will be found collected by Maurer in Herbwig's

Handbueh 1L Th, i, p. 76 seq. 3 alao in Kollmann's Handatlas, Appendix, p. 45 seq.
? Bardeen sad Lewis, Amer, Jour, of Awat. i
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known whether in man this premuscular tissue is derived from the myotomes or
arises in stfy, In some lower forms there is clear evidence of a growth of
muscle-buds from the mvotomes into the limb (fig. 303), while in others it seems
to be formed by a budding-off of cells individually from the myotomes into the
mesenchymatous matrix. While a priori we should expect the striped limb-muscles
to be derived from the myvotomes in one way or another, there iz no decisive proof
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Fri. 808.—TRAXSVERSE SECTION THROUGH THE AXTERIOR PART OF THE TRUNKE OF AN
EMERYO OF ScyLiavil  (Balfour.)

spoe, spinal cord ; sp.g, ganglion of posterior root; av, anterior voot; «n, dorsal; sp.w, ventral
branch of spinal nerve; mp, muscle-plate; mp', part of muscle-plate already converted into musele ;
wepd, part of muscle-plate extending into the limb; #l, nervos lateralis; e, norta: cl, notochord ;
s, sympathetic ganglion; ca.v, cardinal vein; sd, segmental duct; s, segmental tube; o, duode.
i ¢ S, junetion of hepatic doet with it; pen, rodiment of pancreas connected with another part of
duodenum: wwve, opening of nmbilical canal {vitel.!liue duaet),

that thisis the case in higher forms; someobservers therefore conclude that the pre-
muscular tissue s a differentiation in situ (Paterson, Lewis, Bardeen, and others).
Ingalls," n a very well-preserved human embryo of 49 mm., describes a distinet
budding off of cells from the myotomes into the limb-buds, A stream of cells seems
first to proceed from the outer plate, as was deseribed by Kollmann, but later the

b Arch. £, tikr. Anat. 1xx. 1007.
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imner lamella apparently also contribute cells to the limb-bud. The cleavage of
the premuscule sheath into the rudiments of the adult muscles is completed by
the seventh week (T ~wis).!

The premuscule sheath is the ruadiment, not only of the muscular tissue proper, bur of the
connective-tizsue framework, fascie, and tendons of the muscles.  There is no distinetion ar first
between the cells which will become musele-cells and those which will Ve rise to connectives
tisaue elements, In yuite 1-:11'1}" SLAZes, Do l1'c{in_f_f to Bardeen,! areas are to be made out which
will become museles, and areas which represent iniermuscular spaces,  As differentiation
proceeds these spaces become more definite ; the premuscular masses become divided up into
individual muscle.rudiments, and these again into the faseiculi of the individual muscles by the
growih of connective.tizsue septa, which are more abundant in embryonie than in fully developed
muscles,  The main nerve-paths follow the spaces between the rodiments of the muscle-groups,
and the larger hranches of the nerve supplying a muscle-group lie in the septa, between the
members of the group, Differentiation of o muscle.rudiment !1.-u:|:|]|_1.' hn;ius at the [hniul of
entrance of the nerve into it.  According, further, to Bardeen, ° Metameric segmentation in
the innervation of the limb-muscles iz not due to ingrowth into the limb of myotomes, accoms
panied by nerves, but to the fact that a given region in the developing museulature is in the
more direct path of fibres extending into the limb from one or two specific spinal nerves,’

Muscles of the head.—We have already seen that there are three primitive
segments in the occipital region, but that in front of this point there.is no trace
of cleavage of the mesoderm. The tongue-muscles supplied by the hyvpoglossal
{oceipito-spinal nerves), and formed in the floor of the primitive mouth, are probably
derived from these occipital myotomes, and come into the same category with the
trunk-musculature.  The remaining head-muscles fall into two groups, the muscles
of the eve and the branchial musculature,

The eye-muscles are developed from a cell-complex which appears hetween
the jugular vein and carotid artery, mesial to the trigeminal ganglion (Reuter).
This mass is sickle-shaped, and has three limbs—two anterior which embrace the
optic stalk on the inner side, and a posterior.  Each limb has its own nerve connected
with it, the upper being associated with the trochlear, the inferior with the oculo-
motor, and the posterior with the abducens. The rudiment moving forward
surrounds the optic stalk, and the two anterior limbs uniting into a ring (Reuter)
the whole complex forms a sort of cup embracing the optie vesicle ; out of the walls
of this the straight and oblique muscles are developed.

The eyve-muscles in the mammal are developed in the unau;__rmcuied head-mesaderm, but in
the lowest vertebrates (Cvclostomata and Selachia) they are formed in connexion with the
so-called Aead-cavities, which are supposed to represent primitive segments in the prechordal
part of the head., The first of these gives rise to the musecles supplied by the oculo-motor
nerve, the second to the superior oblique, and the third to the external reetus. The three
limbs of the premuscle-cell-complex in mammals would represent, arguing from their relation
to the three nerves, the three head-cavities of lower forms.

The muscles of the branchial group, which may be termed the visceral
musculature, are derived from the unsegmented mesoderm of the branchial
region.  All are supplied by the lateral motor-roots of the cranial nerves.

The masticatory muscles develop in the mandibular arch near the angle which
it forms with the maxillary process (Reuter), appearing as a cell-complex round
the branches of the mandibular division of the fifth nerve. The mass
resembles in shape an inverted Y, the limbs embracing the rudiment of the ramus
of the mandible, The stem forms the femporal, the outer limb the masseter,
and the inner the pterygoids (Reuter for pig).

The muscles supplied by the facial are derivatives of the hyoid arch., The
platysma and all the mimetic muscles wander from this site. There are few develop-

! Lewis, Amer. Journ. of Anat. i. Regarding the development of the arm-muscles, see also
Griifenberg, Anat. Hefte xxx. ; of the leg-muscles, Bardeen, Amer. Jour, of Anat. vi. 1907,
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mental data regarding the remaining head-musecles ; but it 15 probable that the
series supplied by the motor roots of the glossopharyngeal, vagus, and spinal
accessory nerves, which are primarily branchial in their distribution, are to be
looked on as muscles of the branchial arches, corresponding to those originating in
connexion with the branchial sacs of the lower vertebrates. The sternomastoid and
trapezius, though they wander far back in development, may with some reason be
regarded as, in part at least, branchial dervatives.

Segmentation of the head.—The foregoing paragraphs necessitate here a brief statement
on this obscure and intricate subject.

In the higher Ammniota there is certain evidence of segmentation in the occipital region,
Here at an early stage there are three myotomes, and, related to these, three or four oceipito-
spinal nerves, which are primarily segmental, but united into a single trunk, the hypoglossal.
In front of this clearly segmented portion of the head there is no frace of segmentation
except in the lower vertebrates, In Selachia the number of ' head-segments ' has been very
variously estimated ; but according to the classical account of van Wijhe there are in all nine,
four metotie (the occipital) and five pre-otic. The pre-otic are much modified, and their claim
to rank as segments has been disputed. They are cavities the walls of which give rise to muscles.
The first three provide the eye-muscles, while the fourth and fifth disappear. In the branchial
arches there is a series of cavities regarded as representing the lateral plates of certain segments,
Their walls give origin to the branchial muscles, The evidence of typical segmentation is more
striking in the Cyclostomata. In Petromyzon (Koltzoff) typical segments occur, the anterior
only being modified in having no side-plates. They are derived from pouches of the archenteron,
and the lateral plates show ecavities, one in each branchial arch. There are two main views
regarding the head-segmentation. The first, maintained by van Wijhe, Miss Platt, Koltzoff,
and others, represents the whole series of segments as belonging to the head proper, and corre.
sponding to trunk-segments, The anterior or pre-otic are rodimentary and greatly modified,
the posterior or metotic are more complete. Their dorsal portions persist and give rise to
myotomes supplied by the oceipital nerves {hypoglossal), Their ventiral portions give rise to
the muscles of the branchial arches, and their splanchnic and sensory nerves are collected into
the vagus-complex, The second view, maintained by Gegenbaur, Froriep, Fiirbringer, and others,
represents the series of * head-segments,” as divided into two distinet eategories. The metotic
are segments hclﬂnging to a part of the trunk which has become included in the head
comparatively recently in phylogeny. The pre-otic are primarily segments of the head proper, and
to them belongs the mesoderm of the branchial arches which have been displaced backwards,
while the occipital segments have been displaced forwards, so that the two regions overlap.
There are thus two genetically distinct parts of the head; the palingenetic and cenogenetic of
Gegenbauer, palmocranium and neocranium of Fiirbringer, the prespinal and spinal of Froriep.
The oceipital nerves (hypoglossal) belong to the occipital myotomes, and therefore to the
neocranium ; the vagus-complex (including the plossopharyngeal in lower forms as well as the
accessory ), belongs to the paliocranium, being formed by the coalescence at their proximal ends
of the splanchnic fibres of the segmental nerves of the posterior palingenetic segments, of which
only the splanchnic or branchial portions now remain, According to Agar in a recent paper
on the anterior mesoderm in Lepidosiren,” the preponderance of evidence is in favour of
the Gegenbauer-Fiirbringer view. It seems quite certain that the occipital myotomes really
belong to the trunk, but with regard to the palwocranium the matter is more doubtful,
It is not yet proved that the prechordal °head-segments’ and branchial segmentation
correspond to the trunk-segmentation, and the ontogenetic facts which have indueed Hubrecht
and others to attribute a radial symmetry to the fore-part of the head must not be left out
of sight.

! Trans. Roy, Soe. Ed. xlv, Part I11. 1907
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DEVELOPMENT OF THE SKELETON!.

In the following brief account of the development of the skeleton only the
more weneral features of the early stages will be considered. The details of
ossification and many points which relate to the morphology of the parts will
be dealt with in other parts of this work.

The vertebral column iz developed from the mesenchyvme which invests
the notochord and neural eanal, and is derived from the sclerotomes. This is also
the blastema from which the membranes investing the spinal cord and the
ligaments of the vertebra are produced, The appearance of the skeletal elements
is preceded by astage in which a series of paired cellular thickenings is laid down
in the mesenchvme. It has been shown by v. Ebner and others in the reptilian,
and by 0. Schultze, Weiss, and others in the mammalian embryo, that each sclero-
tome is divided into a cranial and a caudal portion by a narrow transverse cleft
(fig. 304). This appears in
man in the thoracic region
about the end of the third
week (Bardeen).? The inter-
vals between the sclerotomes
disappear, and the dividing
cleft i1s soon obliterated, but
the two portions remain dis-
tinguishable owing to the fact
that the caudal half consists
of more densely cellular tissue.
Fra. :HJL. Hfrl.tlw__q._-.;-| .l.[_1 |.u}_:nr|'.|'mlh;.u. .m—.:"n.u.';‘ OF _1'|||1]-;r, The mes.‘em:-hyme inuned.iutely

PROTOVERTEERE IN A SNAKE-EMERY®), |V, ]_‘.-I.Illi.‘l._l
i round the notochord loses all

ep, cutaneons ectoderm ; eon., onker wall of segment; f, ils f

marging folded round into fae., muscle-plate composed of trace of segmental cleavage,

Hattened eells which are becoming elongated into muscular  and becomes condensed into
fibres; w.c., newral eanal, in oulline omly ; w'e', nearal 3 . h ]
ectoderm forming ita walls. Between these and the muosele- i1 continuous notochorda

1;[:111- iiu a i:rmtti::tmua- mass of mesenchyme which has been  sheath, As Welss haz shown
derived from the inner parts of the primitive segments, partly . .
i.“!.l.‘ll'uJJlL‘-I] by the ganglion-rudiments, gf. The é-ra'g'uml in  the rat, the m_',utmne

intervals between the primitive segments here are still indicated extends as a ]{EE.I-S]IH.PB:E]_
by vessels, v el cleft in the mesenchyme (according io : . .
Ebner this is the rl"e]:lrl.mil'n-!- of the original cavity of the tlllﬁkﬁlll]‘lg into the Clﬁftr,. and

sogment). pushes the two portions of

the sclerotome apart, so that
the caudal portions of each sclerotome pair come to lie obliquely, embracing on
their mesial aspect the cranial portions of the succeeding pair. The thickenings
are slowly pushed into the intervals between the myotomes to which they
properly belong and the succeeding pair, and thug ultimately come to have an
intersegmental position (Bardeen). It must be remembered that these thickenings
are merely areas of condensation in a general blastema ; but it is customary
to speak of them as primitive vertebra (or scleromeres, Bardeen). Each scleromere
(fig. 305 A) has a pair of dorsal or neural processes (primitive arch), a pair
of wventral or costal processes which extend outwards between the myotomes,
and a mesial plate which is continuous with the condensed mesenchyme of
the mnotochordal sheath. These plates do not form the future bodies of
the vertebrie; they occupy rather the position of the future intervertebral
dises, Between the intervertebral plates the notochordal sheath is invested by

1
! The literature of the development of the skeleton will be found collected by Braus (skeleton of
limbs), Schaningel (vertebral column, ribs, and stervmm), and Gaap (skall), in Hertwig's Handlbuoeh 111.
Th. §i. and iii. pp. 331 zeq., 362 seq., and 455 seq.
4 Amer, Journ, of Anai, iv, 1904.
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looser mesenchyme, which is derived, like the tissue intervening between the
neural pmcesséﬁ_. from the anterior portions of the sclerotomes. The plates
are at first relatively thick, but the tissue forming them becomes loosened
posteriorly, and is added to the loose investment of the notochordal sheath,
while in front it is condensed where it adjoins the fissure of Ebner. This
thickened band is the rudiment of the permanent disc, and the looser tissue
intervening between adjoining discs is converted into the bedy of the
permanent vertebra. It follows from this description that the future body
is contributed to by the anterior portions of a sclerotome pair, and also by
the posterior portions (primitive plates) of the preceding pair, so that a new
segmentation of the skeletal axis is effected which alternates with the primary
myotomic segmentation. The formation of the vertebral body is brought about
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Fie. 805.—VIRWS oF MODELE OF BLASTEMAL (MEMBRANOUS) STAGE OF VERTEDRAL COLUMX
A, FROM A¥ EMBRYO OF T MM, VENTRAL ASPECT.  x 33} diameters, B, FRod a¥ EMBEYO
OF 9 MM., DORSAL ASPECT. = 25 diameters. . Frod a¥ EMPRYD oF 11 MM., LATERAL
ASPECT.  » 25 dimmeters, (After Bardeen.)

as follows : the notochordal sheath becomes prolonged dorso-ventrally into a
kind of septum (fig. 305, C), which extends between the primitive plates and separates
the loose mesenchyme, alluded to above, into a right and left moiety ; at the same
time the superficial layers of the intervening tissue become condensed into a
continuous lamella uniting the plates, and enclosing the looser tissue on each side
of the septum. This enclosed tissue now becomes converted into cartilage.
There are necessarily at first two chondrogenetic centres, but soon the septum
becomes implicated, and the notochord is enclosed in a continuous cartilaginous
ring. According to 0. Schultze, the cartilage formation extends also through the
primitive intervertebral plates, so that the column becomes for a time a continuous
rod of cartilage, and the permanent discs are formed in this secondarily by the
conversion of the hyaline into fibro-cartilage, the only persistent portion of the
primitive membranous plates being the annulus fibrosus of the intervertebra
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diges,  Bardeen did not observe this stage in the human embryo. Within the
dises the notochord is enlarged and afterwards converted in each along with the
surrounding tissue into the nueleus pulposus. Within the bodies, on the other
hand, the chorda hecomes constricted and ultimately disappears.

The neural arches retain their primitive position, and while the costal processes
are extending between the myotomes to form the membranous ribs, a transverse
process appears on each side in the angle between it and the neural process,
opposite the attachment of the scleromere to the notochordal sheath. A
chondrogenetic centre appears in each side of the primitive arch, and another in
each costal process. The arch becomes joined to the body, and the cartilaginous
vertebra 15 completed. The arches, however, remain for a long time open
(figs, 306, and 234, 268, pp. 186, 214). 1t is not till the fourth month that they are
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FiG. 306, —SECTION OF A HUMAX EMBRYO oF 30 MM, Photograph. (T. H. Bryea.)
#.0 ., spinal covd ; we, eartilages of neural arch still separate ) fhy, thy, thymns,

closed in over the cord to complete the spinal canal. The articular processes are
produced by the growth of cartilaginous rudiments, backwards and forwards,
from the neural processes into the intervening layer of tissue. The primitive
membranous plate at an early stage becomes much thickened ventrally. This
thickened band corresponds to the hvpochord rod of lower forms. 1t i1s not
a separate structure at any time (rat, Weiss ; man, Bardeen), except in the
case of the atlas, in which, loosened from the body, it persists as the ventral bar
of that bone. It becomes chondrified by two lateral centres (Weiss). The body
of the atlas remains free from the bases of the arches, and is secondarily fused with
the axis as its odontoid process.

Ribs and sternum.—Each vertebra is provided with a rib-process. In the
blastema stage there is no separation between rib and primitive vertebra, and the
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same is true, according to some authorities (0. Schultze), for the cartilaginous
stage. The processes remain attached to and become parts of the vertebre in
the cervical, lumbar, and sacral regions, but in the thoracic region they grow
round the body-wall to form the free ribs. The costo-central joints are
produced by absorption in the matrix between ribs and vertebra, the surrounding
mesenchyme giving origin to the costo-vertebral ligaments. The rib-process
and growing transverse process are at first united by a continuous blastema.
This is absorbed as anastomoses are established between the segmental
arteries (Bardeen), but between the end of the process and the rib a joint-cavity
is formed and the surrounding mesenchyme gives rise to costo-transverse
ligaments (see fig. 268, p. 214).

The ventral ends of the ribs become continuous with two longitudinal eellular
hands (sternal bands), which are laid down from before backwards. The cellular
strands are derived according to some from the rib-ends, but according to others
they are independent formations ; opposite the first seven pairs of ribs they fuse by
differentiation of the intervening tissue to form the sternmm (fig. 306). This
remains cellular for some time after the ribs are converted into carfilage. The

Fia, 2307, —MEDIAN SAGITTAL EBECTION OF THE HEAD IN EARLY EMBRYOS OF THE RABRIT.
Magnified. (From Mihalltovies. )

A, from an embryo 5 mm. long. B, From an embryo 6 mm. long.

In A, the faucinl opemng is still cloged ; in I3, the septum is perforated ot £ o, anterior cerebral
vesicle ; wee, mesencephalon ; weo, medulla oblongata ) s, medullary epiblast; & (in B), infundibualam ;
a{,r, spheno-ethmoidal ; be, sphencidal ; and spoe, spheno-oceipital parts of the basis cranii; £, fore.gut;
ch, notoghord ; py, buceal pituitary invelution ; am, amnion ; &, heart.

process of chondrification begins in the upper lateral angles of the presternum and
in the mesosternum between the ribs (Paterson); it proceeds from the margin
inwards, repeating the process by which the chondroblast sternum is formed.
The metasternum is developed separately, but also from independent lateral
rudiments in all probability.

The usual view adopted regarding the development of the sternum is that of Ruge, who
derives the sternal bands from the ventral ends of the ribs, which unite with one another, as it
were, from before backwards to form the bands, According to Paterson, they are at first quite
separato and indepqndcnt of the ribs, and are nnl:,.r united with them secondarily. He describes
an early stage in which the primitive sternum is separate from the ribs, but connected with the
rudiments of the shoulder-girdles, and believes, therefore, that ontogenctically the sternum is
an independent structure connected with the limb-girdles. It is not yet clear whether, or
in what degree, the limb-girdles contribute to the formation of the manubrium, and the relations
of the chondroblastic areas to the cartilaginous skeleton are mot yet sufficiently elucidated
to warrant a more definite statement than that contained in the text.
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Skeleton of extremities.—The skeletal core of the limb-buds is produced
by a condensation of the vascular mesenchvme in the axis of the developing
limbs, and at their bases. The skeletal blastema becomes still further condensed
in the sitnation of the future bones, and distally into a hand or foot plate.
This stage is named the blastema or prechondral stage. The cellnlar blastema
15 then converted into ecartilage by the appearance of centres of chondrification
in the precartilaginons blastema of the several skeletal parts. During this
chondrogenetic stage the limbs acquire the main features of the adult form.
The joints arve at first represented by areas of mesenchymatous condensation,
which directly join the cartilages, but by the end of the second month the
joint-cavities have appeared (fig. 248, p. 196) and the surrounding mesenchyme is
condensed and thickened into the capsular ligaments. Intra-articular structures are
derived from the primary blastema. Centres of ossification next appear in the

Fio. 308 —=DIAGRAMS OF THE CARTILAGINOUZ ciasivs.  (Wiedersheim.)

A, First stare.
1, notochord ; T'ry trabeculie eranii ; Poeh, parachordal eartilages ; P, situation of pitnitary body ;
N, E, O, sitantions of olfactory, visaal, and anditory organs.

B, Second stage,

B, basilar cartilage (imvesting mass of Rathke); 5, nasal Mlptmn and ethmoidal cartilage; Kth,
Fith', prolongations of ethmoidal around olfactory ergan, completing the nasal capsule; OF lm'a,mum
for pussage of olfactory nerve-fibves; N, E, O, Ch, Tr, as before,

cartilages, and they closely correspond to the preceding centres of chondrification
{Bardeen.)

Development of the skull.—As in the trunk, so in the head, the noto-
chord is at first the only supporting structure, As we have seen in an earlier
section, it extends forw ards to the flexure of the mid- brain, and then returns on
itsell to end at the attachment of the buccopharvngeal membrane (fig. 307).
Cartilage hcgms to be laid down, tll,umﬂ' the second month, in the mchﬂuchvnw
on each side of this part of the notochord, Illnl a basicrania! platL is formed enc luﬂ:nrr
the chorda and extending from the futu.m foramen magnum to the stalk of the
pituitary body, where it ends in a plate or process which becomes the dorsum sefler,

It appears from the work of Jacoby, Levi, Robinson, and others that there are no definite
parachordal nor trabecular eartilages in the human embryo such as ocour in lower forms
{fig, 308). Lewvi describes the appearance of a number of chondroblastic eentres, which ultimately
fuse to form the continuous chondrocramum, The basicranial |}1411r: is chondrified in two seetions,
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an anterior related to the anditory capsule and a posterior or oceipital segment, The otic portion
shows no trace even in the membranous stage of any segmentation ; but regarding the oceipital
portion, Levi confirms for man the accounts given h_',l' Fr:}riup for the calf and r{!ccnt.ly l}_'l,' Wieias
for the rat. Froriep holds that the occipital region represents the fusion of four rudimentary
vertebre, corresponding to the three primary roots of the hypoglossal nerve. Of these only the
posterior is at all independent. Its development in the early stages resembles that of the vertebra,
and it loses its identity only when fused with the parts in front of it. The anterior portion of
the oceipital blastema shows faint traces of segmentation, but only in the earliest phases, hy
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F16. 309.—MopEL oF THE CHONDEOCRANIUM OF A MUMAN EMBRYO, 8 o (From MHertwig's
Hondbuch der Entwickelungslehre. )

The membrane-bones are not representaed.

the presence of three rodimentary cellular masses (primitive arches) which extend outwards
between the myotomes,  After the cartilaginous elements are formed, all trace of segmentation
is lost. The relation of the basicranial plate to the notochord (see below] in mammals makes
the significance of this early segmentation doubtful (Robinson).

The chondrocranium forms only an incomplete case for the brain. The cranial
vault consists of bones which are laid down directly in membrane, and in the
region of the visceral skeleton numerous investing bones are added to complete
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the adult skull. As these will be fully dealt with in the volume on Osteology, it
will =uffice here if a brief account be given of the chondrocranium as a basis for
that deseription.

The cartilaginous cranium consistz of two parts, the neurocranium and the
visceral skeleton. The neurocramnium consists of two sections, a parachordal and a
prechordal.  The anditory capsule becomes an inftegral part of the parachordal, and
the olfactory capsule of the prechordal; section. The basieranial plate encloses
the notochord., which ends at the dorsum selle in a rounded process, its anterior
hooked portion having disappeared.  According to Froriep, Robinson, and others,’
the chorda lies on the ventral aspect of the middle portion of the basicranial plate,
being completely invested by cartilage only behind and in the dorsum selle. The
plate consists, as mentioned above, of anfotic and an occipital segment. From the
latter there extends on each side a lateral plate (oceipital pillar, Gaup), which in
man is not vertical, as in lower mammals, but is laid out horizontally. This becomes
continuous with the posterior edge of the auditory eapsule behind a gap which is
left as the jugular foramen. In each lateral plate which represents the fused oecipital
arches is the foramen for the hypoglossal nerve. At first the skull is wide open
behind the hind-brain, being covered merely by the membrana reuniens; but into
this, from the auditory capsule and oceipital pillars on each side, a plate of cartilage
extends to close in the foramen magnum and form the supra-occipital. The anterior
part of the basieranial plate becomes continuous with the auditory capsule. This
is an oval mass of cartilage with its long axis direeted inwards and forwards, and
divided into an upper and posterior vestibular portion, and a lower and anterior
cochlear portion. Between these is a groove on the upper aspect for the facial nerve,
which in the figure iz seen partially bridged over to form a canal. On the mesial
agpect of the capsule 1s seen the internal auditory meatus, and a deepish fossa
(fossa subarcuata) which extends below the superior semicireular canal. On the
outer aspect a shelf-like process extends which ultimately forms the tegmen tympani.
The prechordal or trabeeular portion of the skull stands at first at a considerable
angle from the posterior portion (Hagen). There are, as already mentioned, no
separate trabecular cartilages formed in man.  Chondrification oceurs in an
already continuous mesial blastema, which is interrupted by the stalk of the
pitnitary body. The cartilage extends directly forwards into the mesial nasal
process as the nasal septum. On the upper aspect of the cartilage in front of the
dorsum sellwe is a shallow fossa—the future sella turcica, the floor of which is
incomplete for a time where the stalk of the pituitary body passes through it.
A process projects from the cartilage on either side of the fossa; between this and
the auditory capsule the internal carotid artery enters the skull. To this process
15 attached an obliquely placed plate of cartilage (ala temporalis), arising from a
separate centre (Levi), which is the rudiment of the great wing of the sphenoid.
As it extends backwards it surrounds the mandibular division of the trigeminal
nerve and the middle meningeal artery so as to form the foramen ovale and foramen
spinosum. Between it and the orbital wing 15 a wide gap through which the
maxillary division of the fifth and all the nerves entering the orbit pass. By the
formation of a bridge of eartilage the maxillary division is separated from the
rest of the nerves; thus the foramen rotundum iz formed, while the main fissure
becomes the sphenoidal fissure, In front of the sella turcica a broad bar of
cartilage expands laterally on each side into the orbital or lesser wings (ala orbitalis).
From the posterior borders of ecach orbital wing a bar is sdleveloped which is
attached to the side of the central cartilage in front of the pituitary fossa and
completes the optic foramen. From the anterior border of each orbital wing a

1 Bee Bobinson, Jour, of Anat. and Phys., xxxviii.
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broad process projects forwards to be attached to the roof of the nasal capsule.
In later stages this is largely reabsorbed. The ethmoidal region of the human
skull is peculiar in respect that the nasal capsules are so rotated that the
apertures of communication between the cranial cavity and the nasal fosse are
placed horizontally, Each aperture is at first smgle but is afterwards converted
into the eribriform plate by the formation of cartilaginous bridges. The central
cartilage is continued forwards as the septum nasi, ﬂ,nd its upper edge projects
between the olfactory openings as the crista galli. The side walls of the nasal
capsules bend inwards in front to be continuous with the edge of the septum and so
complete the roof of the nasal fossm, but the floor is deficient, and only completed
when the palatal processes have met with the lower free edge of the septum. From
the mesial aspect of the outer wall of the nasal capsule on either side project the
cartilaginous rudiments of the several turbinate processes,
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IFro. 810 —THE SAME MODEL A% SHOWK IN FIg. 300, FROM THE LEFT &IDE,

Cortain of the membrane-kones of the right side are represented in yellow,

The visceral skeleton consists of a number of skeletal elements which occupy
the mandibular, the hyoid, and first branchial arches. In the mandibular arch
a bar of cartilage is laid down, known as Meckel’s cartilage. This represents the
primitive mandible ; buf it in great part disappears, being displaced by a membrane
hone, the os dentale. A small portion of its vantral end, however, direetly ossifies
and forms a part of the lower jaw, and its proximal end is developed into the malleus.
Close to this a separate formation in the blastema in the base of the arch gives
rige to the incus. In the hyoid arch are formed the stapes, the styloid process of
the temporal bone, the stylohyoid ligament, and the lesser cornu of the hyoid bone
while in the first branchial arch a short bar of cartilage is deposited which becomes
the greater cornu of that bone. The body of the hyoid bone is an intermediate
formation between the ventral ends of the second and third arches, The develop-
ment of the visceral skeleton is specially interesting as providing the proof

that proximal portions of the first two arches, which in lower wvertebrates

VOL. I. g



258 AUDITORY OSSICLES

form a suspensory apparatus for the mandible, are in higher vertebrates, as
it were, annexed by the organ of hearing to provide an apparatus for sound-

transmission,
Formation of the auditory ossicles.—The development of the auditory

ossicles in the human subject has in recent years been investigated again in great
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IFi:. 811, —RECONSTRUCTION OF THE PROXIMAL EXDS OF THE FIRST AND SECOND BRANCHIAL ARCHES
OF <A HUMAY EMEBHYOD OF 16 MM, LO¥G; LEFT £IDE, INXER AsSPECT. (After Broman.)

V., fifth nerve ; FIT, facial nerve.

detail by Broman, and also incidentally by Hammar. The following account sum-
marises the chief points of Broman’s researches. They confirm in the main the
views first enunciated by Reichert in 1837.' In the middle of the second month
the rudiments of the ossicles appear as chondroblast thickenings in a common
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Fra, 812.—THE sAME MODEL A% sHOWN I¥ FIG. 811, SEEX FROM THE OUTER SIDE.

blastema outside the first visceral pouch. This blastema is divided in the
mandibular arch by the trigeminal nerve, and in the hvoid arch by the facial nerve,
mto mesial and lateral portions. In the mandibular arch the proximal part of the
lateral mass becomes the rudiment of the ¢ncus, while the corresponding part in the
hyoid arch represents the laferohyal cartilage. The distal portions of the lateral

y L fl[l_‘t:lii_‘l diseoverad the cartilage which beara hiz name in the human embryo in 1820, He obserred
its continuity with the mallens, but the fnterpretation of the facts was due to Reichert




AUDITORY OSSICLES 259

masses, from the first continuous over the first branchial cleft, become separated from
the visceral skeleton, and form the cartilage of the outer ear. The proximal
portion of the mesial thickening in the mandibular arch does not develop farther,
but the distal portion forms the chondroblast of Meckel's cartilage. Its upper
end early enlarges and becomes the rudiment of the mallens. The proximal part
of the mesial thickening in the hyoid arch becomes thickened round the stapedial
artery, and gives rise to the primitive stapes. This is connected with the incus by
astrand of the common blastema which persists as the rudiment of the long process
of that bone. The distal part of the mesial portion of the hyoid blastema becomes
the hyoid bar. It is at first connected with the stapes by a membranous strand
(pars interhyalis), which soon disappears, =0 that the stapes is separated from the
rest of the hyoid arch.

In these chondroblast areas cartilage is now developed. Meckel's cartilage
is deposited as a single piece, Its enlarged upper end is the malleus, which has
meantime developed a projection which becomes its handle, and another which
becomes its external process, Between the malleus and incus, which chondrifies

head of malleus

|~ rartitage of Meckel

pro, b of mallews

Elpes
e Livmepuenice ring
= hanrdle of nalieee

charda fpmpani

e artilage of Reichert
iF——"acial nerve

Frg. 313.—RECORRTRUCTION OF THE SAME PARTS AS ARE SHOWX IN FIGs. 511, 312 o ax
EMERYO OF G5 MM. LONG; LEFT SIDE, INXER A2PECT. (After Broman.)

from a separate centre, there is at first a membranous layer which is afterwards
absorbed to give rise to the joint between the bones. In the same manner the
original union between the stapes and the long process of the incus is broken to
form the joint between them. The incus in its chondroblastic stage becomes
attached to the auditory capsule, but is separated from it again when the cartilage
is formed, the original intervening tissue becoming the ligament of the bone.
The stapes is at first free from the ear-capsule, but later becomes attached to it
and ultimately, when in the end of the second month it begins to lose its ring-shape
and assume the adult form, the base takes form in the fenestra ovalis, where the wall
of the capsule is reduced to a layer of perichondrium over it. The stapes and hyoid
cartilage chondrify separately, as does also the laterohyal cartilage mentioned
above. This becomes fixed to the ear-capsule, and by an extension of the cartilage
between it and the hyoid cartilage the latter obtains a direct secondary attachment
to the capsule. The bar thus formed becomes the styloid process, Its basal part
lies in the wall of the tympanum and takes part in the formation of the facial canal.
Its lower part is represented by the styloid ligament and lesser cornu of the hyoid
bone. The ossicles ossify each by a single centre.  When the malleus has become

g3
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converted into bone the cartilage of Meckel disappears, but meantime on its proximal
end a small membranous ossicle appears, which joins the malleus as its anterior
process,

The tympanie ring is also a membrane bone, It appears in the third month
below and lateral to Meckel's eartilage, and is secondarily attached at a later date
- to the petrous and squamous, When this union is effected the ossicles originally
on the outer side of the ear-capsules are included in the tympanic cavity.

Among other recent writers who have worked at this old problem, J. F. Gemmill ' agrees
with Broman in respect of the stapes, but Fuchs,®* working on rabbit-material, has come to con-
clasions shared also by Driiner,” which revert to those of Parker in his earlier papers (1877), and

A B

F1G. 314.—CoxpiTioN oF MECKEL'S CARTILAGE AXD THE HYOID BAK IN THE HUMAX FETUS
OF ABOUT EIGHTEEX WEEKS. (Kolliker.)

I i an enlorged sketeh by Allen Thomson, showing the relationship of the several parts
betier than in A,

z, zygomatic arch; o, mastoid process; i, portions of the lower jaw left in sifn, the rest
having been cot away ; M, Meckel’s cartilage of the right side, continued at s, the aymphysis, into
that of the leit side M, of which only & small park is shown ; T, tympanic ring ; w, mallens ; 1, ineos ;
5, stapes; afa, stapediong; sf, styloid process; p, &, g, stylopharyngens, stylohyoid, and styloglossus
muaseles ; s, stylohyoid lignment abbached fo the lesser cornn of the hyoid bone, by &6, thyroid
carbilage.

of Gruber (1877)—viz. that the stapes blastema is primarily connected with the anditory capsule
and ig only secondarily connected with the hyoid arch. Fuchs and Driiner also believe that the
connection of the mallens and ineus with Meckel's eartilage iz a secondary one,

The ontogenectic history of the anditory ossicles, as described by Droman, affords additional
evidence that the incus is a separate clement, and confirms the view that it represents the
quadrate bone of lower forms; while the mallews is the upper end of the primitive mandible,
and when ossified is the homologue of the os articulare {Gaup).

! Brit. Assoc, Report, 1901, * Archiv [ Awvat, Suppl. 1905, 5 Anat, Anzeiger xxiv, 1001,
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ABDOMINAL STALE, 5
Achromatin, 3
Adrenals, development of, 58, 135, 205
medulla of, from chromaffin system, 135,
204
Agar, on anterior mesoderm in Lepidosiven, 249
Age of embryos, estimation of, 80
Alecithal ovum, definition of, 9
type of cleavage in, 27
Alimentary canal, development of, 156
glands of, development of, 164
Allantois, arteries of, 217, 223
blood-supply of, in lower amniota, 217
degrees of development of, in lower
mammals, 53
formation of, 55
fate of, 55, 85, 185
veins of, 200
Allen, on epithelinm of genital ridge, 1588, 101
on rete tubules, 192
Amitosis, 4
Amnion cavity, origin of, in man, 20
ectoderm, origin of, 30
in guinea-pig, 31
in mice and rats, 31
formation of, in rabbit, 34
stalk, 30
stalk, mesoderm in, in higher Primates,
a4
structure of, 70
Amniota, blood-supply of allantois, in lower,
217
higher, head-segmentation in, 249
lower, gastrulation in, 43
peripheral mesoderm in, 34
rudimentary in, 177
Amphibia, pastrulation in, 43
liver.parenchyma in, 174
Iymph-hearts in, 236
Amphimixis, 17
Amphioxus, 42, 46
Anal tnberele, 201
Anamnia, homologue of intermediate cell.
mngs in, 177
nephrotomes in, tissue corresponding to,
ol
pronephros, a functional organ in larval
stage, 177
Annulus fibrosus of intervertebral discs, 251
ovaliz, 213

Anusg, formation of, 164, 201
Aorta, bulb of, 63, 207, 215
dorsal, 217, 221
primitive, formation of, 64, 206
ventral, 218
Apathy, on formation of neuroblasts, 08
Apes, entypy of germinal area in, 32
notochordal canal in, 39
Appendix, vermiform, development of, 164
Aqueduct of Sylvius, 111
Archenteron, 47
Arches, aortic, formation of, 217
fate of, 219
hranchial, 83
rudimentary
167
Archoplasm, 2
Aren, germinal, entypy of, 30
germinal, in blastocyst, 32
par.:-}taermirm]is. Elliot-Smith, 118, 122,
12
vascular, origin of early, 32
Arrectores pilme, ovigin of, 94
Arteries, allantoic, 217, 223
basilar, 223
carotid, 221
centralis reting, 142
cerebral, 221
ciliary, 143
coline, 223
curling, 79
facial, 222
hypoglossal, 223
infra-orbital, 222
innominate, 219
internal maxillary, 223
mandibular, 222
middle meningeal, 223
of the limbs, 224
ophthalmie, 231
segmental, 223
superior intercosztal, 223
stapedial, 222
subelavian, 223
superior mesenteric, 223
superior thyroid, 222
vertebral, 222, 223
vitelline, 223
Arytenoid cartilages, 169
Aryteno-epiglottidean folds, 167

fifth branchial, Kallins,
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Ascaris megalocephala, nuclear changes in
duriug maturation, 12
divizion of chromosomes in, 106
Assheton, theory of gastrulation of, 48
Atlag, 252
Atrinm of right auricle, 211
or rudiment of wutricle and
Strecter, 1446
Attraction-sphere, 2
fate of, in spermatid, 6
Aunditory pit, 143
vesicle, 145
nerve, 148
ossicles, 257
capsule, 254
Aunricular canal, 206, 213
Auwriculo-ventricular openings, 213
Azygos veing, 228

saceule,

BAEER, vox, on zona pellucida, 7
spermatozoon, 5
primitive nerve theory, 1060
Balbiani, body of, in young oocyte, 10
Balfour, F. BL, on outer lamella of myotome, 56
nerves, cell-chain theory of, 99
sympathetic system, origin of, 133, 135
adrecnals, 206
Bardeen, on muscle-plate, 506
development of muscles, 246G, 248
development of skeleton, 250, 252, 254
Basichromatin, 3
Basicranial plate, formation of, 254
Bat, entypy of germinal area in, 31
formation of notochordal canal in, 41
persistence of floor of notochordal eanal
im, 46
differentiation of chorionic epithelinm in,
75
Beard, on branchial sense-organs, 128
on thymus, 172
Benda, mitochondria of, 2
Beneden, Van, lécithophore of, 27
on inversion of blastoderm, 30
notochordal canal in bat, 46
phylogeny of primitive streak, 48
origin of placenta in lower mammals, 74
eytoblagt and plasmodiblast, 74
differentiation of chorionic epithelium in
hl:'l.t', I'I.J
Beneke, ovum of, 80
Bertin, primary columns of, 185
Bethe, on neuroblasts, 98
Bidder, outgrowth theory of nerves, 59
Bile-duet, rudiment of, 173
capillaries, formation of, 174
Birds, cochlea in, 148
development of olfactory nerve in, 155
Bladder, gall, rudiment of, 174
urinary, 185, 186
Blastocyst, formation of, 26
in Tarsius spectrum, 27
invagination of eell-mass into, 27
wall, separation of, from velk.sac, 33
wall, attachment of, to volk-sac, 35
size of, related to imbedding, 67
Blastoderm, 25
bilaminar, 20
trilaminar, 32
inversion of, theories of, 30
hilaminar, in holoblagtic ova, 43

INDEX

E{ustnmcw. 25
ﬂ-El-D 2 ‘3
fl.l!;l:::: of lips of, 47
a5 ori oipinus, 45
Blaﬁ-lulﬂ-, rnml;u:m of, 43
in amphioxus, contrasted with mam-
malian blastocyst, 45
Blood, first appearance of, 59
corpuscles, origin of, 60, 174, 237
iglands of Pander, 50
vessels of yolk-sac, 59
vessels of embryo, 61
Bonnet, on origin of mesoderm, 36, 39
blastoparic ‘aperture in dng, 43
notochord in dog, origin of head end of,
49
Bonnot and Seevers, on vitelline artery, 223
Born, on lacrymal canal, 144
development of tongue in pig, 159
development of heart, 212
Bowveri, on centrosome, 2
centrosome in fertilisation, 15
Brau:]:mt leuro-peritoneal membranes of, 241
esolateral fold of, 242
Brm:hm of corpora quadrigemina, 113
Bradley, on development of cerebellum, 110
neuromeres in pig, 129
Brain, development of, 105 el seq.
flexures of, 1006
blood-supply of primitive, 221
veins of, 220
Branchial arches, clefts, pouches, 83, 149, 158
region, interpretation of serial characters
of, 130
group of muscles, 248
sense-organs of Beard, 128
Brauer, on pronephros in Gymnophiona, 177
Broman, on segments of rhombic brain, 107,
130
development of auditory ossicles, 258, 260
Bronchi, rudiments of, 166
Bryce, on s}ple-en, histogenesis of, 237
Bueeo-nasal membrane, 153
Buceo-pharyngeal membrane, 52, 53, 156
Budge, on lymphatic system, 236
Burdach, tract of, 103

Cxovm, 164
Calcar avis, 124
Calf, basis eranii in, Froriep, 255
Cameron, on pineal diverticulum in lower
vertohrates, 114
Canals, semicircular, 146, 147, 256
Canalis remniens, or duct of Hensen, 148
Capsule, internal, 120
of lens, 142, 143
auditory, 256
olfactory, 257
of Bowman, rodiment of, 1584
Cardinal veins, 220
Carnivora, allantoic vesicle in, 55
Carotid gland, from chromaffin system, 133
system of arteries, 217, 219, 221
Ca:hla of Bantorini, 167
risherg, 167
Uﬂ.rtllagu triticea, 168
Caruncula lacrymalis, 144
Cauda equina, 103
Caundal arch, secondary, Young and Robinson,

223
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Caundate nucleus, 119
Caval mesentery, 227
Cayum septi, 122
Cell, animal, strocture of, 1
process of division, 4
Cells, history of sex, 5 ef seq.
vaso-formative, origin of, 61
primitive sex, origin of, 188
interstitial of ovary and testis, 191, 192
Centriole, 2
Centroplasm, 2
Centrosome, 2
in fertilisation, 15
Cephalic flexure, 106, 156
Cerebellum, formation of, 108, 109
Cerebral vesicles, primary, 48
hemispheres, 115 seq.
nerves, development of, 127, 130
arteries, 221
veins, 220
Cervix uteri, 194
Chambers of heart, development of, 211
Cheeks, development of, 158
Cheiroptera, early imbedding of ovam in, 66
Chiasma, optic, 111
Choanwe, primitive, 153
Chrondriomites, 10
Chorda dorsalis. See Notochord,
Chorda tympani, 132
Chord® tendinem, 215
Chorion, stracture of, 71
frondosum, 72
lmve, 72
vascularisation of, in Primates, 55
Choroid coat, 143
plexuses, origin of epithelinm of, 106
plexuses, 110, 121
Choroidal fizssure, 118, 140
Chromaffin (phiiochrome) cells, 135, 136, 206
bodies, 135
Chromatin, 3

material basis of hereditary qualities, 17

rednction of, 17
Chromosomes, 4
eplitting of, 4
divigion of, in Ascaris, 16
perzistent identity of, 17
reduction of, 17
fusion of, 19
theory of heredity, 22
Ciliary ganglion, 134
body, 143
processes, 143
muscle, 143
Circulation, feetal peculiarities of, 233
course of, in fmtus, 233
changes in, at birth, 234
Clanstrum, 121
Clavate nucleus, origin of, 108
Clivos monticuli, 110
Clitoris, 203
Cloaca entodermica, formation of, 164
development of bladder from, 185
fate of, 201
Cloacal membrane, 52, 164, 201
tubercle, 2001
plate, 201
Cochlea, 147, 256
canal of, 146
ganglion of, 148

Cochlea in birds, 148
modiolus of, 148
gpiral lamina of, 148
Coceygeal gland, 135
Cwelenterate, conversion of radial, into proto-
vertebrate, 48
Ceelom, definition of, 34
formation of, 49
extra-embryonic tizssue in, 35
intra-embryonic, or body-cavity, 51
cavity of 1pnm1t1wa gegment continuous
with, in lower vertebrates, 51
extra-embryonie, obliteration of, 85
Ceelomic pouches, ungm of axial mesoderm
ﬂep ll.t., ¥
caﬂtms in heau], in lower wvertebrates,
47, 249
Uoert, on epithelinm of genital ridge, 188
origin of tubules of rete testis, 192
Clolloid, development of, in thyroid, 168
Coloboma iridis, 140
Colon, development of, 163

| Columnm carnes, 215

Commizsure, midddle, or intermediate mass,
113
posterior, 114
habenular, 114
anterior, 122
hippocampal, 122, 123
Concha, 149
Conchae of nose, 155
Concrescence theories, His, Minot, Hertwig, 47
Coni vasculosi, 192
Conjugation of nuclei, 15
Connective tissue, early stages in develop-
ment of, 56
Conus of right ventricle, 216
Cord, umbilical, formation of, 85
genital, 181, 188, 193
nephrogenetic, 178, 182
Cornen, 143

| Corona radiata, 8

Loronary sinus, 211
lignments of liver, 243
Corpora quadrigemina, 111, 113
mammillaria, 111, 115
Corpus dentatum of olive, 108
callosum, 122
peduncle of, 124
strintum, rudiment of, 116
development of, 119
luteum, 19
Corpuscles, directive or polar bodies, 11
of Hassal in thymus, erigin of, 172
Costal processes, 250, 252
Craniota, formation of gastrula in, 47
Cranium, 254, 256
Cremasteric muscle, 199
Cribriform plate, 256
Cricoid cartilage, 167
Crista galli, 257
urethralis, 185
Crura cerebri, 111
Crus fornicis, 124
of semicircular canals, 146
Crusta, 111
Cryptorchismus, 201
Cumulus cophorus, 191
Cuneate nucleus, origin of, 108
Cunningham, on frontal operculum, 124
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Cuvier, ducts of, 206, 208, 226
fate of, 232
vestiges of, 232
Cyclostomata, liver-parenchyma in, 174
head-segmentation in, 249
development of eye-muscles in, 248
Cytoblast, Van Beneden, 74
Cytomicrosomes, 2

DEcinTa, structure of, 67, 63, 69
reflexa, or capsularis, 69
serotina, or basalis, GO
basalis, degeneration of, 77
vera, 68
stratum spongiosum of, 63
stratum compactum of, 63
Decidual cells of Friedlander, G5
Dieiters, sustentacular cells of, 148
Delage, on artificial parthenogenesis in Echinus,

Denis, on rudiment of utricle and saccule, 1406
Dentoplasm, 2, 10
Diaphragm, development of, 241, 243
origin of muscular tissue in, 243
nerve.supply of, 243
Diencephalon, 115
Dise, intervertebral, development of, 250
Discus proligerns, 9, 191
Disse, on decidual eells in rats and miee, 67
cloacal plate, 201
development of olfactory nerve in birds,
155
Dixon, A. F., on origin of sheath of Schwann,
1040

great superficial petrosal nerve and chorda
tympani, 132
Dog, origin of lateral mesodermic sheets in,
. Bonnet, 30
Mastoporie aperture in, Bonnet, 43
notochord in, origin of head end of,
Bonnet, 49
Dohrn, cell-chain theory of nerve-fibres, 99
Dorsiflexion in early emhry:h‘, b e
Dorsum =ellwe, origin of, 106, 254
Driiner, on origin of auditory osgicles, 260
Duet, vitelline, formation of, 55
Waolffian, development of, 178
bile, origin of, 173
of Bantorini, 175, 176
of Wirsung, 175
Stenson’s, development of, 163
Millerian, 193
ejaculatory, 102
lacrymal, 144
Ducts of Cuvier, 206, 208, 226, 232
genital, development of, 136
Ductus arteriosus, 219, 233, 235
lingualis, 168
thyreug,lnssus, 168
thyroideus, 168
venosus [ Arantii), 226, 233
Duodenal loop, formation of, 161, 246
lumen, ocelusion of, 163

EAR-VESICLES, appeasrance of, 83
external, 88, 258
development of, 145
middle, 149
Ebner, von, on zona radiata, 8, 9
divizion of sclerotomes in Reptilia, 250

INDEX

Echidna, cloaca in, 203
thyroid cartilage in, 167
lateral thyroid in, 169
Echinoderm, fertilisation in, 14
Ectoderm, embryonic, formation of, 20
cells in mesenchyme, 59
organs derived from, 93
or'r%:'m of early mesoderm from, in Tarsius,
L l'!'
Egg-protoplasm, structure of, B
tubes of Plliiger, 190
Ejaculatory duect, 192
Elliot-Smith, area paraterminalis of, 118
on rhinencephalon, 122
neopalliom, 122
fasciculus praccommissuralis of, 124
Embryo, head end of, origin of, 47
situation of growth centre in, 47
estimation of age of, 80
general history of development of, 80 ef

s
separation of, 52, 53
Embryonic ectoderm, 20
axiz, development of, 35, 37
cell-mass, 26
vessels, theories as to ovigin of, G1
Eminence, collateral, 124
Miillerian, 194
Endolymph canal, 146
saccule, 146
Endothelinum, lining of heart-tube, 210
Entoderm, primitive, formation of, 27
primitive, formation of, by invagination
in holoblastic ova, 43
early mesoderm from, in Semnopithecuns,
34
organs derived from, 93
development of notochord from, in Amphi-
oxns and Reptilia, 46
Entodermic sac, formation of, 28
Entomeres, 43
Entypy of germinal area, 30
Ependymal lining of neural canal, 06
Epibolic process in segmentation, 25
Epididymis, canal of, from Wolffian duaet, 192
Epiglottis, 158
Epiphysis cerebirl, or pineal body, 113
Epithelial plug in nostril, in second month, 88
Epoophoron, 192
Eternod, sinuz ensiformiz of, G0
on blood-vessels in embryo of thirteenth
day, 63
characters of thirteenth-day embryo of, 52
fustachian tube, 149
valve, 213, 233
Excretory organs, development of, 177
E_T,.r{', origin of muscles of, in lower vertebrates,
571- E-I.'g
development of, 136
museles of, 248
coats of, 142, 143
anterior chamber of, 143, 144
vitreous and lens-capsule, 142
Evelid, third, or membrana nictitans, 144
Eyelids, development of, 144

Face, formation of, 36, 136
Falciform lignment, 244

Fallopian tube, development of, 194
Falx cerchri, rudiment of, 116
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Farmer, on fusion of chromosome in synapsis,
P
Fascia dentata, 122, 124
Fasiculus precommissuralis, 124
Fuauces, isthmus of, 157
Fertilisation, 14
Fibires of Miiller, 140
Filum terminale, 103
Fimbria, 122, 124
Fissura prima, 110, 115
secunda, 110
Fissure, floccular, 110
great horizontal, late appearance of, 110
external rhinal, 116
choreidal, 118, 140
hippocampal, 122, 124
callosal, 124
calearine, 124
collateral, 124
of Sylvius, 124
sphenoidal, 256
of Ebner, in zelerotomesz, 2540
Hﬂjﬂth‘g]}ﬂllll, on development of eloaca, 201,
203
Fleming, on zona radiata, 8
origin of Wolffian duct from ectoderm,
178
Flexures of brain, 106
Flint, on divizion of bronchial stem, 1646
Flocenlus, 110
Fwtus, application of term, 89
history of, 89 «f seq.
Fold of Marshall, vestigial, 232
mesolateral, of Brachet, 242
Follicles, primitive, in ovary, 19
development of Graafian, 190
Foramen caecum, of Morgagni, 159, 168
of Winslow, 242, 244
jugular, 250
for hypoglossal nerve, 256
ovale, 212, 213, 238, 2546
effects of persistence of, 235
spinosum, 256
rotundum, 256
opticium, 256
of Monro, 113, 116
interventricular, 215
closure of, 217
jugulare spurium, 231
Fore-brain, or progencephalon, 111
alar and basal laminee in, 113
F'D‘re-g'lli‘, first formation of, 53
Formatio reticulariz, nerve-eclls of, 108
Formative cell-mass, 26
Fornix, 124
Fossa subarcuata, 256
Fovea, superior and inferior, 108
Fretum Halleri, 206
Froriep, ganglion of, 127, 130
on branchial sense-organs, 128
theory of head-segmentation, 249
development of basis eranii in calf, 254
Funiculus solitarius, 108
Fiirbringer, on occipito-spinal nerves, 127
origin of trochlear nerve, 128
theory of head-segmentation, 249
Fuoreula, 159, 167

(FALL-BLADDER, rudiment of, 173
Ganglion, acoustico-facial, 132, 148
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Ganglion crest, 126!
Froriep's, 127, 130
habenula, 114
petrous, 132
nodosum, 130
Gasserian, rudiment of, 133
geniculate, 132, 148
ciliary, 133
wvestibular, 148
apiral, 148
cochlear, 148
Meckel's, 133
otie, 133
sub-maxillary, 133
Ganglia, spinal, development of, 08, 00
rudiments of, in cerchral nerves, 128
sympathetic, 135
origin of segmental, in Petromyzon, 129
Girtner, duct of, 193
Gastrula theory, 42
applied to Primaies, 43
Gastrulation, in amphibian ova, 43
in lower Amniota, 43
stages of, modified by acenmulation of
voll, 45
changes corresponding 1o, in Primates,
43
two stages of, Keibel and Hubrecht, 47
Gegenbaur, on head-segmentation, 249
ieniculate bodies, 111, 114, 115
Genital organs, external, appearance of, 201
cord, 181, 193, 197
ridge, 186
glands, development of, 186
ducts, development of, 192
ducts, fate of, in the two sexes, 192
mesentery, 199
folds, onter and inner, 202
papilla, 201, 202
Germ-cells.  See Sex-cells.
centres in developing Ivmph-glands, 230
Germinal layers, formation of, 27
area, entypy of, 30
area, in rabbit, 32
epithelium, 186, 191
spot, 10
vesicle, structure of, 9, 10
zone, development of, in spinal eord, 95
Giglio-Tos, on seventh and eighth nerves, 132
ganglion of trigeminal nerve, 133
Gill-clefts, 53, 158
pouches in higher vertebrates, 158
Giraldés, organ of, 192
Gland, lacrymal, 144
prostate, 194
thymus, 169
thyroid, 168
Glands of alimentary canal, development of,
164
salivary, 163
sweat, 94
sebaceous, 94
in utering mucosa, changes in, in preg-
nancy, 63
genital, development of, 186
Glans penis, 203
Globular processes, 87, 151
Glomeruli, development of, in pronephros, 177
in mesonephros, 182
in metanephros, 184
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Glottis, rudimentary, development of, 166
Goll, rudiments of tracts of, 103
Granfian follicle, origin of, 190
Graham Kerr, on muscle-plate in Lepidosiren,
ol
visual cells in Lepidosiren, 140
Greil, on aortic bulb, 207
Groove, primitive, 36
lacrymal, 88
urethral, 202
Gubernaculum testiz, 199
(Guinea.pig, formation of amnion in, 31
entypy of germinal area in, 31
allantois in, 55
imbedding of ovum in, von Spee, 67
Gymnophiona, pronephros in, 177
Gyrus subeallosus of Zuckerkand], 124
cinguli, 124

HABESULAR REGION, 114
Haeckel, on gastrula stage, 43
Haemolymph-glands, 236
Haftstiel, or connecting stalk, 34
Hair-cells, 148
Hammar, on development of tongue, 159
of tonsils, 160
of tympanum, 149
on thymus, 172
Harrison, on origin of sheath of Schwann,
100
Hart, Berry, on origin of hymen, 195
development of prepuce, 2053
Hassall, curpur,‘t:l(-s of, origin of, 172
Head.plate in trilaminar blastoderm, 35
end of embryonic axis, origin of, 47
muscles of, 248
cavities in lower forms, 248
Heape, on zona radiata, 8
rudimentary blastopore in the mole, 43
pre-maturation stages in rabbit, 11
Heart, appearance of rudiment of, 6]
endothelial lining of, origin of, 62, 206
appearance of constrictions in, 63
development of, 200 el seq.
septa of, 211, 212
valves of, 211, 213, 215, 216
fretum Halleri of, 207
puricular canal of, 206, 213
chorde tendinex of, 215
foramen ovale of, 212, 233
limbus Vieussenii of, 235
musele of, origin of, 62
columnae carnem of, 215
feetal, peculiarities of, 233
Hedgehog, entypy of germinal area in, 31
blagtoporic aperture in, Hubrecht, 43
Held on neuroblasts, 98
origin of sensory nerve roots, B9
theory of origin of nerve-fibres, 100
Henle, looped tubule of, 184
Hensen, knot of, 32, 356
primitive nerve theory of, 100
duet of, or canalis reuniens, 145
Hepatic veins, 224
Heredity, chromosome cleavage in, importance
of, 10
Weismann's theory of, 21
Mendel's Law of, 23
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Hertwig, on nuclear phenomena in Ascaris
megalocophala, 12
development of mesoderm, 36
concrezeence theory of, 47
theory of origin of nerve-fibres, 100
mesenchyme of, 58
Heteratypical mitosis of sex-cells, 4, 18
Hind-brain or thombeneephalon, 106
Hind-gut, formation of, 54
connection of, with Wolffian duct, 164
Hippocampal commissure, 122, 123
formation, fate of, 124
Hippocampus, development of, 121
His, W., Jr., on origin of sympathetic, 135
cochlear ganglion, 145
His, W., Bauchstiel or abdominal stalk of, 54
rule for estimating age of embryos, 80
on embrvonic blood-vessels, from vascular
area, 6l
concrescence theory of, 47
characters of embryos described by, 82,
83, 84, 80
neuroblasts of, 06
spongioblasts of, DG
on neurone theory, 100
closure of neural laminge, 108
brain of sixth-week embryo, 113
growth of corpus callosum, 124
direction of motor fibres of focial nerve,
132
development of sympathetic, 133, 135
trapezoid area of, 118
on upt.{c vesicle, dcw:]npmu:nt of, 136
appearance of nerve-fibrez in optic stalk,
140
development  of
155
tubereulum impar, 159
furcula of, 159, 167
on accessory thyroid bodics, 168
development of thymus, 172
characters of division of bronchi, 166
isthmus of, 107
septum superius of, 212
sulcus terminalis of, 213
porta vestibuli of, 234
Hochstetter, on inferior vena cava, 227
development of nose, 151
Holoblastic, definition of, 27
segmentation in mammals, 25
Homotypical mitosis of sex.cells, 18, 19
Hubrecht, on trophoblast, 26, 71
E\h:.']ogeu}r of mammalian ovum, 27
arsius speetrum, 27
formation of entodermic sac, 29
invagination of blastoderm, 30
derivation of early mesoderm in Tarsius,
34, 35, 39
astrulation, two phases of, 47
lastoporic aperture in mammals, 43
origin of head end of notochord in
Tarsgius, 49
vascular mesenchyme, origin of, 62
development of placenta, T4
radial symmetry of fore-part of head,
249

olfactory nerve, ),

. Huntington, on origin of lymph-vessels, 236
I Hyaloi
Herring, on development of kidney-tubules, |
| Hydatid of Morgagni, 194

membrane, 143
artery, distribution of, 142, 143
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Hylobates, germinal area in, 30

early chorionic vessels in, G0
Hymen, 195
Hyoid arch, muscles of, 248

bone, 257
Hypochordal rod, 252
Hypoglossal nerve, 127, 130, 244, 256
Hypophysis, or ectodermic portion

pituitary body, 1135, 256

Hypothalamus, 213

IprosoMeE, of spermatid, 6
of oocyte, 10

Imbedding of ovam, 63, 66, 67

Inaba, on origin of adrenals, 206

Ineus, origin of, 257, 258

Indusium, 124

Infundibulum, relation of notochord to, 49
development of, 113, 115

Ingalls, on origin of premuscular tizsue in limb-

%uds, 2

Inguinal pouch, 200

Inseetivora, early imbedding of ovum in, GG

Intermediate cell-mass, formation of, 51
development of exeretory organs from,

177

Intervillous space, 76

Intestines, development of, 160 et seq.

Inversion of germ-layers, Sec Entypy.

Iris, 144

Island of Reil, formation of, 124

Isthrus faucium, 157

of His, 107

JacoBs0R's ORGAR, 105
J:u:ohy, on basis cranii in human |:.~|1'|hr_1.'u, 254
Janofik, on Wolffian duct in marmot, 178
origin of adrenals, 206
Joint-cavities, development of, in limhbs, 254
Jones, F. W., on development of vagina, 195
development of cloaca, 203
Jugular vein, primitive, 229
external, 231
foramen, 256

Karrivs, on development of tongue in lower
forms, 159

development of larynx in man, 166, 167

Karvokinesis, 4

Karyoplasm, 1, 3

Karvosomes, 3

Keibel, on invagination of blastoderm in

human ovum, 30

blastoporic aperture in rabhit, 43
gastrulation, two phases of, 47
clogure of neural tube in pig, 105
development of optic wesicle in pig, 130
Wolffian duct, 178
development of cloacal region, 203
division of cloaca in Echidna, 203

Keith, on acrtic bulb, 210

Kephalogenesis, stage of gastrulation, Hu-

brecht, 47

Kidney, permanent or metanephros, 1582
primitive pelvis of, 132
development of tubules of, 184
primary lobulation of, 184

Klein, on origin of lymph-vesscls, 235

Kohn, on development of nerves, 100
development of sympathetic system, 133
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Kohn, chromaffin bodies, 135
development of medulla of adrenals, 206

| Killiker, on structure of spermatozoon, 5

outgrowth theory of nerve-fibres, 99
development of sympathetic system, 133
lens-capsule and vitrcous, 142
air-cells of lungs, 166
thymus, 172
Eﬁllmarllﬁn, on muscle-plate in human embryo,
]
characters of fourteenth-day embryo,
deseribed by, 52
segmental character of Wolffian body in
early human embryo, 182
origin of Wolffian duct from ecctoderm,
178
development of mouth, 158
origin of limb-muscles, 247
Koltzoff, on cercbral nerve placodes, 128
origin of segmental ganglia in Petro-
myzon, 124
head-segmentation in Petromyzon, 240
Korschelt, an origin of heterotypical I_lrﬂ-!llu!.'ir_‘
figures, 22
Kowalewsky on gastrula stage, 43
Kupffer, outgrowth theory of nerve-fibres,

on cerebral nerve placodes, 125

LaBra amagora, 203
minora, 203
Labyrinth, recess of the, 145
Lacrymal canals and duets, 144
groove, 88
gland, 144
Lacrymale, punctum, 144
Laguesse, on cellular elements in Selachian
eplecn, 237
Lamina affixa, 121
terminalis, 116, 122, 123
spiral, 148
Lﬂlln!;hn of spinal cord, alar and basal, 101,
02
Lancisii, nervi, as westige of hippocampal
formation, 124
Lane-Clayton, on germinal epithelivm, 191
Langer, on development of lymphatics, 236
Langhans' layer, 75, TG
Lankester, on blastopore, 43
Lanugo, 92, (4
Laryngeal nerves, inferior, relation to aortic
arches, 221
Larynx, 166
Lateral sinus, 220
Lécithophore of Van Beneden, 27
Lenhossék, outgrowth theory of nerve-fibres,
29
Lens, rudiment of, from surface ectoderm, 137
epithelinm, 139
fibres, 134
vegicle of, 84, 137
transitional zone of, 139
capsule of, 141, 142 ;
Lenticular nucleus, 4:[1::1.-11lu|n1wl11 of, 121
Leopold, ovam of, G5, 75, 80
Lepidosiren, muscle-plate in, 56
visnal cellz in, 140
fate of cellular elements of spleen in, 237
anterior mesoderm in, Agar, 2449
Levi, on development of skull, 254 256
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Liewis, on :I"I'iI:I:iL'lL‘rllli'llE in human L'm]J-I"_‘Ir‘-u, 56
development of columnae carnem, 215
sub-eardinal veins, 227
origin of lymphatics, 236
origin of premuscular tissue in limb-

buds, 247

:Lig.'irm':ut, round, 194
SUSPENSOTY, of ovary, 107
broad, 197
thln-hﬂ. oid, 2
Iulufnrm. .’44
coromary, 243

Ligaments, articular, 230, 253, 254

Ligamentum arteriosum, 221

Ligula, 108

Limb-buds, earliest signs of, 84

Limbs, segments of, 89
rotation of, 59
skeleton of, 254
arteries of, 224
veins of, 232
nerves of, primary,

branches of, 126
museles of, 246

Limbus YVieussenii, 235

Linin, 3

Lips, development of, 151, 158
rhiombic, formation of, 108

].iqnl::lr i, 70
folliculi, 191

Liver, rudiment of, 161, 173
parenchyma, -.Iﬂ:]upment of, 174
vemms of, 174, 226
capsule of, 174
activity of, as blood-forming

early months, 174 '
sinusoids of, 194, 224

Lobules of liver, 175

Lobus pyriformis, 118
Spigelii, 175

Locus coerulens, 108

Loeh, on parthenogenesis in Echinus, 17

Lung, development of, 166
rodiments of, in body-cavity, 239
divizion of primitive, into lobes, 166

Luschka, on primitive jugular vein, 231

Lymphatic system, 2353

Lympli-cells in thymus, source of, 172
hearts in pig, Sabin, 236
alands, 236
cords, 236

]..-:I."IEI* origin of, 123

ventral and dorsal

organ mn

Macacus blastomere
in, 25
Mackay, on segmental arteries in limbs, 224
Macula germinativa of Wagner, 10
Magma retienlaris, 35, 80
Mall, on early human ovom, &1
inversion of germ-layers, 30
intestine, development of, 162
development of body-wall, 240
jugular veins, 231
vitelline arteries, 223
Mallens, origin of, 257
Malpighian corpuscles of spleen, 237
of Wolfian body, 178, 182
Mandible, primitive, 237
Mantle zone, development of, 95
Manubrium sterni, origin of, 23

NEMESTRINUS, stage

INDEX

Marmot, Wolffian duct in, Janosik, 175
Marshall, oblique vein of, 232
vestigial fold of, 232
Maturation of the cocyte, 10, 11
nuclear phenomenns during, 17
Maurer, on gill-pouches in higher vertebrates,
158
lateral thyroid in Echidna, 169
on thymus, 172
fate of outer lamella of myotome, 56
MeClure, on origin of Ivmph-vessels, 236
Meatus, external anditory, 149
Meckel’s cartilage, 150, 257, 258
ganglion, 133
Medullary nerve-sheath, appearance of, 103
Membrana limitans of spinal cord, 96
nictitans, 144
reuniens, 246
tectoria, 148
tympani, 149, 150
Membrane, infrachoroideal, 119
pleuro-pericardial, 241
peritoneo-pericardial, 242
mueons, of uterus and vagina, 196
hyaloid, 143
pupillary, 143
cloacal, 201
Membranes, foetal, 635, 70, 71
of spinal cord, 105, 250
Mendel, Law of Heredity of, 23
Menstrual decidua, 67, 68
Meroblastic segmentation, 27
Merogony in Echinus, 17
Mesenchyme, 56, 58, 59, 62
origin of lymphatics in, 235
of limhb-buds, 246
theory, Hertwig, 58
Mezencephalon, or mid-brain, 106, 110
connection with optic stalks, 141
eonnection of Gasserian ganglion with, 133
Mezentery, caval, 227, 242
of genital ghml 180, 197
primitive intestinal, 161
ventral, 244
dorsal, 2-14
Mesoeardinm, dorsal, 62, 206
lateral, 208, 240
ventral, absence of, 237
Mesocolon, 244
Mesoderm, formation of, 32
parietal and vizceral layers of, 33
]rrvm:us:inuﬁ formation of, in Primates, 34
carly, c»ngm of, in mamn, #4
[-m'h urtgi.n uf in Tarsius, 34
Mriv origin of, in Semnopithecus, 34
nmbr'l.'muc rudiment imbedded in, in
higher Primates, 34
ag origin of magma reticularis, 35
from entodermal plate, 35
from primitive streak, 35
development of, by ewmlomic pouches,
Hertwig, 306
from entodermal ring, Hubrecht, 35
in Amphioxus and Reptilia, 46
lateral, history of, 49
paraxial, 49
intermediate, 51
two orders of, 58
anterior, of Lepidosiren, Agar, 249
az origin of 2ympathetic ganglion-cells, 133
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Mesoduodenum, disappearance of, 246
Mesogaster, 246
Mesolateral fold of Brachet, 242
Mesonephros, 177, 178
Mesorchinom, 189, 199
Mesovarinm, 189, 197
Mesothelinm, or endothelium of body-cavity,
a7
Mesosalpinx, 192, 107
Metanephros, 177, 182
Mid-brain, 106, 110
Milhalkovies on olfactory nerves, 156
Minot, sex theory of, 20
conereseence theory of, 47
on placenta, T4
on trophoderm, 74
sinusoids of, 174, 224
Mitochondria, 2
Mitosis in somatic cells, 4
in sexual cells, 17
Modiolus, 148
Mole, inversion of germinal area in, 31
blastoporic aperture in, 43
Monotremes, ovam of, 27
Monro, suleus of, 113
foramen of, 113, 116
Montgomery on synapsis, 22
Moore, synapsis of, 19, 22
Morbus ceerulens, 235
Morgan and Wilson on artificial production of
centrosomes, 2
Morula or mulberry mass, 25
Mouse, entypy of germinal area in, 31
phagoeytic action of decidual cells in, 67
Mouth, 156G, 158
non-correspondence of primitive with
permanent, 158
Miller, Eric, on arteries of upper limbs, 224
Miiller, Johannes, fibres of, 140
Miillerian duct, 193
eminence, 194
Muridae, imbedding of ovum in decidua in, 67
Muscle-plate, 56, 246
Museles, voluntary, from paraxial mesoderm,

early stages in development of, 56
of head, 248
of limbs, 247, 248
of eye, 248
of tongue, 248
of mastication, 248
branchial group, 248
of hyoid arch, 248
platysma, 248
sterno-mastoid, 130, 249
trapezios, 249
eremaster, 199
longissimus dorsi, 246
ilio-costalis, 246
spinaliz dorsi, 246
obliquus externus, 246
obliquus internus, 246
transversalis, 246
rectus abdominis, 246
Muscular wall of uterus, 196
Musculature, visceral, cercbral nerve supply
of, 128
Musculi papillares, 215
Myelospongium, 96
Myoecwl], 2416

269

Myosepta, 230
Myotomes, differentiation of, from primitive
segments, H6
extension of, into somatopleure, 246

NaAGEL, on vagina, development of, 195
Nares, posterior, or choana, 153
Nasal processes, lateral and mesial, 87, 151, 153
capsule, 154, 2537
fossa, development of ciliated epithelinm
in, 166G
gseptum, 256
Neocraninm, 249
Neopalliom, Elliot-Smith, 122
Nephridia, 178
Nephro-genetic  blastema,
tubules in, 177
eord, 178, 182
Nephrotomes, differentiation of, from primi-
tive segment, 57
in Anamnia, tissue corresponding to, 51
Nephrostome, 177
Nerves, peripheral, histogenesis of, 4
development of, 125
sermental, dorsal and ventral branches of,
126
occipito-spinal, Firbringer, 127
cercbral, development of, 127, 130 seq.
olfactory, 155
great superficial petrosal, 132
chorda tympani, 132
oculo-motorius and trochlearis, 127, 133
trigeminal, 123, 132, 133
abducens, 127, 132
facialis, 128, 132
acousticus, 132
vagus, 128, 130
glosso-pharyngeal, development of, 128,
132

development of

spinal aceessory, 128, 130
hypoglossal, 127, 130
Nerve ganglia from neoaral crest, 48
roots, origin of, 98
fibres, theories of formation of, 90
plexuses for limbs, rudiments, 126
Nervous svstem, central, origin of, 48
contral, development of, 94 ef seq.
peripheral, development of, 125
Neural eanal, formation of, 48
relation of, to neurcnteric canal, 48
crest, formation of, 48, 98
groove, formation of, 48
];late, origin of, 48
olds, 48
arch, development of, 250
Neurenteric canal, 39
Neuroblastz, origin of, 96
Neurocranium, 256
Neuroglia, origin of, 96
Neuromeres, 107, 129
Neurone theory, basis of, 100
Neuropore, anterior, 48
Nicolas, on development of thyroid cartilage,
167
Nose, formation of, 151
H{:tan;cncﬁis, stage of gastrulation, Hubrecht,
4
tha{-il:;};‘d+ earliest appearance of rudiment of,
formation of, 49



Notochord, traces of, in adult, 49
head end of, relations of anterior primitive
segments to, 50
formation of vertebre round, 250, 251
digsappearance of, in vertebra, 250
connection with hllc{:a-phur}'nguul M-
brane, 254
connection with craninom, 235
Notochordal canal, formation of, 39
sheath, development of, 250
plate, 37
canal, opening of, ns rupl't:-ﬁcntilig blasgto-
pore, 45
Nuck, canal of, 201
Nuelei of origin of cerebral merves, 127
Nucleolus, true, of animal ecll, 4
Nucleus, structure of, 1, 2, 3
pul posus, 251

Orex, 108
Oceipital gegment of bagi-cranial plate, 256
Oecipito-spinal nerves, 127, 130
Ezophagus, 160
Olfactory pit, 83, 151
bulb and tract, origin of, 118
nerve, 155
eapsule, 255
Omenta, 236, 244, 246
Ooeyte, structure of, 7
maturation of, 10
development of, in germinal epithelium,
191
Oogenesis, 7, 10
synapsis in, 22
Chogronaa, 10
Opereula of island of Reil, 124
Opozsum, blastoporie aperture in, Selenka, 43
Optic chiasma or commizsure, 113, 141
cup, development of, 137, L0
disc, 141
recess, 113
foramen, 256
stalk, formation of, 106
stalk, appearance of nerve-fibres in, 141
tract, 141
vesicles, 82, 1046, 136
Ura serrata, 140
Organ of Corti, 148
Organs of the body, classification of, according
to origin, 93
Oz articulare, 260
0z dentale, 257
Ossicles, aunditory, formation of, 257
Ostinm primum, Born, 212
Ostinm secundum, 212
Otz on cloaeal region, 201, 202
Ovary, development of, 189
imbedding of blastocyst in stroma of, 73
change of position of, 196
Ovum, alecithal, 9
germinal vesicle of, O
holoblastic, 25, 27
attachment of, to uterns, 65
site of implantation of human, G35
human, villi in, 75
imbedding of, 63, 66, 67
fertilisation of, 14
maturation of, 10
meroblastic, 27
segmentation of, 25

INDEX

Ovum, zona pellucida of, 7
rzona radinta of, 8
mammalian, phylogeny of, 27
development of primitive, 190
Oxychromatin, 3

PaLzocRANIUNM, 240
Palatal folds, 154
Palate, primitive, 154
permanent, formation of, 155
Pallinm, 116
Pancreas, development of, 175
” ﬁneta of, 176
apilla, ital, 201
P;Lgillm E?nt.lungue, 160
Papillary muscles, 215
Parachordal eartilages, absence of, in human
embryo, 254
Paradidymis, or organ of Giraldés, 192
Paraflocculus, 110
Paraplasm, 2
Parathymus, See Parathyroid.
Parathyroid bodies, 172
Parker, on stapes, 2060
Parcophoron, 193
Parovarinm, 192
Pars intermedia, of facial nerve, 132
membranacen septi, 217
Paterson, on origin of sympathetic system, 133
limb-muscles, 247
development of sternum, 253
Pedunecles, superior cerebellar, 110
of eerebrum, 111
Pelvis of kidney, primitive, 182, 183
Penis, glans, 203
Perforated spot, anterior, 118, 120
Perforatorium of spermatozoon, 3
Pericardium, 52, 206, 237
Perilymph, development of, in inner car, 148
Perineum, 201, 202
Peritonenm, 242, 244
Peters, on carly human ovoam, 27
on placenta, T4
ovum of, mesoderm in, 35
imbedding of, in uterine mueous mem-
brane, G5
placental plasmodium in, 73
description of, 80
Petromyzon, segmentation of mezoderm in, 50
head-segmentation in, 249
origin of segmental ganglia in, 129

Piliiger, egg-tubes of, 190

| Phagoeytic action of trophoblast.cells, T4

Phiiochrome or chromaflin bodies, 135
Phiochromoblast, 136
Pharynx, development of, 53, 158
Philtrum, 151
Pia mater, 106G, 116, 250
Pig, muscle-plate in, 56
closure of neural tube in, 105
development of tongue in, 159
development of optic vesicle in, 136
number of neuromeres in, 129
duct of Girtner in, 193
origin of lymphatics in, 2306
masticatory muscles in, 248
epithelium of genital ridge in, 188
Pineal body, 111, 113, 114
Pituitary body, cerebral lobe of, 111, 115
glandular portion of, 115, 156
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Placenta, 63
formation of, 72 ef seq.
description of full-time, 77
Placental syneytium, question of origin of, 73
Placodes, cerebral merve, relation of ganglia
to, 128, 130, 133
Plasmodiblast, Van Beneden, 74
Plasmodium, placental, or syncytium, 73
Plasmosomes, 4
Platt, Julia, on theory of head-segmentation,
249
Pleural cavity, 166G, 239, 242
Pleuro-peritoneal cavity, 241
Plexuses of sympathetic, development of, 135
Plica semilunaris, 144
gubernatrix, 196, 197
Puolar bodies, formation of, 11, 12
Pole, animal, of ovum, 9
vegetative, of ovum, 9
Pons, formation of, 109
Porta vestibuli of His, 234
Portal vein, 235
Post-branchial body, 169
Pouches, ingninal, 200
visceral, 158
Prehyoid glands, 168
Pregnancy, changes of uterus in, 67
ovarian, plasmeodial layer in, 73
Premuzeular sheath, in limb-buds, 247
Prepuce, 203
Primates, embryological limits of, 27
time of formation of mesoderm in, 34
gastrula theory applied to, 45
absence of terminal sinus in, 59
earliest blood-vessels on vnder-aspect of
yolk-sac in, 59
Primitive groove, 34
gtreak, 32
phylogeny of, 48
fate of, 47
origin of mezoderm from, 35
representing gastrula-mouth, 47
as phase in development of embryonic
axis, 45
plate, in Reptilia, 45
segments, formation of, 49
Pro-amnion, region in human embryo corre-
sponding to, 52
Process, fronto-nazal, 84, 156
maxillary, 84, 156
lateral nansal, 87, 151
mesial nasal, 87, 151
intermaxillary, 154
turbinate, 155, 257
styloid, 257
odontoid, 252
costal, 250
nenral, 250
articular, 252
costal, in cervieal, lumbar, and sacral
regions, 252
ocessus vaginalis, 199
Proctodwal depression, 202
Promatrum, 11
Pronephros, 177
Prosencephalon or fore-brain, 106, 111
Prostatic vesicle, 194
Protochordal plate (Hubrecht), 35 i
| knot (Hubrecht), 35
i process, 37, 46 |

Protoplasm, 1
Protostoma represented by primitive streak, 48
Protovertebrz., See Primitive Segments,
Psalterium or lyra, 123
Psendo-chromosomes, in maturation, 10
Pieropus edulis, entypy of germinal area in, 32
Pulmonary arch, 217, 219
Pulvinar, 114
Pupillary membrane, 143
Purkinje, germinal vesicle of, 0
Pyramid of cerebellum, 110

of thyroid, 168

tracts, 100
Pyramids, appearance of, 108

straight tubules of, in kidney, 185

QUADRATE BONE, homology with incus, 260

Rampprr, maturation of ovam in, 11
germinal area in, 32
formation of mesoderm in, 32
notochordal canal in, 39
blastoporie aperture in, Keibel, 43
development of lens in, 138
Wolffian duct in, 178
tubules of Wolffian body in, 181
epithelium of genital ridge in, 188
Rabl, on origin of vessels, 61
lens-vesicle, 138
witreous body, 142
Wolffian duct in rabbit, 178
Ramdn y Cajal, on posterior roots of apinal
nerves, 150
outgrowth theory of nerves, 90
Ramus communicans, 135
Ranvier, on origin of Iymphatics, 236
Rat, entypy of germinal area in, 31
phagoeytie action of decidual cells in, 67
persistence of stapedial artery in, 222
primitive vertebrm in, 250
hypochordal rod in, 252
development of basis cranii in, 254
Rathke, diverticulum of, or pocket of, 156
on development of cloaca, 203
Rauber, layver of, 31
Ravn, on formation of septum transversum,
238
Rays, medullary, of kidney, 185
Rectum, 164, 185, 203
Rectus abdominis, 243, 2406
Reichert, sear of, 69
di%pmsiliun of villi in ovum deseribed by,
1
cartilage of, 150
on incus and stapes, 258
Reil, island of, 142

| Remak, on origin of sympathetic, 133

Reptilia, notochordal canal in, 41
stages of gastrulation in, 45
blastoporic aperture in, 46
aortie bulb in, Greil, 210
fold in heart analogous

gpurium, 212
livur-purmmh_'lfmn i, 174
divizion of sclerotomes, v. Ebner, 250

Restiform bodies, 108

to  septum

| Respiratory passages, rudiment of, 158

Rete testis, 192
tubules, 188, 191
vasculosum lentis, 142
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Retina, development of, 140
pars ciliaris of, 140
rods and cones of, 140
hexagonal pigment-epithelium of, 140
nerve-fibre layver of, 140
central artery of, 142, 221
Eetterer, on development of cloacal region, 200
Retzins, on zona radiata, 8
epithelial plug in nostril, 88
Beuter, on eye-muscles, 248
masticatory muscles in pig, 248
Rhinencephalon, 116,122
Rhinopallium, 122
Rhumln,nmphn]an or hind-braim, 106G
Bhombic brain, appearance of segmentation
in, 129
lip=, formation of, 108
Ribs, development of, 252
Ridge, Wolflian, appearance of, 84, 173
relation of  pleuro-peritoneal
branes to, 241
sonital, 186
Robinson, on secondary eaundal arch, 223
pericardial coelom, 237
Rodents, allantoig in, 55
Rods of Corti, 1458
Rolando, origin of substance of, 108
Riickert, on ventral mesoderm, 34
theory of nrigirl of Mood-vessels, 62
theory of origin of Wolffian duoet, 178
Ruge, on development of sternum, 253

men-

Sapmw, on origin of lymphatics, 236
Hac of peritoneum, lesser, 244
Halzer, on primitive jugular vein, 231
Sauropsida, vaseular area in, 50
Schénemann, on nasal fossa, 155
Schreimer, on |1{r|j|!:rngﬂ:|utiu cord, 182
Schultze, O., theory of origin of nerves, 100
on cartilaginous stage of vertebral column,
251
division of sclerotomes in mammalia, 250
Sehwann, origin of sheath of, 99, 100
Secleromeres or primitive vertebre (Bardeen],
250
Selerotic, 143
Selerotomes, 56, 250
Serotum, 199, 203
h‘.et:mting tubules, nrigiu of, 184
Bedgwick, on phylogeny of primitive streak, 48
theory of primitive nerves, 100
Heessel's pocket, 157
Segmentation nucleus, 15
without fertilisation, 17
of ovum, 23
place of ocenrrence of, 86
mesodermie, H0
of the head, question of, 249
Segments, mesodermic or primitive, 49, 50
order of appearance of, 50
development of cavity in, 51
preoceipital, cleavage of, in lower verte-
brates, 57
of limbs, appearanee of, 89
Selachians, relation of mesodermic segmenta-
tion to notochord in, 50
aympathetic ganglion cells in, Balfour, 135
branchial sense organs in, 128
fate of cellular elements in spleen, 237
liver-parcneliyma in, 174
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Selachians, t]mrclapmont'{}f eve-muscles in, 248
head-segmentation in, 249
Selenka, on entypy of germinal area, 31
early mesoderm in Semnopithecus, 34, 35
ovum of Macacus nemestrinas, 25
Hylobates embryos, 30
blastoporic aperture mn opossum, 43
early blood-vessels in chorion in Hylobates
rafflesi, GO
Seminal tubules, 191
vesicle, 192
St:::;llim:;]pil-hmus nasicus, early mesoderm in,
i 1]
Sensory nerve roots, origin of, 98
rootz of cerebral nerves, 125
Seplum, aortic, 216, 218
Iucidum, 122, 124
spurium, 212
inferius, His, 212
primum, Born, 212
secundum, Born, 212
transversum, 54, 238
sinus venosus in, 206
Sertoli, cells of, in gpermatogenesis, G
Hex, Minot’s theory of, 20
establishment of characters of, 9
in genital glands, 189
Sexual cells, history of, 5 el seq.
dimorphism of, 13
development of primitive, .IFH
Shield, embryonic, 37
Hhmw, origin of middle layer in, Hubrecht, 3G
blastoporic aperture in, Hubrecht, 43
Simon, on lateral lobe of tllj,'mid, 1G5
Hinus ensiformis, Eternod, G0
precervieal, 84, B8
urogenital, 164, 185
cavernons, 220
lateral, 229
superior petrosal, 220
inferior petrosal, 220
venosusg, 2060
Hinusoids, Minot, 174, 224 -
Skeleton, development of, 250
Skin, development of, 93
stratum corneum of, 94
Skull, development of, 254
Sobotta, on fertilisation in monse, 14
Soma, 1
history of, 25
Somatopleure, in lower mammals, 33
in higher mammals, 51
giving rise to amnion-folds, 34
Houlie, on origin of adrenals, 200
Spee, on early mesoderm in human ovum, 35
changes in wall of volk-sac, G0
age of ova described by, 80
imbedding of ovom in guinea-pig, 67
origin of Wolffian duct from ectoderm, 178
Sperm-aster, 15
Spermatic fascia, 199
Hpermatids, 6
Bpermatocyte, G
Spermatogonium, 6, 192
Spermatoeoon, structure of, 5
accession of, to ovum, 9
fertilisation by, 14
changes in, corrcsponding to maturation,
18

Sperm-nuclens, 15
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Spigelii, lobus, 175
Spinal ganglia, 98, 123
nerves, development of, 125
cord, development of, 101 seq.
fissures of, 102, 103
membranes of, 105, 250
Splanchnocel, 177
Splanchnopleure, 33, 51
Spleen, development of, 236
venous sinuses in, 237
in Lepidosiren, 237
as hmmopoietic organ in lower verte-
brates, 237
Spongioblasts, 96
Stapes, 257, 258
Stenson, ducts of, 155
duct of (parotid), 165
Sternum, development of, 253
Stieda, on origin of lymph-cells in thymus,
172
Stilling, canal of, 143
Stohr on thymus, 172
Htomach, 160, 1G1
Btomodonm, 83, 1566
connection with pituitary body, 115
connection with nose, 153
Stratum compactum, 68
spongiosum, G8
corneum of skin, 94
germinativam of ovary, 190
granmlosum of Graafian follicle, 191
Streeter on occipital nerves, 130
auditory nerve, 148
development of ear, 1406
Striz terminalis, 121
Stricht, Van der, on yolk-nueleus in cocyte, 10
]'.Iﬂ].:l'!‘ bodies in i:ml..', B
fertilisation in bat, 15
on membrane in human ovam, 9
Stylo-hyvoid ligament, 257, 259
Styloid process of temporal bone, 257, 250
Subecardinal veins, 227
Sublingual gland, 165
Submaxillary gland, 165
Sulel of brain, principal, 124
auriculo-ventricular, 210
Snleus of Monro, 113
terminalis of His, 159, 213
Suprarenal bodies. See Adrenals,
Sutton on chromosomes in synapsis, 22
Svlvius, fossa of, 116
fizaure of, 124
Symmetry, bilateral, of vertebrates, origin of,
47
Sympathetic system, 133
su]f;!;iur cervical ganglion of, origin of,
iy
gat;g}}ia. connection with segmental nerves,

connection of, with suprarenal bodies,
135, 206
Sympathoblast, 136
Synapsis of Moore in spermatogenesiz, 19, 22
in oogenesis, 12
Syncytinm, definition of, 2
mesenchymie, 59
placental, T3
development of, in nervous tissue, 96
Bzily, interepithelial network of, 59, 142
as origin of nerve-path, 100
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Taprones, removal of neural crest in, 100
Taenia semicireularis, 121
Tail-fold, formation of, 54
ut, 1064
Tandler, on duodenal epithelium, 163
arterial arches in mammalia, 217
stapedial artery, 222
vitelline arteries, 223
origin of ceeliac artery, 223
Tarsius spectrum, blastocyst stage in, 27
inversion of %ermirml area in, 31
origin of early mesoderm in, Hubrecht,
S
primitive entodermal plate in, 35
notochordal canal in, 39
blastoporic aperture in, Hubrecht, 43
origin of head end of notochord in,
Hubrecht, 49
mesenchyme in, origin of, from entoderm,

origin of blood-vessels in, Hubrecht, 62
Tegmentum, 111
Tegmen tympani, 256
Tela choroiden, 110, 113, 121
Telencephalon, 115
Telolecithal ovum, 9
type of cleavage in, 27
Testicle, descent of, 196, 197, 100
Testis, 191, 192
Tetrads, 20
Thalami, optie, 111
Thompson, Peter, on segments in rhombic
brain, 107, 120
Thymus, 160, 169, 172
Thyroid, 159, 160, 168
cartilage, development of, 167
Tongue, development of, 159
muscles of, 248
foramen cmeum of, 159
papille of, 160
suleus terminalis of, 159
Tonzils, development of, 160
Toreular Herophili, 229
Trachea, 166G
Trapezoid plate or field, 118, 122, 124
Trigone of bladder, 186
Trigonum hypoglossi, from basal lamina,

habenulae, 114
olfactorium, 118
Triticea cartilago, origin of, 165
Trophoblast or trophic epiblast, 26
in placentation, 67, T4
Truneusz arteriosug, 206
cleavage of, 215
Tuberculum impar, 159
Tuber cinereum, 111, 113
valvulze, 110
Tubules in  human
pronephos, 177
of Wolftian body, origin of, 151
of kidney, origin of, 153, 184
Tunica vasculosa of leng, 143
albuginea, rudiment of, 191
vaginalis, 199
Tupaja, inversion of germinal area in, 31
Turbinate processes, 155
Tympanic membrane, 149
cavity, 149 zeq.
ring, 254

embryo  representing
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UsmniLicaL cokb, formation of, 85
opening, primitive, formation of anterior
lip of, 53
vesiele, 55
Umbilicus, position of, at early stage, 90
closure of, 163
Uneus, 118, 122
Un.gulultrr:,, allantoie vesicle in, 55
Urachus, origin of, 55, 185
Ureter, rudiment of, 152
Urethra, 185, 203
Urinary bladder, development of, 185
Urodinm, Fleischmann, 2003
L’mgi-niln‘l fossa, 1G4
system, development of, 177
sinus, 164, 185
Uterus, changes in, in pregnancy, 67, 68, 60
regeneration of mucous membrane of,
after parturition, G0
formation of, 194
Uterus mazculinus, 104
Utricle, development of, 147
prostatic, 104
Uwea, 140
Uvula of corebellum, 110
of soft palate, 155

Vacixa, development of, 195 r
vestibule, orizin of, 185, 104
Valve of Vieussens, 110
Thebesinz, 213
Valves, auriculo.ventricular, 211
semilunar, 216
venous, 211
1 1_'{!.'||'|p]'|.util.'! vessels, 336
Vas deferens, 192
Vaza aberrantia, 192
efferentin, 192
Vascular aren, development of, in
mammals, 54
formation of 1'r||5|]-r_1,'m1in bloml - vessels
from, theories of, 61
rings round doodenum, 224
Veing, development of, 224
ascending lnmbar, 225
azypos, 218
cardinal, 226
cephalie, 233
hepatic, 224
iline, transverse, 208
iliac, internal, 226
iliae, external, 226
inferior cava, 226, 228
innominate, 232
intercostal, superior, 322
jugular, internal, 229
jugnlnr’, external, 231
jugular, primitive, 229
longitudinal, superior, 229
oblique, of Marshall, 232
portal and hepatic, 224, 225
radial, 233
saphenous, long, 233
saphenous, short, 233
sciatic, 22
subeardinal, 227
subelavian, 231
superior cava, 232
suprarenal, left, 228
tibial, 233

lower
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Veins, ulnar, 232
umbilical, 226
vitelline, 206, 224
Velum, inferior medullary, 110
superior medullary, 110
interpositum, 1135, 121
primitive, 157
Vena nseendens, or ductus venosus, 225
capitizs lateraliz, 229
eerebralis posterior, 229
cercbralis media, 229
cerchralis anterior, 229
Venm advehentes and revehentes, 224
Ventricle, terminal, of cord, 103
cerchellar, 110
formation of primitive common, 208, 214
primitive common, first appearance of
soptum in, 2040
lateral, 116G
fifth, origin of, 122
Verdun, on thyroid, 169
Vermis of cerebellum, 110
Vernix caseosza, 92
Vertebre, development of, 250
Vesicle, germinal, 9
umbilical, formation of, 53
lastodermic, 206
lens, development of, 137
anditory or otic, 145
of thymus, 191
seminal, origin of, 192
optic, appearance of, 82
optic, development of, 106, 111, 136
Visceral arches, origin of, 323
musculature of head, 128
pouches, 158
Vitelline loop of intestine, 161, 162
duct, formation of, 55
atalk, 161
veins, 206, 224
Vitreons chamber, rudiment of, 137
bady, development of, 141
Vrieze, de, on formation of basilar artery, 223
development of arteries of the limbs, 224

WaLpeyER, germinal epithelium of, 186
on placental sinuses, 74
zona radinta, 8

Webster, on placenta, 74

Weismann, theory of, 21

Weisz on development of basis eranii in rat,

254
development of primitive vertebrae in rat,
250

division of selerotomes in mammalia, 250

Wijhe, v., cell-chain theory of nerve-fibrez, 99
on head-segments in Selachians, 249
placodes as branchial sensc-organs, 128
theory of head-segmentation, 249

Willis, circle of, 222, 223

Wilson, J. T., on folds on wall of neural tube,

1053
Wilson, Ed. B., on artificial parthenogenesis,
15

Winiwarter, on germinal agitlmlium. 191
synapsis in cogenesis, 22

Winslow, foramen of, 242, 244

Wirsung, duet of, 175

Welffian body, development of, 178
fate of, in male, 192
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Wolllian body, atrophic changes of, 241

connexion of |ﬂu1lru-|1rr:ritnn¢ul membranes
with, 180, 241

Wolffian duet, 177
fate of, 192

Wolffian mesentery, 130, 199

Wolffian ridge, 34, 178, 241

“’t‘i}thﬂl‘g, :‘.'urtilslgr!:i. of, 167

Youg, accumulation of, gastrulation modified
by, 43 :
amount of, as determining character of
egg-cleavage,
granules in egg-protoplasm, 9

Yolk nucleus in oocyte, 10
ph}’]ngm:ly of, in mammalian ovum, 27
sac, 28, 33, 35, 53, 50
cireulation, 59, 60
Young and Robinson, secondary caudal arch
of, 223

FIEGLER, on origin of blood-vessels, G2
Zimmermann, on arterial arches, 217
Zona pellueida, 7
Fonule of Xinn, 141, 143
Zuckerkandl, gyrus subcallosus of, 124
on chromaffin bodies in human embryo,
135
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