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PREFACE TO THE SECOND EDITION

The generally favorable criticisms with which the first edition of the text-
book has been received and the necessity for a second edition in two years is
gratifying. If its reception may serve as a criterion of its usefulness as a book
intended primarily for the student of medicine, it is fulfilling the main pur-
pose of its authors.

In the present edition some errors have been corrected and some para-
graphs have been rewritten, owing to the fact that important advances have
been made in the science even in the brief time elapsing between the two
editions. There has been however no change in the general plan and scope
of the work, as outlined in the preface to the first edition.

THE AUTHORS.
AUGUST 15, IgII.
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PREFACE TO THE FIRST EDITION 4

The Text-book, as originally planned, is an outgrowth of the course in
Embryology given at the Medical Department of Columbia University. It was
intended primarily to present to the student of medicine the most important
facts of development, at the same time emphasizing those features which
bear directly upon other branches of medicine. As the work took form, it
seemed best to broaden its scope and make it of greater value to the general
student of embryology and allied sciences. With the opinion that illustrations
convey a much clearer conception of structural features than verbal description
alone, the writers have made free use of higures,

The plan of adding brief “Practical Suggestions” at the end of each chapter
has been so thoroughly satisfactory in the Text-book of Histology, especially
in connection with laboratory work, that it has been adopted here. These
“suggestions” are not intended to be complete descriptions of embryological
technic, but are for the purpose of furnishing the laboratory worker with cer-
tain of the more essential practical hints for studying the structures described
in the chapter. To avoid frequent repetition, some of the best methods of
procuring, handling, and preparing embryological material, and some of the
more important formule are given in the Appendix, which is intended to be
used mainly for the carrving out of the “Practical Suggestions,”

The development of the Germ Layers has been treated rather elaborately
from a comparative standpoint, because this has been found the most satisfac-
tory method of teaching the subject.

In the chapter on the Nervous System the aim has been to give a general
conception of the subject, which, if once mastered by the student, will give
him an insight into the structure and significance of the nervous system that
will bring this difficult subject more fully within his grasp.

In Part IT {Organogenesis), at the end of each chapter there is given a brief

description of certain developmental anomalies which may occur in connection

L



vi PREFACE.

with the organs described in the chapter. In Chapter XIX (Teratogenesis)
the nature and origin of the more complex anomalies and monsters are dis-
cussed, and also the causes underlying the origin of malformations.

The writers wish to thank Dr. Oliver 5. Strong for his painstaking work on
the chapter on the Nervous Svstem.  Dr, Strong in turn wishes to acknowledge
his indebtedness to Dr. Adolf Meyer for important ideas underlying the treat-
ment of his subject, and also for many valuable details. He expresses his
thanks also to Professors C. J. Herrick, H. von W, Schulte and G. L. Streeter
for helpful criticisms and suggestions, The writers would also express their
thanks to Dr. H. McE. Knower for helpful criticisms on Part 1 and the
chapter on Teratogenesis; to Dr. Edward Leaming for making the photo-
graphs reproduced in the text; to the American Journal of Anatomy for the
loan of plates; and to Messrs. William Wood & Company for their uniform
courtesy and kindness.

FreEpERICK Raxporrn Bairey.

APRIL I, 1gOq. Apaym Mariox MiLLER.




CONTENTS.

PART |.—GENERAL DEVELOPMENT.

CHAPTER 1.

e PR ELE ANDCELL EROTIFERATION . . v o aenl s amiin a o ssieb i o s
T R s
L e e
SRR Er S SRR G S ot B e b el S s
T N e T s i < M ol S e B

Practical Suggestions . . . . . . . . . .
Beferences for Further Study. . . . . . . . . . . .

CHAPTER 1I.

THE S5EXxvAL ELEMENTS—OVUM AND SPERMATOZOON . . . . . .

The Ovum h
MilesSpenuatozoon . . .. . . . . . e . _
r e LT o T T P S
Feferences for Further Study . . . . . . . . . R
CHAPTER IIL
MaTURATION . . . . . . e S
Mstication of the Owvam: - . . . . o - 0 SouL Lo
e R SR N S e
Theoretical Aspects of Reduction .
tihvilation and Menstruation’ - . . o o G s e e e e e
EEacneslBNEgeRiions s . L i e e e e e
Eeferences for Further Study . . . . . . . . .. .« . . .
CHAPTER 1V.
VIR, o o e T i L e T IS R
Sipryhcance-obPertlizatione il b e e
ErAceal SEgestions.” - o oe o o b o e e A e )
References for Further Study . . . . . . S BT et e

vii

WD WD e L G e e

I
| e

13

15
16

35
40
41
41



viii CONTENTS.
CHAPTEE V.

CLEAVAGE (SEGMENTATION)
Forms of Cleavage .
Holoblastic Cleavage
Meroblastic Cleavage : :
Some General Features of ( ltdmgl_—{ hnn.lg._pm "LLme.ﬂ&
Practical Suggestions !
References for T urihi.r ‘*-huh

CHAPTER VI.

GErM LAYERS

The Two Primary {mrm Layers—Formation of IhE: ir’htrul
'[m.!-.-l]‘l.tl-.lillJll in ﬁmp]m XS
Gastrulation in Amphibians
Gastrulation in Reptiles and Birds
Crastrulation in Mammals 7 B

Formation of the Middle Germ Lay l:r—"lnlf:l».miurm
Mesoderm Formation in Amphioxus
Mesoderm Formation in Amphibians
Mesoderm Formation in Reptiles and Birds
Mesoderm Formation in Mammals

The Germ Layers in Man

Practical Suggestions : -

References for IF l.lrl.fu.r "'vlu{h

CHAPTEE VIL

FaeTalL MEMBRANES ol ol
Feetal Membranes in ]hr:lﬂ. and R[jmlr-.
The Amnion
The Yolk Sac
The Allantois
The Chorion or Serosa
Feetal Membranes in Mammals ;
Amnion, Chorion, Yolk Sac, Allantois, l m]n!uu'[ Lm:l
Further Development of the Chorion .
The Faetal Membranes in Man
The Amnion
The Yolk Sac
The Allantais ;
The Chorion and l]:-urlu;.; A e e R
The Decidua Parietalis
The Decidua Capsularis . . . .« « « « & .

42
42
i3
43
47
53
54

O =3 =3 =J =F &n Chooa W L Ln
0 G K W o=l A ShLa W L

L

99
a9
a9
103
1of
107
107
108

IS
115
L1y
118
119
123
<7l Xom




CONTENTS.

The Decidua Basalis
The Umbilical Cord o o2
The Expulsion of the Placenta .m:l "-Iq.mhmms
Anomalies
Practical Suggestions .
References for F urthcr btud}

CHAPTER VIII.

THE DEVELOPMENT OF THE EXTERNAL Fora oF THE Bony
Branchial Arches—Face—Neck
The Extremities :
Age and Length of E m'l:-nnl». : ;
Normal, Abnormal and I’.;.thulugn ELI ] mbvma
Practical Suggestions . s
References for Further Study .

PART [I.—ORGANOGENESIS.

CHAPTER IX.

THE DEVELOPMENT OF CONNECTIVE TISSUES AND THE SKELETAL SYSTEM
Histogenesis
Fibrillar Forms
Adipose Tissue .
Cartilage
Osseous Tissue . . . : A
Intramembranous {h-:uf‘: ation
intracartilaginous Ossification
The Development of the Skeletal System
The Axial Skeleton
The Notochord .
The Vertebre .
'Thl! Kibs
The Sternum :
The Head Skeleton : ;
Ossification of the C h::mlrmrtml.lm ;
Membrane Bones of the Skull
Bones Derived from the Branchial Arches .
The Appendicular Skeleton .
Development of Joints
Anomalies
Practical Suggestions :
Eeferences for F llrlhl.’l' '-wtu{h' :

"

*

ix

124

. 132

134
135
135
1560

137
149
153
155
15

150
161

1hy
167
17

9T
172
173
173
el
182
182
152

188



X CONTENTS.

CHAPTEER M.

THE DEVELOPMENT OF THE VASCULAR SYSTEM. s
The Blood Vesselsand Blood  .cn o« o0 = 4 b L
0 TR L T N e o L e : . e NTeE
The SEpEL o o v o s ainln ssier a e IR 1)

The Valves . . . i i s oo N
Changes-after Birth = ©u o oars o amliag Sl Sais s

The Vessels . . . S S ERR = e
IR s A ety ] s R Sy

The Arteries . . . . . A e i Pl
TheMeilns . . . . L ek e et e o
Histogenesis of the H]mul ":_1.”"1 SR L el R SR R
The Lymphatic: System 200 5 -0 G it G S s e ol e o ]
The Lymphatic Vessels . . . . . : : o e
The Lymph Glands . : C e et e e A N S 1 T}
The Splesn: . .oe oon 2 oo A ot e S
Glomus Coccygeum . . . . el A i S
Anomalies: c=onis o Gl s R il el e S T
Practical Suggestions . . . . . . . e e e e e S L )
References for Further ‘-1[L1:|1. o apnea e lend e e oy Y ry T

CHAPTER XI.

THE DEVELOPMENT OF THE MUSCULAR SYSTEM . . . . . = .0 & @ a . 20%
The Skeletal Musculadure' . . . . .. o o ol s oo oo olE Sy
Muscles of the TIMBE . o 0 oo a0 iiies ot e e Ty
Muscles'of the Head = o . .0 o o oo g o st RS O
Muscles of the Extremities . . . . G S i i e R e
Histogenesis of Striated Voluntary "L].'u'uc |L l:l-.«-m, S e
The Visceral Muscalatape . . . . . o0 e oo i i ol S R e TIT
Histogenesis of Heart Muscle . . . . . . . o v e T
Histogenesis of Smooth Muscle . . . . . . . ... . .+ . . 4. . 312
Anomales . o oaon o S Eian e - e ]
Practical Suggestions . . e e e e T
References for F urthu‘ “'«tmh oA e A, 0 T

CHAFTER XIL.

THE DEVELOPMENT OF THE ALIMENTARY TUBE AND APPENDED ORGANS . . 317
The Mouth: = i & smin 5 o 0 m o e s e O T
The Tongue . : TR S N e

THE TN . oy o v 3mSR 175,

The Salivary Glands . . ool s o imE e miaan e mae N ST

The Pharynx . . . 5 e e e e S Y vy

The Hr.lm]nllIpltlmlu] ]h:qu R e S L




CONTENTS.

The (Esophagus and Stomach

The Intestine

Histogenesis of the G.wtrmutt*stm.d '1 ract

The Development of the Liver .
Histogenesis of the Liver

The Development of the Pancreas.
Histogenesis of the Pancreas .

Anomalies .

Practical Suggestmns .

References for F I.H'lht‘l’ "siud'.

CHAPTER XIII.

THE DEVELOPMENT OF THE EESPIRATORY SYSTEM.
The Larynx
The Trachea .
The Lungs :
Changes in the Lungs at Blrth
Anomalies . .
Practical Suggestions :
References for F urthﬂr ‘-:tud;,

CHAPTER XIV.

THE DEVELOPMENT OF THE CELOM, THE PERICARDIUM, PLEUROPERITONEUM,

e
- 373
» 379

DiarHRAGM AND MESENTERIES . .

The Pericardial Cavity, Pleural Cavities and ]'Jmphragm

The Pericardium and Pleura .
The Omentum and Mesentery :

The Greater Omentum and i]m-:m.a.l B'lil"-u.L

The Lesser Omentum

The Mesenteries

The Peritoneum
Anomalies . ;
Practical Suggestions .

References for lurih-:r Hlml-.

CHAPTER XV.
TaE DEVELOPMENT OF THE UROGENITAL SYSTEM
The Pronephros.

The Mesonephros
The Kidney {Metmm]}hmh}

The Ureter, Renal Pelvis, and ‘-.rtrmghl Reml Iul:uhs .

The Convoluted Renal Tubules and Glomeruli .
The Renal Pyramids and Renal Columns
Changes in the Position of the Kidneys

. 346
. 350

- 354
- 355

. 360

. 386

%1

. 226
. 338

343

a3l

339

302
- 363
. 365
. 306
. 3bo
. 3170
. 370

I

379

. 380
. 381
. 382
. 384
. 384



|
Aii CONTENTS.
The Urinary Bladder, Urethra, and Urogenital Sinus . . . . . . . . . 403
The Genital Glands . . . . . G ke e e B e e et e e e e ey
The Germinal Epithelium .l.ml Genital Ridge. . . . . .5 <« & .. 406
Differentiation of the Genital Glands, . . . . . . . . . . . . . . 308
TEREOWATY o 50 0T o T e e R e R P LI
Che Testicle: . . oo o fnhate et Tt e e RO T o
Determination of Sex . . . 415
The Ducts of the Genital Glands *md lhl., 'urn]nln uf lhl, \Iwr—
RephYol oo iiaei v SR e i e e e T
In the Female . . AR S S P T R N e L e s
LT L) ) OO N S D R I e e AT
Uierus and Vagina . ... o oowo n s s aee e et N
I the Male . . . . . 420
Changes in the Positions of []u {"."thtl G me[-- aml t!ll. Ih.wln[munl.
of-their Ligaments: ohis o 00 G 0 fh s O Sty
Desceént of the Testicles . . . . ..o . 2. o o 0o EriENE
Descent of Ehe OFamies. o o0 o s e v i o e e e
The External Genital Organs. . . . N e e
The Development of the Suprarenal h].lmlx S En i e e e S
The Cortical -Substance: 0200 s o a0 i i e o
The Medullary Substance . . . . . . . . . . . . . G SaSaE
Anomalies . T ATERS LR i W o bl BT S b P SIS R i B3
Practical Suggestions . . e e L e T R
References for T urthr ."ﬁlu{l\ e I e e e A

CHAPTER XVI.

THE DEVELOPMENT OF THE INTEGUMENTARY SYSTEM . . . . & .= o 4o 444
80 1 Tt DA R s st ot s e SR e S B e s S s
The Nails . . A ; : U B e . o nn S0
The Hair . . . . b b s ro L R T
The Glands of the ‘*L:Iu . Ui e ek B ) e IR L ok

The Mammary Glands . S e S S o s T e D
Anomalies . . . . . o E e e s e e R . 45E
Practical Suggestions . | e e, L e R TSR ] 1]

ltcftr{mulnrlurihtr *-.lu{h Tt S B S o o AT
CHAFTEER XVII.

THE MEEVOUS SUSTEM . . fefn e sra e st o - Al Lt b
General Considerations | . e e e et L LU e
General Plan of the ‘kern;-hr*uc \cru:u«. SEStem o ols e R

Spinal Cord and Nerves . . . R e T N T

The Epichordal Segmental Brun 4!1{1 ‘w]u-. i s R L S T

TheCerabel i, . . e e Bt e e e | (i e Tt .

The Mid-Brain Boof . . . . . « - o o . . . e e e R

The Prosencephalon. e S 0 e T




CONTENTS. x1ii

General Development of the Human Nervous System During the First

Month &5 wl R R e
Histogenesis of the Nervous "'1]. S I e e e e e e e
Epithelial Stage—Cell Proliferation . . . et Y oo, vy | A
Early Differentiation of the Nerve E Iemenh - e . . 400
Differentiation of the Peripheral Neurones of the Cord u.ml ] pic |!'Ii:1'{1dl
vermental:Brain: kTR SR e s e B st L Y
Efferent Peripheral Neurones . . . s o B SRR
Afferent Peripheral and Sympathetic "‘xutmnu e B . 406
Development of the Lower (Intersegmental) Intermediate 1"'~.I:.LJI'HI!'||'.‘H . 509
Further Differentiation of the Neural Tube. . . . . . . . . . SRR
The Spinal Cord . . . . : S e e A e e S o
The Epichordal Segmental EI.I.]:I'I S R P e s e e o R
e LT e T N T S -1 1
Corpora Quadrigemina . . . . . . . . . 3 Cromen e e M S R A L
The Diencephalon . . . e Sl o e g
The Telencephalon {Rhnmnccphdmt ( orpora Striata and Pallium) . 545
Rbsrencephatonaeion sl o St s e e e T
EnrporasSiviataand Palliom . . oo 0 .0 s v . oo 548
SiheEAECHipaliiam = Sl ehaie S e e
RheBeopallime o3 = aete s St Bl o b e T ey
Anomalies . . . . T e i L L e i e
Practical %uggcsu:ms AT 568
References for Further Htuth S L e N R -

CHAPTER XVIII.

THE ORGANS OF SPECIAL SENSE LT
The Eve S
The Lens . 575
The Optic Cup . 579
The Retina. : . 580
The Chorioid and "nlf::r..t . 583

The Vitreous . 5835
The Optic Nerve . R s S 586
The Ciliary Body, Iris, Cornea, Anterior ( ]'mm!u.-r 587

The Eyelids 588
The Nose 589
The Ear . . . i 502
The Inner ] lar . 52
The Acoustic Nerve I ER O ey B R T O

e I e e e U EE Loy o ot S S 11
T e I i e et A e R
Anomalies . . . . Ao M e SR LU e Ml T
Practical ‘juggestmlh et A e e S e (o |

References J'nriur!hu‘ "ltl.l{h e e e A G0



X1V CONTENTS.

CHAFPTER XIX.

TERATOGENESIS . . . R A e
Malformations Imﬂhmg ."».[un' l‘hun Hnr lnduldtml PR O
Classification, Description, Origin . . . . . . . . . . . . . . . 603
Symmetrical Dopleity: .- o one oD D e ey

Origin of Symmetrical Duplicity . . . . . . . . ., . . . . 611
Asymmetrical Duplicity . . . O Vi i

Crrigin of Asymmetrical {Pdnmiu} Ihiplunh A e

Malformations Involving One Individwal . . . . . . . . . . . . . . 616

Description, Origin . . . . T b oo oo B
Diefects in the Region of ‘\Jeurﬂal tulm T i e S
Crrigin of Malformations in the Region of ‘\.L-ur.ll ]1I|Jl." e
Defects in Regions of the Face and Neck, and their Origin - . . . 620
Defects in the Thoracic and Abdominal Regions, and their Origin = 622
Malformations of the Extremities . . . . . . . . . . . . . . %22

Causes Underlying the Origin of Monsters . . . T . . B24

The Production of Duplicate (Poly ‘:tI]'I'Ia.I.liJ'U‘:-J "'-Iur]HILr-:. ;e p DR
The Production of Monsters in Single Embryos. . . . . . . . 626
The Significance of the Foregoing in Explaining the Production
aof “Human MOnNSELS.. . - . o = . . o e = R
References for Further Study . . . . . . . . . . . . . . . 627
APPENDIX.

General Technic . . . R R e R S
Procuring and Hd.:u{illlu.. "l-f.li-.rml SARE T TR SERS B e e (i
Fixation . . . S S e SR R e
Al emangr L s ko N o
BECEBIVATION . o im0 R i e i e e
Embedding «oico 5 o aiaing St imioa e e o i P
Sechon-Eathng . 2 oo s mirn it et Ly o R . . 634
Staining . . . S L e S L e R S A e
Methods of Rﬁnmtructum R R e SR ol B e L T

e R e e L e e




INTRODUCTION.

While Embryology as a science is of comparatively recent date, recorded
observations upon the development of the feetus date back as far as 1600 when
Fabricius ab Aquapendente published an article entitled * De Formato Feetu.”
Four years later the same author added some further observations under the
title,  De Formatione Feetus.”  Harvey (1651), using a simple lens, studied and
described the chick embryo of two days’ incubation. Harvey’s idea was that
the ovum consisted of fluid in which the embryo appeared by spontaneous
generation. Regnier de Graaf (1677) described the ovarian follicle (Graafian
follicle), and in the same year was announced the discovery by Von Loewenhock
of the spermatozoon. These and other embryologists of this period held what
is now known as the preformation theory. According to this theory, the adult
form exists in miniature in the egg or germ, development being merely an
enlarging and unfolding of preformed parts. With the discovery of the
spermatozotn the “ preformationists™ were divided into two schools, one hold-
ing that the ovum was the container of the miniature individual (ovists), the
other according this function to the spermatozodn (animalculists). According
to the ovists, the ovum needed merely the stimulation of the spermatozoin to
cause its contained individual to undergo development, whereas the animalcu-
lists looked upon the spermatozodn as the essential embryo-container, the ovum
serving merely as a suitable food-supply or growing-place.

Nearly a hundred years of almost no further progress in embryological
knowledge came to a close with the publication of Wolff’s important article,
“Theoria Generationis,” in 1750. Wolfi's theory was theory pure and simple,
with very little basis on then known facts, but it was significant as being ap-
parently the first clear statement of the doctrine of epigenesis. The two es-
sential points in Wolff’s theory were: (1) that the embryo was not preformed;
that is, did not exist in miniature in the germ, but developed from a more or less
unformed germ substance; (2) that union of male and female substances was
necessary to initiate development. The details of Wolfl’s theory were wrong
in that he looked upon the ovum as a structureless substance and upon the
seminal fluid and not upon the spermatozotn as the male fecundative agent.
Dollinger and his two pupils, von Baer and Pander, were the next to make
important contributions to Embryology. Von Baer’s publication in 1829 was
of extreme significance in the development of embryological knowledge, for

xv
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in it we have the first definite description of the primary germ layers as well as
the first accurate differentiation between the Graahan follicle and the ovum.
It will be remembered that the cell was not as vet recognized as the unit of
organic structure, Only comparatively gross Embryology was thus possible.
With the recognition of the cell as the basis of animal structure (Schleiden and
Schwann, 1839) the entire field of histogenesis was opened to the embryvologist ;
the ovum became known as a typical cell, while a little later (Kolliker, Reichert
and others, about 1840) was established the function of the spermatozoin
and the fact that it also was a modified cell structure. From this time we
may consider the two fundamental facts of Histology and of Embryology,
respectively, as firmly fixed beyvond controversy; for Histology, the fact that
the body consists wholly of cells and cell derivatives; for Embryology, the
fact that all of these cells and cell derivatives develop from a single original
cell—the fertilized ovum.

The adult body being thus composed of an enormous number of cells, vary-
ing in structure and in function, forming the different tissues and organs, and
these cells having all developed from the single fertilized germ cell, it is the
province of Embryology to trace this development from the union of male
and female germ cells to the cessation of developmental life,

While Embryology thus properly begins with the fertilized ovum, that is,
with the first cell of the new individual, certain preliminary considerations are
essential to the proper understanding of this cell and its future development.
These are the structure of the ovum and of the spermatozoon and their de-
velopment preparatory to union. Also, as it is with cells and cell activities
that Embrvology has largely to deal, it is necessary to consider the structure
of the tvpical animal cell and the processes by which cells undergo division or
proliferation.

While the subject of this work is distinctly feeman Embryvology, it is neither
possible nor advisable to confine our study wholly to human material. It is not
possible, for the reason that material for the study of the earliest stages in the
human embryo (first 12 days) is entirely wanting, while human embryos of
under 20 days are extremely rare.  Again, even later stages in human develop-
ment are often best understood by comparison with similar stages in lower
forms, For practical study by the student, human material for all even of
the later stages is rarely available, so that recourse must frequently be had to
material from lower animals. Such study is, however, usually thoroughly
satisfactory if the student has sufficient knowledge of comparative anatomy, and
the deductions regarding human development, from the study of development
in lower forms, are rarely in error.

.
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AIEXT-BOOK OF EMBERYOLOGY

CHAPTER I

THE CELL AND CELL PROLIFERATION.

THE CELL.

The Typical Animal Cell (Fig. 1) is a small definitely restricted mass of
protoplasm. It contains or has at some period of its development contained
two specially differentiated bodies, the nucleus and the centrosome. It may be
limited by a more or less definite cell membrane.

Of the ultimate structure of living protoplasm our knowledge is extremely
small. 1t is of an albuminous nature, coagulated by heat and by many chemical
reagents. It varies both in structure and in chemical composition in different
cells and is probably best considered, not as a definite structure either chemically
or morphologically, but as the material basis of life activities. Protoplasm can
usually be resolved into a formed part, spongioplasm, which takes the form of a
reticulum, a feltwork, or fibrille, and an unformed homogeneous element,
hyaloplasm, which fills in the meshes of the reticulum or forms the perifibrillar
substance. . Various protoplasmic inclusions are frequently found in cells, To
these the term metaplasm (paraplasm, deutoplasm) has been applied. Among
them may be mentioned plastids, fat droplets, pigment granules and various
excretory and secretory substances.

The NvucLEUS is usually separated from the rest of the protoplasm by a
nuclear membrane, Within the nucleus the nuclear membrane is continuous
with a nuclear reticulum which consists of two parts: a chromatic part—chroma-
tin, and an achromatic part—linin. At nodal points of the network there are
frequently considerable accumulations of chromatin to form net knots (false
nucleoli or karyosomes). Filling the meshes of the nuclear reticulum is a fluid
or semifluid substance, the nucleoplasm or karyeplasm. The structure of the
nucleus is thus seen to correspond closely to the structure of the surrounding
protoplasm. This is especially evident in those celis in which there is no
limiting nuclear membrane, the nuclear reticulum and the cytoreticulum heing
continuous, the nucleoplasm and cytoplasm mingling. This condition, true
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only for some resting cells, is always present in cells which are undergoing
mitotic division.

In addition to the net knots are the frue nucleoli or plasmosomes.  These are
spheroidal bodies which lie free in the meshes of the nuclear reticulum. They
vary in number in different cells and sometimes in the same cell in different
conditions of activity. They stain intensely with basic dyes. The function
of the nucleolus is not known. It has been regarded by some as material in
process of constructive metabolism, by others as a waste product.

The nucleus is typically spherical. Its shape may or may not be modified
by the shape of the cell body.  Nuclei may assume very irregular shapes, as in
polvmorphonuclear leucocytes, or they may be lobulated, as in some of the
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Fic. 1. —Dingram of a iypical cell.  Baifey.

large cells of bone marrow; or a cell may have a number of nuclei. -The shape
of the nucleus may vary considerably within comparatively short periods of time.
Such nuclei have been described as having amaeboid movement. The size
of the nucleus also appears to be independent of the size of the cell body, some
large cells having small nuclei, while some small cells are almost completely
filled by their nuclei.  The nucleus tends to lie near the center of the cell, vet
mayv be eccentric to any degree and appears to be suspended in the cytoplasm
in such a way that its location within the cell may change. In some of the lowest
forms no true nuclear structure exists, scattered granules of chromatin consti-
tuting the rudimentary nucleus, generally called a diffuse nucleus.

As the nucleus is an essential element in all reproduction, it follows that all
cells have been nucleated at some time in their developmental history, and that
the adult nonnucleated condition of some cells (e.g., respiratory epithelium)
is indicative of their having passed beyond the age of reproductive power. If
the nucleus be removed from a living cell, the cytoplasm does not necessarily
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die, but may live for some time and show active motile powers. Such a de-
nucleated cell has, however, lost two of its most important functions: (1) its
power of constructive metabolism; that is, of taking up nutritive material from
without and building this up into its own peculiar structure—the power of
repair; and (2) the power of reproduction. For these reasons the nucleus has
been considered as especially presiding over these two cell functions.

The CENTROSOME is a structure found in the cytoplasm near the nucleus,
less commonly within the nucleus. It consists typically of a minute central
granule, the centriole, a relatively clear surrounding area, the centrosphere, and,
radiating from this, the delicate rays which constitute the aster or attraction
sphere (Fig. 1). On account of the behavior of the centrosome in relation to
cell division, it is usually looked upon as the dynamic center of the cell.

In the simplest forms of animal life a single cell, such as has been described
above, constitutes the entire individual, and as such is capable of performing
the functions which are recognized as characteristic of living organisms—metab-
olism, irritability, motion, reproduction and special functions. The develop-
mental history of such an individual is extremely simple. The nucleus under-
goes division and this is accompanied or followed by division of the cytoplasm.
The single cell thus becomes two cells, similar in all respects to the parent cell.

In all higher, that is multicellular animals, however, the different functions
are distributed specifically to different cells and these cells are specifically
differentiated morphologically for the performance of these different functions.
There is, therefore, not the simple division of a parent cell to form two similar
dzughter cells, each constituting an individual, but a differentiation from the
single original germ cell, the fertilized ovum, of many different kinds of cells,
and their specialization to form the various tissues and organs which constitute
the adult body.

CELL DIVISICN.

In the development of the embryo, cell division of course succeeds fertiliza-
tion. A proper understanding, however, of the changes which take place in
the ovum and in the spermatozobn previous to fertilization requires the con-
sideration of cell division at this point.

Two types of cell division are recognized: (1) direct cell division or amitosis
and (2) indirect cell division or mitosis,

(1) Amitosis (Fig. 2).—In this form of cell division there is no formation of
spindle or of chromosomes (see Mitosis, p. 4), the nucleus retaining its reticular
structure during division. There is first a constriction of the nucleus, followed
by complete division into two daughter nuclei. During the division of the
nucleus a constriction appears in the cytoplasm. This increases until the
cytoplasm is divided into two separate masses (daughter cells), each containing
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a nucleus. This form of cell division, which was considered by Remak and his
associates (1855-1858) as the only method by which cells proliferated, is now
known to be of rare occurrence.  Flemming goes so far as to state that in the
higher animals amitosis never occurs as a normal physiological process in ac-
tively dividing cells, but is rather to be considered as a degeneration phenomenon
occurring in cells whose reproductive powers are on the wane. It frequently
results in nuclear division only, the cytoplasm remaining undivided, thus giving
rise to multinuclear cells. It is a common method of cell division in the
IProtozoa.

(2) Mitosis.—In this form of cell division the cell passes through a series
of complicated changes. These changes occur as a continuous process, but
for clearness of description it is convenient
to arbitrarily subdivide the process into a
number of phases. These are known as the
prophase, the metaphase, the anaphase, and
the felophase. Of these the prophase in-
cludes the changes preparatory to division
of the nucleus; the metaphase, the actual
separation of the nuclear elements; the
anaphase, their arrangement to form the two
daughter nuclei; the telophase, the division
of the cytoplasm to form two daughter cells
and the reconstruction of the two daughter
nuclei.

Propruask (Fig. 3).—In actively divid-

Fio, 2.—Epithelial cells from ovary of ing cells the centrosome, or, more specific-
cockrouch, showing nuclel dividing ami- )10 ihe centriole, may be double (Fig. 3;
: A}, having undergone division as early, fre-
quently, as the anaphase of the preceding division (p. 6). Each centriole
is surrounded by a clear area, the centrosphere, from which radiate the
delicate astral rays, the whole being known as the attraction sphere [Fig, 35
B, C, D). Connecting the two centrosomes are other delicate fibrils furnﬁng a
structure known as the central or achromatic spindle (Fig, 3, B, better developed
in C and D). The two centrioles with their surrounding centrospheres, astral
rays and connecting spindle, constitute the amphiaster. 1f the resting cell
contains only one centriole, division of the centriole with formation of the
amphiaster is usually the first phenomenon of mitosis, the connecting central
spindle fibers appearing as the centrioles move apart.

During or following the formation of the amphiaster, important changes
occur in the nucleus. It increases somewhat in size and the reticulum charac-
teristic of the resting nucleus becomes converted into a single long thread
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(spireme thread) arranged in a closed skein—closed spireme (Fig. 3, B). This
soon becomes more loosely arranged, the thread at the same time becoming
shorter and thicker and frequently broken, forming the open spireme. During
the formation of the spireme the nucleolus and nuclear membrane usually
disappear, the nucleoplasm thus becoming continuous with the cytoplasm.
The spireme now lies with the amphiaster in the general cell protoplasm.
The morphological change from reticulum to spireme is apparently accom-

Fiz. 3.—Diagrams of successive stages of mitosis.  Wilsen.

A, Resting cell with reticular nucleus and true nucleus; ¢, two centrioles—the single preceding
one having divided in anticipation of the division of nucleus and cell body.

B, Early prophase. Chromatin forming a continuous thread—closed ﬁi_lil";.'_"l'l'][‘; nucleslus  still

: present; a, centrioles surrounded by astral rays and connected by achromatic spindle,

C, Later prophase. Spireme has segmented to form chromosomes: astral rays and achromatic
spindle larger and more distinct; nuclear membrane less distinct. :

L), End of prophase; ep, chromosomes arranged in equatorial plane of spindle,

panied by changes of a chemical nature, as the spireme thread stains much
more intensely than do the strands of the reticulum,

The next step is the transverse division of the spireme thread into a number
of segments (Fig. 3, C). These are usually at first rod-shaped, and are
known as chromosomes. They may remain rod-shaped or the rods may
become bent to form U’s or V's. Some chromosomes are spheroidal. The
most remarkable feature of the breaking up of the spireme thread to form
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chromosomes is that the number of segments into which the thread divides,
while differing for different species of plants and animals, is fixed and definite
for each particular species, For example, in Ascaris megalocephala—a very
convenient tyvpe for study on account of its simplicity—the number of chro-
mosomes is 4, in the mouse 24. In man the number is not known with
certainty; by some it is estimated at 16, by others at 24,

There are thus at this stage present in the cytoplasm, two distinct though
closely related structures—the amphiaster and the chromosemes. These
together constitute the mitotic figwre.  As the chromosomes form they become
arranged in the equator of the central spindle, along what is known as the
equatorial plane (Fig. 3, D). When, as is frequently the case, the chromosomes
are U-shaped, the closed ends of the loops lie toward the center, the open ends
radiating. Three sets of fibers can now be distinguished in connection with the
centrosomes (Fig. 3, C, D): (1) the fibers of the central spindle connecting
the two centrosomes; (2) the polar rays which radiate from the centriole
toward the periphery of the cell; (3) the mantle fibers which pass from the
centrosomes to the chromosomes.

The mitotic figure is at this stage known as the monaster, and its complete
formation marks the end of the prophase.

METAPHASE.—The essential feature of the metaphase is the longitudinal
splitting of each chromosome into exactly similar halves (Fig. 4, ), each hall
containing an equal amount of the chromatin of the parent chromosome. In
the case of U- or V-shaped chromosomes, the splitting begins at the crown
and extends to the open ends, The latter often remain united for a time,
giving the appearance of rings or loops. The significance of this equal longi-
tudinal splitting of the chromosomes is apparent when one considers that
through this means an exactly equal part of each chromosome and thus exactly
equivalent parts of the chromatin of the parent nucleus are distributed to the
nucleus of each daughter cell.

Axapuase.—Actual division of the chromosomes having taken place, the
next step is their separation to form the daughter nuclei. In separating, the
daughter chromosomes pass along the fibers of the central spindle (Fig. 4, IF),
apparently under the guidance of the mantle fibers, each group toward its
respective centrosome, around which the chromosomes finally become arranged
(Fig. 4, G), thus forming two daughter stars. The mitotic figure is now
known as the diaster. In actively dividing cells it is common for the centriole
to undergo division at this stage, thus making four centrioles in the cell.
(Fig. 4, F, G.)

TeLopnasE (Fig. 4, H).—This is marked by division of the cytoplasm,
usually in the equatorial plane of the achromatic spindle, and the reconstruction
of the two daughter nuclei.  Each new cell now contains a nucleus, a centrosome
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with its aster (or two centrioles with asters) and one-half the achromatic
spindle. The resting nucleus is formed by a reverse of the series of changes
described as occurring in the prophase, the chromosomes uniting end to end to
form a skein or spireme, lateral buds appearing which anastomose, thus giving
rise to the reticulum of the resting nucleus. The nucleolus reappears as
mysteriously as it disappeared during the prophase and the nuclear membrane
is reformed.

i H

Fio. g —Diagrams of successive stages of mitosis, W ilsm

E, ]I,Icmp'lmse-, Longitudinal splitting of chromosomes to form daughter chromosomes, ef;
i, cast-off nucleolus,

F, Anaphase. Daughter chromosomes passing along fibers of achromatic spindle toward centro-
somes; centrioles again divided: {f. interzonal fibers of central spindle.

(;, Late nna],hns‘:, Chromosomes at ends of spindle; spindle fibers less distinct; thickenings of
fibers in equatorial plane indicate beginning of cvioplasmic plate; cell body beginning to
divide; nucleolus has disappeared,

fI, Telophase. Cell body 1|.i'.'1'{l[l.':|; chromatic substance in each dawghter nucleus as in resting
stage; nuclear membrane and nucleolus has reappeared in each daughter cell.

It is to be noted that the number of chromosomes which enter into the forma-
tion of the chromatic reticulum of the resting nucleus is the same as the number
of chromosomes derived from that nuclear reticulum when the cell prepares for
mitotic division. It is thus possible that the chromosomes maintain their
individuality even during ihe resting stage.

In plant mitosis the central spindle fibers show minute chromatic thicken-
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ings along the plane of future division of the cell, forming what is known as the
mid-body or cell-plate.  This splits into two layers, between which the division
of the cell takes place. The formation of a distinct cell-plate in animal
mitosis is rare.  In place of this there is a modification of the cytoplasm along
the line of future division, sometimes called the cytoplasmic plate.

As to what may be called the dynamics of mitosis, there has been much
controversy, but comparatively little has been definitely settled.

It would appear that in most cases the centrosome is the active agent in
initiating, and possibly in further controlling the mitotic process. Boveri,
for this reason, refers to the centrosome as the “dynamic center” of the cell.
The centriole first divides into two, around cach of which an astral system of
fibers is formed. The origin of these fibers appears to differ in different cells.
Thus, in some cases—Infusoria, for example—the centrosome lies within the
nucleus and the entire mitotic figure apparently develops from nuclear struc-
tures. In some of the higher plants both central spindle fibers and asters
are formed from the spongioplasm. In still other cases—for example, the eggs
of Echinoderms—part of the figure (the asters) is developed from the cytoplasm,
while the fibers of the central spindle are of nuclear origin.

It must, however, be admitted that centrosome activity is not absolutely
essential to cell division, for there are cases in which division of the chromo-
somes occurs without division of the centrosome, while in the higher plants
mitosis occurs, although no centrosome can be distinguished at any stage of
the process.

The behavior of the centrosome before, during and after mitosis varies in
different cells.  In some cells the centriole is apparently an integral part of

the cell, persisting throughout the resting stage. With it may remain more
or less of the aster, the whole constituting the already mentioned attraction
sphere. In other cells—for example, mature egg cells—the centriole with
its fibrils apparently entirely disappears during the resting stage.

In regard to the origin of the chromatic portion of the mitotic fizure, no
difference of opinion exists, so evidently does it arise, as already noted, from the
chromatic portion of the nuclear reticulum. Its destination in the nuclear
reticulum of the daughter cells is equally well established. The details of the
formation of the chromosomes vary. Thus in some cases there is no single
spireme thread, the spireme being segmented from its formation, each segment
of course corresponding with a future chromosome. In other cases no spireme
whatever is formed, the chromosomes taking origin directly from the nuclear
reticulum. In still other cases the spireme while yet a single thread splits
longitudinally so that there are two threads present, the transverse divisions
into chromosomes taking place subsequently.

As to the time required for the mitotic process, considerable variation exists

i i
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The process usually requires from one-half to three-quarters of an hour, but
may extend over from two to three hours.

Mitosis i1s naturally most active wherever active growth of tissue is taking
place—for example, in embryonic tissues, in granulation tissue, in the healing
of wounds, in rapidly growing tumors (usually an evidence of malignancy).
The earlier generations of cells derived from the fertilized ovum are indifferent
cells in the sense that they are capable of development into any type of tissue
cells.  As differentiation takes place, the cells assume more definite and fixed
types. With differentiation, mitosis becomes less and less active and cells
become incapable of producing cells of any type other than their own. Finally,
the most highly differentiated (specialized) cells—for example, muscle cells and
nerve cells—lose entirely their powers of reproduction, and if destroyed are not
replaced by new cells of the same type.

What is known as multipolar or pluripolar mitosis occurs in some of the
higher plants, less commonly in the rapidly growing connective tissue of healing
wounds and in cancer cells. Such atypical mitosis has also been artificially
induced in rapidly dividing cells by the injection of chemical substances into the
tissues. In multipolar mitosis the centrosome divides into more than two
daughter centrosomes and not infrequently results in an unequal distribution of
chromatin to the daughter cells.

PRACTICAL SUGGESTIONS.

The larval salamander and newt are classical subjects for the study of cell division.
The small larve are fixed in Flemming's fluid, cut into thin sections in either celloidin or par-
affin and stained with Heidenhain's hematoxylin (see Appendix). Mitotic figures may be
found in almost any of the tissues.

Certain vegetable tissues, such as magnolia buds or the root-tips of rapidly growing
onions, also afford excellent material for the study of mitesis. The technic is the same as
for animal tissues.

References for Further Study.

Cowkrin, E. G.: Karyekinesis and Cyiokinesis. Jowr. Acad. Nal. Sci. of Philadel-
phia, Vol. XII, 1goz.

HerTwic, O.: Die Zelle und die Gewebe. 18g8.

Lituie, F. B.: A Contribution towards an Experimental Analysis of the Karyokinetic
Figure. Science, New Series, Vol. XXVII, 1go8.

Wirsox, E. B.: The Cell in Development and Inheritance. 2d Ed., rgoo.



CHAPTER 1.
THE SEXUAL ELEMENTS-OVUM AND SPERMATOZCON.

In practically the whole animal kingdom and without exception in the entire
vertebrate series the development of a new being can take place only when
reproductive elements, produced by two sexually different individuals, are
brought into union at the proper time as the result of the procreative act.
These elements are, on the one hand, the egg or evum, which is produced by the
female, and, on the other hand, the seminal filament or spermatozoon produced
by the male.

To a student of histology it is a matter of knowledge that the ovum and
spermatozoon are fistelogical unils or cells. 1t 13 a familiar fact, too, that
both are produced in special glandular organs—the ovum in the ovary of the
female and the spermatozodn in the testis of the male. Furthermore, it is
known that during sexual maturity they detach themselves from the sexual
organs at definite times,  They then form under suitable conditions, among
which the union of the two sex cells is the most important, the starting point of
a new organism. As a necessary preliminary to the understanding of the
development which follows the union of the two sex cells, a brief consideration
of the structural and to a certain extent of the physiological peculiarities of
these cells is essential.

THE OVUM.

The ovum or egg cell is a cell specially organized for the perpetuation of the
species. It possesses those extraordinary peculiarities of growth and differ-
entiation possessed by no other cell, which enable it to give rise directly to a
new organism with all the characteristics of the species.  Among Vertebrates,
however, the process of development is made possible only by union with the
male sexual element—the spermatozoon. It should be stated, moreover, that
the ovum as seen in a Graafian follicle in the ovary is not a true sexual element,
not having undergone certain processes which eliminate part of its chromatic
substance and put it on a par with the spermatozoon as a mature sexual ele-
ment (see page 27). The large ege cell in the ovary is properly called a
primary oveyle.

With the exception of some neurones, the human ovum (Fig. 5) is the
largest cell in the body. It is spherical in shape, measuring from o.15 mm. to
o.2 mm. in diameter, contains a large spherical nucleus and is surrounded by a
relatively thick, transparent membrane.  As seen in section in the ovary it has

10
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essentially the structure of a typical cell. Around the ovum and separated
from it by a narrow cleft—the perivitelline space—is the zona pellucida, a rather
thick, highly refractive membrane which shows radial striations. These
striations are probably due to the presence of minute canals which penetrate the
zona. It has been suggested that these canals serve for the passage of nutri-
ment to the ovum. Immediately outside of the zona pellucida the epithelial
cells of the Graahan follicle are arranged radially in one or two layers. These

Yolk
granules,

| Zona
| pellucida

N

Fig. 5—From a section of the ovary of a 12 year old girl. The primary odcyte lies in a large
mature Graafian follicle and is surrounded by the cells of the “ germ hill” (the inner edge of which
it hown in the upper left-hand corner of the figure). Photograph.

constitute the corona radiata (Fig. 5). Some investigators have described a
thin, delicate vitelline membrane between the perivitelline space and the ovum,
Others have failed to observe this,

The egg protoplasm, originally called the witellus, differs from the pro-
toplasm of most cells in that it appears somewhat more opaque and coarsely
granular. This appearance is due to the fact that the ovum stores up within
itself food stuffs. These consist of fatty and albuminous substances which are
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later utilized in the growth and increase of the embryonic cells. The food
aranules—deutoplasm—are suspended in the cytoplasm. The distribution,
however, of these granules in the human ovum is not uniform; a mass of them
being found in the center of the cell surrounding the nucleus, while an almost
clear zone of cytoplasm forms the periphery of the cell.

The muclens of the ovum occupies a position near the center within the
deutoplasm mass, though in the ovum of a mature Graahan follicle it is almost
invariably slightly eccentric. It is large proportionately as the ovum is large.
[ts structure does not differ essentially from that of any other nucleus. There
is a distinct nuclear membrane enclosing the usual nuclear structures—the
nuclear liquwid, the network of chromatin, the achromatic network and a single
nucleolus or germinal spot (p. 2, Fig. 1). In
a fresh human ovum amaeboid movements
. ) have been observed in the nucleolus, The
: significance of the nucleolus is as little known
as in any other cell.

A centrosome, though it may be present,
has not been observed in the human ovum.

The amount and distribution of the yolk
granules have an important bearing upon the
changes which take place in the egg subse-
quent to fertilization and have led to the

) : classification of eggs as alecithal, telolecithal
”,Im"‘F[;:;1:":j';’;r;"m;"r:: r:ﬂ]:‘:ﬁ:ﬂ and centrolecithal,  Alecithal eggs (Fig. 5) are
The dark shading represents the cyto-  those in which the volk granules are fairly
plasmic pale, the light shading immedi- st &
ately below represents the deutoplasmic  €venly distributed throughout the cytoplasm
L':_'I'J';'“ Tf:::LJ‘:;t': ;t';‘";;:}ﬁll'}';f:l':::‘ls:.ﬂ‘:: (Amphioxus, most Mammals, including man).
stance (secondary egg membrane), Telolecithal eggs (Figs. 6 and 7) are those in

which the yolk is in excess at one pole, the
cyvtoplasm at the opposite pole (Amphibians, Reptiles, Birds). Centrolecithal
cgos are those in which a central volk mass is surrounded by a compara-
tively thin layer of cytoplasm (Arthropods). (For further description see
Cleavage, page 42.)

Telolecithal ova show a condition known as polar dijferentiation. By
polar differentiation is meant the more or less complete separation of cytoplasm
and deutoplasm, so that the cytoplasm is present in excess at one pole of the egg
and the deutoplasm in excess at the opposite pole. The frog's egg is a familiar
example of this differentiation, the dark side of the egg indicating an excess of
cytoplasm.  Inasmuch as deutoplasm is generally heavier than cytoplasm, an
cge with polar differentiation, if left free to revolve, as in water, will assume a
definite position with the protoplasmic or animal pole above and the deuto-




THE SEXUAL ELEMENTS—OVUM AND SPI'ZRMAT{)ZHHN. 13

plasmic or vegetative pole below. An exception to this is found, however, in
the pelagic teleost eggs, which float with the deutoplasmic pole upward.

In the hen's egg the cytoplasm and deutoplasm are distinct and separate
with no mingling of the two substances (Fig. 7). While still in the ovary, the
ege consists of the yellow yolk in the form of an enormously large cell sur-
rounded by the zona pellucida, upon which lies a small white spot, the so-
called germinal disk. The disk is 3 or 4 mm. in diameter and consists of
finely granular protoplasm with a somewhat flatiened nucleus. This disk

Germinal disk {evtoplasm) White yalk

Albumen ('white') Shell

Shell membrans
{outer layer)

Vitelline membrane
Chalaza

shell membrane

White yalk {inner layer)

Yellow yolk (deutoplasm)

Fic. 7.—Diagram of a vertical section through an unfertilized hen's egg.  Bonnel,

alone gives rise to the embryo proper. All the rest of the mass consisting of a
vast number of spherules united by a small amount of cement substance, is
simply nutritive material or deutoplasm which is later utilized for the nourish-
ment of the embryo.

THE SPERMATOZOON.

In marked contrast to the ovum, the spermatozoén is one of the smallest cells
of the body, being only about fifty microns in length. The spermatozoén, as
seen in the seminal fluid, in any of the sexual passages, or even in the lumen of a
seminiferous tubule, is a true sexual element, since it has passed through certain
processes which prepare it for union with the mature ovum. (See Spermatogen-
esis, Chap. II1.) Like the ovum the spermatozoon is an animal cell of which,
however, both cell body and nucleus have undergone important modifications.
The flagellate spermatozoén, of which the human spermatozoén is an example
(Fig. 8), resembles a tadpole in shape and like the latter swims about by
means of the undulatory movements of its long slender flagellum or tail. It
consists of (1) a fead, (2) a middle-piece or body and (3) a tail.

1. THE Heap.—This in the human spermatozoon is from three to five
microns long and about half as broad. On side view it appears oval; when
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seen on edge, it is pear-shaped, the small end being directed forward. Tt
consists mainly of nuclear material derived from the nucleus of the parent cell.

(See Spermatogencsis.)

Acrosmeme

Body 4

End ring i

Main segment <
of tmil

Terminal
filament

Anterior end knob

Posterior end knokb

Spiral fibers

Sheath of
axial thread

== Axial thread

—Capsule

Fis. 8.—Diagram of a human sperma-

tozoan,

Meves, Bonnel,

A thin layer of cytoplasm, the galea capitis or head-

cap, envelops the nuclear material, while in
front there is a sharp edge known as the
apical body or acresome. In contrast to the
nuclear portion of the head, which of course
takes a basic stain, the acrosome stains with
acid dves.  In some forms the acrosome is
much larger than in man and extends
forward from the head-cap as a long spear,
sometimes barbed —the perjoratoritm. This
process perhaps assists the spermatozoon in
clinging to or in burrowing its way into the
ovum. Many peculiar tyvpes of perfora-
toria, for example, lance-shaped, awl-
shaped, spoon-shaped, corkscrew-shaped,
have been described and have given charac-
teristic names to the spermatozoa possessing
them.

2. THE BODY in the human sperma-
tozodn 1s cylindrical and about the same
length as the head. It consists of a deli-
cately fibrillated cord, the axial thread, sur-
rounded by a protoplasmic capsule. In
some forms (Mammals) a short clear por-
tion, the neck, unites the head and body.
In the neck there can sometimes be demon-
strated an anterior end knob and one or
more posicrior end knobs to which is attached
the axial filament. In man and in some
other forms, delicate fibers—spiral fibers—
wind spirally around that portion of the
axial filament which lies within the body.
At the posterior end of the body, the axial
filament passes through the end disk or end
ring.

3. THE Ta1L in the human spermatozoon is forty to fifty microns in length;
is the direct continuation of the axial thread of the body; and consists of a main
segment thirty-five to forty-five microns in length, and a short terminal
segment. As in the body, the axial filament is delicately fibrillated. Sur-
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rounding the axial filament is a thin cytoplasmic membrane or capsule

«continuous with that of the body. In the human spermatozodn it is ap-

parently structureless; in other forms it assumes curious shapes as, for example,

the so-called membrana undulatoria, or wavy membrane of Amphibia, or the fine

membrane of some Insects. The terminal segment consists of the axial fila-
ment uncovered by any sheath,

The significance of the various parts of the spermatozoén can be best
understood by reference to spermatogenesis (p. 21).

Comparing the spermatozodn with a cell, the head contains the nucleus
while the body contains the centrosome. It is these parts of the spermatozoin
which are essential to fertilization. The acrosome and the tail may therefore
be considered as accessory structures which serve to bring and attach the
spermatozodn to the ovum.

Within the tubule of the testis the spermatozea show no evidence of motile
power. In the semen, however, which consists mainly of fluid secretions of
the accessory sexual glands, they move about freely, as also in the fluids of the
female genital tract. Their speed has been estimated at from 1.5 to 3.5 mm.
per minute and enables them to swim up through the uterus and oviduct, in
spite of the fact that the action of the cilia lining these tracts is against them.

The life of the spermatozoon within the female genital tract is not known.
Moving spermatozoa have been found there seven to eight days after coitus.
In one case reported of removal of the tubes, living spermatozoa were found
three and one-half weeks after coitus.

PRACTICAL SUGGESTIONS.

The fresh unfertilized eggs of the star-fish or sea-urchin serve for general pictures of
alecithal ova. They are carefully removed from the animal and prepared in the following
manner. It is best to use slender vessels in order to facilitate changing the fluids.

Formalin 59 or Flemming's fluid, few hours.
Water (after Flemming's fluid only) 2 or 3 changes, few hours.
Alcohol 709, 1 or 2 changes, few hours.
Borax carmin, 24 hours.
HCl 195 in alcohol 507, 12 to 24 hours.
Alcohol 7097, several changes, few hours.
Alcohol 9577, few hours.
Alechol absolute, few hours.
Nylol, few hours.
Thin balsam, indefinitely.

A small amount of the balsam containing some of the ova is taken up in a pipette, placed
on a slide and covered with a cover-glass.
For the study of the mammalian (alecithal) ovum, the ovary of a dog or cat, or of a girl
or young woman may be fixed in Orth’s fluid, or in Bouin’s fluid (see page 631), embedded
Z
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and cut in either celloidin or parafiin, stained in hematoxylin and eosin (see page 636) and
mounted in xylol-damar.

The frog’s eges are good examples of telolecithal ova with a definite but not complete
polar differentiation. They may be collected in ponds in the early spring and preserved
indefinitely in 5 per cent. formalin. For gross study a few of the ova may be separated
from the general mass and examined under a hand lens. For internal structure, the ova
may be carefully removed from the gelatinous mass, stained ie folo with borax carmin,
embedded in celloidin or paraffin, sectioned, and mounted in damar. Ova fixed in any
osmic acid mixture will show the yolk granules stained black.

The various parts of a hen's egg (telolecithal ovum with extreme polar differentiation))
may be ohserved by simply removing a part of the shell.  To study the egg, however, with-
out the secondary membranes, it must be seen in the hen's ovary.

References for Further Study.

Coxkrin, E. G.@ Organ-forming Substances in the Eggs of Ascidians. Biol. Bull.,
Vol VIII, 1ges.

Kemer, F. and Marr, F. P.: Manual of Human Embryology, 1910.  Vol. I, Chap. L

Warpever, W.: In Hertwig's Handbuch der vergleichenden n. experimentellen Entwick-
clungslelre der Wirbeltiere.  Bd. I, Teil 1, 1903.  Also contains extensive bibliography.

Witsox, E. B.: The Cell in Development and Inheritance.  2d Ed., 1goe.




CHAPTER III.
MATURATION.

In the preceding chapter (p. 1o) it was stated thatin practically the entire
animal kingdom, and without exception in Vertebrates, the condition essential
to the production of a new individual was the union of two sexually different
cells. Before this can take place, however, the sex cells must pass through
certain preliminary and preparatory processes which are known collectively as
reduction of chromosomes or maluralion.

The manner in which this reduction takes place is in most sex cells extremely
difficult of demonstration, this being especially true in the higher forms, notably
in Mammals. The fact, however, that such reduction occurs in all cases in-
vestigated, where there is sexual reproduction, is undisputed. The result also
is invariably the same. The number of chiromosomes in the mature sex cell is
reduced to hal} the somatic number jor the species.

MATURATION OF THE OVUM.

Because of the difficulties of observing this process in higher forms, it is
advisable to describe first the maturation of the ovum in such a simple type as
Ascaris. This has become a classic for the study of maturation owing to the
fact that it shows the various stages of the process with remarkable clearness.

In Ascaris at about the time the spermatozoon enters the ovum, the chromatic
clements of the nucleus are found collected into two groups and each group in
turn composed of four rod-shaped pieces (Fig. 9, A, B,Cand D). The groups are
known as fefrads, and the number of tetrads is always one-half the usual number
of chromosomes. In this particular form the usual number of chromosomes is
four. An achromatic spindle next forms as in ordinary mitosis, and two of
the chromatin rods from each tetrad pass out into a small mass of cytoplasm
which becomes separated from the ovum (Fig. g, E, F, & and H) as the first
polar body. The four chromatin rods which remain in the ovum constitute two
dyads; each dyad representing one-half of a tetrad. Closely following the
formation of the first polar body and without any return of the chromatin to a
resting stage, the second polar body is given off. This is accomplished by two
chromatin rods, one from each dyad, passing out from the ovum, surrounded by
a small mass of cytoplasm, as in the case of the first polar body. There thus
remain in the ovum two rods or two chromosomes, one-half the usual number
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(Fig. g, I, J and K). The somatic number of chromosomes has been reduced
onc-half, and the egg nucleus—jemale pronuclens—is ready for union with the
sperm nucleus—male pronucleus.

Since the chromatin rods left after the formation of the polar bodies are

i

Fic. g.—Maturation of the ovum of Ascaris megalocephala (bivalens). Boveri, Wilson. A,
The ovum with the spermatosoin just entering at < ; the egg nucleus contains 2 tetrads (one not
clearly shown), the somatic number of chromosomes being 4. B, Tetrads in profile.  C, Tetrads
on cnd. [, K, First spindle forming.  F, Tetrads dividing. &, First polar hody formed, containin
2 dyads; 2 dvads left in the ovum. H, J, Iivads rotlating in preparation for next division, a
Divads dividing, K, Each dyad divided into 2 single chromosomes, thus completing the reduction.
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considered as chromosomes, the question arises as to the relation that the rod-
like elements composing the tetrads bear to the chromatin of the nucleus before
the tetrads are formed. In other words, what is the origin of the tetrads? The
answer to this, even in Ascaris, is not quite clear. It is generally agreed, how-
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Fiz. 10.—From section of ovum (primary otcvie) of the mouse, showing first maturation
spindle. Note the 12 chromatin segments, the somatic number of chromosomes being 24. The
ovum is surrounded by the zona pellucida (z.p.) and the corona radiata,  Sebeita.

ever, that after the formation of the spireme thread, the latter segments into
two chromatin rods instead of four; that is, it segments into one-half the usual
number of pieces. Each piece splits longitudinally and then each resulting
piece splits longitudinally again. Thus each primary segment gives rise to
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Fic. 3r.—From sections of ova of the mouse. The figure on the left shows a tangential matu-
ration spindle with 12 chromatin segments. The fizure on the right shows a tangential maturation
?Eiml]u in which each of the 12 chromatin segments has divided transversely into two equal parts,
thus forming 24 scgments.  Sobatta,

four segments which constitute a tetrad. From this it is evident that the
crucial point in reduction is the segmentation of the spireme thread.

In Ascaris, as described above, reduction takes place by means of tetrad
formation, the tetrads being formed by a double longitudinal splitting of the
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primary chromatin rods. Tetrad formation, however, is of comparatively rare
occurrence, for in most animals, especially in the higher forms, no distinct
tetrads are formed. It is possible, however, that certain chromatin structures
in the primary odcyte may be analogous to tetrads.  In the mouse, for example,
the most thoroughly investigated mammalian form, the spireme thread prob-

. i‘”"*

Fiz. 12.—~From sections of ova of the monse, showing three stages in the maturation process,
A, Ovum showing prophase of maturation division, f, fat; = p., zona pellucida.
£, Owum showing maturation spindle with chromatin segments undivided,
O, Ovum showing diaster stage of maturation division, formation of 15t polar bady (p.8.), and S[eTim
nucleus (male pronuclews, s pn) just after its entrance.  Soloffa.

ably scgments into one-half the usual number of pieces, but the further behavior
of these pieces differs from their behavior in Ascaris. Each chromatin seg-
ment is possibly equivalent to a tetrad; and the number of chromatin segments
1= one-half the somatic number of chromosomes, just as the number of tetrads
is always one-half the somatic number of chromosomes. When the first

Fie, 13.—From sections of ova of the mouse, showing the polar bodies (p.b.) and three stages of the
male (m.pa.) and female (f.pn.) pronuclei. Solaolta,

maturation spindle forms in the ovum—primary oécyte—of the mouse, twelve
chromatin segments are found grouped in the equatorial plane (the somatic
number being twenty-four) (Fig. 10). Each chromatin segment next divides
transversely into two equal parts (Fig. 11).  One part from each segment now

passes out into a small globule of cytoplasm which becomes detached from the
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ovum and forms the first polar body (Fig. 12), thus leaving within the ovum
—secondary vicyle—twelve parts or pieces. Closely following the formation
of the first polar body, the twelve remaining pieces divide again transversely
and one-half of each piece passes out into the second polar body (Fig. 13).
Within the ovum—now the mafure svum—there still remain twelve pieces of
chromatin or twelve chromosomes—one-half the somatic number. As a
matter of fact, Sobotta, who studied the process in the mouse, observed in
the majority of cases only one polar body (Fig. 13, A). Later investigators have
suggested that the second polar body also was probably formed but at such a
time or in such a plane that Sobutta had failed to see it. If only one polar
body is formed, the reduction is atypical; but if, as suggested later, two polar
bodies are formed, it would make the process typical. In either case the result
is the same so far as the number of chromosomes is concerned, but in the
former case the bulk of chromatin is reduced only to one-half, in the latter
case it is reduced to one-fourth the original amount.

SPERMATOGENESIS.

The maturation of the male sex cells in the majority of forms is perhaps
more difficult of demonstration than the maturation of the female sex cells,
both on account of the extreme minuteness of the former and on account of the
fact that it is necessary to consider all the generations of cells from the mature
spermatozoa back to the spermatogonia. In some forms the reduction of
chromosomes has been demonstrated, and it is reasonable to assume that it
occurs in all forms. In Ascaris, for example, the reduction has been clearly
shown to occur, as in the case of the ovum, through tetrad formation (Fig. 14).
In the higher forms, and especially in Mammals, the process has not been
observed with such accuracy; but it is possible in a general way to trace the
changes through which the cells pass to arrive at the stage of mature sperma-
tozoa.

In the mammalian testis (Fig. 15, A) the stratified epithelium of the con-
voluted seminiferous tubule consists of two distinct kinds of cells: (1) the
so-called supporting cells or cells of Sertoli, and (2) the different generations of
male sex cells or spermatogenic cells, In a portion of a tubule where active
formation of spermatozoa is not going on, the cells are arranged as follows.
Upon the basement membrane is a single layer of small oval or cuboidal
cells with nuclei rich in chromatin. These are known as spermalogonia.
Internal to these are one or two layers of larger round or oval cells with large,
vesicular, densely staining nuclei, the spermatocytes. Between these and the
lumen are several layers of small, oval cells whose nuclei contain closely-packed
chromatin granules. These are the spermatids. Usually the lumen of the
tubule contains a number of mafure spermatozoa, which may lie either free in the
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lumen or with their heads embedded in the supporting cells. The supporting
cells extend from the basement membrane to the lumen of the tubule where
they frequently spread out in a fan-like shape.

The developmental cyele through which the spermatogenic cells pass, in-
cluding reduction of chromosomes, occurs in a definitely progressive manner

Fio. 14.—Reduction of chromosomes in spermatogenesis in Ascaris megalocephala (bivalens).
Brawer, Wilson, A—U, Successive stages in the division of the primary spermatocyte.  The original
reticulum undergoes a very early division of the chromatin granules which then form a doubly split
spireme (5}, This becomes shorier (7, and then breaks in two 1o form the 2 tetrads (13, in ]';rn le,
f_'-'. on end). F, &, H, First division to form 2 secondary spermatocytes, cach receiving 2 dyads. [,
Secondary spermatocyte. S, K, The same dividing. £, Two resulting spermatids, each containing
z single chromosomes,

along length-segments of the seminiferous tubule. Thus a particular cross
section may contain only the earlier stages of spermatogenesis, the succeeding
serial sections containing the middle and later stages.  After the sections con-
taining fully developed spermatozoa, the next succeeding sections contain the
early stages again.
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Fic. 15.—From sections of seminiferous tubules of Rat, showing successive stages in spermato-

genesis.  Lenfhossek,

A, Typical section showing clumps of spermatezoa (spz) with their heads embedded in Sertoli cells;
several layers of spermatids (spa): layer of spermatocytes (spe) with nuclei preparing for
division; layer of spermatogonia (spg) next basement membrane.

B, Section showing inning of transformation of spermatids (spm) into spermatozoa; spermalto-
evtes (spc) with larger cell hodies and spiremes in nuclei.

C, Section showing large spermatocytes (spe) in process of division; spermatogonia (spg) pre-
paring for division to form new spermatocytes.  Spermatids of preceding stage ( B) are repre-
sented here by spermatozoa (spz).

D, Section showing further advance. The primary spermatocyies of the preceding stage (O)
have divided to form secondary spermatocytes and the latter to form the spermatids (spm)
represented here.  During these divisions the reduetion of chromesomes has taken place,
The spermatogonia of the preceding stage have divided, one daughter c2ll from each forming a
new spermatocyte (spe), the other still remaining as a spermatogonium (spg).
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The spermatogonia multiply by ordinary mitosis.  During the period of
sexual maturity of the individual, the spermatogonia are constantly proliferat-
ing, while at the same time, some of the spermatogonia, ceasing to proliferate,
enter upon a period of growth in size (Fig. 17). When the limit of this growth
is reached, these cells are known as primary spermatocytes.  These large cells
have distinet nuclear networks.  As the primary spermatocyte prepares for
division, the spireme thread probably segments into one-half the usual number
of pieces.  As already noted, this results in Ascaris in the formation of tetrads.
The process is not so clear, however, in higher forms, but in all cases, whether
there is tetrad formation or not, the behavior of the chromatin is such that
cach daughter cell—secondary spermatocvie—receives one-half the usual num-
ber of chromatin segments.®*  Without any return of the nucleus to the resting
state, each secondary spermatocyte divides into twe cells which are known as
sperniatids, each of which also receives one-half the usual number of chromatin
segments, or chromosomes. Thus cach primary spermatocyvte gives rise to
four spermatids, each of which contains one-half the somatic number of
chromosomes. A careful study and comparison of the stages represented in Fig.
15, A, B, Cand D will assist in understanding the processes of spermatogenesis.

After the last spermatocyte division and the resulting formation of the
spermatid, the nucleus of the latter acquires a membrane and intranuclear net-
work, thus passing into the resting condition. Without further division the
spermatid now becomes transformed into a spermatozeén.  This is accomplished
by rearrangement and modification of its component structures (Fig. 16).
The centrosome either divides completely, forming two centrosomes, or Imrliall}';
forming a dumb-bell-shaped body between the nucleus and the surface of the
cell.  The nucleus passes to one end of the cell and becomes oval in shape.
Its chromatin becomes very compact and is finally lost in the homogencous
chromatin mass which forms the greater part of the head of the spermatozodn.
Both centrosomes apparently take part in the formation of the middle piece.
The one lving nearer the center becomes disk-shaped and attaches itself to the
posterior surface of the head. The more peripheral centrosome also becomes
disk-shaped and from the side directed away from the head a long delicate
thread grows out—the axial filament, The central portion of the outer cen-
trosome next becomes detached and in Mammals forms a knob-like thickening—
end knob—at the central end of the axial filament. In Amphibians this part of
the outer centrosome appears to pass forward and to attach itself to the inner
centrosome.  In both cases the rest of the outer centrosome in the shape of a
ring passes to the posterior limit of the cytoplasm. As the two parts of the
posterior centrosome separate, the cytoplasm between them becomes reduced
in amount, at the same time giving rise to a delicate spiral thread —the spiral

#Acconding 1o Bonnet, the reduced number of chromosomes first appears in the spermatids,
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filameni—which winds around the axial filament of the middle piece. Mean-
while the axial filament has been growing in length and part of it projects be-
yond the limits of the cell. The cytoplasm remaining attached to the anterior
part of the filament surrounds it as the sheath of the middle piece. In Mam-
mals there appears to be more cytoplasm than is needed for the formation of the
sheath of the middle piece, and a large part of it degenerates and is cast aside.

Head Heaed

Anterior end knob

Anterior end knob
Posterior end knob

Posterior end knob

Body End ring

End ring

Tail

Nucleus

Cytoplasm

i = Proximal centrosome

F’;Iﬂal centrosome

Tail

Fic. 16.—Transformation of a spermatid inte a spermatozodn (human). Schematic.
Meves, Bonnet.

The sheath which surrounds the main part of the axial filament appears in some
cases at any rate to develop from the filament itself. The galea capitis or
delicate film of cytoplasm which covers the head is undoubtedly a remnant of
the cytoplasm of the spermatid.

The developing spermatozoa lie with their heads directed toward the base-
ment membrane, and attached, probably for purposes of nutrition, to the free
ends of the Sertoli cells (Fig. 15). Their tails often extend out into the lumen
of the tubule. When fully developed they become detached from the Sertoli
cells and lie free in the lumen of the tubule.
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Comparing maturation in the male and female sex cells, it is to be noted
that the descendants of the primordial germ cells, the spermatogonia and the
ofigonia, proliferate by ordinary mitotic division, with the preservation of the
somatic number of chromosomes, up to a certain definite period in their life
historyv, They then cease proliferating for a time and enter upon a period of
growth in size (Fig. 17). The results of this growth are the primary spermato-
cyte and the ovarian egg or primary otcyte. When, however, the primary
spermatocyte and the primary oocyte prepare for division, the nuclear reticulum
in cach case resolves itself into one-half the somatic number of chromosomes,
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Fiz. 17.—Diagrams representing the histogenesizs of () the female sex cells and (§) the male sex
cells, Modified from Bower:,

and this reduced number is given to each of the resulting secondary spermato-
cytes and secondary obcytes.

There is, however, this marked peculiarity in the division of the primary
obcyte, in addition to the reduction in chromosomes, that while the di-
vision of the nuclear material (chromosomes) is equal, the division of the
cyvtoplasm is verv unequal, most of the latter remaining in one cell, usually
designated the secondary odcyte proper. The other cell is of course small,
owing to its lack of cvtoplasm, and is extruded from the odcyte proper as the
first polar body (Figs. 9, 12, 13 and 17). In the next division, that of the second-
ary odcyte, a similar condition obtains. Each resulting cell contains the re-
duced number of chromosomes, but one of the cells is large containing nearly
all the cytoplasm and is the mature ege cell, while the other is small owing to its
small amount of cytoplasm, and is extruded from the larger cell as the second
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polar body (Figs. g, 12, 13 and 17). In some cases the first polar body divides,
giving to each resulting cell the reduced number of chromosomes. There have
thus resulted from the reduction division in the otcyte, three or four cells
(Fig. 17). One of these is the mature ovum containing one-half the somatic
number of chromosomes, the other two or three are the cast off and apparently
useless polar bodies, each of which contains one-half the somatic number of
chromosomes. The primary spermatocyte, on the other hand, gives rise to
four cells which are equal in size as well asin their chromatin content (Fig. 17).

There thus develop from both spermatocyte and oficyvte four structures,
each containing one-half the somatic number of chromosomes, only, as already
noted, in the case of the spermatocyte, all four of the resulting products of
division become functional as spermatozoa, while in the case of the odcyte only
one product, the mature egg cell, becomes of functional value. (Compare
Fig. 17 a and b.)

The time of formation of the polar bodies differs for different eges. In
some cases both polar bodies are extruded before the entrance of the spermato-
zoon. In other cases one polar body is formed before, the other after the
entrance of the spermatozoién. In still other eggs both polar bodies are formed
after the entrance of the spermatozodn,

From the above description it is evident that the phenomena of maturation
are essentially similar, and the process itself is identical in both male and female
sex cells. The details of the process vary, but the result—the reduction of the
number of chromosomes in the mature sex cell to one-half the number char-
acteristic for other cells of the species—is always the same.

The exact manner in which reduction takes place has been the subject of
much investigation and controversy and has as vet been determined for com-
paratively few forms. In the higher animals the point at which the actual
reduction in number of chromosomes takes place is usually two generations
of cells before the formation of the mature sex cells. The behavior of the
chromatic spireme of the otcyte or of the spermatocyte, as it breaks up into one-
half the somatic number of chromosomes, varies sufficiently to allow two
general types of maturation to be distinguished, known, respectively, as reduc-
tion with tetrad formation and reduction without tetrad formation.

In reduction with tetrad formation the spireme (primary obcyte or primary
spermatocyte) segments into the reduced number of chromatin masses, each one
of which divides into four pieces and is consequently known as a tetrad. The
two maturation divisions now follow, the second following the first rapidly with-
out reconstruction of a nuclear reticulum. In the first of these each tetrad
divides equally, giving rise to two dyads, each consisting of two pieces of
chromatin and each passing to one of the daughter cells (secondary obeyte,
first polar body, spermatocyte) (Figs. g and 14). In the second maturation
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division each dyad gives one of its pieces to each daughter cell (mature ovum,
second polar body, spermatid) (Figs. 9 and 14).

In reduction without tetrad formation, the spireme segments into the re-
duced number of pieces.  Each of these segments, however, does not show an
immediate differentiation into four pieces to form a tetrad, as in the case of
reduction with tetrad formation; but in the first maturation division each
chromatin segment divides equally, giving half its substance to each daughter
cell.  Then there may be a more or less complete reconstruction of the nucleus.
Finally, in the second maturation division, each of the halves of the original
chromatin segments divides again, one part passing to each daughter cell.

Comparizon of the two tyvpes of reduction makes evident the fact that there
is no essential difference between them, other than the time of division of the
reduced number of chromatin masses into their ultimate number for distribu-
tion to the four granddaughter cells.  In reduction with tetrad formation, the
four ultimate divisions are evident from the first. In reduction without tetrad
formation no such subdivision is apparent, the division of each chromatin mass
into two being accomplished apparently by the first maturation division and
into the final four of the mature cells, by the second maturation division. -

The apparent difference between male and female maturation—the single
functional cell in the female as contrasted with the four in the male—loses some
of its significance when one notes that in some forms the polar bodies are not
so rudimentary as is generally the case.  Thus in certain forms one or more of
the polar bodies may develop into cells very similar to the mature egg cell, may
be penetrated by spermatozoa, and may even become fertilized and proceed a
short distance in segmentation,  There iz thus warrant for considering the
polar bodies rudimentary or abortive ova,

Of interest in connection with the apparent necessity, in sexual reproduction,
that the egg rid itself of the polar bodies before the female pronucleus is ready
for union with the male pronucleus, is the fact that in certain parthenogenetic
egzs only a single polar body is extruded, while the eggs of the same species
which are to be fertilized produce two polar bodies; also that in certain cases of
parthenogenesis the second polar body has been shown to form what is ap-
parently a pronucleus, so that there are two pronuclei within the egg cytoplasm,
both derived from the secondary odeyte.  These unite to form the segmenta-
tion nucleus, the second polar body thus acting the part of the male pronucleus.

A brief discussion of accessory chromesomes will be found under the
head * Determination of Sex ™ in the chapter (XV) on the Urogenital System.

Theoretical Aspects of Reduction.

When we come to consider ofty reduction of chromosomes occurs, we are led into a
maze of conflicting hypotheses. The field is purely speculative in character. Some of




MATURATION, : 29 .

the hypotheses have received support from observation, others are still hypotheses in the
strictest sense of the word.

Some of the earlier investigators interpreted reduction merely as a means to prevent the
summation of the nuclear mass in succeeding generations, or in other words, as a means o
prevent the doubling of the number of chromosomes in each succeeding generation. For
if there were no reduction, the egg cell and the sperm cell each would bring to the segmenta-
tion nucleus the full amount of chromatin or the somatic number of chromosomes. This
would result in the doubling of the chromatin mass at each fertilization. While reduction
does, as a matter of fact, prevent this summation, the inadequacy of this explanation is
apparent when one considers that in the vast majority of cases the mass reduction is not
one-hali but three-fourths, and furthermore that mass reduction really means but little
because the bulk of the nuclear substance may increase or decrease enormously at different
periods in the life history of the cell.

Another interesting view first held by Minot, and later adopted by others, was that the
ordinary cell is bisexual or hermaphroditic, and that maturation is an effort on the part
of the germ eells to rid themselves of the opposite sexual elements, i.e., the ovum rids itself
of its male elements to become a true female sex cell; the spermatozotn of its female
elements, to become a true male sex cell.  This theory also met with a serious objection
when it was found that four functional spermatozoa are derived from a single primary
spermatocyte. The fact that female qualities are transmitted by the male germ cell and male
qualities by the female germ cell is also opposed to this theory.

The most modern theory is extremely complex and is closely associated with, even forms
a part of, the modern ideas of inheritance. Weismann first, in 1885, considered the deeper
meaning of reduction and set forth his views in an article of highly speculative character,
but which gave great stimulus to further study of the problem. Weismann’s first assump-
tion was that **Chromatin is not a uniform and homogeneous substance, but differs quali-
tatively in different regions of the nucleus; that the collection of the chromatin into the
spireme thread and its accurate division into halves is meaningless unless the chromatin in
different regions of the thread represents different qualities which are to be divided and
distributed te the daughter cells according to some definite law.” He argued that if the
chromatin were the same throughout, mitosis would be superfluous and direct cell division
would be sufficient. The real starting-point of Weismann’s theory is that the chromatin is a
colony of minute particles—biophores—each of which has the power of developing some
quality. The biophores are grouped together into larger masses or delerminants, and the
latter are grouped to form ids. The ids are identificd with the visible chromatin granules.
Each id is assumed to possess potentially the complete architecture of the species, i.e., each
id has the power of determining the development of all the qualities characteristic of the
species.  The ids differ slightly from one another according to individual variations within
the species, and are arranged in a linear manner to form the chromosomes. Thus each
chromosome is a group of slightly different germ-plasms and differs qualitatively from all
athers.

The interpretation of these hypotheses and their formulation into a theory leads to still
greater complexity. If there were no reduction and each germ nucleus brought to the
segmentation nucleus the full amount of chromatin, the number of chromosomes would be
doubled and consequently the number of ids. And since each id has the power of deter-
mining the development of all the qualities of the species, an infinite complexity would arise
after a few generations. By reducing the ids both in size and in number in each germ cell,
the tendency toward this infinite complexity would be held in check. Thus on the assump-
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tion that the ids are arranged in linear series in the chromosomes, Weismann ventured the
prediction that two forms of mitosis would be found to occur.  One would be a longitudinal
splitting so that each daughter nucleus would receive one-half the amount of each id. This
form of division was known at that time and is characteristic of ordinary mitosis. The
other form would, he sugeested, be such as to give each daughter nucleus one-half the number
of ids. This might be brought about either by transverse division of the chromosomes
or by the elimination of one-half the number of chromosomes. This form of division was
not known at that time and the fulfillment of this second part of Weismann's predictions
has been one of the most remarkable discoveries in eytology, for it has been demonstrated
for some forms at least that transverse division of chromosomes does actually occur.

Weismann’s views form a wonderfully ingenious theory against which there is thus far
no structural ground for opposition.  Indeed, some known facts are in its favor. Whether,
however, these facts possess the significance which Weismann attributed to them is still an
open question,

Germinal
epithelium

Stratum
granulosum

Tunica albuginea

_ Germ hill Theea folliculi i
with ovum {vascular layer) ___E_H_,?

| ._::;;‘

Fic. 18.—From section of human ovary, showing mature Graafian follicle ready to mipture.
Kollmann's Atlas.

OVULATION AND MENSTRUATION.

By ovnlation is meant the periodic discharge of the ovum from the Graahan
follicle and ovarv. By menstruation is meant the periodic discharge of blood
from the uterus associated with structural changes in the uterine mucosa. The
two phenomena are usually associated although either may occur independ-
ently of the other. They normally occur every twenty-eight days. That
ovulation and menstruation are not necessarily dependent upon each other
and that either may oceur without the other has been proved by a number of
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observations; thus the occurrence of fertilization during lactation when the
menstrual function is in abeyance; the occurrence of impregnation in voung
girls before the onset of the menstrual periods and in women a number of years
after the menopause. Leopold reports the examination of twenty-nine pairs of
ovaries on successive days after menstruation and the finding of Graahan
follicles just ruptured or just ready to rupture on the eighth, twelfth, fifteenth,
eighteenth, twentieth and thirty-fifth days. He reports also five cases in which
there were no evidences of ovulation during menstruation.

At the time of ovulation the mature follicle, which has a diameter of 8 to 12
mm., eccupies the entire thickness of the ovarian cortex, its theca being in con-

F16. 1g.—Showing ovary opened by longitudinal incision, The ovum has escaped through the
tear in the surface of the ovary.  The cavity of the follicle is Alled with a clot of blood (corpus hamor-
rhagicum) and irregular projections composed of lutein cells.  Kollmann's Atlas.

tact with the tunica albuginea (Fig. 18). Thinning of the follicular wall nearest
the surface of the ovary, and increase in the amount of the liquor folliculi, thus
causing increased intrafollicular pressure, finally result in rupture of the
follicle through the surface of the ovary and the escape of the ovum together
with the liquor folliculi and some of the follicular ceils.

The escaped ovum normally passes into the fimbriated end of the Fallopian
tube and so to the uterus. In exceptional cases it may remain in the tube after
fertilization and so give rise to a tubal pregnancy, or, falling into the abdomi-
nal cavity and becoming there fertilized, to an abdominal pregnancy. Both are
known as ectopic gestations,

As the ovum escapes from the follicle there is more or less bleeding into the
follicle from the torn vessels of the theca. Closure of the opening in the
follicle results in a closed cavity containing a blood clot, the corpus (Fig. 19)

3
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hemorrhagicum, which then becomes gradually transformed into the corpus
tutenn.

The transformation of the corpus hemorrhagicum into the corpus luteum
(Figs. 20 and 21) is brought about by ingrowths of strands of connective tissue
from the inner layver of the theca and the replacement of the remainder of the
clot by large yellowish cells containing pigment (lutein granules) and known as
lutein cells.  The lutein cells are considered by some as derived from the con-
nective tissue cells of the theca, by others as due to proliferation of the cells of
the stratum granulosum. Degeneration and absorption of the tissues of the

Paint of ruplure

Cavity of follicle

Lutein cells
LCorpus hamorchagicum ==

_. i : Theca folliculi
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= Ivarian stroma
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-?-"-‘-'_ '.h

Stratum granulosam

Fic. 20—From section of human ovary, showing early stage in formation of corpus luteam,.
Kollmann's Atlas,

corpus Juteum follows, resulting in shrinkage, and loss of its characteristic

vellow color. The whitish body resulting is known as the corpus albicans and

is itself in turn either wholly absorbed or represented only by a small scar of

fibrous tissue,

The rapidity with which the changes, both constructive and destructive,
take place in the corpus luteum, appears to be largely dependent upon whether
the egg which escaped from the follicle is or is not fertilized. If ovulation is not
followed by fertilization the corpus luteum reaches the height of its development
in about twelve days, and within a few weeks has almost wholly disappeared.
If, on the other hand, pregnancy supervenes, the corpus luteum becomes much
larger, does not reach its maximum development until the fifth or sixth month
and is still present at the end of pregnancy. The above differences have led to
the distinction of the corpus luteum of pregnancy or the frue corpus lutewm, and
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the corpus luteum of menstruation, or the jalse corpus hetewm, although there
are no actual microscopic differences between the two.

Point of rupture

Blocd wessel
of theca

Connective tissue Lutein cells

Connective tissue
from theca

Theca folliculi

Remmnant of corpus
haemorrhagicum

T

s a
-

Blood wvessels
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Fi6. 21—From section of human ovary, showing later stage of corpus luteum than Fig. zo.
Kollmann's Atlas,

PRACTICAL SUGGESTIONS.

The reduction of chromosomes is beautifully illustrated in Ascaris megalocephala
{tiit'ﬂlt‘ns}. This 5.]":[:1‘5{‘5 of Nematode 15 Emms:il;if in the intestine of the horse and can
I.J:i-l.j{l."j‘ he prncur&d 1::,' a vetennanan, The oviducis ane l,':l.rl:fu”}' removed and treated
as follows:

Gilson's alcohol-acetic-sublimate mixture, 15 to 30 minutes.
7095 alcohol, with little tincture jodine, several changes, 24 hours.
7ol alcohol, indefinitely.
Borax-carmin, 24 hours.
19, HCI in 709 alcohal, 24 hours.
Absolute alcohol and glycerin, equal parts, 24 hours.
Glycerin, indefinitely.

Mounting for study is carried outas follows: Cut the oviduct into about six pieces of
equal length, being careful to keep the pieces in order. Cut a small bit from one of the
pieces, gently shake some of the ova into a small drop of glycerin on a slide and carefully
apply a glass. Pressure on the cover-glass will crush the ova. Ova from all the pieces are
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treated in the same manner.  For permanent mounts the cover-glasses should be cemented.
The first (most cranial) piece will show the sperm in the ovum and the nucleus of the
latter in the resting or spireme stage. The second piece will show a distinet membrane
around the ovum, the sperm head, and the chromatin of the egg nucleus arranged in
tetrads.  The third piece will show the membrane, the sperm nucleus as a fainter structure,
amd the first maturation spindle. The fourth piece will show the membrane, the sperm
nucleus still fainter, the first polar body, and also the second maturation spindle.  The

fifth piece will show the membrane, the very faint sperm nucleus, the first polar body some- l
where around the periphery of the ovum, the second polar body, and often two chromosomes '
remaining in the ovum.  The sixth piece (near the junction of the two oviducts) will often §
show both polar bodies and the two pronuclei (with no apparent diffierence between them) 1[
in the resting stage. It should be borne in mind that the maturation process goes on pro- ¥

gressively from the cranial to the caudal ends of the oviducts, so that it is possible to find
other stages between those mentioned.

Maturation in a mammalian ovum is probably best seen in the mouse. The ovaries
of a mouse are fixed in Flemming's fluid, cut in either celloidin or parafiin and stained
with Heidenhain’s hematoxylin (see Appendix).  In some of the sections ova are likely to
be found which will show maturation spindles, or polar bodies, or some intermediate stages,

Owing to their extreme minuteness, the study of the maturation processes in the sperm
cells is much more difficult than in the ova and, furthermore, since each primary spermato-
cyte gives rise to four spermatids and each spermatid is transformed directly into a sperma-
tozodn, it is necessary to consider all the generations of cells from the spermatozoa back
to the spermatogonia.

Instructive specimens may be obtained by fixing small pieces of a fresh human testis in
Orth’s fluid, cutting thin sections in celloidin and staining with hamatoxylin-eosin (see
Appendix).

Better results may be obtained from the testis of some small animal, Remove imnie-
diately the testis of a recently killed mouse or rat, make an incision to insure quick penetration
of the fixative and fix in Flemming's fluid. Cut thin sections in paraffin and stain with
Heidenhain's heematoxylin (see Appendix).  Different seminiferous tubules will show dif-
ferent stages in the development of the spermatozoa. It is scarcely possible in these prepa-
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rations to trace the actual process of reduction of chromosomes.
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CHAPTER. TV.
FERTILIZATION.

Mitosis, as described in Chapter I, is the process by which cells proliferate
to form the various tissues and organs and to take the place of cells worn out
in the carrying on of their labors or destroyed by injury. It is constantly going
on throughout the life of the individual. Attention has been called to the fact
that in all such reproduction there is a constantly maintained somatic number of
chromosomes. This has been seen to hold true up to the formation of the
mature germ cells—the mature ovum and the spermatozodn, each of which
contains one-half the somatic chromosome number.  In all sexual reproduction
the starting point of the new individual, that is, the formation of the single cell
from which all the tissues and organs develop, is the union of two mature germ
cells, the spermatozoon and the ovum, one from the male the other from the
female. This union is known as jerfilization and the resulting cell is the
jertilized oviem.

The details of the process vary in different animals. TIts essence is the
entrance of the spermatozoon into the ovum and the union of the nucleus of the
spermatozoon with the nucleus of the ovum. At the time of its entrance into
the egg, the sperm head is small and its chromatin extremely condensed
(Fig. 22, 2). Soon alter entering the ovum, however, the sperm head un-
dergoes development into a typical nucleus, the male pronuclens (Figs. 22, 3,
and 13, C). This male pronucleus is to all appearances exactly similar in
structure to the nucleus of the egg, which latter is now known as the female
pronuclens. The chromatin networks in both pronuclei next pass into the
spireme stage, the spiremes segmenting into chromosomes of which each pro-
nucleus contains one-half the somatic number. The nuclear membranes mean-
while disappear and the chromosomes lie free in the cytoplasm. During these
changes in the pronuclei, the amphiaster has formed and the male and the
female chromosomes mingle in its equatorial plane (Fig. 22, 5). At this stage
no actual differentiation can be made between male chromosomes and female
chromosomes, the differentiation shown in Fig. 22, 5, being schematic.
The picture is now that of the end of the prophase of ordinary mitosis,
the somatic number of chromosomes being arranged in a plane midway
between the two centrosomes.  With the mingling of male and female chro-
mosomes fertilization proper comes to an end. The further steps are also
identical with those of ordinary mitosis. Each chromosome splits longitudinally

39
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into two exactly similar parts (Fig. 22, 5), one of which is contributed to
cach daughter nucleus (Fig. 22, 6), and the cell body divides into two equal
parts.  (For details of succeeding anaphase and telophase see p. 6.) There
thus result from the first division of the fertilized ovum, two cells which are
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= Female pronucleus
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= Male pronucleus

= Female pronucleus

= Chromosome from
female pronucleus
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Fic, z2—Diagram of fertilization of the ovum, (The somatic number of chromosomes is 4.)
Boveri, Bahm aud ron Davidogf

apparently exactly alike and each of which centains exacily the same amonnt of
male and of jemale chromosome clements (Fig, 22, 6).

The amphiaster of the fertilized ovum appears te develop as in ordinary
mitosis. As to the origin of the centrosomes, however, much uncertainty still
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exists. The middle piece of the spermatozotn always enters the ovum with the
head. Tt has already been shown (p. 24) that one or two spermatid centro-
somes take part in the formation of the middle piece. Male centrosome
elements are therefore undoubtedly carried into the ovum in the middle piece. It
is equally well known, for some forms at least, that the centrosome of the ovum
disappears just after the extrusion of the second polar body. In a considerable
number of forms the development of the centrosome of the fertilized egg from, or
in close relation to the middle piece of the spermatozoin has been observed.
The details of the process as it occurs in the sea-urchin have been care-
fully described by Wilson. In cases of this tvpe the tail of the spermato-
zoon remains outside the egg while the head and middle piece, almost im-
mediately after entering, turn completely around so that the head points away
from the female pronucleus (Fig. 23, a). An aster with its centrosomes next
appears, developing from, or in very close relation to the middle piece. The
aster and sperm nucleus now approach the female pronucleus, the aster leading
and its rays rapidly extending. On or before reaching the female pronucleus
the aster divides into two daughter asters (Fig. 23, &) which separate with the
formation of the usual central spindle, while the two pronuclei unite in the
equatorial plane and give rise to the chromosomes of the cleavage nucleus
(Fig. 23, ¢ and d). In the sea-urchin the polar bodies are extruded before the
entrance of the spermatozoon. In cases where the polar bodies are not ex-
truded until after the entrance of the spermatozotn (Ascaris, Fig. g) the
amphiaster forms while waiting for their extrusion, the nuclei joining sub-
sequently. When the sperm head finds the polar bodies already extruded,
union of the two pronuclei may take place first, followed by division of the
centrosome and the formation of the amphiaster.

The coming together of ovum and spermatozotn is apparently determined
largely by a definite attraction on the part of the ovum toward the spermato-
zoon. This attraction seems to be chemical in nature and is specific for germ
cells of a particular species, that is, ova possess attractive powers toward
spermatozoa of the same species only. This has been proved in some of the
lower forms by mixing ova and spermatozoa in a suitable medium with the re-
sult that the spermatozoa become attached to the membrane of the ova in large
numbers. Spermatozoa of other species will not, however, be thus attracted.
That this attraction is not dependent upon the integrity of the ovum as an
organism is shown by the fact that small pieces of egg cytoplasm free from
nuclear elements exert the same attractive force, so that spermatozoa are not
only attracted to them but will actually enter them.

Of eggs which are enclosed by a distinct membrane, the vitelline membrane,
some (e.g., those of Amphibians and of Mammals) are permeable to the
spermatozoon at all points; others have a definite point at which the spermat-
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ozoin must enter, this being of the nature of a channel through the membrane
—the micropyle. In some instances a little cone-shaped projection from the

Fig. z23.—Fertilization of the ovum of Thalassema. Crriffin,
", Male pronucleus, .*, female pronucleus.

surface of the egg, the attraction cone (Fig. 22, 1), either precedes or imme-
diately follows the attachment of the spermatozoon to the egg, Instead of a
projection there may be a depression at the point of entrance.
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There seems to be no question that but one spermatozoén has to do
with the fertilization of a particular ovum. In Mammals only one spermato-
zobn normally pierces the vitelline membrane although several may penetrate
the zona pellucida (Fig. 22, 1) to the perivitelline space. Should more than one
spermatozoon enter such an egg—as, for example, in pathological polyspermy—
the result is an irregular formation of asters and polyasters (Fig. 24) and the
early death of the egg either before or scon after a few attempts at cleavage.
In some Insects, and in Selachians, Reptiles and Birds, a number of sperma-
tozoa normally enter an ovum, but only one goes on to form a male pronucleus.

The ovum thus not only exerts an attractive influence toward spermatozoa,
but it apparently exerts this influence only until the one requisite to its fertiliza-
tion has entered, after which it appears able to protect itself against the further
entrance of male elements. As to the means by which this is accomplished
little is known, although several theories have been advanced. It may be that

Fiz. 24 —Folyspermy in sea-urchin eggs treated with o.005 per cont. nicotine solution. O, ard K.
Hertwig, Wilson,
B, Showing ten sperm nuclei, three of which have conjugated with female pronuclens. C, Later
stage showing polvasters formed by union of sperm amphiasters.

when the single spermatozodn necessary to accomplish fertilization has entered
the ovum, it sets up within the ovum such changes as to destroy the attractive
powers of the ovum toward other spermatozoa, or as even to prevent their
entrance. In the case of eggs where the spermatozoén enters through a micro-
pyle, it has been suggested that the tail of the first spermatozodn remaining in
the opening might effectually block the entrance to other spermatozoa; or the
passage of the first spermatozodn might set up such mechanical or chemical
changes in the canal as would prevent further access. In most cases of eggs
which have no vitelline membrane previous to fertilization, such a membrane is
formed immediately after the entrance of the first spermatozotn, a natural
inference being that this membrane may prevent the entrance of any more
spermatozoa. Biologists, however, are inclined to discredit the view that the
fertilization membrane is a protection against polyspermy.
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Nothing is known in regard to fertilization of the human ovum, It has been
shown that in some of the lower Mammals fertilization regularly takes place
in the oviduct, and it is reasonable to assume that it occurs in the oviduct in
man. That spermatozoa can pass into and even all the way through the
oviduct is proved by cases of tubal, abdominal and, rarely, ovarian pregnan-
cies,  On the other hand Wyder considers the uterus as the normal site of
fertilization, and some other gynecologists say that fertilization may take
place in the uterus. Waldeyer also concludes that fertilization may occur in
the uterus.

Significance of Fertilization.*

Mitotic cell division constitutes the wonderiul mechanism by which not enly the con-
tinuity of life but also the maintainance of the species is accomplished. “Froman a priori
point of view there is no reason why, barring accidents, cell division should not follow cell
division in endless succession.”’  And it is probable that such is the case among the lower
forms of animal and vegetable life, where no true sexual reproduction occurs. A one-celled
animal or plant may divide and produce two individuals; each of these two may produce
two more, and so on ad infinitwm.  “In the vast majority of forms, however, the series of
cell divisions tend to run in cycles in which the energy of division comes to an end and is
restored only by an admixture of living matter from another cell.”

Thiz admixture of the living matter of two cells is known as fertilization and is the
essential feature of sexual reproduction. It is the process which on the one hand restores
to the cell the energy necessary to continue its division and on the other hand accomplishes
the blending of two independent lines of descent.

Certain views regarding the significance of fertilization may be grouped together as the
rejuvencseence Meory.  The earlier embryologists regarded fertilization as *a stimulus given
by the spermatozodn, by which the ovum is ‘animated’ and made capable of development.™
The more modern *“dynamic™ theorists express practically the same conception.  They hold
that protoplasm tends 1o pass gradually into a state of equilibrium in which activity dimin-
ishes, and that fertilization restores to it a state of activity through the admixture of protoplasm
which has been subjected to different conditions.

Certain known facts tend in a general way to support these theories. For example,
among the Protozoa or one-celled animals, a long series of cell divisions is followed by con-
ju;_::iﬁrm. In conjugation two individuals come together and fuse permanently, or inter-
1_'1.1:1ng¢: substances and separate E‘L;_-;ain. This process results in the restoration of the energy
of growth and division and a new life-cycle is begun. Among the higher animals and
plants fertilization is always necessary for the initiation of a new life-cycle with its subsequent
cell division and growth, In some lower forms, however, parthenogenesis occurs and a new
life-cycle is initiated without the union of cells from two sexually different individuals, It
must therefore be admitted that whether or not the tendency toward senescence and the need
of fertilization are primary attributes of living matter is unknown.

Parallel with the rejuvenescence theory are other views which do not necessarily oppose
or confirm it. Ome view in particular is that fertilization is in some way concerned with
variations in the individuals of a species. Brooks and Weismann developed the hypothesis
that fertilization, the admixture of germ plasms from two individuals, is a source of varia-

*The quotations in the following paragraphs are from “The Cell in Development and
Inheritance,” by E. B, Wilson,
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tion—"‘a conclusion suggested by the experience of practical breeders of plants and animals.”
Weismann himself holds that the need of fertilization is a secondary matter, but that the
admixture of different germ plasms insures the mingling and renewal of variations.

Spencer and Darwin, on the other hand, believe that although crossing among animals or
plants may lead to variability within certain limits, it tends in the long run to hold in check
any wide digression from a norm and hold the species true to type.

PRACTICAL SUGGESTIONS.

Fertilization of the ovum may be observed in some of the Invertebrates and makes a
wonderfully interesting process to observe under the microscope. In the sea-urchin, for
example, whose ova are relatively small and transparent, the steps may be followed in the
living objects. The mature ova are removed from the animal and placed in a drop of sea-
water on a slide; then a drop of seminal fluid mixed with sca-water is added. A cover-glass
is gently applied, and it is best to place a thin bit of glass under one edge to prevent crushing.
The following phenomena may be seen under a fairly high power lens: In less than a minute
a vast number of the spermatozoa are clustered around each egg.  Under the most favorable
conditions one of these spermatozoa may soon be seen with its head attached to the ovum.
The head penetrates deeper into the cytoplasm, the tail becomes motionless and finally
invisible, The egg nucleus and sperm nucleus then seem to exert a mutual attraction and
move toward each other. They finally come in contact and fuse, the product of their fusion
being the segmentation nucleus. The whole process of fertilization has not occupied more
than ten minutes.

In Ascaris the behavior of the sperm nucleus during the maturation of the ovum may be
inferred from the different stages (see "“Practical Suggestions,” p. 33). In this particular
animal the two pronuclei do not actually fuse but return to the resting stage within the ovum
and then, when the first cleavage is about to occur, break up into their respective chromo-
SOMEs.
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CHAPTER V.
CLEAVAGE —(SEGMENTATION).

Following fertilization and the commingling of male and female chromo-
somes, there occurs the usual longitudinal splitting of these chromosomes as in
ordinary mitosiz.  One-half of each chromosome now passes toward each
centrosome.  The result is that one-half of each male chromosome and one-
half of each female chromosome enter into the formation of each of the two
new daughter nuclei (Fig. 22, 4, 5 and 6). The phenomena which follow are
apparently identical with those of ordinary mitosis and result in two similar
daughter cells, Each of the latter next undergoes mitotic division. In this
manner are formed four cells, eight cells, sixieen cells, and so on.  This early
multiplication of cells which follows fertilization is known as cdeavage or
segmentation of the ovum, the cells themselves are known as blastomeres and the
cell mass as the moruda,

While the object of cleavage and its results—the proliferation of cells from
the fertilized ovum and subsequent growth and development of the embryo—
also the general features of the process, are essentially similar in all eggs,
marked variations in details of cleavage occur in eggs of different forms,
apparently dependent largely upon the amount of yolk present and its distribu-
tion within the egg.  (See page 12.)

We distinguish the following :

FORMS OF CLEAVAGE.

( a. Equal—e.g., alecithal eggs of Sponges,
Echinoderms, some Annelids,
some Crustaceans, some Mol-
lusks, Amphioxus, Mammals.

). Unequal—e.g., telolecithal eggs of

Holoblastic (complete or total)
Cyclostomes, Ganoid
Fishes, Amphibians; usual
tvpe in Annelids and Mol-

| lusks.
[‘a. Superficial—e.g., centrolecithal eggs of
: Arthropods.

Meroblastic (incomplete or partial) { b. Discoidal—e.g., telolecithal eggs of
I Cephalopods, Bony Fishes,
1{ Reptiles, Birds.
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Holoblastic Cleavage.

(A) Eguar.—In this form of cleavage the entire egg divides and the cells
resulting from the early cell divisions are of approximately the same size. One
of the Echinoderms—Synapta—presents a beautiful example of this, the simplest
tyvpe of cleavage (Fig. 25). The egg of Synapta is alecithal, containing very little
yolk. The first cleavage is in a vertical plane at right angles to the long axis of
the central spindle and divides the egg into halves. The second plane of cleavage
is also vertical but is at right angles to the first cleavage plane and results in four
equal cells. The third cleavage plane is horizontal, cutting the four cells result-
ing from the second cleavage into eight equal cells. The fourth cleavage is

e e,

Fig. 25 —Cleavage of the ovum of Synapta (slightly schematized). Selenka, Wilson,
A=-E, Successive cleavages to the 3z-cell stage. F, Blastula of 128 cells.

vertical, the fifth herizontal and so on, regular alternation of vertical and hori-
zontal cleavage planes being continued through the ninth set of divisions, re-
sulting in 512 cells. At this point gastrulation begins and the regularity of the
cleavage planes is lost. Amphioxus is another classical example of equal
holoblastic cleavage, being classed as such, although after the third cleavage the
cells are not of exactly the same size. In Amphioxus the first two cleavage
planes are vertical and at right angles, as in Synapta. The third cleavage plane
is horizontal, as in Synapta, but the cells lying above the third cleavage plane are
smaller than those lying below it. The eight-cell stage of Amphioxus thus
presents four upper smaller cells and four lower larger cells (Fig, 26).

=
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(B) UneEguarL.—A good example of this form of cleavage is found in the
common frog’s egg (Fig. 27). This egg while containing little volk when com-
pared with such eggs as those of the fowl, contains much more yolk than does
the egg of Synapta or of Amphioxus. The frog’s egg being a telolecithal egg,
the volk is gathered at one pole, enabling a distinct differentiation to be made
between the upper darker protoplasmic or animal pole, and the lower lighter
vegetative pole (Fig, 6). The cleavage is complete but the cells which develop
at the volk pole are much larger than those which develop at the protoplasmic
pole.  The first and second cleavage planes are as in Synapta and Amphioxus,
vertical and at right angles to cach other. Each of the four cells which result
from the second cleavage in the frog consists of a small upper darker proto-
plasmic pole and of a larger lower lighter volk pole (Fig., 27, A). The

1 2 3
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Alicromeres

Segmentation
cavity
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Fic. 26.—Cleavage of the ovum of Amphioxus. Hatschek, Bonnet.
1-5, Lateral views of segmenting cells; 6, section of blastula,

nuclear elements lving, as they alwavs do, within the protoplasmic portion of
the cell, determine the next cleavage plane which is horizontal and lies nearer
the protoplasmic ends of the cells.  The result is that the third cleavage gives
rise to eight cells, four of which are small protoplasmic cells lving above the
line of cleavage, while the other four are large yolk-containing cells which lie
below the line of cleavage (Fig. 27, A). This distinction between protoplasmic
cells and yolk cells not only persists but tends to become more and more marked
as segmentation proceeds, and it soon becomes evident that the cells unencum-
bered by volk have a tendency to segment more rapidly than do their yolk-
laden brethren (Fig. 27, C, D, E, F and G). Thus, while the fourth cleav-
age is vertical in both tvpes of cells, giving rise to eight upper protoplasmic
cells and the same number of lower volk cells, this uniformity of number per-
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sists only up to this point, while beyond this point the protoplasmic cells in-
crease in number much more rapidly than do the yolk cells, so that when the
protoplasmic cells number 128, there are still but comparatively few yolk cells.
There thus result in total unequal cleavage two very different types of cells each
confined to its own part of the segmenting cell mass.

Fic, z7.—Cleavage of the frop's egg.  Morpan.
A, Eight-cell stage; B, beginning of sixteen-cell stage; C, thirty-two-cell stage; 1, forty-eight-cell
stage (more regular than uswal); F, F, i, later stages; F, [, formation of blastopore,

Meroblastic Cleavage.

(A) SUPERFICIAL.— T his form of cleavage is seen in the centrolecithal eggs
of Arthropods. These eggs (see p. 12) consist of a central mass of nutritive
volk surrounded by a comparatively thin layer of protoplasm. The seg-
mentation nucleus lies in the middle of the nutritive yolk where it undergoes
the usual mitotic divisions. The resulting daughter nuclei leave the central
yolk mass and pass out into the peripheral layer of protoplasm where they ap-
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parently determine segmentation of the protoplasm, the number of protoplasmic
segments corresponding to the number of nuclei. There is thus formed a
superficial layer of cells (blastomeres) enclosing the central nutritive yolk.

(B) DiscorpaL.—This type of cleavage occurs in eggs which have an
excessive amount of yolk and in which the protoplasm is confined to a small
superficial germ disk. 'The telolecithal ova of Birds furnish typical examples
of this form of cleavage. The first cleavage plane is vertical and divides the

Fig. 28.—Cleavage in hen's egg. Ceste. Germinal disk and part of yolk, secn from above.

protoplasmic dizk into halves. The second cleavage plane is also vertical
and at right angles to the first, resulting in four approximately equal cells
(Fig. 28, a). The third cleavage plane is also vertical, dividing two of the
four cells (Fig. 28, ). The germ disk at the end of the third cleavage consists
of six pyramidal cells lving with their apices together in the center of the germ
disk, their bases lving peripherally and toward the yvolk mass. They are
separated from one another at the surface, but are still continuous below and

.
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peripherally with the underlying yolk mass and consequently with each other.
The analogy between this condition and that described for the frog's egg is
complete with the one exception that in the latter the cleavage furrows cut
completely through the yolk cells or the yolk-containing portions of the cells,
while in the bird’s egg the amount of yolk is so great that the cleavage furrow
merely passes a short distance into it without completely dividing it into seg-
ments. The fourth cleavage plane is tangential, cutting off the apices of the
six pyramidal segments. The germ disk after the fourth cleavage thus con-
sists of six small superficial central cells and six larger cells which surround
the small cells and also separate the latter from the underlying yolk. From
this point radial and tangential cleavages follow each other without any sem-
blance of regularity. The result is a mass of small cells lying at the center of

Fic. zg.—Froma vertical section through the germ disk of a fresh-laid hen's ege.  Pusal, Herivig.
gad., Upper layer of germ disk; 5., segmentation cavity; wey., white yolk (see Fig. 7); a.5, lower
layer of germ disk (volk cells, merocyies).

the disk and surrounded by larger cells (Fig. 28, ¢, d). The smaller cells are
completely separated from the underlving volk while the larger cells are for a
time continuous with it (Fig. 29).

Comparing the unequal holoblastic cleavage of the frog's egg with discoidal
meroblastic cleavage as seen in the eggs of Birds, it becomes immediately
evident that the differences between them are explainable entirely by reference
to the greater quantity of yolk in the bird’s ege. The real activity of segmenta-
tion is in both cases confined almost wholly to the protoplasm. In the frog's
egg the amount of yolk present is sufficient to impede segmentation in the
larger cells but not to prevent it. In the bird’s egg the amount of yolk is so
great that it cannot be made to undergo complete segmentation.

Some General Features of Cleavage.
Cleavage in Mammals.

The two fundamental laws of cleavage as formulated by Sachs are:
1. That each cell tends to divide into equal parts,
.*
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2. That each division plane tends to intersect the preceding division plane at
right angles.

The first of thesze laws is apparently dependent upon the fact that the
nucleus tends to occupy the center of the protoplasmic mass which is to undergo
division. In the case of a spherical cell the spindle may lie in any diameter.
In case one axis of the cell is longer than the other axis, the axis of the spindle
corresponds to the long diameter of the cell.  When the cell divides the division
plane always bisects the spindle perpendicularly to its long axis.

Applying these laws to cleavage, the first division plane bisects the long
axis of the first division spindle at right angles, the axis coinciding with the
greatest diameter of the cytoplasmic mass.  The result is two cells, the long
axes of which are parallel to the first division plane. The axes of the mitotic
spindles in these two daughter cells, coinciding with the long diameters of the
cells, are therefore at right angles to the mitotic spindle of the mother cell, and
the second division plane is therefore at right angles to the first.  The result of
the second division is four cells and as the first two division planes were vertical,
the long axes of all four of these cells are vertical, as are also their mitotic
spindles. The third division plane to be at right angles to these spindles must
bisect them in a horizontal plane. The third cleavage plane is therefore
horizontal.

Such regular cleavage as that seen in Synapta (p. 43) in which after the
first vertical cleavage, vertical and horizontal cleavage planes alternate with
perfect regularity and the number of cells is exactly doubled at each cleavage
through the ninth cleavage or 512 cells, is extremely rare.  Thus in many forms
the regular doubling of the number of cells occurs only through the first four or
five cleavages. This is exemplified in Nereis where regular doubling occurs
through the fourth cleavage, giving rise to sixteen cells. The hith cleavage
results in twenty cells, the sixth in twenty-three, the numbers at successive
cleavages being twenty-nine, thirty-two, thirtv-seven, thirty-eight, forty-one,
forty-two. The immediate cause of such irregularity in the number of cells is
that some of the cells divide more rapidly than others, Thus in Nereis after
the fourth cleavage not all the cells divide at any one time.  In some cases the
amount of volk present in the cell appears to influence the rapidity of division,
the cells containing the greater quantity of yolk dividing more slowly than those
containing less yolk, While this is generally true, exceptions where cells con-
taining much yolk divide as rapidly as, or more rapidly than, those containing
less, prove the inadequacy of this as a general explanation of numerical ir-
regularity in cleavage. It is possible that in many instances, at any rate, the
future réle of the cell as regards function may play a large part in determining
the rapidity of its segmentation. After the forty-two-cell stage in Nereis the
number of cells at each successive cleavage is indeterminate, that is, it varies

= g < e
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for different individuals. In other species this variability begins much earlier
in the segmentation series.

In addition to variations in the number and size of the cells above de-
scribed, variations also occur in the direction of the cleavage planes and in the
relations of the resulting cells. In all eggs except centrolecithal, the first two
cleavage planes bisect each other at right angles through the protoplasmic pole.
Subsequent cleavage may follow one of three types, which are distinguished as
radial, spiral and bilaleral.

Radial cleavage is the simple type of cleavage already described as occurring
in Synapta and in the frog (Figs. 25 and 27).

Spiral or oblique cleavage occurs chiefly in Worms and Mollusks. The differ-
ence between radial and spiral cleavage is brought out in the second division in the
latter, and may manifest itself in the telophase of the first division. The third
cleavage is not a continuous horizontal plane but cuts the cells in such a manner
that the four lower cells have a position as if rotated one-half cell, usually to the
right. The divisions between the cells of the lower row thus alternate with those
of the upper row, like layers of bricks in a wall. The next horizontal cleavage
plane is also oblique but is at right angles to the preceding and results also in
alternation of all the cells. This regular alternation of spiral cleavage planes
may continue for some time, but, as a rule, the cleavage soon becomes very
irregular and there is usually much variation in size of the blastomeres,

In the bilateral form of cleavage seen in Tunicates and Cephalopods, after
the first cleavage, the cells segment symmetrically on each side of the first
plane,

In some forms the cleavage appears to follow definite rules as regards the
number of cells which result from each segmentation. This is known as defer-
minate cleavage. In other cases, after a number of divisions, the number of
cells resulting from each cleavage is indefinite, that is, it varies for each indi-
vidual. This is designated indeterminate cleavage.

Reviewing the results of cleavage, it is to be noted that in every case there is
formed a larger or a smaller group of cells. In the case of equal holoblastic
cleavage, these cells are all of the same or of nearly the same size, and constitute
what is known as the morula or mulberry mass (Fig. 25, E). A similar condition
obtains in unequal holoblastic cleavage with the one exception, that there is
a marked difference in the size of the cells constituting the morula (Fig. 27).
In superficial meroblastic cleavage the group of cells forms a laver enclosing the
central yolk, the latter being unsegmented but containing some nuclei. In
discoidal meroblastic cleavage the group of cells spreads itself over a limited
superficial area, while beneath it lies the large mass of unsegmented yolk, con-
taining, however, some nuclei (Figs. 28 and 2q).

In holoblastic cleavage the blastomeres in the interior of the mass become
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more or less separated during segmentation, a cavity thus being formed within
the so-called morula. This cavity increases in size, the cells being pushed
centrifugally and, the embryosoon consists of a layer or layers of cells enclosing a
cavity, the segmentation cavity. Theentire embryois now known as the Mastula.

The simplest type of blastula is seen in Amphioxus, where it consists of a
nearly spherical segmentation cavity surrounded by a single layer of cells.
Some of the cells—those which are more ventral and contain the larger
amount of yolk—are slightly larger than others (Fig. 26, 6),

In the eggs of the frog, in which the cells resulting from segmentation show
greater inequality in size (due to difference in yolk content), the segmenta-
tion cavity is surrounded by several layers of cells.  In such a blastula the roof
of the cavity is comparatively thin, being composed of small cells containing

Micromenes.

ilacrameres.
Fio, 3o—~From a saginal section through blasiula of frop.  Bomet.
mz., Marginal zone,

little volk, micremeres, while the floor of the cavity is thick, being composed
of large volk cells, macromeres. So thick is this wall of the vegetative pole of the
blastula that the large volk cells extend into the segmentation cavity compress-
ing it into a crescentic cleft (Fig. 30).  In the frog the roof of the segmentation
cavity is sharply defined from the floor, due to the fact that the outer layer of
cuboidal roof cells is densely pigmented.  The rather sharply defined zone of
transition between pigmented micromeres and nonpigmented macromeres is
known as the marginal zone.

In discoidal segmentation, the segmentation cavity is a mere slit between the
superficial protoplasmic cells and the underlying unsegmenting volk with its
volk nuclei (Fig. 2g). Comparing it with unequal holoblastic cleavage, these
partially divided volk cells which form the floor of the segmentation cleft in

o gl
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discoidal cleavage are analogous to the large volk cells which form the floor of
the segmentation cavity in the frog. (Compare Figs. 29 and 30.)

In the mammalian ovum, as in the other cases just described, segmentation
leads up to the formation of a solid mass of cells—the mornla.  While cleavage

Fi16. 31.—Four stages in cleavage of the ovum of the mouse. Sobolle
Small cell marked with x is the polar body.

here is of the holoblastic equal type, the irregularity is especially marked. In
the mouse, for example, the second cleavage is complete in one of the blasto-
meres before it has begun in the other, so that a three-celled stage results

Gelatinous
layer

Lona
pellucida

Subzanal
space

Morula

Fic, zz.—Morula of rabbit. wan Beweden.

(Fig. 31). Following this is a four-celled stage. From this time on cleavage
continues irregularly until a solid mass is formed, as in the lower forms,
which is composed of apparently similar cells (Fig. 32).

The next step in mammalian development is a differentiation of the super-
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ficial layer of the cells of the morula.  The result, then, is a single surface layer,
the covering laver, surrounding a central mass of polygonal cells (Fig. 33, a).
This solid mass of cells is transformed into a vesicle by vacuolization of some of
the inner cells (Fig. 33) and the confluence of these vacuoles to form a cavity,
The mammalian ovum at this stage thus consists of two groups of cells and a
cavity, an outer group or layer of cuboidal cells, the outer cell layer or covering
layer (trophoderm), forming the wall of the cavity, and an inner group of

Fia. 33.—Four stages in the development of the bat.  van Seseden.
a, Section of morula; b, section of later siage of morula, showing differentiation of outer laver of
cells; ¢, section of still later stage, showing vacuolization of central cells; 4, section showing outer

.....

layer (trophoderm) and inner cell mass.

polvgonal or spheroidal cells, the duner cell mass which at one point is attached
to the outer layer of cells (Fig. 33, 4).

The mistake must not, however, be made of considering the mammalian
ovum at this stage as a true blastula. The mammalian ovam apparently does
not pass through any true blastula stage. Of the parts just described, the
inner cell mass alone is comparable to the blastoderm of birds, while the cavity
corresponds not to the segmentation cavity but to the yolk mass of meroblastic
ecos,  The vacuolization of the cells of the inner cell mass would thus represent
a late and abortive attempt at yolk formation, the actual nutritive yolk being
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made unnecessary, since the attachment of the ovum to the walls of the uterus
provides for direct parental nutrition. In the separation of the cells of the
morula into an inner cell mass and an outer covering layer is seen the earliest
differentiation into cells (inner cell mass), which are destined to form the
embryo proper, and cells (outer cells—covering layer) which are to engage in
the development of certain accessory structures.

PRACTICAL SUGGESTIONS.

The ova of the star-fish or sea-urchin afford excellent material for the study of total
(holoblastic) equal cleavage up to and including the blastula and gastrula stages. During the
breeding season for these animals (late in June or early in July in the latitude of New York)
the ova are readily obtained and easily fertilized under artificial conditions. The ova are
removed and placed in shallow vessels containing sea-water. The seminal fluid is mixed
with a small quantity of sea-water and some of the mixture is added to the water containing
the ova. Gentle agitation will serve to disseminate the spermatozoa.  Fertilization occurs
within half an hour and cleavage follows very shortly. A few of the ova are placed on a
slide and watched under the microscope until the first cleavage is u{:nrl}' complete and then
any desired quantity may be treated as follows: Remove the ova from the vessel by means
of a pipette, care being taken not to take up any more water than is absolutely necessary.
Eject them into 5 per cent. formalin contained in a slender, cylindrical bottle. After a
few minutes (when the ova have settled to the bottom) it is best to change the formalin. The
ova may remain in the formalin indefinitely.

The later stages in cleavage may be determined and secured in the same manner. The
process goes on rapidly and blastule will appear in a few hours, gastrule in a little longer
time.

To prepare permanent mounts, proceed as follows:

Aleahol, 30%%, 509, 7000, an hour in each grade.
Borax-carmin, few hours.
Aleohol, 709, slightly acidulated with HCI, few hours.
Aleohel, 709, several changes, few hours.
Alcohol, 959, one hour.
Alcohol, absolute, one hour.
Xylol, one hour.
Thin xylol-damar, indefinitely.

Eemove some of the ova in a pipette, place on a slide and apply a cover-glass. In order
to prevent crushing, it is best to place a few bits of broken cover-glass in the damar on the
slide before applying the cover-glass.

Eges of the common frog are good examples of total unequal cleavage. The ova in
various stages of cleavage can be procured in ponds during the spring and preserved indefi-
nitely in 5 per cent. formalin, A hand lens or even the naked eye will be sufficient to deter-
mine the earlier stages (two, four, eight and sixteen cells). For closer examination a few
of the ova may be placed in the formalin or in waterin a watch-glass. The cleavage furrows
on the surface are remarkably clear.

Permanent preparations of a number of stages for use in a large class may be made by
removing the individual ova, each with its gelatinous capsule still intaet, from the general
mass and placing in formalin in slender test-tubes. The tubes should have a diameter just
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small enough not to allow the eggs to slip past one another.  In this way the stages may be
kept in order, and the tightly corked tubes may be handled in any way to get the best light

on the cgos.
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CHAPTER VI.

GERM LAYERS.*®
THE TWO PRIMARY GERM LAYERS—FORMATION OF THE GASTRULA.
Gastrulation in Amphioxus.

The changes which immediately follow the formation of the blastula can be
observed in their simplest form in Amphioxus, where, it will be remembered,
the blastula is a hollow sphere the wall of which consists of a single layer of cells
which enclose the segmentation cavity (Fig. 26,6). Gastrulation begins by a
flattening of the ventral wall of the blastula (Fig. 34, 4). Thisis followed by
a folding in or invagination of the yolk cells which form the ventral wall (Fig.
34, B). These cells press upward into the segmentation cavity which they soon
completely obliterate, and come to lie immediately beneath and in contact with
the smaller cells which had formed the roof of the cavity (Fig. 34, C).

The gasirula, as the embryo is now called, thus consists of two layers of cells
which lie in close apposition and enclose the new cavity, the archenteron (ccelen-
teron—primitive gut) formed by the invagination (Fig. 34, C and D). This
cavity remains open externally, the opening being known as the bastopore
(Fig. 34,C and D). These two layers of cells which form the wall of the gastrula
are the primary germ layers, The outer layer is known as the ectederm or
epiblast, the inner layer as the enfoderm or hiypoblasi. As seen by reference to
Fig. 34, C and D, the two primary germ layers are directly continuous with each
other at the blastopore.

The most significant feature of the transformation of the blastula into the
gastrula is that whereas in the blastula all the cells are essentially similar,
differing if at all only in the amount of yolk contained, in the gastrula two dis-
tinct types of cells are recognizable. The cells of the outer layer differ from
those of the inner layer both structurally and functionally, Thusin some of the
lowest forms the gastrula stage is the adult stage. In such the outer cells are
protective, react to external stimuli, develop cilia which determine locomotion,
etc. The inner cells, on the other hand, are more especially concerned with
nutrition, absorbing food, and giving off waste products. Von Baer's apprecia-

¥For many of the ideas contained in this chapter, especially the correlation of gastrulation and
the formation of the mezoderm in different forms, the writers are indebted to Bonnet's excellent de-
scription in his “ Lehrbuch der Entwickelungsgeschichte,”

The homologizing of gastrulation in the different forms has been found the most satisfactory

method of teaching the subject. At the same time it must be admitted that some of the correlations
are not based on actual observations.

==

whd




56 TEXT-BOOK OF EMRRYOLOGY.

tion of the significance of this first cell differentiation is evidenced by the fact
that he designated the two primary germ layers the * primitive organs™ of the
bady,

It should be noted that with the completion of gastrulation certain important
landmarks in adult topography have been established. Thus the animal
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Fic. 34.—Gastrulation in Amphioxus, Hafschek, Bonnel,
(micromere) pole is always the dorsum; the vegetative (macromere) pole

alwavs the ventrum; the blastopore, being always caudal, differentiates the
tail end from the head end of the embryvo.

Gastrulation in Amphibians.

This is maodified as compared with gastrulation in Amphioxus by the
presence of a greater amount of yolk. A clear understanding of the modifica-
tions which this increased volk content causes in the gastrulation of Amphibians,
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as well as of Reptiles and Birds, is essential to a proper appreciation of the
process in Mammals.

Recalling the amphibian blastula (p. 50), it will be remembered that its
roof was formed of smaller protoplasmic cells (micromeres) while its floor con-
sisted of a mass of volk cells which encroached upon the segmentation cavity

Micromeres

. Sepment.
cavity

Marginal
ZONe

Macromeres

Fic. 35.—Vertical section through blastula of Triton,  Hertwip.

(Fig. 30). The zone of union between the two kinds of cells is known as the
marginal zone. The simplest type of amphibian gastrulation, and the tvpe
thus most easily compared with gastrulation in Amphioxus, is exemplified by
the water salamander—Triton taeniatus. (Compare Figs. 34 and 35.)
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Fi5. 36.—Vertical section through embryo of Triton, showing beginning of gastrulation. Hertwig.

In Triton, a slight groove or furrow appearing along a portion of the marginal
zone marks the blastopore and the beginning of gastrulation. The upper lip
of this groove is formed by the smaller protoplasmic cells, the lower by the large
yolk cells (Fig. 36). The groove next deepens, the micromeres growing in at
the dorsal lip to form the roof of the archenteron, while the yolk cells are carried
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over the ventral lip to form the floor. The invagination cleft which thus be-
comes the archenteron is at first small as compared with the segmentation cavity,
but rapidly increases in size, until as in Amphioxus, the earlier cavity is finally
completely obliterated (Fig. 37). Coincident with the carrying of the yolk
cells into the interior of the vesicle and the obliteration of the segmentation
cavity, proliferation of the micromeres carries them completely around the yolk
cells, so that the entire surface of the gastrula is formed of small cells (Fig. 37).

The amphibian gastrula thus consists of a central cavity, the archenteron,
communicating with the exterior by means of a small opening, the blastopaore,
the roof of the cavity being formed by two or more layers of small cells, the
floor by the mass of large yolk cells. The outer layer of cells completely sur-
rounds the volk cells except at the blastopore, and constitutes the ectoderm
(Fig. 37). The inner layver or entoderm is distinet only in the roof of the cavity.
Laterally its cells pass over without any distinct demarcation into the mass of
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Entoderm {protentoderm)
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Fic. z3.—Vertical section Ll|1-<_|-|,|,5h gnslrula of Triton, Hertaig.

yolk cells which form the floor of the cavity. As the ectoderm forms a com-
plete outer laver, the only point at which the yolk cells now appear externally is
the blastopore, into which they project as the yolk plug (Fig. 37).

It is possible in the amphibian gastrula to make the distinction between the
entoderm of the roof which has grown in from the surface and is continuous
with the surface ectoderm, and the entoderm of the floor which is formed of yolk
cells. By those who make this distinction, the former is called the profentoderm,
the latter the yolk enfoderm (Fig. 37).

In the case of the common frog, the eges of which are so easily obtained
that they furnish most satisfactory subjects for study, gastrulation is somewhat
less simple than in Triton.  As already noted (p. 50) the demarcation between
micromeres and macromeres is in the frog very distinet, owing to the dark pig-
mentation of the former. This is shown in Fig. 30, as is also the fact that the
roof of the segmentation cavity consists of a surface layer of strongly pig-
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mented cells, and beneath this a layer of less pigmented cells. Fig. 38 shows
the beginning of gastrulation, being a slightly earlier stage than the Triton
gastrula (Fig. 36).

In the frog (also in the toad and salamander) a modification of the comple-
tion of gastrulation occurs, which, while apparently unimportant. is considered
by some investigators as having significance in the interpretation of gastrulation
in higher forms, especially in Mammals. It is illustrated in Fig. 30. The
wedge-shaped mass of yolk cells is pushed in front of the invagination cleft and
carried around dorsally just beneath the ectoderm (Fig. 30, &). This is met in
the medial dorsal plane by volk cells which have grown up from the floor of the
segmentation cavity on the opposite side (Fig. 30, ¢). What was the segmenta-

Cells with
much pigment

'Cd]lr; writh

Micromeres less pigment

Macromeres

Invagination (blastopore)
F1c. 38.—From sagittal section of blastula of freg, showing beginning of gastrulation. Bomnet.

tion cavity thus becomes divided into a cleft beneath the ectoderm and a cavity
surrounded by yolk cells. The cavity is designated by Bonnet the ““ Ergéinzungs-
hohle” or “ completion cavity” (Fig. 39, ¢, d,e). With continued enlargement
of the invagination cavity, the cleft-like remains of the segmentation cavity
beneath the ectoderm becomes obliterated and the “completion cavity”” becomes
pressed ventrally. The wall between the latter and the invagination cavity
thins and finally ruptures so that the two cavities become one,

It thus happens that at one stage there are three cavities (Fig. 39, d)—(1)
the slit-like remains of the segmentation cavity, (2) the invagination cavity and
(3) the so-called “completion cavity.” The remains of the segmentation
cavity is seen by reference to the figures to lic between the ectoderm externally
and the protentoderm and yolk entoderm internally. The invagination cavity
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is limited mainly by protentoderm, the “completion cavity ™ by volk entoderm,

The breaking of the partition between the invagination cavity and the “com-

pletion cavity” results in the formation of the archenteron proper or primitive

gut, which is thus lined partly by protentoderm and partly by yolk ento-
a ]

. Ectoderm
Ectoderm
_l_r'

Sepmenta-
Lioh cavity

SCEmenta- X,
Lhon cavity - i

Wedpe Wedge
¥ i __ Ant_lip of
. s f'iil—f"'\\. blastopare
Blastopore Blastopore
& d
< Bctoderm - P  Ertndera
St'j.r,rll-t"l'.‘..
cav. = Protento-
S "Wedge™ ] derm
&mnnt'tiﬂq. e Comp. plate R Protento-
(eampletion A . o derm
i 4 “Completion L
‘W cavity Lk
1 k‘ § :
i A
Blastopore
Blastopore ;
Peristomal ":':..__ o et —— Yolk plug

mesoderm

Ectoderm .
Ectoderm

Archenteron
. Com. pl.
= Praotentoderm

- Protentoderm

Ant lipof
blastopore

Yolk plug

Post, lip of
blastopore

Fic. 3o.—Successive stages of gastrulation in the frog, showing especially the formation of the
protentoderm, volk entoderm and “completion cavity."”  Sehultze, Bonnet.  Com. pl., *Completion
plate.”
derm, the two heing from now on called simply entoderm. The somewhat
thickened area of volk cells at the junction of the protentoderm and yolk
entoderm is designated by Bonnet, the Erginzungsplatte” or “completion
plate” (Fig. 30, d, e).
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Gastrulation in Reptiles and Birds.

This is further modified by the still greater increase in yolk, yet retains
sufficient similarity to the process in Amphibians and Amphioxus to allow of
comparison.

P -y

o

o
4
g
T
&

Fic. go.—Surface view of blastoderm of snake. Herfirip. DBlastopore 15 represented by dark
wansverse band near lower side of hgure.

In the types of gastrulation thus far described—in Amphioxus, Triton and

the frog—the entire egg is involved in segmentation and gastrulation. Up

through these forms there is a progressive increase in the amount of yolk, which

— Blastoderm

Embryanie disk

- X
Anterior lip
_‘ Hlastopore
Pasterior lip (crescentic groove)
of blastopore

Fic. gr.—Surface view of embryonic disk of wurtle (Emys taurica).  Bounet,
X, The lighter shading represents the opacity due to the growth of the protentoderm (see Fig. 42).
in Triton and still more in the frog was seen to modify the gastrulation process.
In the reptilian and the avian ovum there is a much greater increase in volk
content, the segmentation being confined to the germ disk and to a small part of
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the underlying yolk (p. 40). Just as cleavage in Reptiies and Birds was
modified by the presence of the large unsegmenting yolk mass, so, for the same
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“Completion plats
Fic. g42.—From medial vertical sections through embryonie disk of lizard, showing five successive
stares in gastrulation.  Wenckeback, Boanel,

reason, is gastrulation quite modified, as compared with the simple process seen
in Amphioxus, At the same time, however, it is possible to correlate the reptil-
ian and avian gastrulation with gastrulation in the lower forms,
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Tt will be remembered that in the discoidal cleavage of Birds the blastula
consists of a cleft-like segmentation cavity, the roof of which is formed by the
proliferating micromeres constituting the germ disk, while the floor is formed by
the partially segmenting yolk (Fig. 29). The former corresponds to the micro-
mercs of the blastula roof in Amphioxus and Amphibians, the latter to the
underlying yolk cells. (Compare Figs. 26, 6, 30 and z20.)

In Reptiles the beginning of gastrulation is
evidenced by the appearance of an opacity just in
front of what may now be designated the posterior
margin of the disk (Fig. 40). This is due to more
rapid proliferation of cells at this point. The
opacity soon shows a depression or groove which
more or less sharply defines the posterior margin
of the disk. It varies in shape in different Rep- dffl':l“- gf-:ﬁ;’n‘;ﬁ‘;lﬁ'“'h‘:i.E]“j;‘;:
tiles. It is frequently crescent-shaped and has Herwig.
been called the crescentic groove (Fig. 41). This
groove is the blastopore, and corresponds to the blastoporic invagina-
tions of Amphioxus, Triton and the frog. Soon after the formation of the
crescentic groove, there appears in front of it an oval opacity which extends
forward in the medial line (Fig. 41). This opacity is due to growth of cells
forward from the blastopore under the surface cells as seen in Fig. 42 which
shows the progress of the invagination in the lizard. These figures should be
compared with Figs. 34, 36 and 37,
showing the stages of gastrulation in
Amphioxus and Triton, and especially
with Figs. 38 and 30 showing gastrula-
tion in the frog.

In Fig. 42, 1, the blastopore is seen
as a distinct invagination. As in the
frog (Fig. 30) the invagination pushes
in front of it a wedge-shaped mass of

Area apaca
Area pellucida

Blastopore
(erescentic
Eroove)

Fic. 44.—From wvertical lengitudinal section :
through germ disk of siskin, showing beginning  cells which extends forward under the

of gastrulation. Muval, : r-
a.b., Anterior lip of blastopore; arc., archen- outer la} er. These cells are the pro-

teron; ec., ectoderm; en., entoderm; p.b., posterior  tentoderm. They form the roof and,
lip of blastepore; y., white yolk; y.c., yolk cells : =4
(merocytes). with the underlying yolk entoderm, the
floor of the new invagination cavity
(Fig. 42, 2). As they extend forward they meet with a thickened part of
the yolk entoderm, the * Erginzungsplatte” or “completion plate” (Fig. 42,
2, 3, 4 and 5; compare Fig. 39). There are thus present at this stage, just
as in the frog, three cavities, (1) the slit-like remains of the segmentation
cavity, (2) the invagination cavity and (3) the “completion cavity.” Also
5
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as in the frog (Fig. 39), by a breaking through of the two layers—the pro-
tentoderm and the volk entoderm—which separate the invagination cavity
from the “completion cavity™ in Fig, 42, 2, the two cavities are united to form
the archenteron or primitive gut (Fig. 42, 3, 4and 5). The single-layered germ
disk has thus become transformed into a two-layered disk consisting of an outer
(upper) layer—the ectoderm—and an inner (lower) layer—the cntoderm
(protentoderm).

In Birds the gastrula is formed in a manner quite comparable with its forma-
tion in Reptiles.  Taking the hen's egg as an example, it will be remembered
that the entire segmentation area is confined to the germ disk, and that this con-
sists of a superficial laver (roof of segmentation cavity) of small well defined
cells (micromeres) beneath which is the cleft-like segmentation cavity, while the
floor of this cavity is formed of incompletely segmented yolk (Fig. zg). The
beginning of gastrulation is marked by the appearance of a crescentic bar near
the posterior margin of the disk. This bar is due to more rapid proliferation
of the cells in this region, and in it there appears the crescentic groove or blasto-

y.c. a.b. are £L. oM.

Fiz, 45.—From vertical longitudinal section through two-layered germ disk of nightingale.  Hertiorg.
a.b,, anterior lip of hlastopore; are., an henteron; ec., ectoderm; en., entoderm (protentoderm); wc.,
yolk cells (merocytes.)

pore (Fig. 43). Just as described in lower forms, especially Reptiles, the
micromeres invaginate or fold under at this point and grow forward as the
protentoderm, and roof in the new cavity formed by the invagination (Fig. 44)-
The single-layered germ disk is thus transformed into a two-layered disk con-
sisting of an outer (upper) layer—the ectoderm—and an inner (lower) layer—
the entoderm (protentoderm). The protentoderm in a sense replaces the
original layer of volk cells in the area where the invagination occurs; the original
ouler ];l}rr |;|11i[*rf)n]|_~|'{;:;] becomes the i‘['lu:iri‘m, cXCept that pnrli:m which is
invaginated to form the protentoderm (Fig. 45). This process is comparable
with the disappearance of the yolk entoderm in Reptiles (Fig. 42). At the same
time the segmentation cavity is obliterated and the new cavity—invagination
cavity—which is in communication with the exterior, appears beneath the
protentoderm. (Compare Figs. 42 and 45.)

Under the central portion of the germ disk the yolk becomes liquefied,
while at the margin of the disk it continues to segment and give rise to large
nucleated cells—the yolk entoderm. This is known as the area of supplemental
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cleavage and apparently corresponds to the * Erganzungsplatte” or “com-
pletion plate” described in lower forms (p. 6o; see also Figs. 39 and 42).
The germ disk continues to-spread out over the yolk and at the same time the
area of liquifying yolk increases. The portion of the disk above the liquified
volk appears translucent on surface view and is known as the area pellucida;
the more peripheral part of the disk is less transparent, being more closely
attached to the unchanged yolk, and is known as the area opaca.

Area opaca

Area pellucida
“Completion plate™

K Hepd process
Hensen's node el

Primitive groove
Primitive streak ™ &

Post. lip of
blastopore

Fic. 46.—5urface view of embryonic disk of chick. Bommet,

There next appears in front of the crescentic groove and extending from its
middle point forward in the medial line, a linear opacity which is known as the
primitive streak (Fig. 46). This ends anteriorly in a knob-like expansion—
Hensen’s node.  According to Duval, Hertwig, Bonnet and others, the primi-
tive streak is formed in the following manner. A notch or indentation appears
in the anterior lip of the transverse blastoporic slit (Figs. 43 and 47, A).  As

Area opaca

v s B Area pellucid
Aren pellucida 2 1 Area pellucida
et .'\.:I'l'il: LadBE L |

== Primitive streak
Primitive streak =_ Blastopore
(crescentic groove)

Fic. 47.—Surface views of blastoderms of Haliplana, showing formation of primitive streak.
Schauwinsland.

the germ disk is constantly spreading in all directions, if the apex of this notch
remains fixed, the extension of the disk posteriorly must result in a drawing out
of the notch into a longitudinal slit (Fig. 47, B). In other words, the horns of
the crescentic slit are pushed together to form a longitudinal slit. And as the
two lips of the slit come together they fuse, and the line of fusion is marked by a
shallow groove, the primitive groove. At the anterior end of the it in the region

T
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of Hensen’s node, there is a small area where fusion does not occur, thus leaving
a small opening which communicates with the cavity of the primitive gut. Since
the primitive groove is formed from the original crescentic slit, and the original
crescentic slit is the blastopore, the primitive groove may be considered as a
modified blastopore in which the only opening is at Hensen’s node. The
primitive groove lies in the medial line of the primitive streak; and since the
primitive groove is a modified blastopore, the two primary germ layers are fused

Fie, 48 —From transverse section throngh Hensen's node—germ dizk of chick of 2 to 6 hours' ineu-
bation. Dwpal. For lettering see Fic, 4o.

at the lips of the primitive groove (Figs. 48 and 49).  To this fusion is due the
opacity which constitutes the primitive streak as seen from the surface (Fig. 46).
After the formation of the primitive groove and streak there is no longer any
specially marked definition of the posterior margin of the germ disk, the entire
circumference having a uniform demarcation.

Very soon after the formation of the primitive streak a new opacity appears
which extends forward in the medial line from Hensen's node (anterior lip of
the blastopore). This is known as the head process, or “ primitive intestinal

AT A E.':T-" EEi'HHpa{

A A

Fiz. 40.—From transverse section through primitive groove—germ disk of chick of 2 1o 6 hours' incu-
h;l.l :il i, f:'érf'r].ll_
are., Archenteron; ec, ectoderm; en., entoderm; Lb, lip of blastopore; pop., primitive groove; .,
volk; v, yolk plug,

cord” (Bonnet) (Fig. 50). This new opacity is due to growth of cells under the
ectoderm, the cells constituting the protentoderm. As a matter of fact, this
formation of the protentoderm is a further extension of that same process
which began with the crescentic groove (blastopore) invagination and continued
during the transformation of the crescentic groove into the primitive streak
(still the blastopore). Consequently this whole process from the formation of
the crescentic groove up entirely through the formation of the protentoderm, is
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homologous with the simpler protentoderm formation from the crescentic
groove (blastopore) in Reptiles. (Compare Fig. 51 with Fig. 42.) As the
protentoderm grows forward in the medial line it apparently replaces the yolk
entoderm, so that the roof of the new cavity—the archenteron—is formed of
protentoderm. The area where the protentoderm fuses with the yolk entoderm
is, as in Reptiles, the “completion plate.”

The only real difference between gastrulation in Reptiles and in Birds is
that in Birds the crescentic groove (original blastopore) becomes transformed
into the primitive groove which remains open only at its anterior end (Hensen's
node},whilein Reptiles the blastopore may be of any form, crescentic, round, oval,
etc., but does not usually present a longitudinal linear appearance. Thusin the
latter case the primitive intestinal invagination (the head process, “ primitive

; Area opacn
Area pellucida

“Completion plate™

Head process
Medullary folds
Hensen's node

Primitive streak

Fic. so.—Surface view of chick blastoderm. Bonnet.

intestinal cord ™) grows forward from the original point of invagination near the
posterior margin of the disk.

Gastrulation in Mammals.

Reference to the description of segmentation in the mammalian ovum and
its peculiarities (p. 51) makes it evident that these peculiarities must deter-
mine further modifications in the development of the germ disk as compared
with lower forms. It will be remembered that segmentation in the mamma-
lian ovum had been carried to the differentiation of two kinds of cells (p. 52),
an outer cell layer (trophoderm) and an inner cell mass (Fig. 33). In lower
forms the first cell differentiation came with the formation of the two primary
germ layers, the ectoderm and the entoderm, and these with the enclosed cavity
constituted the gastrula, The first cell differentiation in Mammals has, how-
ever, an entirely different significance, the trophoderm having nothing to
do with the formation of the embryo but being destined to give rise to extra-
embryonic structures. It is the cells of the inner cell mass or embryonal bud
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which give rise to the embryonic structures proper.  In
other words, the inner cell mass alone is the anlage of
the embryo and this at this stage shows no differentiation
into germ lavers (Fig. 33).

The initial step in the formation of the two primary
germ lavers in the mammalian ovum is the differentia-
tion and splitting off of the deeper cells of the inner
cell mass (Fig. 52,a). These cells are the primitive
entoderm and, as a single layer, soon extend around
the vesicle until they completely line it. They lie in
apposition to the cells of the trophoderm except where
separated from them by the remaining cells of the inner
cell mass. While the primitive entoderm is extending
around the vesicle, vacuolization of the more superficial
cells of the inner cell mass takes place (Fig. 52, b) and
results in the formation of a cavity between the over-
lving trophoderm and the still remaining cells of the
inner cell mass.  This cavity is known as the ammniolic
cavily (Fig. 52, ¢). Its roof is formed by the tropho-
derm, while its floor is formed by the remaining cells
of the inner cell mass, which have now become arranged
in a distinct layer and constitute the embryonic disk
(Fig. 52,¢). The latter lies directly upon the primary
entoderm and constitutes the surface layer of the
embryo—the ectoderm.  Thus at this stage of develop-
ment, the roof of the amniotic cavity is composed of
cells which are to give rise to extraecmbryonic structures,
or envelopes, while the floor is composed of the two-
lavered embryvo now consisting of ectoderm and ento-
derm. Those investigators who attempt to homologize
the early differentiation of cells in Mammals and in
lower forms, consider this first formed entoderm in
Mammals as identical with the yvolk entoderm of lower
forms and so designate it, although it does not consist
of volk cells.  The protentoderm is formed later (p. 70).

Considering as a specific example gastrulation in
the dog, it is to be noted that just before gastrulation
begins, the embryonic disk of the dog is essentially
similar to that of the bat which has been described
(see above), with the exception that in the dog the
embryonic disk is not roofed in by the amnion. At
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the stage corresponding to Fig. 52, ¢, the embryonic disk of the dog presents on l
surface view a uniform appearance.

The first differentiation noticeable in the disk is an opacity at what now
becomes defined as the posterior margin of the disk (Fig. 53). As the em-

Entoderm

Yolk tﬂt‘ii}‘

Fiz. gz.—Sections of blasiodermic vesicle of bat, showing (¢) formation of the entoderm and
(b and ¢) of the amniotic cavity. wan Beweden.

bryonic disk increases in size a linear opacity appears extending from the
opacity at the posterior margin of the disk forward in the medial line to a point
somewhat anterior to the center of the disk, The appearance (Fig. 53) is
strikingly similar to that of the chick at the same stage (Fig. 46). The posterior
opacity corresponds to the crescentic groove, the linear opacity to the primitive
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streak, its anterior club-shaped end to Hensen's node.  If we assume the same
transformation of the crescentic groove into the primitive groove, the two to-
gether corresponding to the blastopore, the condition is quite analogous to that
in the chick (p. 65).

At a slightly later stage than shown in Fig. 53, a new opacity appears ex-
tending forward in the medial line from Hensen's node (Fig, 54, @). This is
the head process, and may be considered as homologous with the head process in
the chick. (Compare Fig. 54, e, with Fig. 50.) The opacity is due to a plate
or cord of cells which grows from the region of Hensen’s node forward under the
surface layer of cells (ectoderm) (Fig. 55). On the assumption that Hensen's

Hensen's node =5
*
K
r'i
Primitive __%

streak [

Peristomal
mesoderm

Fiz. 53 —Embryvonic disk of dog. Boennet. The letters and figures on the right (5:=5,) indicate
plancs of sections shown in Fig, 75,

node is the anterior lip of the blastopore, this plate of cells may possibly be con-
sidered as homologous with the invaginated cells which form the protentoderm
in Reptiles and Birds. (Compare Figs. 42, 51 and 55.) Consequently, since
the protentoderm in the lower forms was designated the * primitive intestinal
cord” (Urdarmstrang), so in Mammals this invaginated cord of cells may be
called the * primitive intestinal cord” (protentoderm) (Fig. 54).

In Reptiles it has been seen that as the protentoderm grows forward under
the surface layer (ectoderm) the yolk entoderm for some distance disappears,
and the protentoderm fuses with the remaining volk entoderm in an area
known as the completion plate (Fig. 42). In the chick also it has been stated
that a similar process occurs (p. 66). In Mammals the volk entoderm, which
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Fic. s4.—Surface view of embryonic disk of dog and transverse scctions of same.

BRonnel.
#, Disk somewhat further advanced than that in Fig. 53; the letters and figures (5,-5:) indicate planes
of sections in b, e, gr., medullary groove.
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was present from the time of its differentiation from the inner cell-mass (Fig. 52),
apparently disappears or is replaced by the protentoderm, as the latter grows
forward under the ectoderm and finally the protentoderm becomes continuous
at its anterior border with the yolk entoderm that remains. The area where the
two become continuous is the * completion plate™ (Fig. s55).

The disappearance of the volk entoderm, or its replacement by protentoderm,
occurs, however, only in a linear area; that is, the protentoderm grows forward
only as a narrow band of cells which replaces a correspondingly narrow band of

Mesoderm  Blastopore Embryonic disk Ectoderm Mesoderm

Yolk entoderm Chordal plate Completion plate

Fin. 55.—Medial section of germ disk of bat.  wan Beveden.

volk entoderm.  And since this strip of protentoderm is destined to give rise to
“chordal plate” (Fig. 54, 5,).
From the manner of formation of the “chordal plate,” it is continuous along
each side with the yolk entoderm (Fig. 54, 5.).

the notochord, it is sometimes known as the

No human ovum showing gastrulation has been observed.  What is known
of the formation of the germ layvers in man is discussed on p. 8g.

FORMATION OF THE MIDDLE GERM LAYER—MESODERM.

Mesoderm Formation in Amphioxus.—In such a simple type as Amphi-
oxus the formation of the middle germ laver is readily observed and there is
conseqquently no question as to the manner in which it arises. In higher forms,
however, the origin of the mesoderm has been and still continues to be one of
the most difficult of embryological problems.

In the two-layered Amphioxus gastrula the mesoderm first appears as two
symmetrical evaginations of the entoderm which push out dorso-laterally from
the archenteron (Fig. 56,a). That part of the entoderm which lies between the
two mesodermic evaginations is composed of somewhat higher cells than those
of the developing mesoderm and constitutes the anlage of the nofochord (chorda).
The lips of the mesodermic evaginations next come together (Fig. 56,5) in such a
manner that the mesoderm becomes completely separated from the archenteron
(Fig. 56,¢). While this separation is taking place, the mesodermic evaginations
divide transversely into a number of segments which lie on each side of the
medial line and are known as the mesodermic somites—primitive segments
(Fig. 57). Meanwhile, the chorda anlage is being transformed into the chorda
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itself. This transformation is initiated by an evagination dorsalward of the
entodermic cells which lie between the two mesodermic evaginations (Fig. 56, ¢),
these cells soon becoming constricted off as the solid cord of cells which consti-
tute the notochord (Fig. 56, d). With the separation of the chorda, the remain-
ing entoderm unites across the medial line and becomes the epithelium (en-
toderm) of the primitive intestine. The formation of the mesodermic somites
begins near the middle of the embryo and proceeds caudally. There is thus at
this stage a row of somites on each side of the medial line, the number of somites

Ciate — ,mbtftl-*%’
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Fic. 56.—From transverse sections through Amphioxus embryos, showing successive stages in for-
mation of mesoderm, neural tube and notochord,  Bomnet,

increasing by constant differentiation and pushing forward of more segments
(somites) from the caudal unsegmented mesoderm (Fig. 57).

While the above described changes have been taking place, those ectodermic
cells which lie along the dorsal medial line become higher and form the bottom
of a shallow longitudinal groove. This is known as the neural groove, while the
folds which bound the groove on each side are known as the newral Jolds (Fig.
56, a). From the crests of the folds the remaining lower ectodermic cells grow
across and meet in the medial line thus forming the surface ectoderm (Fig. 56,
b and ¢). The neural groove next deepens, the neural folds bending dorsally
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and toward the medial line where they finally meet, thus converting the groove
into a closed canal or tube, the neural fube (Fig. 56, d; see Chap. XVII). As the
ectoderm grows over the neural groove and as the latter becomes transformed
into the neural tube, there remains anteriorly an opening from the exterior into
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Fiz. 57.—From horizontal section through Amplioxus embryo with g primitive segments; seen from
dorsal side,  Fafschek.
The communication between the cavities of the primitive segments {ceelom) and the archenteron
can be seen in the last 4 seoments.

the neural tube. This is known as the newrapore (Fig. 58). Caudally, the neural
groove extends over the region of the blastopore and as the groove closes over to
form the neural tube, it embraces the blastopore which now becomes closed
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FiG. 58 —From vertical section through Amphioxus embryo with 5 primitive semments.  Fatschek.

externally but opens into the neural tube. This opening, which thus connects
the neural tube with the intestine, is known as the sewrenteric canal (Fig. 38),
and it is a rather remarkable fact that while giving rise to no adult organ, it is
found without exception in all Vertebrates which have been studied,
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The mesodermic somites meanwhile extend their edges ventrally between
the ectoderm and the entoderm until they meet and fuse in the midventral line
(Figs. 56, d and 5g0). A transverse constriction next appears which cuts off the
ventral extension. The latter is known as the lateral plafe, while the remaining
dorsal part is still designated the primitive segment. (Compare Fig. 56, d, with
Fig. 59).

The primitive segments retain their segmental character. The lateral
plates, on the other hand, do not retain their segmented condition but fuse, their
cavities uniting to form the primitive body cavily or cwlom, which is the anlage
of the large serous cavities of the adult. The outer part of the lateral plate or

Neural tube

Notochord
Epidermis (ectoderm)

Primitive segment
Musele plate

Cutis plate
Myoecoel l

L

S]ﬂum:hmﬂ:ur:l J

Parictal mesoderm |
T clat, plate
Visceral mesoderm )

Cozlom

Primitive segment
14 Carlom

Intestine

Ventral = Subintestinal
mesentery vein

Fic. s9.—Diagram to show differentiation of primitive scgment inte muscle plate {myotome) and
cutis plate and relation of myoceel and splanchnoceel.  Bewmet. Compare with Fig. 56, d.

parietal mesoderim, with the adjacent ectoderm, forms the sematoplenre (Fig. 59).
The inner layer of the lateral plate, the visceral mesoderm, with the adjacent
entoderm, forms the splanchnoplenre (Fig. 59).

At the caudal end of the embryo, just in front of the neurenteric canal, there
exists at this stage an area where the germ layers have not become differentiated
to form special structures. In this area, cell proliferation is especially active and
from it cells are derived for the completion of the neutral tube, chorda, somites,
intestine, etc. By this means the growth of the embryo in length is provided
for (Figs. 57 and 38).

The Amphioxus embryo at this stage thus consists of :

1. Ectoderm.—Surface ectoderm and neural tube.

2. Mesoderm.—Somites; parietal mesoderm and visceral mesoderm
enclosing the ceelom,

3. Entoderm.—Chorda and wall of primitive intestine.
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Mesoderm Formation in Amphibians.—In Amphibians the formation of
the mesoderm is, like gastrulation, modified by the presence of many large volk
cells. Taking for an example the water salamander (Triton), which furnishes

Blastopore
Ectoderm

Parietal mesoderm

Vizceral mesoderm

Entoderm

Promative gut

Fic. t6o.—From transverse section through Trilon embryo at region of blastopore.  Herfavip.

perhaps the simplest tvpe of mesoderm formation in Amphibians, only in the
region of the blastopore does the mesoderm formation conform at all closely to
that of Amphioxus. In this region the middle germ layer is seen to consist of
two lateral evaginations which push out between the entoderm and ectoderm,

Motochard anlage Meural plate
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BT Primitive gut
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Fia, 61.—From iransverse seciion through Triton embryo in front of blastopore.  Herfung.

each containing a cavity, the primitive body cavity (Fig. 6o). More cranially
the mesoderm grows out laterally between the entoderm and ectoderm, not as
two hollow evaginations, but as solid plates of cells which only later separate into
two layers and enclose the primitive body cavity (Fig. 61). Hertwig considers
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mesoderm formation in Triton entirely analogous to its formation in Amphioxus,
the solid plate of cells being really two layers enclosing the body cavity, but
pressed together by the large amount of yolk. Although the mesoderm de-
veloped in the region of the blastopore and that which originates more cranially
are continuous in front of the blastopore, it is convenient to designate the
former the peristomal, the latter the gastral mesoderm.

The separation of the mesoderm into a dorsal segmented part and a ventral
unsegmented part containing the body cavity; the formation of the notochord
between the two lateral plates of mesoderm by a constricting off of cells from the
entoderm; the closure of the primitive intestine beneath the notochord; the
development of the neural groove and folds with their final closure to form the
neural tube; and the extension of ectoderm over their surface to form the surface
ectoderm (epidermis), are processes quite similar to the formation of the same

Weural Epidermiz
M yoeoe] tube (ectoderm)

Caidians Motochord

Primitive segment

Parietal !
=mesoderm

Visceral

Primitive Yolk cells
Bt {entoderm)

Fiz. 62.—From transverse seclion through dorsal part of Triton embryo.  Ferfuwig.

structures in Amphioxus (Fig. 62). Also as in Amphioxus, the differentia-
tion of these structures is more advanced cranially and gradually extends
caudally where for some time there exists a growth area in which they are not as
vet differentiated,

In the frog the formation of the mesoderm is sufficiently different from
Amphioxus and Triton to make its correlation somewhat difficult. In the frog
apparently all trace of mesodermic evagination is lost. Taking a transverse
section through the frog’s gastrula at a stage when the blastopore is still circular
and widely open (Fig. 39), the mesoderm is seen as a flat plate of cells which
blends in the medial line with the protentoderm and ventrally with the yoke
entoderm (p. 78, Fig. 63). The mesoderm has here arisen apparently by a
splitting off of a layer of cells from the protentoderm, the remaining cells of the
protentoderm forming the roof of the primitive gut. Beginning at the sides, the

=
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separation of the mesoderm extends dorsally to the chorda and ventrally, as
indicated by arrows in Fig. 63, splitting off the superficial cells of the yolk
entoderm until the mesoderm becomes completely separated from the yolk cells,
On each side of the notochord the mesoderm shows a shallow longitudinal groove
(Fig. 64) which has been interpreted by some as the homologue of the meso-
dermic evagination of Amphioxus. This groove does not persist, however, and
has nothing to do with the formation of the body cavity. The latter in the frog
results not from evagination but from a splitting of the originally solid mesoder-
mic plates. It is to be noted, however, that while the crelom does not originate
as an evagination from, and is never connected with, the primitive intestine,
the mesoderm itsell consists of cells which have split off from the wall of the

i |'|r.-r:|:l|. anlpge

FE= YT

Completion

Yolk entoderm

Femnant of
segmentation cavity

F16. i3, —Transverse section of embryo of frop (Rana fusca).  Bowiret.  The section is taken in front
of {(anterior to) the blasiopore,

primitive intestine (entoderm), and that it is within this group of cells that the
ceelom finally appears.  Of the yolk cells, only the outermost (most peripheral)
have to do with the formation of intestinal epithelium, the remainder being
ultimately used up for the nutrition of the embryo (Fig. 65).

The formation of the neural groove and neural tube from the ectoderm and
the separation of the chorda anlage from the rest of the entoderm are much the
same as in Triton.

Mesoderm Formation in Reptiles and Birds.—The actual origin of
the mesoderm in these forms is very difficult to determine owing to the pecu-
liarities of gastrulation which in turn are due to the greatly increased amount
of volk. In the lower forms it has been seen that the mesoderm is primarily a
derivative of the entoderm (Amphioxus, Fig. 56), or of protentoderm and yolk
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entoderm (frog, Fig. 53). One would expect, @ priori, that the mesoderm has |

a similar origin in the higher forms, even if the entoderm has assumed a differ- 1

ent form on account of the fact that the yolk plays little or no part in the process
Neural MNeural Meural
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Fi6. 64.—Transverse section through dorsal part of embrye of frop (Rana fusca). Ziegler.
x, Groove indicating evaginalion to form mesoderm.

of invagination. As a matter of fact, observations do to a certain extent fulfill
the expectation, but, on the other hand, it is not possible to trace the earliest
steps in its formation with anything like the degree of certainty with which it
can be traced in the lower forms,

Meural crest

Meural canal
Primitive segment

;_— Ectoderm
Notochord

Parietal mesoderm

Coelom =5
' Visceral mesederm

Ventral mesoderm <

Yolk cells -

Entoderm

Fiz. 65.—Transverse section through embryo of frog (Rana fusea). Bonnel.

Taking the chick again as an example, the mesoderm appears first in the
region of the primitive groove (blastopore). Transverse sections through this
region show the mesoderm as several layers of small irregular cells interposed

laterally between the ectoderm and entoderm. In the medial line, or line of the
&
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primitive groove, all three germ layers are blended into a solid mass of cells
(Fig. 66).  On the ground that the primitive groove is the blastopore, the meso-
derm here is the peristomal mesoderm, the homologue of the peristomal
mesoderm which encircles the blastopore in lower forms (Fig. 37).

Primitive groove and folds

Ectoderm

Mesoderm
= Entoderm

= Ectoderm

§ — Mezoderm

- -y
m— Entoderm
& g

Fio. 66, —Transverse sections of blastoderm of chick (zr hours® incubation).  Herfuig,
@, Section through primitive groove, posterior to Hensen's node.
b, Section through Hensen's node.

At a somewhat later stage, after the head process appears, sections through
the head process also show all three germ layers. Here the ectoderm is a sepa-
rate layver; but the entoderm and mesoderm are fused in the medial line; that

Head process Nearal plate

Ectoderm

L sy — Mesoderm
St [intoderm
—— Archenteron

Yolk cell —
. Yolk

Fio. 69 —Transverse section of blastoderm of chick {21 hours' incabation). Jertiig. Section
through head process, anterior to Hensen's node.

is, in the line of the “primitive intestinal cord.” Laterally, the layers are all
separate, a cleft existing between the mesoderm and the ectoderm and another
between the mesoderm and the entoderm (Fig. 67). Since the mesoderm in
the region of the head process is in front of the primitive groove (blastopore)
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and appears in connection with the * primitive intestinal cord,” it is the gastral
mesoderm, the homologue of the gastral mesoderm described in lower forms
(Fig. 63). Here also, as in the case of the peristomal mesoderm, the mesoderm
is primarily a solid plate of cells. Furthermore, immediately in front of the
primitive groove the gastral mesoderm is continuous with the peristomal.

At a still later stage the gastral mesoderm is found to be separated from the
entoderm, so that the “ primitive intestinal cord” (now the notochord) separates
the mesoderm of the two sides in the medial line (Fig. 68).

Meural plate Natochord

M Ectoderm
= Mesoderm
=—— Entoderm

= Archenteron

Fic. 68.—Transverse section of blastoderm of chick (4o hours' incubation), Herturyg.
Section taken short distance anterior to Hensen's node,

Comparing the conditions in sections through the head process in the chick
with sections through the body region of the frog (Figs. 63 and 64), a fairly
clear homology may be drawn.

While in the stages just described in the chick the mesoderm is present and
interposed between the ectoderm and entoderm, the crucial point is its actual
origin. In the lower forms it originated from the entoderm, that is, from the
cells which have been invaginated at the blastopore. In the chick the blasto-
pore, which is crescent-shaped, is transformed into a longitudinal structure

Mesoderm  Primitive groove

Ectoederm

Entaderm

Yolk

. Fi16, 609.—Transverse section of blastoderm of chick (10 hours' incubation)., Hertwig.
Section taken 1hn::ugh primitive groove and streak.

the primitive groove—but still the blastopore. As the crescentic blastopore
becomes longitudinal, the two horns come together and fuse (see p. 635), and
the line of fusion still represents the area of invagination, where some of the
surface cells have grown under the remaining surface cells to form the entoderm
(protentoderm). And it is along this area of invagination that the mesoderm
first appears. In very early stages there is an especially active cell proliferation
in the thickened layer of cells which represents the primitive streak. This
activity gives rise to a mass of cells which lie immediately beneath the primitive

SR

——
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groove and represent the first mesodermal cells (Fig. 69). It is reasonable to
assign the origin of these cells to the cells which have been invaginated along the
line of the primitive groove (blastopore). These invaginated cells constitute
the protentoderm, hence the mesodermal cells may be considered as derivatives
of the protentoderm.

As proliferation continues, the mesodermal cells spread out between the
ectoderm and entoderm (which is here volk entoderm) (Fig. y0). Finally, the

Ectoderm pogr. Mesoderm

— Ectoderm
— Entoderm

Yolk

Fic. jo.—Transverse section of blastoderm of chick (slightly older than that shown in Fig. Ga).
Hertuwip.
Section taken through primitive groove (p.gr.) and streal:,

mesoderm fuses with the yolk entoderm, so that all three germ layers are fused
beneath the primitive groove (Fig. 66). The fusion between the mesoderm and
volk entoderm in this region is a secondary matter.

That the peristomal mesoderm is a derivative of the invaginated cells is
even more clearly demonstrated in Fig. 71, in which the two lips of the blasto-
pore have not vet fused,

Primitive fold Primitive groove

Ectoderm —-
Mesoderm —

Entoderm

Fig, r.—Transverse section through primitive streal: and primiiive groove of Diomedea.
Selrareinsland,

In front of the primitive groove, that is, in the region of the head process, the
gastral mesoderm is at first seen to be continuous with the * primitive intestinal
cord” (Fig. 67); later it becomes separated on each side from the * primitive
intestinal cord” (now the notochord)., While the actual process has not been
observed, it is reasonable to assume that the mesoderm is here also a derivative
of the “primitive intestinal cord,” and since the latter is produced by the in-
vagination (gastrulation, see p. 66) and consists of protentoderm, the gastral
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mesoderm is a derivative of the protentoderm or invaginated cells. Also, as the
invagination is a continuous process from the first formation of the crescentic

Neural Primitive
Ectoderm tube SEEIMEnt
i 1

e
1 1 I "
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i
Entaderm Notochord Visceral Cizlom
mesoderm

Fiz. g2.—Transverse section of chick embryo (2 days incubation). TPhotograph.
The pariectal mesoderm (lving above the ceelom) is not labeled. ‘The two large vessels under
the primitive segments are the primitive acrtie. Spaces separating germ layers are due to

shrinkage.
groove up through the formation of the “ primitive intestinal cord” (see p. 66),
one can readily understand how the mesoderm is first formed in the line of the
primitive groove and continues to be formed progressively forward as the invagi-

Arca pellucida Head fold

Area vasculosa Neural groove

Primitive segment

Primitive groowe

Fig. 73.—Dorsal view of duck embryo, with two pairs of primitive segments.  Bomnet.

nation pushes farther and farther forward to form the “primitive intestinal
cord.” The gastral mesoderm is thus from its beginning continuous with the
peristomal mesoderm, the two together forming a single plate of cells.
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As described above, the mesoderm of the chick is at first a solid plate of cells,
The cavity in the mesoderm—the ceelom—appears as the result of a splitting
of the originally solid mesoderm layer into two sublayers—the parietal and the
visceral (Fig. 72). At the same time that portion of the mesoderm which lies
adjacent to the neural groove on both sides of the medial line becomes differen-
tiated into two series of bilaterally symmetrical segments—the primitive seg-
ments, which are connected with one another by intermediate thinner parts
(Figs. 73, 74 and 72).  The splitting of the mesoderm to form the ceelom begins
some distance from the medial line and progresses both laterally and medially.

Neuropore Fore-hrain vescle

Head fold

Proamnion

Ahd- and hind=

Area pellueida birain vesicles

Area vasculosa el
Primitive

Arcs opaca — SeEmenls

Yok

Meural fold

Edpe of
blastoderm
Primitive
Eroove

Fig. 54.—Daorsal view of chick embryo with ten pairs of primitive segments.  Bonnel.

The ceelom does not, however, reach the primitive segments, for a small solid
mass of cells—the intermediate cell mass (Fig. 81)—always intervenes between
the ceelom and the segments. Furthermore, the ceelom from the beginning
shows no segmentation, :

The formation of the neural groove and neural tube from the ectoderm and
the separation of the chorda anlage from the entoderm are much the same as in
the frog. A decided difference is, however, to be noted in the shape of the
chick’s blastoderm. Since in this case the yolk plays but a small part in seg-
mentation, the germ layers at first lie flat upon the surface of the yolk, the
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archenteron being a flat cavity between the entoderm and the yolk (Figs. 67, 68
and 6g). - The tubular form of the intestine is brought about later in connection
with the constriction of the embrvo from the yolk sac (p. 140; see also forma-
tion of primitive gut, p. 317).

Mesoderm Formation in Mammals.—In Mammals the same difficulties
are met with in determining the origin of the mesoderm as in the chick. At the
same time, transverse sections through the developing mammalian blastoderm

Ectoderm
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Yaolk Completion
entoderm plate
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derm
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Yolk entoderm Pr.st,

Fic. 75 —Transverse scctions of embryonic disk of dog.  Boaned,
Sections of disk shown in Fip. £3.  Letters and numbers at right (5,-5,) indicate plane of sections
in Fir. 53. Ppr., Primitive groove; Pr.mi.co., |;1‘imEtE1.r¢ intestinal cord; Frosi, all three
germ layers fused in primitive streak.

at different stages show conditions which bear much resemblance to those in the
chick, and lead toward the conclusion that the processes in the two cases are
much alike.

Referring back to gastrulation, it will be remembered that on surface view
the germ disks of the chick and of the dog were very similar (compare Fig. 46
with Fig. 53, and Fig. 50 with Fig. 54, a). After the formation of the primitive
streak in the dog, sections through this region show the mesoderm interposed
between the ectoderm and entoderm (here yolk entoderm) and all three germ
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lavers fused beneath the primitive groove (Fig. 75, S, and S,; compare with
Fig. 66). The origin of the mesoderm is probably, as in the chick, to be at-
tributed to the invaginated cells (protentoderm) along the line of the primitive
groove. The mesodermal cells first appear as a small mass beneath the primi-
tive groove (Fig. 76, a) ; they then spread out laterally between the ectoderm and
(volk) entoderm (Fig, 76, &). DBeneath the point of origin, that is, along the

Primitive streak  Entoderm Mesoderm  Ectoderm

Fic. 76.—Transverse sections of embryonic disks of rabbil. (o) Killiker, (b) Rabl,
a, section through primitive streak of embryo of 6 dayvs and 18 hours; I, section through Hensen's

node of embryo of 7 days and 3 hours,
line of the primitive groove, they finally fuse with the (yolk) entoderm (Figs,
75, 5, and S,; compare Figs. 76, a and b, and Figs. 75, 5, and 5, with Figs, 69,
7o and 66).

In the region of the head process, as in the chick, sections show at first the

entoderm and mesoderm fused in the medial line, and the ectoderm as a sepa-
rate layer (Fig. 77 and Fig. 75, 5.). The entoderm with which the mesoderm is

Mezoderm Motochored

Entoderm

Fis, y7.—Transverse section of embryonic disk of rabbit. wan Bencden.

fused represents the invaginated cells, that is, the protentoderm (*‘primitive
intestinal cord™); and, as in the chick, it seems reasonable to assume that the
mesoderm is derived from the “primitive intestinal cord” (protentoderm) and
grows out laterally between the ectoderm and entoderm (compare Fig. 75, S,
with Fig. 67).

A little later, in the region of the head process, the mesoderm on each side is

=

L
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found to be separated from the parent tissue (* primitive intestinal cord ™), and
the latter now represents the anlage of the notochord (compare Fig. 72 with
Fig. 78).

On the ground that the primitive groove is the blastopore, the mesoderm
arising in that region is the peristomal mesoderm; that arising from the
“primitive intestinal cord™ in front of the primitive groove is the gastral meso-

Mesoderm Ectoderm Meural groowe

el B P e
el i
Yaolk entederm Chordal plate

Fic. 38.—Transverse section of embryonic dizsk of dog.  Bomnel.
Section taken near anterior end of head process.

derm. The peristomal and gastral portion together constitute a continuous
plate of cells interposed between the ectoderm and entoderm, which has been
derived from the invaginated cells of the protentoderm.

In a few Mammals (sheep, roe, shrew), mesoderm has been seen to arise
some distance from the primitive streak and head process (Fig. 79). This has
been called the peripheral mesoderm, but it soon unites with the peristomal and
gastral.

Embryonic disk

e Areaof
invagination

Penipheral

miEsoderm

Ectoderm

Fic. 7o.—Surface view of embryvonic disk of sheep,  Bowwe.
Disk is at that stage of development when gastrulation begins (in region marked area of invagination),

Primarily, the mesoderm is a solid plate of cells with no indication of a body
cavity (ccelom). A little later the mesoderm splits into two layers, the parietal
and the visceral, between which lies the ceelom (Fig. 81). The splitting does
not effect, however, the mesoderm which lies adjacent to the neural groove on
both sides of the medial line, for this portion becomes differentiated into two
series of bilaterally symmetrical segments—the primitive segments (Figs. 8o and




TEXT-BOOK OF EMBRYOLOG M

Telencephalon
Diencephalon
Mesencephalon

jem. ieard. ;| - ; i
P""::aﬂff}. pg— k e Metencephalon

Anlage
of heart

Myelencephalon

Peripheral limit
of coelom

Tail fold
of amnon

—

Frc. 8o.—Dorsal view of dog embryo with ten pairs of primitive segments, Bonnel.
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Frc. 81.—Transverse section of dog embryo with ten pairs of primitive segments. Bonnel.
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81). The splitting of the mesoderm begins some distance from the medial line
and proceeds both laterally and medially, but does not extend quite to the
primitive segments. Thus a solid plate of cells still remains between the coelom
and the segments—the intermediate cell mass (Fig. 81). The ccelom shows no
segmentation. (Compare Fig. 8o with Fig. 74 and Fig. 81 with Fig. 72.)

The formation of the neural groove and tube from the ectoderm and the
separation of the chorda from the entoderm are processes quite analogous to the
development of those same structures in the lower forms,

As in the chick, so also in Mammals, the blastoderm is at first spread out flat,
forming the roof, so to speak, of the yolk sac. At a later period, in connection
with the closure of the gut and the establishment of the external forms of the
body, the blastoderm assumes a tubular shape (see p. 140).

A comparison of the foregoing description of the formation of the mesoderm
in Mammals with the description of the corresponding processes in the chick
(p- 79) shows their essential similarity.
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Fic. 82.—Section through human chorion, amnion, embryvonic disk, and yolk sac. Pefers.
Compare with Fig. 83.

The Germ Layers in Man.

Of the actual formation of the germ layers in man, practically nothing is
known. There are no observations on the segmentation of the ovum, the first
differentiation of cells, or the origin of the embryonic disk and germ layers.
A very young human ovum, described by Leopold, does not show any structures
which can be interpreted as the embryonic disk or any part of it. Another
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young ovum described by Peters shows all three germ layers and the flat embry-
onic disk.  Bryce and Teacher have recently described an ovum, the youngest
on record, in which all three germ layers are formed (see Fig. 106; cf. Fig. 83).

A section through the ovum described by Peters (Fig. 82) shows the ectoderm
as a flat layer of stratified or pseudostratified cells, the margin of which is re-
flected dorsally as thelining of the roof of the amniotic cavity (compare Fig, 52, ),
Beneath the ectoderm is a layer of cells—the mesoderm—which is continu-
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Fic. 83.—Scction through very yvoung human chorionic vesicle embedded in the
uterine mucosa. Pelers.
‘The vesicle measured 2.4 x 1.8 mm., the embryo .10 mm. Peters reckoned the age as 3 or 4 days,
but later studics of other embryos go to show that the age is much greater; Bryce and
Teacher estimate it at 14 to 15 days.

ous at its margin with the mesoderm of the roof of the amnion, with mesoderm
lining the chorionic vesicle, and also with the mesoderm covering the volk sac
Fig. 83). Beneath the mesoderm of the embryonic disk is a layer of entoderm
which also extends ventrally to line the yolk sac. There is here no trace of an
invaginated entoderm from which the mesoderm might arise.

Graf Spee has described an ovum somewhat older than Peters’, in which the
embryonic disk shows certain features which are comparable with those in
lower Mammals. On surface view (Fig. 84), the primitive groove is especially
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prominent and the opening at its anterior end, corresponding to Hensen's node,
is usually well marked. The line of the head process is strongly marked by a
deep groove—the neural groove (compare Fig. 84 with Fig. 54, a).

A longitudinal section in the medial line of this disk (Fig. 85) shows a re-
markable similarity to a corresponding section of the bat’s disk (Fig. 55). The
ectoderm consists of a single layer of columnar cells interrupted only at the
opening of the blastopore (anterior end of the primitive groove). The entoderm
(chorda anlage) also consists of a single layer of cells which is continuous at the
blastopore with the ectoderm. In the region of the primitive groove the per-

Amnion

Neural groove

Meurenteric
canal

Primitive

groove

Belly stalk

Chorvom -

Fic. 84.—Dorsal view of human embryo, two millimeters in length, with yolk sae.
von Spee, Kollmann,
The amnion is opened dorsally,

istomal mesoderm is present. The embrvonic disk forms the roof, so to speak,
of the yolk sac.

A transverse section (Fig. 86) through the primitive groove shows all three
germ layers fused in the medial line, but separated laterally. In this case there
is a striking resemblance to the condition seen in a corresponding section of the
rabbit’s disk (Fig. 87).

Apart from the embryonic disk, the conditions are very similar to those in
Peters’ ovum (compare Figs. 85 and 82).

The unusual feature in both these embryvos is the enormous extent of the
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mesoderm.  In Graf Spee’s ovum both longitudinal and transverse sections
would suggest the same origin for the intraembryonic mesoderm as in lower

Chorionte villi

Entoderm
of yolk sac

Mesoderm 4
of yolk sac .

Blood vessel

Fic. 85.—Medial section of human embryo shown in Fig, 84, von Spee, Kallmann.

Mammals, but the extent of the extraembryonic mesoderm, at this early stage
of the embryonic disk, would indicate a departure from the conditions seen in
the lower Mammals. In other words, it scarcely seems possible that the

Ecto- ="
Mesoderm derm  Primitive groove

5

Ectodery pm =

Parictal mesoderm
Vizceral mesoderm

Entoderm

Fic. 86— Transverse section through primitive streak of embryo shown in Fig. 84, ven Spee.

mesoderm which lines the chorionic vesicle and covers the yolk sac has grown
out from the mesoderm which arises within the embryonic disk; it seems more
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Parietal mesoderm Primitive groove
Visceral mesoderm i Primitive fold

Fic. 87.—Transverse section through primitive groove of rabbit embryo. van Beweden.

Fiz. 88 —Idiagrams representing hypothetical stages in the Li:‘k‘ﬂnpnlulﬂ af the human embryo,

A, Morula; compare with Fig. 33, 0. B, Morula with differentiated superficial cells; compare with
Fig. 35, b C, Ceniral cells have become vacuolized to form the yolk cavity, leaving a small
group (the inner cell mass) attached to the enveloping layer (trophoederm); compare with
Fig. 33, 4. D, Cells of the inner cell mass which are adjacent to the yolk cavity have become
differentiated and have begun to grow around the cavity, forming the entoderm; compare
with Fig. 52, a.
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reasonable to suppose that it has arisen outside the embryonic disk and united
with the intraembryonic mesoderm secondarily.

While neither the origin of the extraembryonic mesoderm, nor its behavior
up to the stage in Bryce and Teacher’s ovum, has been obszerved in man, it is
possible to construct hypothetical diagrams which allow of comparison with
what actually occurs in the lower Mammals. The morula, the differentiation

J"'Ifsnd-Ern;

= - e ) L s
=TT Enveloping L : =
fi 5 nve ofng Layer B

fTraﬂ}aierq}

eqcrdf-rn?

Visceral
Mesoderm

Perietal

Frc. 8p.—Diagrams representing hypothetical stages in the development of the
human embryvo (to follow Fig. 88).

A, Entoderm surrounds the yolk cavity; part of the cells of the inner cell mass have become
vacuclated, thus forming the amniotic cavity, while the remainder constitute the embryonic
ectoderm; compare with Fig, g2, B, Mesoderm (reprezented by dotted portion) has appeared
between the entoderm and trophoderm, between the entoderm and ectoaderm of the embryonic
disk, and in the roof of the amnion. C, The mesoderm around the volk eavity has split into
a parictal and a wvisceral layer, the cleft between being the anlage of the extraembryonic
bady cavity (exocmlom).

of the superficial laver of cells, the formation of the trophoderm and inner cell
mass, and the differentiation of the primary entoderm may be represented
hypothetically by the diagrams in Fig. 88. These are quite comparable with
the corresponding stages of development in the bat (Fig. 33). In Fig. 89, 4,
the amniotic cavity formed by a vacuolization of a part of the inner cell mass is
shown, and also the entoderm lining the entire yolk cavity. This is also com-
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parable with conditions in the bat (Fig. 52). In the next stage (Fig. 89, B)
the mesoderm is present all the way around between the trophoderm and ento-
derm, in the roof of the amniotic cavity, and between the ectoderm and entoderm
in the embryonic disk. It is possible that the mesoderm arises in sifu as a deriv-
ative of the entoderm or trophoderm. Since in the lower Mammals it arises
from entoderm, a similar origin here seems the more reasonable.

otnin T E.l;'i; -‘_-rl

- '_-_-.-_-- e T o —— i@‘?
R Belly Stalk

E:l."l'.'rvl.!m? Brra?:.'c.
Bnd_f Ca:.rr'.t‘]r

Fic. gn.—I)iagrnms represcnting stages of development of the human :111[11':.':: (to follow Fig. 39}.

A, A stage that corresponds approximately to those of Peters’ and Bryce-Teacher's embryos (Figs.
83 and 1o7). Owing to the rapid enlargement of the chorionic vesicle, the extraembryonic
body cavity has become much larger than in Fig. &g, C. B, A stage (in longitudinal section)
corresponding to that of von Spee’s embryo (Fiz. 85).  Only a part of the chorion is shown;
the embryonic disk is slightly eonstricted from the yolk sac; note the belly stalk, comparing
with A. C, Transverse section, same stage as B. [}, Longitudinal section, stage somewhat
later than B. Note the greater degree of constriction between the embryo and yolk sac, and
the larger amnion.

In the majority of the lower Mammals the intraecmbryonic mesoderm arises
from the entoderm and then grows out into the wall of the blastodermic vesicle.
In a few, however (sheep, roe, shrew), the peripheral mesoderm (p. 87)
arises outside of the embryonic disk and unites with the intraembryonic meso-
derm secondarily. It might be suggested that the formation of peripheral

7
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mesoderm outside of the embryonic disk is an intermediate step between the
formation of mesoderm entirely within the embryonic disk and its formation
around the entire vesicle, as in the hypothetical case.

Neither in Peters’ nor in Graf Spee’s ovum is any embryonic body cavity
present,  But in both cases a very large cavity exists between the mesoderm of
the yolk sac and that of the chorion. This cavity—the extraembryonic body
cavily (exocwlom)—probably arises by a splitting of the extraembryonic meso-
derm into two layers, parietal and visceral, just as the embryonic body cavity in
other Mammals is the result of a splitting of the intraembryonic mesoderm
(p- 87). The splitting would occur as shown in Fig. 89, C. The parietal
layer which with the trophoderm becomes the chorion, then grows rapidly and
becomes widely separated from the visceral layer, the latter with the entoderm
constituting the wall of the yolk sac. Thus a stage is reached which is shown in
Fig. 89, C, and which corresponds with Peters’ ovum (Fig. 83). The embry-
onic disk with its yolk sac and amniotic cavity occupies but a small space within
the chorionic vesicle.  Consult also Fig. 106, showing the Bryce-Teacher ovum.

The stage corresponding to Graf Spee’s ovum would be produced by a fur-
ther splitting of the mesoderm in the roof of the amnion, so that finally the em-
bryonic disk and yolk sac remain attached to the chorion only by a band of
mesoderm, the belly stalk (Fig. go; compare with Fig. 85).

Even at this stage, no body cavity is present within the embryonic disk
(Fig. 86). When it does appear, however, it becomes continuous laterally with
the exoceelom (see Chap. XIV), and the parietal and visceral layers of meso-
derm within the embryonic body are continuous, respectively, with the parietal
and visceral extraembryonic mesoderm.

PRACTICAL SUGGESTIONS.

For a complete demonstration of the formation of the germ layers, especially of the
mesoderm, in any class of animals, sections of many successive stages are necessary. A few
specimens, however, suffice to illustrate certain principles of development.

The formation of the gastrula in Invertebrates is fairly well illustrated by the star-fish.
After the blastule appear (see “Practical Suggestions,” p. 53). they may be observed from
time to time within the next few hours and the various steps in the invagination process
made out quite definitely.  Any of these stages may be preserved in the same manner as the
earlier stages (p. 53).

The formation of a gastrula from a blastula, in which there is a considerable amount of
yolk, is seen in the case of the common frog. The ova are taken at a time when a small
crescentic depression (the blastopore) appears at the marginal zone, and at intervals from
this time until the yolk plug is seen projecting through the blastopore. They are fixed in
5 per cent. formalin, stained in folo in borax-carmin (p. 53). cut in rather thick sections in
celloidin, and mounted in xylol-damar. The most instructive sections are those which pass
through the blastopore, in the meridional plane. For means of removing the gelatinous
capsules surrounding the eggs, see page 629.
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Transverse sections cut after the gastrula has begun to elongate to form the embryonic
bady, prepared by the same technic as above, will show the mesoderm at each side of the
primitive gut.

Surface views are very instructive in cases of discoidal cleavage. The primitive streak
is well shown in the hen's egg during the second half of the first day of incubation. The
blastoderm is removed from the surface of the yolk, fixed in Zenker's fluid, stained dn fofo in
borax-carmin and mounted i fofe in xylol-damar (see Appendix).

A blastoderm of the same stage (second half of first day), fixed in Zenker's fluid or in
Flemming’s fluid, preferably the latter, cut in paraffin and stained with Heidenhain's heema-
toxylin, will show instructive pictures of the three germ layers before the splitting of the
mesoderm; and will also show the fusion of all three germ layers in the line of the primitive
streak.

Surface views of the chick blastoderm, during the second day of incubation, are also
instructive as to general topography, showing the neural groove (or tube if late in the second
day) and its relation to the primitive streak, the primitive segments, the area pellucida and
the area opaca. The blastoderm is removed from the surface of the yolk, fixed in
Zenker's fluid, stained i1 fofo in borax-carmin, and mounted i fofo in xylol-damar (see
Appendix).

Sections of a blastoderm of the same stage (second day) are especially valuable in showing
the early conditions of the germ layers after the primitive segments have appeared and the
mesoderm has split into two layers. The blastoderm is fixed in Flemming's or Zenker's
fluid, cut transversely in paraffin and stained with Heidenhain’s hematoxylin,  The ectoderm
and neural groove (or tube), the mesoderm (primitive segments, parietal and visceral layers
with enclosed ccelom), and the entoderm and notochord are very clearly shown. The visceral
mesoderm usually contains a number of developing blood vessels.

For methods of procuring mammalian blastodermic vesicles and preparing them for
study, see page 630.
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CHAPTER VII.
FETAL MEMBRANES.

In all Vertebrates, with the exception of Fishes and Amphibians which lay
their eggs in water, there begin to develop at a very early stage certain accessory
or extraembryonic structures which may be conveniently called jetal mem-
branes. The development of these structures is very closely related to the de-
velopment of the embryo itself, and their presence is apparently largely depend-
ent upon the very considerable length of embryonic life in these forms, during
which it is necessary for the embryo to maintain a definite relation to its food
supply and to possess means of discharging waste products. The foetal mem-
branes, therefore, have to do with the protection and nutrition of the growing
embryo and also are connected with the care of the waste products of feetal
metabolism.

Under the head of foetal membranes are to be considered (1) the amnion,
(2) the allantois, (3) the chorion; also in connection with these, the yolk sac and
the umbilical cord.

The development of these structures in Mammals and especially in man is
extremely complex and can be best understood by comparison with their simpler
development in Reptiles and Birds.

F(ETAL MEMEBRANES IN BIRDS AND REPTILES.

Throughout these two classes there is such uniformity in the formation of
the feetal membranes that the chick may be taken as typical. The chief
characteristic of these classes, as influencing the form and structure of the foetal
membranes, is the very large amount of yolk stored up within the egg for the
nutrition of the embryo. This is made necessary by the early separation of the
ege from the mother, in contrast to the close nutritional relationship between
mother and feetus which obtains in Mammals (excepting Monotremes), where
the young are retained within the body of the mother up to a comparatively late
developmental stage.

The Amnion.—Returning tothat point in the development of the blastoderm
of the chick where no trace of amnion has as yet appeared, we recall that the
blastoderm at this stage consists of three layers, ectoderm, mesoderm and
entoderm; that the medial line of the embryo is marked by the neural groove,
flanked by the neural folds which are continuous with each other anteriorly; that
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on cach side of the neural groove between ectoderm and entoderm the mesoderm
is a solid mass of cells, while more laterally the mesoderm is split, its peripheral
layer with the adjacent ectoderm forming the somatopleure, its central layer
with the adjacent entoderm forming the splanchnopleure; that between soma-
topleure and splanchnopleure is the body cavity.  Ventral to the neural groove
is the notochord, while ventral to the latter is the primitive gut, the roof of which
is formed of entoderm (Fig. 72).

The first indication of amnion formation is the appearance of a fold—the
head amniotic fold—just in front of the anterior union of the neural folds (Figs.

ar, ap.?
o, tries.
h. am. L.

ar. pel.

Fic. gr.—Daorsal view of embrye of bird (Phacton rubricauda) with fifteen pairs of
primitive segments.  Sclauinsland.
ar.of.t, Area opaca, portion in which mesoderm is not vet present; or. op.?, area opaca; ar. pef,
area pellucida; ee., bladder-like dilatation of coelom; ed. mies., edge of mesoderm; foame. f,
head amniotic fold; pr. seg., primitive segments; x, portion of amniotic fold containing no
mesoderm.

g1 and 97, b). Thisoccurs during the second day of incubation.  After the head
fold has become well developed and extends back over the embryo like a hood
(Fig. 93), similar lateral and tail folds make their appearance (Figs. g2 and g7,
a and b). The folds continue to grow over the dorsum of the embryo and
finally meet and fuse in the mid-dorsal line, forming the amniotic suture (Fig. 04).

The amniotic folds from the beginning involve the somatopleure, that is,
the ectoderm and parietal mesoderm.  But since they arise some distance from
the developing embryvonic body, the extraembryonic portions only are involved.
At the same time a portion of the extraembryonic body cavity is also carried
dorsally within the folds (Figs. g2 and g5). When the folds unite over the

.
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embryo they break through at the line of contact, thus leaving the outer layers
of the folds continuous and the inner layers continuous, with the extraembryonic
body cavity continuous between the outer and inner layers.

mes boe. al. a.m. c.g. ta.

Fig. gz —Medial section of caudal end of chick embryo (at end of second
day of incubation).  Daval
al., Beginning of allantoic evaginaiion; e, anal membrane; be., extracmbryonic body cavity;
e, caudal gut; ecl., ectoderm; ent, entoderm; mes., mesoderm; mes.?, parietal mesoderm;
mes.a, visceral mesoderm; w. fie, neural tube; pr. g, primitive gut; £ am. f., tail amniotic
fold; fa., tail.

The result of the development of the amniotic folds is:—
1. That the embryo is completely enclosed dorsally and laterally by a cavity,
the amniotic cavity, which is lined by ectoderm continuous with the ectoderm—

Area
OHLCIE

= | Edpge af
| mesoderm
=l %

| Dorsal ammiotic
| suture

Primitive
streak

Fic. g3.—Dorsal view of embryo of albatross, showing amnion covering cephalic
end ﬁf{\mhr_l..'t:-. Selrautsland.
x, Portion of blastoderm containing ne mesoderm.

later epidermis—of the embryo, the ectoderm lining the cavity and the overlying
parietal mesoderm together constituting the amnion (Fig. g6).
2. That the outer parts of the amniotic folds become completely separated

— . .
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from the inner—the amnion—to form a second membrane consisting externally
of ectoderm, internally of mesoderm and called at first the serose or jalse
amuion, later the primitive chorion (Fig. gb).

3. That the extraembryonic body cavity unites across the medial line
dorsally, thus separating the amnion from the primitive chorion (Fig. o7, a, b
and ¢).

During the formation of the amnion the chick embryo is becoming more and
more definitely constricted off from the underlying large yolk mass which is
liquefying and into which the embryo sinks somewhat., At the same time the

Ant. witelline vein  Mesoderm

ATea opach

Sinus terminalis

Extraembrvonic body cavity

Ammnicn
Amnictic suture

Area pellucida

Omphalomesenteric

(vitellined vein Amniotic suture

} Lateral amniotic fold

Primitive streak Tail ammniotic fold

Area opaca

Fie, gg.—Dorsal view of embryo of albatross, showing amnion covering greater
part of embryo, Schaninsfond,

amniotic cavity continues to increase in size and extends also ventrally beneath
the embryo so that the embryo is everywhere enclosed within the amnion
except at its narrow connection with the yolk (Fig. o7, ¢, d).

The amniotic cavity is filled with fluid, the liguor amnii, the origin of which
is uncertain. In it the embryo floats freely, attached only by its ventral con-
nection with the yolk. At about the fifth day of incubation rhythmical con-
tractions of the amnion begin. These are apparently due to the development
of contractile fibers in its mesodermic tissue and give to the embryo a regular
oscillating motion.
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The Yolk Sac.—The simplest type of yolk sac is found in Amphibians and
Fishes. In Amphibians the volk is enclosed within the embryo, the cells form-

L. am. f. ex. b. c. ser. ectk.

L. B ht. pec.

Fie. g5.—Transverse section of embryo of albatross.  Selauinsiand.

Section taken through region of heart. am., amnion; ae., aorla; «. 7. 2., anterior vitelline veins:
ect., ectoderm; ent., entoderm; ep., epicardium; ex. b. ¢., extraembryonic body cavity; At., heart;
l.am.f, lateral amniotic fold; pc., pericardium; ph., pharynx; p. mes., parietal mesoderm;
ser.. serosa (chorion); o mes., visceral mesoderm; ¥ point at which extraembryonic body
cavity passes over into the intraembryonic (or ceelom proper).

ing a part of the intestinal wall. The superficial cells are split off to form the
yolk eatoderm. Investing the yolk entoderm is the visceral mesoderm which

ST, A SUk. T,

1]
P. . ! : !
ht. ph. p. pc.
Fic. gb.—Transverse section of embryo of albatross,  Sehauinslond,

Section taken through region of heart.  ane, Amnion; am. sut., amniotic suture; o. .7, anterior
vitelline veins; ecl., ecctaderm; ent., entoderm; ex. b, ¢., extraembryonic body eavity; he., heart;
f. pe., primitive pericardial cavity; ph., pharynx; p.omes., parietal mesoderm; ser., serosa
(chorion); 7. mes., visceral mesoderm; * point at which extraembryonic body cavity passes

over inte intracmbryonic (or coelom),

is separated from the parietal mesoderm by the body cavity. Outside of the
parietal mesoderm is the ectoderm (Fig. 65). In many of the Fishes the germ
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disk, as in Reptiles and Birds, is confined to one pole of the egg. Thus in these
forms the embryonic bedy develops on the surface of the large yolk mass. As
the embryo develops the germ layers simply grow around the yolk and suspend
it from the ventral side of the embryo. At the same time a constriction appears
between the embryo and the yolk mass, thus forming the yolk stalk. In this
case the yolk is surrounded from within outward, by entoderm, visceral and

ans. j g C i
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Fi6. g7.—Diagrams representing stages in the development of the foctal membranes
in the chick. Ferfwig.

&, Transverse section; b, ¢, d, longitudinal sections; volk represented by vertical lines.  af., Allantois;
., amnion; am. ., amniotic cavity; e, celom; dh., vitelline area between two dotted lines
which represent the edge of the mesoderm (at 5 2.} and entoderm (at 2. g.); de., yolk stalk;
ds., volk sac; d, wmb., dermal umbilicus; ect., ectoderm; ent,, entoderm; ex. b c., extraem-
bryonic body cavity; gh., area vasculosa; hoam. [, head amniotic fold; s, mouth; poses,
parieial mesoderm; =4, sinus terminalis; fer., serosa (chorion); ¢ am, £, tail amniodic fold;
amb,, umbilicus; v wres,, visceral mesoderm; z, g, dotied line represents edpe of entoderm.

parietal mesoderm, and ectoderm (Fig. g8). The volk furnishes nutriment for
the embryo. This is conveved to the tissues by means of blood vessels.
Branches of the vitelline artery ramify in the wall of the yolk sac (in the meso-
dermal tissue); the branches converge to form the vitelline veins which carry the
blood back to the embryo.

In the chick, while the amnion is forming, the inner germ laver gradually
extends farther and farther around the volk (Fig. 97, a, b, ¢ and d). At the
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same time, as already noted (p. 102), the growth of the amnion ventrally results
in a sharp constriction which separates the embrvo from the underlying volk.
This constriction is emphasized by constant lengthwise growth of the embryo.
Following the gradual growth of the entoderm arcund the yolk, the mesoderm
also gradually extends around, at the same time splitting into visceral and
parietal layers, so that the entoderm is closely invested by visceral mesoderm
(Fig. 97, a, b, ¢ and d). Finally, both entoderm and mesoederm enclose com-
pletely the mass of yolk. The yolk thus becomes enclosed in the yolk sac
which consists of two layers, entoderm and visceral mesoderm. The constricted
connection between the yolk sac and the embryo is the yolk stalk. It is seen by
reference to the diagrams (Fig. g7) that the entoderm lining the yolk sac is

Fic. gf.— T}ﬂ.gmmmm ic longitudinal section of selachian embrye. Herfwig.
a., Anus; d., yolk sac; du., intestinal umbilicus; ds., visceral laver of yolk sac; hs., parietal layer of
yolk sac; han., dermal umbilicus; ffe, Lu.lum M2, exoccelom; m., mouth; .'., yolk st k.

directly continuous through the yolk stalk with the entoderm lining the primi-
tive gut. The transition line between extra- and intraembryonic entoderm is
sometimes referred to as the intestinal wmbilicus, in contradistinction to the line
of union, on the outside of the yolk stalk, of amniotic and embryonic ecto-
derm (the latter becoming later the epidermis) which is known as the dermal
wmbilicus.

Asin Fishes and Amphibians, so alsoin Reptiles and Birds, the yolk furnishes
nourishment for the growing embryo, and is conveyed to the embryo by
the blood. At a very early stage the mesoderm layer of the yolk sac (visceral
mesoderm) becomes extremely vascular.  This vascular area is indicated by an
irregularly reticulated appearance in the periphery of the blastoderm and is
known as the area vasculosa (Fig. 74). The area vasculosa increases in size as
the mesoderm grows around the yolk and its vessels become continuous with
those in the embryo (Fig. 212). Some of these vessels enlarge as branches of
two large vessels which are given off from the primitive aorte, the vitelline or
omphalomesenteric arleries. (When the two aortz fuse to form a single
vessel, the proximal ends of the vitelline arteries fuse likewise.) The branches
of the arteries ramify in the mesoderm over the surface of the yolk and then
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converge to formother vessels which enter the embryvo as the vitelline or om phalo-
mesenleric veins (Fig. 213).  As the mesoderm extends farther and farther
around the volk, the vessels extend likewise until the entire yolk is surrounded
by a dense plexus of blood vessels in the wall of the yolk sac.

The Allantois.—While the embryonic intestine is first assuming the form
of a tube, there grows out ventrally from near its caudal end, during the third
day of incubation, a diverticulum which is the beginning of the allantois (Fig.
g9). This increases rapidly in size and pushes out into the extraembryonic
body cavity behind the yolk stalk.  As it is a diverticulum from the intestine,
it consists primarily of entoderm. This pushes in front of it, however, the
splanchnic (visceral) mesoderm which becomes the outer layer of the membrane.
The connection between the intestine and the allantois is known as the wrachus.
In the chick the allantois attains a comparatively large size, pushing out dorsally

af. ames. earl. a.m. . R

Fic. ue,l.-—Lungilu'l!ilml section of caudal end of chick embryo (end of third
day of incubation). (aasser.
al., Allantois; of p., allantois prominence; «.wr, anal membranc; am., amnion; am. o, amniotic
cavity; & g, caudal gut; ear, coelom; eof., ectoderm; ent., entoderm; ex. b ¢, extracmbryonie
body cavity; mtes., mesoderm; pr. p., primitive gut; £, tail.

between the amnion and the primitive chorion and ventrally between the latter
and the volk sac (Fig. g7, b, c and ). The inner wall of the allantoic sac blends
with the amnion about the seventh day of incubation and with the yolk sac con-
siderably later, while the outer wall joins the primitive chorion to form the true
chorion, or as it is sometimes designated, the allanto-chorion (see p. 111). As
the allantois reaches the limit of the yolk, it leaves the latter, and pushing the
primitive chorion before it, continues around close under the shell (Fig. g7)
until it completely encloses the albumen at the small end of the egg.

The allantois of the chick performs three important functions:

1. It serves as a receptacle for the excretions of the primitive kidneys.

2, United with a part of the primitive chorion to form the albumen sac, its
vessels take up the albumen as nourishment for the embryvo. Because of this
function and also because of the fact that little papillee sometimes appear on the
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inner surface of the albumen sac, evidently for the purpose of increasing its
absorptive surface, this albumen sac has been compared by some to a placenta.

3. It blends with the primitive chorion to form the true chorion and being
extremely vascular and lying just beneath the porous shell, it serves as the most
important organ of foetal respiration,

The allantois in the chick is an extremely vascular organ, the network of
small vessels in the wall being composed of radicals of the allantoic or umbilical
vessels of the embryo. Soon after the allantois begins to develop, two
branches—the umbilical arferies—are given off from the aorta near its caudal
end. These pass ventrally through the body wall of the embryo and thence
out vie the umbilicus to break up into extensive networks of capillaries in the
mesodermal layer of the allantois. The capillaries converge to form the wm-
bilical veins which pass into the embryo vig the umbilicus and thence cephalad
to the heart,

During the incubation period of the chick there are two extraembryonic sets
of blood vessels. One set, the vitelline (omphalomesenteric) vessels (p. 238),
is concerned with carrying the yolk materials to the growing embryo. The
other set, the umbilical (allantoic) vessels, is chiefly concerned with respiration
and carrying waste products to the allantois, but is probably in part concerned
with conveying the albumen to the embryo. When the chick is hatched, and the
feetal membranes are of no further use and disappear, the extraembryonic por-
tions of the blood vessels alsodisappear. The intraembryonic portions persist,
in part, as certain vessels in the adult organism.

The Chorion or Serosa.—This membrane is but little developed in the
chick as compared with Mammals, especially the Placentalia. Its mode of
origin as the outer leaves of the amniotic folds, cut off from the amnion by
dorso-medial extension of the mesoderm and body cavity, has been described
(p. 1o1). It consists, as there shown, of extraembryonic ectoderm and parietal
mesoderm (Fig. 96). As first formed it is confined to the immediate region of
the embryo and of the amnion to which it is later loosely attached. It soon
extends ventrally around the volk where it forms what is sometimes designated
the skin layer of the yolk sac. The relation of the outer layers of the allantois
to the chorion has been described on page 106, and is illustrated in Fig. gg.

FETAL MEMBEANES IN MAMMALS.

The development of the feetal membranes in Mammals presents no such
uniformity as is found in Birds and Reptiles where it was possible to describe
their formation in the chick as typical for the two classes. In the different
Mammals much variation occurs, not only in the first appearance of the mem-
branes but also in their further development and ultimate structure.

In some forms (rabbit, for example) the amnion develops in a manner very
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similar to that in the chick; that is, by a dorsal folding of the somatopleure.
There is, however, no head fold unless a temporary structure known as the
proamnion be considered as such. The entire rabbit amnion is formed by an
cxtension over the embryo of the tail amniotic fold. In other forms (bat and
probably man) the amnion and amniotic cavity arise én site over the embryonic
disk, without any folding of the somatopleure.

Yolk is almost entirely lacking in most Mammals, but the yolk sac is always
present although it soon becomes a rudimentary structure. The fact that the
volk sac is always present points toward the conclusion that Mammals are
descended from animals which possessed large ova with abundant yolk. As a
matter of fact the lowest Mammals, the Monotremes, possess large ova with
large quantities of yolk. These are deposited by the female, are developed in a
parchment-like shell, and are carried about in the brood-pouch.

The allantoic sac in many Mammals is a very rudimentary structure which,
as in the chick, always arises as an evagination from the caudal end of the gut.
The allantoic blood vessels, however, become vastly important since they here
not only carry off waste products from the embryo, as in Reptiles and in Birds,
but also assume the function of conveying nutriment from the mother to the
embryo. In assuming this new function they are no longer concerned with
the allantoic sac proper but enter into a new relation with the chorion.

The chorion is the most highly modified and specialized of all the mam-
malian faetal membranes. In some cases (the rabbit, for example) it arises in
connection with the amnion, as in the chick, by a dorsal folding of the somato-
pleure. In other cases (bat and probably man) it arises at a very early stage,
partly as a differentiation of the superficial laver of the morula, partly as
extraembryonic parietal mesoderm which develops later. In all cases where
the embryo is retained in the uterus (except Marsupials) it forms a most highly
specialized and complex structure which, in connection with the allantoic
vessels, establishes the communication between the mother and the embryo.

For the sake of clearness it seems best to describe first the earlier stages of
the foetal membranes in some case where the development resembles that of the
chick; then later to consider the more specialized types of development, the
ultimate structure of the membranes, especially the chorion, and their relation
to the embryo and the mother.

Amnion, Chorion, Yolk Sac, Allantois, Umbilical Cord.—Referring
back to the mammalian blastoderm when it consists of the three germ layers,
it will be remembered that the embryonic disk forms the roof, so to speak, of a
large cavity—the yolk cavity or cavity of the blastodermic vesicle (Fig. 82);
that the ectoderm of the disk is continuous with a layer of cells which extends
around the vesicle—the extraembryonic ectoderm; that the entoderm of the
disk is continuous with the entoderm lining the cavity of the vesicle; that the
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mesoderm extends peripherally beyond the disk between the ectoderm and
entoderm (Fig. 8g). It will be remembered also that the mesoderm later splits
into two layers—the parietal and visceral, of which the parietal plus the ecto-
derm forms the somatopleure and the visceral plus the entoderm forms the
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Fig. 1co.—Diagrams representing six stages in the development of the feetal membranes
in a mammal. Maodified from Kafliker,
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splanchnopleure; and that the cleft between the two layers is the body cavity

or ccelom.
In further development, along with the differentiation of the embryonic

body, the somatopleure begins to fold dorsally at a short distance from the
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body (Fig. 100, 2). The folds—amniotic folds—appear cranially, laterally and
caudally. These folds continue to grow dorsally (Fig. 100, 3) and finally meet
and fuse above the embryo (Fig. 100, 4). They then break through along the
line of fusion so that the extraembryonic body cavity which has been carried up
dorsally over the embryo in the amniotic folds becomes continuous across the
mid-dorsal line. A double membrane or rather two membranes are thus
formed which extend over the embryo. The outer membrane is the chorion
and is composed from without inward of ectoderm and parietal mesoderm.
The inner membrane is the amnion and is composed from without inward of
parietal mesoderm and ectoderm (Fig. 100, 5). Between the amnion and the
chorion is a portion of the extraembryonic body cavity, which, as already
mentioned, was carried dorsally with the amniotic folds (Fig. 100, 2, 3, 4 and ).
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Fig. 1or.—~Transverse section of a dog embryo with 1o primitive segments.  Bomunel.
Section taken through sixth sepment.

In the manner just described the amnion becomes a sac which at first en-
tloses the embryo laterally, and then laterally and dorsally (Fig. 1o1). Later
as the embryo becomes constricted off from the underlying cavity, the amnion
encloses it entirely except over a small area on the ventral side where the embryo
is attached to the yolk sac (Fig. 100, 3, 4 and 3).

While the amnion is being formed, the mesoderm continues to extend
around the vesicle between the ectoderm and the entoderm. At the same time
it splits into parietal and visceral layers, of which the parietal is applied to the
ectoderm, and the visceral to the entoderm. In this way the extraembryonic
body cavity gradually extends farther and farther around the vesicle until
finally the somatopleure is completely separated from the splanchnopleure
(Fig. 100, 3, 4 and 5). The extraembryonic somatopleure now forms a com-
plete wall for the vesicle and constitutes the chorien. The extraembryonic
splanchnopleure forms a complete wall for the yolk cavity and constitutes the
wall of the yolk sac. The proximal portion of the yolk sac becomes constricted




F(ETAL MEMBRANES, 111

to form the yolk stalk which connects the yolk sac with the ventral side of the
embryonic body (Fig. 100, 5).

While the processes just described have been taking place, an evagination ap-
pears pushing out from the ventral side of the caudal end of the gut (Fig. 100, 4).
This evagination grows out into the extraembryonic body cavity (exo-
ceelom), pushing before it the visceral layer of mesoderm, thus giving rise to a
thin-walled sac which communicates with the gut—the allaniois (Fig. 100, 3).
At this stage the embryonic body, with its surrounding amnion and appended
yolk sac and allantois, lies within the large vesicle formed by the chorion. Up
to this point the development resembles that in the chick.

In succeeding stages a new connection is established between the embryo and
the chorion in the following manner: The amnion enlarges and fills relatively
more of the cavity within the chorion, while the yolk sac becomes smaller and
the yolk stalk much attenuated (Fig. 100, 6). At the same time the allantois
also becomes attenuated and its distal end comes in contact with the chorion
(Fig. 100, 6). The growth of the amnion results in the pushing together of the
attenuated yolk stalk and allantois so that they lie parallel to each other (Fig.
100, 6), and are together invested by a portion of the amnion. As already
described, both yolk stalk and allantois are composed of entoderm and
mesoderm while the amnion is composed of mesoderm and ectoderm. Con-
sequently when the three structures come together and fuse, there is formed
a mass of mesoderm which contains the entoderm of the yolk stalk or vitelline
duct and the entoderm of the allantois or allantoic duct, and which is sur-
rounded by the ectoderm of the amnion. The fusion of these three structures
in this region thus produces a slender cord of tissue which forms the union
between the embryo and the chorion and which is known as the wmbilical cord
(Fig. 100, 06).

In Mammals the yolk sac contains little or no yolk and consequently can
furnish but little nutriment for the embryo; but the union of the allantois with
the chorion, mentioned in the preceding paragraph, allows the allantoic blood
vessels to come into connection with the chorion. And since in Mammals the
chorion is the means of establishing the communication between the embryo
and the mother, the allantoic (umbilical) vessels assume the function of carrying
nutrient materials to the embryo and also of carrying away from the embryo its
waste products. (See p. 242.)

Further Development of the Chorion.

Up through the stages which have been described the correspondence in the
development of the feetal membranes in Reptiles, Birds and Mammals is clear.
From now on, the course of development in Mammals becomes more and
more divergent. The extensive development of the yolk and yolk sac with its

8
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vascular system in the egg-laying Amniotes has been noted. This is dependent
upon the fact that the embryo very early in its existence loses its nutritional con-
nection with its mother and is therefore dependent for its food upon the volk
stored up within the egg.  This condition obtains up through the lowest order
of Mammals, the Monotremes, which are egg-laying animals. The Marsupials
give birth to young of very immature development. In these two orders of
Mammals the feetal membranes present essentially the same condition as in
Birds and Reptiles, The chorion in Marsupials, however, lies in close ap-
position to the vascular uterine mucosa and perhaps provides for the passage of
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Fic. 1o2.~Vertical section through wall of uterus and chorion of a pig.  Photograph.
MNote cspecially the close apposition of the chorionic and uterine epitheliuom (and compare with
Fig. 103); note also the enlanged blood vessels in the uterine mucosa.

nutrition from the mother to the embryo. In all higher Mammals, however, no
egos are laid and the embryo early acquires an intimate nutritional relation to
its mother. This relation is maintained until the embryo has reached a com-
paratively advanced stage of development. As would be expected therefore,
there take place, coincidently with the change in nutritional relation between
mother and embryo, and dependent upon this changed relation, the already
noted decrease in, or entire loss of, yolk and at the same time the development of
a special organ of relation between embryo and uterus. This organ is devel-
oped mainly from the chorion which becomes highly specialized as compared
with the very simple chorion described in the chick.
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In some Mammals (e.g., pig, horse, hippopotamus, camel) there develops a
more intimate relation between the chorion and the uterine mucosa. In the
pig, for example, the chorionic vesicle becomes somewhat spindle-shaped, and,
except at its tapering ends, its surface is closely applied to the surface of the
uterine mucosa. On that portion of the chorion which is in contact with the
uterine mucosa small elevations or projections develop and fit into correspond-
ing depressions in the mucosa. These projections involve the epithelial
layer (ectoderm) of the chorion and the adjacent connective tissue (mesoderm)
(Fig. ro2). Furthermore, the chorionic epithelial cells and the uterine epithelial
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Fic. 103.—From seetion through wall of uterus and chorion of a pig, showing close relationship
between the epithelium of the uterus and that of the chorion.  Photograph.

cells acquire very intimate relations in that the ends of the former become
rounded and fit into depressions in the ends of the latter (Fig. 103).

The allantois and allantoic vessels in the pig afford a good example of the
transition from the respiratory and excretory functions which they almost ex-
clusively possess in Reptiles and Birds, to the additional nutritional function of
these vessels in Mammals. The allantoic sac becomes large and applies itself
to the inner surface of the chorion, so that the blood vessels of the allantois also
grow into and ramify in the mesodermal layer of the chorion. This brings the
allantoic (umbilical) blood vessels containing the feetal blood closer to the uterine
vessels containing the maternal blood. The two sets of vessels never come in
contact, however, being always separated by the chorionic and uterine epithe-
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lium and also by some connective tissue of the chorion and of the uterine
mucosa (Fig. 103). Food materials for the embryo must, therefore, pass through
the connective tissue and the two epithelial layers in order to get from the
maternal to the feetal blood; and waste products from the embryo must also pass
through the same tissues to get from the feetal to the maternal blood.  When the
foetal membranes of the pig are expelled at birth, the rudimentary chorionic
villi simply withdraw from their sockets in the uterine mucosa and the chorion
15 cast off, leaving the uterine mucosa intact.

In other Mammals, the attachment of the chorion to the mucous membrane
of the uterus is restricted to certain definite, highly specialized areas. This
means that the villi which at first developed over the entire chorion, disappear
from the greater part of it. Those villi which remain are limited to a definite
arca or areas and develop extensive arborizations. Moreover, they do not

IF16. 104.—Chorion of sheep, showing cotyledonary placenta. 0. Selelize.

simply fit inte depressions in the uterine mucosa, but become much more
closely attached to it while the mucosa increases in thickness and in vascularity
over the villous areas. There are thus formed two distinct though intimately
associated parts of a structure which is known as the placenta—the uterine part
being designated the maternal placenta or placenta uterina, the feetal part the
placenta jetalis. Such Mammals are grouped as Placentalia. In the sheep
and cow a number of placentiwe—multiple placente—are normally present (Fig.
104). In the dog and cat the placenta takes the shape of a band or a zone
of specialized tissue encircling the germ vesicle. This is known as a zenudar
placenta,  In man a single discoidal area develops—discoidal placenta.

These different forms of placente vary also in regard to the intimacy with
which maternal and feetal parts are associated. Thus, for example, in the
multiple placentze of the cow and sheep, the feetal placente may be easily
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pulled away from the maternal placent®; while in the discoidal placenta of
man, maternal and feetal parts are so closely related that both come away to-
gether as the after-birth or decidua.

THE F(ETAL MEMBRANES IN MAN.

The feetal membranes in man are characterized by the early development of
the amnion, the development of an extremely complicated discoidal placenta and
the rudimentary condition of the yolk sac and allantois. The high develop-
ment of the placenta—the organ of interchange between feetal and maternal
circulation—is undoubtedly dependent upon the very long period of gestation
during which the human fcetus leads an entirely parasitic existence, being
dependent wholly upon the mother for nutrition and respiration. The exten-
sive development of the placenta in turn explains the rudimentary condition of
the yolk sac and stalk and of the allantois, the nutritional and respiratory func-
tions of these large and important organs in some of the lower animals, being in
man taken up by the placenta.

The Amnion.

In describing the development of the germ layers in the human embryo,
comparisons were made between one of the youngest known human embryos—
that of Peters—and the embryos of the bat and mole (p.g1). Reference to this
description and to the figures shows that in the bat and mole the amnion is
formed, not as in the chick and rabbit by dorsal foldings of the somatopleure
and fusion of these folds, but in situ by a breaking down of some of the cells of
the inner cell mass and consequent cavity formation. In Peters’ embryo the
amnion is already present as a closed cavity. The earlier stages in its forma-
tion are not known. As in the case of the germ layers, however, the appear-
ances in sections are so closely similar as to suggest at least, that the human
amnion is formed in the same manner as that of the bat and mole.

In Peters’ ovum (Fig. 83), also in Bryce-Teacher’s (Fig. 106), the
amniotic cavity is seen already formed. It is roofed by a single layer
of flat cells apparently analogous to the trophoderm of the bat (Fig. 52).
As in the bat and chick this layer is continuous with the higher ecto-
derm of the embryo proper as represented here by the embryonic disk. The
extraembryonic mesoderm is already present at this stage between the ecto-
derm of the amnion and the trophoderm, the epithelial cells of the latter
being seen on the surface. Ventrally lies the yolk sac lined with entoderm,
while laterally between the entoderm and ectoderm is seen the embryonic
mesoderm. This formation of the amnion in sifie considerably shortens the
process of amnion formation as compared with that in most of the lower
animals, where it is formed by dorsal foldings, This results in the very early
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formation of a complete amnion and amniotic cavity in such forms as the bat,
mole and man.

The human amniotic cavity is at first small, the amnion covering only the
dorsum of the embryo to which it is closely applied. The dorsal surface of the
disk is at first concave, then flat, and later its margins curve ventrally as the flat
disk becomes transformed into the definite shape of the embryonic body. As
the margins of the disk bend ventrally they carry with them the attached amnion.
Az the embryo becomes constricted off from the yolk sac, the amnion is attached
only ventrally in the region of the developing umbilical cord. With the
exception of this attachment the embryo thus comes to lie free, floating in
the amniotic fluid (Fig. 100, 6).

The amniotic cavity, at first small, increases rapidly in size and by the third
month has reached the limits of the chorionic vesicle completely filling it. It
then attaches itself loosely to the overlving chorion thus completely obliterating
the extraembryvonic body cavity., The amnion consists everywhere of two
lavers, an outer ectoderm, the cells of which are at first flat, later cuboidal or
even columnar, and an inner laver of somatic mesoderm. At the dermal navel
(p. 1035) the amniotic ectoderm is continuous with the surface ectoderm (later
epidermis) of the embryo. Some writers consider the fact that the epithelial
covering of the umbilical cord is stratified as indicating that it is derived from
embryvonic ectoderm rather than from amniotic ectoderm, and describe the
transition between the two as taking place not at the dermal umbilicus but at
the attachment of the cord to the placenta. As in lower forms (p. 102) the
walls of the amniotic cavity contain contractile elements which determine
rhythmical contractions of the amnion.

The human amniotic fluid is a thin, watery fluid of slightly alkaline reaction
containing about one per cent. of solids, chiefly urea, albumin and grape-
sugar, The origin of the fluid is not known. By some it is believed to be
mainly a secretion of the maternal tissues, by others as largely of feetal origin.
The urea it contains is probably excreted by the feetal kidneys.

When the amount of amniotic fluid is excessive the condition is known as
hrydramnios. 1f, as is sometimes the case, the amniotic fluid is present in very
small amount, adhesions may form between the amnion and the embryo.
These may result in malformations. With or without abnormality in the
amount of amniotic fluid, bands of fibrous tissue may stretch across the cavity.
If sufficiently strong these may produce such malformations as splitting of
a lip or of the nose, or the partial or complete amputation of a limb.

In labor a portion of the amnion filled with fluid usually precedes the head
through the cervical canal. It is rounded or conical, and becoming distended
and tense with each uterine contraction or labor pain, serves as the natural
and most efficient dilator of the cervix. When the cervix is partially or com-
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pletely dilated, the amnion usually ruptures—* rupture of the membranes" —
and all or a part of the amniotic fluid escapes as the “waters.” Usually a
varying amount of the fluid remains behind the embryo being kept there by the
head completely corking the cervix. This escapes with the birth of the child.
In some cases the amnion ruptures at the beginning of labor, before there has
been any dilatation of the cervix. The dilating must then be done by the
child’s head or other presenting part. These are much less adapted to the
purpose than the bag of membranes and the result is usually a difficult and
protracted “dry™ labor. Rarely the amnion fails to rupture during labor and
the child is born within the intact bag of membranes. Such a child is said to
be born with a *caul.”

The Yolk Sac.

In the human embryo the yolk sac is but a rudiment of the large and im-
portant organ found in some of the lower animals, It develops early and at the
end of the second week is an almost spherical sac with a wide opening into the
intestine (Fig. 121), there being but a slight constriction between the embryo
and the yolk sac. During the third week the yolk sac becomes decidedly con-
stricted off from the embryo, remaining connected, however, with the intestine
by means of a long pedicle, the yolk stalk or vitelline duct (Fig. 123). As the
placenta is formed, and at the same time the umbilical cord, the yolk sac becomes
incorporated with the former, where it may sometimes be found by careful
search after birth, while the yolk stalk becomes reduced to a strand of cells
which traverses the entire length of the umbilical cord (p. 134).

Whatever function the rudimentary human yolk sac has, must be performed
early, as both sac and stalk soon undergo regressive changes.  Although no true
volk is present, the sac at first contains fluid and its thick outer mesodermal layer
is the place of earliest blood and blood vessel formation. This would seem to
indicate that like the larger yolk sac of lower animals, the human yolk sac
serves temporarily as a blood-forming organ.

In about three per cent. of cases that portion of the yolk stalk which lies
between the intestine and the umbilicus fails to degenerate, retaining its lumen
and its connection with the intestine. It is then known as Meckel's diverticulum
and is of considerable surgical importance, as it may become invaginated into
the small intestine and thus cause obstruction of the bowel. The blind end of
the diverticulum may remain attached to the umbilicus, or it may become free,
or in rare cases the stalk anay retain a lumen from the intestine to the umbilicus,
through which fieces may escape—* fecal fistula.” Occasionally a portion of
the gut from which the yolk stalk is given off extends for a short distance into
the cord, If, as is sometimes the case, this extension fails to retract before
birth, a congenital umbilical hernia is the result (see Chap. XIX).
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The Allantois.

The human allantois, while analogous to the allantois of Birds and Reptiles,
shows certain marked peculiarities in its development, in its relation to sur-
rounding structures and in its functions.

Its development is peculiar in that it does not push out, as, for example, in
the chick, as an evagination from the primitive gut into the extraembryonic
body cavity, for at the very early stage at which the human allantois first ap-
pears, the primitive gut is not as yvet constricted off from the yolk sac and there
is no extraecmbryonic body cavity into which the allantois can extend. It will be
remembered that in the formation of the germ layers and in the development of
the amnion the human embryo shows a marked tendency, as compared with
lower forms, toward a shortening of the developmental process. This ab-
breviation and consequent very early formation applies also to the allantois.  As
the embryonic body assumes definite shape and the amnion is formed, there is
not the complete separation of amnion from the chorion seen, for example, in the
chick, the embryo remaining connected posteriorly with the chorion by means of
a short thick cord of mesodermic tissue,  This is known as the belly stalk. Into
this solid cord of mesodermic tissue which connects the embryo with the
chorion, entodermic cells extend. These are derived from the embryonic en-
toderm before the constriction which differentiates the primitive gut from the
yolk sac has made its appearance (Fig. 85). According to some there is a true
evagination from the entodermic sac quite analogous to the evagination in the
chick, resulting in a long slender tube lined by entoderm and extending from
the embryo to the chorion. Others describe the entodermic outgrowth as a
solid cord of cells. The mesodermic layer of the allantois is furnished by the
mesoderm of the belly stalk. It is to be noted in this connection that the
mesoderm of the belly stalk is embryonic mesoderm and that in Birds, for
example, this portion of the mesoderm splits into two layers, somatic and
splanchnic, with the extraembryonic body cavity between them. Into this
extraembryonic body cavity the allantois extends. In man no such splitting
occurs, so that there is no extraembryonic body cavity into which the allantois
can extend. Instead, it grows out into the belly stalk.

The functions of the human allantois are somewhat different from those of
the allantois of the chick. In the latter it is a direct respiratory organ in that it
brings the embryo into relation with the outside air. In man the allantois,
accompanied by the allantoic (umbilical) blood vessels, comes into relation
with the placenta. As the placenta serves as the medium of exchange between
foetal and maternal circulations, it acts as a modified organ of respiration. In
the chick the allantoic cavity also serves for the reception of the excretions from
the embryo, the allantoic fluid containing nitrogenous excretives.  In man all
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such elimination is carried on through the placenta and there is consequently
no need for the development of a large allantoic sac.

With development of the placenta, that part of the allantoic stalk which lies
in the umbilical cord atrophies. Of the embryonic portion of the allantois,
or the wrachus, on the other hand, the proximal end communicates with the
urinary bladder, while the remainder, which extends from the bladder to the
umbilicus becomes transformed into a fibrous cord,—the middle umbilical
ligament (page 404). Rarely that portion of the allantoic stalk between the
bladder and the umbilicus remains patent and opening upon the surface
forms a “urinary fistula,” allowing urine to escape.

In Reptiles and Birds the omphalomesenteric vessels, passing along the yolk
stalk and ramifying in the mesodermal layer of the yolk sac, convey the nutrient
materials of the yolk to the growing embryo. Since the allantois is an organ of
respiration and excretion, the allantoic or umbilical vessels have nothing to do
with the actual nourishment of the embryo (p. 242). In Mammals the yvolk sac
is of less functional value. Consequently the vitelline vessels, although present
(Fig. 215), play a less important réle in conveying nutriment. The allantoic
(umbilical) vessels, instead of ramifying in the wall of the allantois, as in the
lower forms, come into connection with the chorion, passing primarily through
the belly stalk. Since the chorion becomes the organ of interchange between
the embryo and the mother, the allantoic vessels assume a new function, the
allantoic (umbilical) vein carrying food material from the mother to the em-
bryo, the arteries carrying waste products from the embryo to the mother.
Thus in Mammals, as the yolk sac and vitelline vessels come to play a less im-
portant réle in the nutrition of the embryo, the allantoic vessels, in connection
with the chorion, become practically the only means by which the embryo
receives its food-supply.

The Chorion and the Decidua.

When the fertilized ovum reaches the uterus it becomes fixed or embedded
in the uterine mucosa, Fixation usually occurs in the upper half of the uterus
but may occur near the cervix. Rarely the ovum becomes fixed to the mucous
membrane of the tube instead of to that of the uterus, and, developing there,
gives rise to a “tubal” pregnancy—one of the forms of extrauterine gestation.

Until recently, it was believed that the ovum became attached to the surface
of the mucous membrane. Recent studies upon some of the youngest human
ova and upon those of some of the lower Mammals, however, seem to indicate
that the ovum in some way pushes itself into—buries itself—in the uterine
mucosa (Fig. ro5). It is argued that if the ovum simply attaches itself to the
surface of the mucosa, one would expect to find, for a time at least, epithelium
between the attached surface and the stroma. In a very young human ovum
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no such epithelium was found and the ovum had the appearance of having
penetrated the stroma by which it was surrounded (Fig. 106). Thus, for the
first two weeks of gestation, the ovum lies embedded in the stroma of the uterine
mucosa, giving so little surface indication of its presence that it is practically
impossible to locate it except by serial sections of the entire mucosa. After
two weeks the position of the ovum begins to be indicated by a slight prominence
of the mucous membrane, the summit of the prominence being marked by an
enfrance plug consisting of coagulum, cast off cells and fibrin (Fig. 83). In
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Fi. 105.—Successive stages in the implantation of the ovum of Spermophilus citillus.  Rejsek,
g. Ovum (blastodermie vesicle) lying free in the uterine cavity. & Later stage in which the
syncytial knob (thickening of trophederm) has penctrated the uterine epithelium as far as
the basement membrane. ¢, 5till later stage in which the trophoderm has penetml!cd the
uterine siroma; the cells of the uterine epithelium at the point of entrance are dcgencrating.

the Bryce-Teacher ovum no such entrance plug was found (Fig. 106). At
this stage the plug contains no glands or blood vessels. Later it becomes
organized and replaced by connective tissue. Whatever the mode of fixation
of the ovum to the uterus, there immediately result important changes in the
uterine mucosa which lead to the formation of the decidua. These changes are
both destructive and constructive. They are destructive in that the epithelial
covering of the ovum, the trophoderm, has some solvent action on the uterine
mucosa and breaks down the walls of the maternal blood vessels thus allowing
the blood to flow around the ovum (Fig. 106). They are constructive in that
they result in the formation of the decidua.
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From their relation to the ovum and to the uterus, the deciduz (by which is
meant the uterine mucosa of pregnancy) have been divided into the decidua
parietalis or decidua vera the decidua basalis or serotina, and the decidua cap-
sularis or reflexa.

cap, frol frel

Fic. 106. Ddiagram of human ovum of 13-14 days, embedded in the uterine
mucosa.  Bryce and Teacher ®

cap., Capillary; ey, cellular layer (eyto-trophoderm); ep., uterine epithelium; gi., uteriné gland;
#.2, necrotic zone of decidua (uterine mucosa); P.e., point of entrance of the ovam; fra.,
syncytium  (plasmodium, plasmm]i-lm}tjlhndcn'n}: fra.!, masses of vacuslating syncytium
invading capillaries. The cavity of the blastedermic vesicle is completely filled by mesoderm,
and embedded therein are the amniotic and entodermie (yolk) vesicles. The natural pro-
portions of ihe several parts have been observed,

The decidua parietalis is the changed mucosa of the entire uterus with the
exception of that portion to which the ovum is attached. The decidua basalis
is that portion of the mucosa to which the ovum is attached and which later
becomes the maternal part of the placenta. The decidua reflexa is either the

*#The writers have been unfortunate in mot having had access to Bryce and Teacher's splendid
contribution (T. H. Bryce and J. H. Teacher: An Early Ovum Imbedded in the Decidua.
MacLehose and Sons, Glazgow, 1g9o8) in time to incorporate in the text the result of their investi-
gation. The ovum in quesiion was found in a piece of membrane expelled during spontanecus
abortion which occurred in a healthy young woman ten days after the time of the hrst lapsed
menstrual Aow. - The age was estimated at thirteen to fourteen days, and the structure was such as
to indicate an carlier stage than that of Peters’, Jung's, Merttens’, Leopald's, or von Spee’s embryo,
thus making it the youngest human ovum on record.  The results of the investigation are important
in their bearing not only on the implantation of the ovum in the uterine mucosa but also on the
development of the germ layers.
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extension of the mucosa over the ovum or that part of the mucosa under which
the ovum buries itself (Fig. ro7).

It will be remembered that surrounding the entire young ovum is the chorion
and that this membrane consists of two layers, an outer ectoderm (trophoderm)
and an inner mesoderm.  In the youngest known human embryo the chorion is

Decadua parietalis

Decidun capsularis

— Decidua basalis 1
| Placenta
| Chorion i:m:duﬁumJ

Fic. ro7.—Semidiagramatic sagittal section of human uterus comtaining an
embryo of about five weeks,  ANen Thom pron.
a, Ventral (anterior) surface; ¢, cervix wteri: ¢h, chorian: g, outer limit of deciduaz
nr, muscularis; p, dorsal (posterior) surface.

a shaggy membrane, its entire surface being covered with small projections or
villi. Later these villi disappear from all of the chorion except that part of it
which becomes attached to the uterine mucosa and forms the feetal part of the
placenta. The latter is known as the chorion frondosum, while the smooth
remainder of the chorion is known as the chorion leve.

There are thus to be considered:

r. The decidua parietalis.
2. The decidua capsularis.
3. The decidua basalis

= F forming the placenta.
4. The chorion frondosum | 2 ]



FETAL MEMBRANES. 123

The Decidua Parietalis.—The changes in the uterine mucosa which
result in the formation of the decidua parietalis are similar to, though more
extensive than, the changes which take place during the earlier stages of men-
struation. There is congestion of the stroma with proliferation of the con-
nective tissue elements and increase in the length, breadth and tortuosity of the
glands, These changes result as in menstruation in thickening of the mucosa
so that at the height of its development the decidua parietalis has a thickness of
about r cm. It extends to the internal os where it ends abruptly, there being no
decidua formed in the cervix.

In the superficial part of the mucosa the glands wholly or almost wholly
disappear and their place is taken by the proliferating connective tissue of the
stroma. The result is a layer of comparatively dense connective tissue—the
compact layer. Beneath this layer are found remains of the uterine glands in
the shape of widely open, somewhat tortuous spaces which extend for the most
part parallel to the muscularis. Some of these glandular remains retain part
of their epithelium. Lying in the proliferating stroma, these spaces give to this
layer the structure which has led to its being designated the spongy layer.

During the latter half of pregnancy the decidua parietalis becomes greatly
thinned, due apparently to pressure from the growing embryo with its mem-
branes, With this thinning, the few remaining glands of the compact layer
disappear. The character of the spongy laver changes, the glands collapsing or
being reduced to elongated, narrow spaces parallel to the muscularis, The
entire tissue also becomes much less vascular than in early pregnancy.

If the feetal membranes are in sifu the compact layer is in contact with the
ectodermic (epithelial) layer of the chorion. Next to this lies the mesodermic
(connective tissue) layver of the chorion. Delicate adhesions connect the
mesodermic tissue of the chorion with the mesodermic layer of the amnion.
Covering the latter is the amniotic ectoderm (epithelium).

The Decidua Capsularis.—Early in its development this has essentially
the same structure as the decidua parietalis.  Its older or more common name,
decidua reflexa, indicates the earlier idea that this portion of the decidua repre-
sents a growing around or reflection of the uterine mucosa upon the attached
ovum. Peters, after examining the very early ovum which bears his name,
came to the apparently warranted conclusion that instead of the uterine mucosa
growing out around the ovum, the ovum buries itself in the mucosa, and that by
the time the ovum had reached the size of the one he examined (1 mm.), it was
almost entirely covered over by the mucosa (Fig. 83). See also Fig. 106. In
Peters’ ovum a coagulum consisting of blood cells, other cast off cells and
fibrin marked the point at which the ovum probably entered the stroma.
Later this is replaced by connective tissue and for a considerable time the point
is marked by an area of scar tissue.
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By about the fifth month the rapidly growing embryo with its membranes
has filled the uterine cavity, and the decidua capsularis, now a very thin trans-
parent membrane, is everywhere pressed against the decidua parietalis. It
ultimately either disappears (Minot) or blends with the decidua parietalis

(Leopold, Bonnet).
The Decidua Basalis.—As the decidua basalis is that part of the mucosa

to which the chorion frondosum is attached, it is convenient to consider the

two structures together.
= Tecidus

Termmal villi

Chorion
Artery

Vein

Chorion

Fra. 1ef.—Isolated villi from chorion frondosum of a human embrvo of
cight weeks. Kollmann's Ailas.

At a very early stage, villi develop over the entire surface of the chorion
(Fig. 106). Very soon, however, the villi begin to increase in number and in
size over the region of the attachment of the ovum and to disappear from the
remainder of the chorion, thus leading to the already mentioned distinction
between the chorion frondosum and the chorion leve (p. 122).

TuHE CHORION Froxposusm or feetal portion of the placenta consists of two
layers which are not, however, sharply separated.

1. The compact layer. This lies next to the amnion and consists of con-
nective tissue. At first the latter is of the more cellular embryonal type. Later
it resembles adult fibrous tissue.

2. The villous layer. The chorionic villi, when they first appear, are short

4l
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simple projections from the epithelial layer of the chorion and consist wholly of
epithelium. Very soon, however, two changes take place in these projec-
tions. They branch dichotomously giving rise to secondary and tertiary villi,
forming tree-like structures (Fig. 108). At the same time mesoderm grows
into each villus so that the central part of the originally solid epithelial villus is
replaced by connective tissue, which thus forms acore or axis. This connective
tissue core is at first free from blood vessels, but toward the end of the third week
terminals of the umbilical (allantoic) vessels grow out into the connective tissue
and the villus becomes vascular. Each villus now consists of a core of vascular
mesodermic tissue (embryonal connective tissue) covered over by trophoderm

Syneytium

Cellular layer
{of Langhans)

Blood vessels

Mesoderm
{core of villus)

Intervillows
Space

Frc. 1og.—5ection of proximal end of villus from chorion frondosum of human embryo
of two months. Photograph.
In the space above the villus is a mass of eells such as are invariably found among or attached to
the villi (see text, page 120).

(epithelium). At first the epithelium of the villus consists of distinctly outlined
cells. Very soon, however, the epithelium shows a differentiation into two
layers. The inner layer lying next to the mesoderm is called the laver of
Langhans or cyto-trophoderm. Its cell boundaries are distinct and its nuclei
frequently show mitosis. The outer covering layer consists of cells the bodies
of which have fused to form a syncytium—the syneylial layer or plasmodi-
trophoderm. This is a layer of densely stained protoplasm of uneven thickness
(Figs. 109 and 110). It contains small nuclei which take a dark stain. As
this layer is constantly growing, and as these nuclei do not show mitosis, it has
been suggested that they probably multiply by direct division.
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At an early stage large masses of cells appear among the villi, sometimes being
attached to the villi (Figs. togand 111). The origin of these masses is not known
with certainty., They may represent thickenings of the syncytium in which the
cell boundaries have reappeared, or they may represent outgrowths from
Langhans’ layer. In some cases the cells are small with darkly staining nuclei,
in other cases large and homogencous with large vesicular nuclei. Large
multinuclear cells, or giant cells, with homogeneous cytoplasm, also appear.
In some cases they apparently lie free in the intervillous spaces although

Fic. 11o.—Transverse section of chorion villus from human embryo of two months, showing meso-
dermal core of villus and surrounding cellular laver (cyto-trophoderm) and syncytium (plas-
modi-trophoderm).  Hofbauer's cell is an example of large cells found in the villi, but the
significance of which is not known. From retouched photograph.  Grosser,

it is claimed by some investigators that they merely represent sections of
tips of the syncytial masses. A structure known as canalized fibrin (which
takes a brilliant eosin stain) begins to develop in the earlier months of preg-
nancy and gradually increases in amount during the later stages. It is found
in relation with the large cell masses among the villi and is probably a degen-
eration product of these masses.

In the later months of pregnancy the covering layer of the villi loses its
distinctly epithelial character, the eyto-trophoderm or cellular layer disappearing
and the plasmodi-trophoderm or syncytial layer becoming reduced to a thin
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homogeneous membrane. At points in this membrane are knob-like projections
composed of darkly staining nuclei., These are known as auclear groups, or
proliferation islands, and probably represent the proximal portions of the large
cell masses already described (compare Figs. 110 and 112).

Certain of the uterine stroma cells increase greatly in size and become the
decidial cells. These are large cells—30 to 106 microns—and vary in shape.
Late in pregnancy they acquire a brownish color and give this color to the
superficial layver of the decidua parietalis. Each cell usually contains a single

“"Giant"" cell

Syneytium

Canalized

fibrin

Stroma of
villus

‘Trophoderm
1TINEs

Fic. 111.—Section of chorion of human embrvo of one month (g mm.). (Grosser,

large nucleus. Some contain two or three nuclei. A few are frequently
multinuclear, :

Some of the chorionic villi float freely in the blood spaces of the maternal
placenta—floating willi; others are attached to the maternal tissue—/fastening
villi. The villi are separated into larger and smaller groups or lobules by the
growth of connective tissue septa from the maternal placenta down into the
decidua basalis. These are known as placental septa, while the groups of
chorionic villi are known as cofyledons (Figs. 113 and 113).

Both decidual cells and chorionic villi are important from a diagnostic

9
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standpoint, as the finding of them in curettings or in a uterine discharge may
be accepted as proof of pregnancy.

During the early months of pregnancy—first four months—the decidua
basalis has essentially the same structure as the decidua parietalis.  Its surface
epithelium disappears very early, perhaps even before the attachment of the
ovum. The glandular elements and the connective tissue undergo the same
changes as in the decidua parietalis and here also result in the differentiation
of a compact layer and a spongy layer. Both layers are much thinner than
in the decidua parietalis,

As already noted, connective tissue septa pass from the superficial layer of the
decidua basalis down into the feetal placenta subdividing the latter into cotyle-
dons, At the margin of the placenta the decidua basalis passes over into the

Hl:ll'll'l.l:l!. of Synciyliirm 5
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Muclear group —--—=="~

Fig. 112.—Transverse sections of chorionic villi at the end of pregnancy.  Schaper,

thicker decidua parietalis and here the chorion is firmly attached to the decidua
basalis.

There still remains to be considered what may be called the border zone
between the decidua basalis and the chorion frondosum. The whole purpose
of the placenta is the interchange of materials between the maternal and feetal
circulation. It 1s in the border zone that this interchange takes place. The
entire structure of this zone is for this function, while all the rest of the placenta
serves to transport the blood to and from this area. We have considered on the
maternal side the structure of the superficial (compact) layer of the decidua
basalis (p. 123), on the foetal side the structures of the villous layer of the chorion
frondosum (p. 124). Unfortunately, this border zone has an extremely com-
plicated structure which is difficult of interpretation in the usual microscopic
section.  This has led to much confusion in description and many differences
of opinion as to actual structure,  We can here consider only the more generally
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accepted facts, referring the student to special articles on the subject for further
details.
In the fully developed placenta, the chorionic villi lie either free (floating
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villi) or attached to the decidua (fastening villi) in what are known as inter-
villous spaces (Fig. 113). In sections the villi are, on account of their structure,
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Fic. 114.— Vertical section through wall of uterus and placenta i siti; about scven months’®
development.  Minal.
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cut in all directions, many sections of villi being entirely free from their basal
connections. The villi thus present the appearance of projections, peninsulas,
or islands lying in spaces filled with blood (Fig. 114).

Branches from the arteries of the uterine muscularis enter the decidua basa-
lis. They take very tortuous courses through the latter and in it lose their con-
nective tissue and muscular coats, and, while of considerably larger diameter
than most capillaries, become reduced to endothelial tubes. These follow the
intervillous (placental) septa in which they branch and from which they finally
open directly into the intervillous spaces along the edges of the cotyledons.
The maternal blood is thus poured into the intervillous spaces at their peri-
phery. After flowing through them it passes into veins which leave the
intervillous spaces near the center of the cotyledons (Fig. 113).

Umbilical
cord

Chorion love +,
Diecidun parietalis

Placental
septum

4 Cotyledon
v {lobe)

Fic. r115.—Placenta at birth, seen from the uterine side.  Bonmel.

The relation of these spaces to the maternal blood vessels is not easy to make
out in ordinary sections, but many observations have established the fact that
both arteries and veins open directly into the spaces. The entire system of
intervillous spaces may thus be considered as a part of, or an appendage to, the
maternal vascular system, the maternal blood flowing from the arteries into
these spaces and returning from these spaces to the mother through the veins.
The feetal blood, on the other hand, circulates in the capillaries of the connective
tissue of the villi separated from the maternal blood of the intervillous spaces by
the epithelial villous covering already described (p. 125). It is between the
maternal blood of the intervillous spaces and the foetal blood in the villous
capillaries that the interchange of material takes place. Both the maternal
and feetal vascular systems are closed systems so that no blood can pass directly
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from mother to feetus or from feetus to mother.  This can be absolutely proved in
early pregnancy by the fact that nucleated red cells are at this stage constantly
present in the blood of the fretus but never normally present in the maternal
circulation. The normal circulation of blood through spaces unlined by endo-
thelium is such a remarkable exception in histology that repeated attempts
have been made to demonstrate an endothelial lining to the intervillous spaces
but, up to the present time, no such lining has been found.,

The manner in which the intervillous spaces are formed still remains the
subject of much controversy. The similarity of development in the human
ovum and in the ovum of the bat has already been noted. In the bat the
chorion when first formed consists of two thin layers, an inner mesodermal
layer and an outer ectodermal layer (trophoderm). From analogy there is
every reason to believe that the early human chorion has the same struc-
ture. Proof of this is, however, as vet wanting, as in the earliest human ova
the trophoderm iz already a thick laver. There are also present over the
entire surface of the chorion and thus in contact not only with the future
decidua basalis but also in contact with the entire future decidua capsularis,
well developed villi, each consisting of a core of mesoderm and of a thick covering
of trophoderm (Fig. 83). Between the villi, bounded by the villi and by the
decidua, are pools of maternal blood. Peters suggested that rapid prolifera-
tion of the cells of the trophoderm might result in an opening up of the maternal
vessels with which they came in contact and give rise to repeated effusions of
maternal blood. This blood would be poured out mainly within the tropho-
derm but bounded externally by the decidua. The blood pools thus formed
would represent the, first stage in the formation of the intervillous spaces.  Ac-
cording to Bonnet and others the chorionic villi of the developing placenta are
constantly opening up new decidual vessels, the trophoderm eroding or dis-
solving more and more decidual tissue, so that the intervillous spaces are con-
stantly increasing in size with growth of the placenta,

The placenta at birth is a discoid mass of tissue between 15 and 20 cm. in
diameter, about 3 to 4 cm. thick and weighs from 500 to 1200 grms.  As its
area of attachment marks the point where the ovum becomes fixed to the
uterine mucosa and as the point of fixation of the ovum varies, the placenta may
be attached to any portion of the uterine wall. It is most frequently attached
in the region of the fundus and more frequently to the posterior wall than to
the anterior. If the fixation of the ovum is sufficiently low, the placenta may
partly or completely close the internal os, thus giving rise to what is known as
placenta previa.

The Umbilical Cord.—As the amnion grows and extends ventrally with
the ventral bending of the embryonic disk, the yolk stalk and sac, now very
much attenuated, become pressed against the cord of mesodermal tissue which
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connects the embryo with the chorion, and incorporated with it to form the
umbilical cord (Figs. 8¢ and go).

The umbilical cord thus consists of: (Fig. 116):

1. Amnion. This is attached to the embryo at the navel. It is at first
loosely connected with the underlying tissue of the cord so that it is easily
peeled off; later it becomes firmly adherent. The epithelium of the amniotic
covering of the cord is stratified and is described by some {(Minot, McMurrich)
as of embryonic ectodermic origin instead of as part of the amnion.

2. What may be called the ground substance or substantia propria of the
cord. This is an embryonic connective tissue often described as “mucous

Umbilical veéin

Umbilical Allantoie
arteries stalk

Frc. 116.—Transverse section of umbilical cord of a pig embryo six inches in length. Photograph.

tissue.” It consists of a soft gelatinous intercellular substance and irregular,
branching stellate cells, On account of its consistency it has been called
“Wharton's jelly.”

3. Three umbilical vessels—two arteries and one vein. All these vessels
are thick walled and the developing smooth muscle is in bundles separated by
considerable connective tissue. The two umbilical arteries carry venous blood
from the feetus to the placenta where their branches ultimately give rise to the
capillaries of the chorionic villi. From the villi the blood enters the terminals
of the umbilical vein and returns as arterial blood to the feetus (Fig. 217).

As they traverse the cord the arteries make a number of spiral turns around
the vein and give to the cord the appearance of being spirally twisted. The
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cause of this twisting is not known. In places where the turns are quite abrupt
and there are considerable accumulations of connective tissue, the cord has a
knotted appearance. These points are known as jalse kuots, Rarely the cord
is actually tied into a more or less complex knot—{rire knot—probably due to
movements of the feetus,

4. Remnants of the allantoic stalk and of the yolk stalk. These, if present,
are continuous or broken cords of epithelial cells. Rarely one or the other may
retain its lumen or some of the yolk stalk vessels may remain.

As the yolk stalk is carried around to be incorporated as part of the umbilical
cord there is enclosed with it a small part of the extraembryonic body cavity.

The human umbilical cord averages 50 cm, in length and has a diameter of
about 1.5 cm.

The Expulsion of the Placenta and Membranes.—After the birth of the
child, the uterine contractions usually cease temporarily and the uterine walls
remain contracted around the placenta. In the course of a few moments the
uterine contractions are resumed and the placenta and membranes are ex-
pelled as the ajter-birth.

The line of separation of the placenta and of the decidua parietalis from the
uterine mucosa is through the deeper part of the spongy layer (Fig. 113). By
this separation many blood vessels are opened, the hemorrhage being con-
trolled by the firm contractions of the uterine muscle, The condition of the
uterine mucosa, after child-birth, has been described as an exaggeration of its
condition at the end of menstruation. Reconstruction of the mucosa takes
place by proliferation of the still remaining connective tissue and of the gland-
ular elements.

Anomalies.

The manner in which the placenta is formed—by excessive development of
the decidua and chorion over a limited area and atrophy of the chorion through-
out the remainder of its extent—suggests the most frequent variations from the
normal,

The villi instead of developing over the usual discoidal area may develop along
a band-like area which more or less completely encircles the chorion.  This gives
rise to an annular placenta similar to that seen in the Carnivora. Continued
development of the villi over the entire chorion may occur. This results in a
thin * placenta membranacea,” Such a placenta is apt to be adherent and may
thus cause a serious postpartum condition. Failure of the villi to atrophy and
their continued development over more than a single area give rise to variations
in form and number of placentz. When there are two not very distinctly
separated areas the condition is known as placenta bipartita. Two completely
separated placentz with distinet branchings of the umbilical vessels to supply
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them are known as placenfa duplex. Placenta triplex and up to placenta septu-
plex have been described. When one or more placental lobules develop at a
little distance from the main placental mass but connected with the latter by
blood vessels, the result is the not uncommon placenta succenfuriala. Placenta
spuria is applied to such an accessory lobule when it has no vascular connection
with the main placenta and consequently no function,

Anomalies of the placenta associated with multiple pregnancies and with
anomalies of the feetus will be found under their respective heads.

Anomalies of the cord are for the most part dependent upon anomalies of
the feetus and of the placenta.

PRACTICAL SUGGESTIONS.

The early formation of the feetal membranes can be studied most conveniently in chick
embryos of the second and third days of incubation. At the beginning of the second day the
amniotic folds are beginning to develop and show very clearly. Further development can be
followed in successive stages up to the end of the third day, when the amnion and chorion
form complete sacs (Figs. g4 and g6).

Remove the embryo from the egg, fix in Zenker's or Perenyi's fluid, section tranversely in
paraffin, and stain with Weigert's hematoxylin and eosin. Much time can be saved by
staining ## fofe with borax-carmin (see Appendix).

After the amnion and chorion have grown dorsally they ean be seen, if the egg is opened
carefully, as a thin semi-transparent veil over the embryo, and sometimes the dorsal line of
fusion can be made out. (See Fig. g4.)

In transverse sections of embryos of the second day the anlage of the allanfois can be
secn as a ventral evagination from the caudal end of the gut.  (Sce Fig. 99.)

The later stages of the membranes in the chick can be studied macroscopically after
carefully turning the contents of the egg into a dish of warm salt solution.

The lack of knowledge concerning the early formation of the feetal membranes in Mammals,
especially in man, is due chiefly to the difficulty in procuring embryos in early stages. In
later stages the membranes can be clearly seen and their relations ascertained when the
uterus is opened. A careful dissection of the uterus and membranes of some Mammal
(the dog, for example) is very instructive. Occasionally human embryos are obtained in
which the membranes can be studied. (See Figs. 117 and 118.)

For the study of the relation between the chorion and uterus, the gravid uterus of the
pig furnishes excellent material. The relation is very simple, yet gives a clue to the much
more complicated conditions in higher forms.  Fix pieces of the uterine wall with the chorion
in siln in Zenker's fluid, cut sections vertical to the surface, and stain with Weigert's haema-
toxylin and eosin. (See Fig. 102.)

In man the relations between the chorion (placenta) and uterus are extremely complicated
and it is difficult even to interpret the structures seen in section.  Up to the end of the third
month, in cases of spontaneous abortion, the membranes usually come away intact with the
villi projecting from the chorion. For study of the histological structure of the chorion by
itself, cut pieces from the wall of the vesicle, fix in Orth’s fluid, cut sections vertical to the
inner surface, and stain with haematoxylin and cosin (see Appendix). The villi of course are
cut at various angles, but their structure shows very clearly. (See Fig, 109.) Similar technic
can be used for study of later stages of the chorion frondesum or feetal placenta. In the
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rare cases in which a placenta is obtained in sif, cut thin slices vertically through the uterine
wall and placenta. Treat as in the preceding technic. These sections are especially
valuable in showing the relations between the maternal and foetal tissues.
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CHAPTER VIII.
THE DEVELOPMENT OF THE EXTERNAL FORM OF THE BODY.

The segmentation of the ovum and the formation of the blastodermic vesicle
have not been observed in man. For these stages it is necessary, therefore, to
depend upon the lower Mammals. In those Mammals in which the processes
have been observed, the segmentation of the ovum produces a solid mass of
cells known as the morula (Fig. 88; compare with Fig. 33). The superficial
cells of the morula then become differentiated from those in the interior, The
result is a solid sphere composed of a central mass of polyhedral cells and an
enveloping layer of somewhat flattened cells (Fig. 88; compare with Fig. 33).
The cells of the enveloping layer become still more differentiated from those of
the central mass, and the sphere continues to increase in size owing to the pro-
liferation of both kinds of cells. The next step in development is the formation
of a cavity within the sphere. Among Invertebrates, where but little yolk is
present and where no distinct differentiation of the superficial cells occurs, the
central cells are displaced, or pushed toward the periphery, so that the morula is
changed into a hollow sphere—the dlastula—the wall of which is composed of a
single layer of cells (p. 50). Among Mammals, however, instead of a displace-
ment of the central cells, there appear within the cells vacuoles which continue
to enlarge and finally become confluent, thus forming a cavity which occupies
the greater part of the interior of the sphere. There remain then, after the
vacuolization, the enveloping cells, or frophoderm, and a few of the central cells
which are attached to the trophoderm over a small area and constitute the
inner cell mass (Fig. 88). The latter is the anlage of the embryonic body.
As stated on page 52, the cavity of the sphere in Mammals is not homologous
with the cavity of the blastula in the lower forms, but the vacuolization of the
cells probably represents a belated and abortive attempt at yolk formation.

Following the formation of the yolk cavity, those cells of the inner cell mass
which border it become differentiated, proliferate and gradually spread out in a
single layer that finally forms a complete lining for the cavity. The cells of this
layer constitute the primitive entoderm (Fig. 88). In the meantime some of the
cells of the inner cell mass which lie between the differentiating entoderm and
the trophoderm undergo a process of vacuolization, leaving only a single layer
closely applied to the entoderm. This layer is the embryonic ecfodermn, and the
newly formed cavity between it and the trophoderm is the amniotic cavity

137
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(Fig. 89; compare with Fig. 52). The further development of the latter has
been described on page 116.

At this stage the sphere contains two cavities, the larger yolk cavity and the
smaller amniotic cavity, separated by a double layer of cells, the ectoderm and
entoderm, which constitute the embryonic disk.  The greater part of the wall of
the sphere is composed of two layers; the portion forming the wall of the larger
yolk cavity being composed of trophoderm and entoderm, the portion forming
the wall of the smaller amniotic cavity being composed of trophoderm alone
(Fig. 89). The entire structure is spoken of as the Wastodermic vesicle.

T
Frz. 117.—Human embryo of 1wo months (iwenty-six millimeters). Photograph.
The embryo lies within the chorion (open on one side). to which it is attached at the right of the
figure by the umbilical cord; around the point of attachment the chorionic villi can be seen.
The amnion has been opened and {urned back,

The formation of the mesoderm has been discussed elsewhere (Chap. VI,
p- 85). At this point it is sufficient to say that it appears in the wall of the
yolk cavity as a third layer between the trophoderm and entoderm, and, in the
embryonic disk, between the ectoderm and entoderm. Thus the blastodermie
vesicle possesses all three germ layers (Fig. 8g).

In the further course of development the mesoderm splits into two layers,
an outer or parictal and an inner or visceral. Between the layers a cleft ap-
pears, which is completely bounded by mesoderm, on the outer side by the
parietal, on the inner side by the visceral. The parietal and visceral layers
are in apposition to the trophoderm and entoderm respectively. The two
layers of mesoderm soon become widely separated owing to rapid growth of
the parietal layer and the trophoderm. The parietal layer of mesoderm and
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the trophoderm together constitute the chorion; the original cavity of the
blastodermic wvesicle with its wall of entoderm and visceral mesoderm is the
yolk sac; the newly acquired cavity between the chorion and yolk sac is the
extraembryonic body cavity or exocelom. The embryonic disk lies on one side
of, and might be said to form the roof of the yolk cavity.

A very young human embryo described by Peters (Fig. 83) corresponds ap-
proximately to the stage of development shown in Fig. go, 4. The entire
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Fic. 118.—0Opened uterus containing membranes and feetus of three months, Length of
fcetus, thirty-five millimeters. Natural size.  Bonnel.

vesicle measures about 1 mm. in diameter and encloses the small, flat em-
bryonic disk with its appended yolk sac. The disk proper consists of three
layers of cells—the ectoderm, mesoderm and entoderm.  The chorion is widely
separated from the yolk sac by the exoccelom.  See also Fig. 106,

An embryo slightly more advanced than that described by Peters has been
described by von Spee (Fig. 84). In this case a furrow—the neural groove—
appears on the dorsal (ectodermal) side of the embryonic disk, and the latter is
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somewhat elongated in the direction of the furrow. At the sides and ends the
disk is bent ventrally so_that a depression is formed around it. The margin of
the disk is continuous with the amnion and with the yolk sac (Figs. 85 and geo,
B, ). The disk as a whole shows a trace of constriction from the yolk sac,
but at one end remains attached to the chorion by means of a mesodermal
structure—the belly stalk (Fig. 83).

Still a little further advanced than von Spee’s embryo, is one described by
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Fic. 119,—(s) Ventral view; (#) dorsal view of hu-an embryo with 8 pairs of primitive
sepments (2,01 mm. ),  fermod,  From models by Ziegler,
In b the amnion has been removed, merely the cut edge showing; in @ the volk sac has
been remaoved.

Eternod (Fig. r19). What was originally the embryonic disk has here become
more elongated, and has assumed a sort of cylindrical shape owing to the rolling
under of the lateral margins. Asa part of the rolling under process, the depres-
sion which originally surrounded the disk has become deeper and has effected a
still greater degree of constriction between the cylindrical body and the yolk
sac. The caudal end of the body remains attached to the chorion by means of
the belly stalk. The lips of the neural groove have turned dorsally and fused in
the middorsal line along part of their course.



DEVELOPMENT OF THE EXTERNAL FORM OF THE BODY. 141

From a comparison of the three stages which have been mentioned, it can be
inferred that the process which establishes the cylindrical form of the body is
essentially one of bending of the margins of the embryonic disk with accom-
panying elongation of the disk. It is obvious that the process begins at an early
period—coincident with the appearance of the primitive streak and neural
groove. The margins of the disk bend ventrally and form the lateral body walls
(Figs. go, C, and 84), then bend inward and finally meet in the midventral line
to form the ventral body wall. At the same time the body gradually be-
comes elongated in the direction of the neural groove (Fig. 119). When the
body walls bend inward a constriction is produced between the body and the
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Fic. 120—Dorso-lateral view of human embryo with fourteen pairs of primitive
segments (2.5 mm.). HKollmann.

yolk sac.  As the body and yolk sac enlarge, the constriction becomes relatively
deeper until the yolk sac is attached to the ventral side of the body by a slender
cord—the yolk stalk (Fig. 123). While in the earlier stages there is an active
bending of the margins of the disk, in the later stages the body grows rapidly in
size, especially in length, and extends out beyond the yolk sac (Fig. 120). This
makes it appear that the yolk stalk is becoming smaller. As a matter of fact,
the diminution in the relative size of the yolk stalk is more apparent than real,
the apparent diminution being caused largely by the rapid increase in size of the
embryonic body and yolk sac. ‘There is, however, a considerable distance where
fusion occurs in the midventral line as the two lateral body walls meet to form
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the ventral body wall. This line of fusion is significant in its relation to certain
maliormations (Chap. X1X).

Preceding the processes which establish the cylindrical form of the body,
there are changes in the relation of the amnion to the chorion. Primarily, the
entire dome-like roof of the amniotic cavity is attached to the chorion (Fig. go, 4).
In further development, however, the extraembryonic mesoderm between the
trophoderm of the chorion and the ectoderm of the amnion splits farther back
over the embryo, leaving the latter attached at its caudal end to the chorion by a
mass of mesoderm—the so-called belly stalk (Figs. oo, B, and 85).

Following the above mentioned changes in the amnion, chorion, yolk sac
and embryonic disk, the amnion continues to enlarge and thus draws the belly

: ; e,
Cephalic ———
flexure f

Branchial arches
Branchial grooves

Heart

Yolk sac
Disrzal Aexure

Amnion

Belly stalk

Chorion
Fic. 121, —Human embryo 2.15 mm. long. iz,

stalk under the embryonic body and brings it closer to the yolk sac.  Finally, as
the yolk stalk becomes longer and more slender, the belly stalk and yolk stalk
unite and become completely surrounded by the amnion.  There is thus formed
a cord-like structure—the wmbilical cord—which is attached to the ventral side
of the body (Figs. go, D, and 100; see also p. 132).

The changes which occur in the simple cylindrical body, after it is once
formed, consist of the differentiation of the head, neck and body regions and the
development of the extremities. Ewven in Eternod’s embryo (Fig. 119) the
cephalic end has become proportionately larger than the rest of the body and
projects somewhat beyond the yolk sac. This marks the beginning of the
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head. The extreme end of the head region is bent ventrally almost at a right
angle to the long axis of the body, the bend being known as the cephalic flexure.
On the ventral side of the body and cranial to the attachment of the yolk sac
there is a rather large protrusion which indicates the position of the heart.
Between the protrusion and the bent part of the head there is a deep depres-
sion—the oral fossa. A series of bilaterally symmetrical structures appear in
the body region along the sides of the neural tube. These are the primitive
segments (mesodermic somites).

All these features are even more clearly shown in Fig. 120, which represents
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an embryo 2.5 mm. in length. There is also a further increase in the size of
the head region. A distinct concavity, caused by the dorsal flexure, is seen in
the dorsum of the embryo.

Another embryo, apparently older but only 2.15 mm. long, shows a re-
markable exaggeration of the dorsal flexure (Fig. 121). The middle partof the
body seems to be drawn ventrally by the yolk sac. While this may be a
normal feature at this stage, it soon disappears and the concavity becomes a
convexity (see p. 144). A new feature also appears in this embryo in the form
of two vertical depressions just caudal to the head region. These depressions

Ia



144 TEXT-BOOK OF EMBRYOLOGY,

represent the beginning of the branchial grooves and branchial arches, which are
exceedingly important in the development of the face and neck regions. The
branchial arches and grooves are the morphological equivalents of the gills
and gill slits in lower Vertebrates (Fishes, larvie of Amphibians),

In an embryo somewhat further advanced (Fig. 122) the body as a whole
is more robust.  The heart is more prominent, and this region is still larger in
proportion to the body than in the preceding stages. The dorsal flexure is
much reduced. The cephalic flexure is more marked than in the preceding
stages. T'wo other flexures have appeared—the cervical flexure just caudal to
the head region, the sacral flexure near the caudal end of the body. All these
flexures together make the embryo as a whole appear crescentic in form. The
primitive segments are at the highest degree of their development and extend
from the cervical flexure to the caudal end of the body.

The two vertical depressions in the head region, which were seen in the
preceding stage (Fig. 121), are more prominent here as the first and second
branchial grooves or clefts.  Just caudal to these two other similar depressions
appear as the third and fourth branchial grooves. Cranial to the first groove,
between the first and second, between the second and third, and caudal to the
third are elevations which mark the first, second, third and fourth branchial
arches respectively. A strong process, the maxillary process, has grown
cranially from the dorsal part of the first arch. The main part of the arch is
the mandibidar process.

In a somewhat later stage (Fig. 123) further distinct changes have occurred,
some of which rather than leading toward the adult form of the body are de-
partures from it. For example, all the flexures have increased to such an extent
that the tail almost touches the head, the entire body being decidedly concave on
the ventral side. The dorsal flexure, instead of forming a concavity in the back,
now forms a distinct convexity and gives the back a rounded appearance. Asa
ceneral rule, the tail at this stage is bent to the right, but in some cases the bend
is toward the left.

The branchial arches and grooves are especially prominent. The fourth
(and last) arch has appeared and caudal to this, the fourth (and last) groove.
The first three arches have enlarged and become elongated so that they almost
meet their fellows of the opposite side in the midventral line. The site of
the external ear is marked by the second branchial groove. In addition to
this, the anlagen of the other sense organs are apparent. The aptic vesicle is
seen just cranial to the dorsal end of the first arch; the nasal fossa as a distinct
depression on the ventral side of the head cranial to the first arch. The yolk
sac has become so constricted at its base that it is now readily divisible into
the long, slender volk stalk and the yolk sac or vesicle.

On the side of the body, just caudal to the cervical flexure, a small protu-
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berance forms the anlage of the upper extremity. This is known as the upper
limb bud. A similar protuberance caudal to the sacral flexure is the lower limb
baed.

Fig. 124 shows a stage slightly further advanced than Fig. 123. The embryo
as a whole is more stocky, and the head is still larger in proportion to the rest
of the body. This feature is especially noticeable from this stage up to the
time of birth. The sacral and cervical flexures are still very prominent. The
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Fic. 123.—Human embryo with twenty-seven pairs of primitive segments (7 mm., 26 days). Mail

dorsal flexure, however, is less prominent and the body of the embryo is more
nearly straight. The sacral and cervical flexures from this time on become
more and more reduced, while the cephalic flexure, which primarily affects the
embryonic brain, persists as the mid-brain flexure in the adult.

The branchial arches are actually no smaller but appear less prominent.
Between the mandibular process and the maxillary process there is a distinct
notch which corresponds to the angle of the mouth. The second arch has
enlarged at the expense of the third and fourth, has grown back over them to a
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certain extent and partially hides them. The nasal fossa is deeper, and ex-
tending from it to the optic vesicle is a groove—the naso-optic jurrew—which
bounds the maxillary process on the cephalic side.

The tail (not clearly shown in the figure) is proportionately smaller. It
does not actually diminish in size, but the more rapid growth of the body makes
it appear to diminish. The limb buds are larger and a transverse constriction
divides the upper into a proximal and a distal portion. The corresponding

constriction in the lower limb bud has not yet appeared. The protrusion on the

] FL= ] Yolk stalk

Fig. 124.—Human embryo with 28 pairs of primitive scgments (7.5 mm.). Photograph.

ventral side of the body, originally caused by the heart, is now more prominent
owing to the fact that the rapidly growing liver also protrudes ventrally. Inthis
particular case the yolk sac seems unusually large. The yolk stalk has become
enclosed for about half its length within the umbilical cord.

After the stage just described the dorsal flexure becomes still less prﬂmim-nh
the body of the embrye being less curved (Fig. 125). The cervical flexure
remains distinet, so that the head is bent at a right angle to the long axis of the
body. Two slight depressions have appeared on the dorsum of the embryo—
the eccipital depression iust cranial to the cervical flexure, the cervical depression
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just caudal to the cervical flexure. The cervical depression becomes more con-
spicuous in later stages and finally persists as the depression at the back of the
neck in the adult.

The maxillary process is more prominent than in the preceding stages, as is
also the naso-optic furrow. The second arch has become larger and has grown
over the third and fourth, thus completely hiding them, but a depression known
as the precervical sinus is left just caudal to the second arch. The first branch-
ial groove is relatively large and marks the site of the exiernal anditory meatus,
while the surrounding portions of the first and second arches in part are
destined to give rise to the external ear.

Cervical flexure

Occipital depression

Cervical depression

Cephalic flexure

Dorsal flexure

Umbdlical cord

Sacral flexure

Fic. 125.—Human embryo 11 mm. long (31-34 days). Iis

The distal portion of the upper limb bud has become flattened, and four
radial depressions mark the boundaries between the digits. The lower limh
bud is now divided by means of a constriction into a proximal and a distal
portion. In development the upper limb is always slightly in advance of the
lower.

The rotundity of the abdomen, due to the rapidly growing heart and liver,
is more pronounced than in the preceding stages.

Fig. 126 shows a stage in which the crescentic form of the body, as seen in
profile, is not so apparent. This is due principally to the partial straightening
of the cervical flexure and to the greater rotundity of the abdomen. The
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cervical depression is deeper, and the neck region in general is fairly well
differentiated.

The ventral part of the first branchial arch has fused with the ventral part
of the second, leaving the dorsal part of the first groove open to form the ex-
ternal auditory meatus. The parts surrounding the meatus bear more resem-
blance to the concha of the ear. The mandibular process of the first arch has
become differentiated in part into the lewer lip and chin regions. The ventral
(distal) end of the maxillary process represents the region of the upper lip. The

Fic. 126, Fic. 127.

Fic. 126,—Human embryo of 15.5 mm. (39—40 days). His
Fic. 127.—Human embryo of 16 mm (42—45 days). His

nose is apparent as a short process extending from the fore-brain region toward
the upper lip.

The limb buds are turned more nearly at right angles to the long axis of the
body. The radial depressions which were present on the flattened distal por-
tion of the upper limb in the preceding stage are now continuous with depres-
sions around the distal border. Similar radial depressions are also present on
the distal portion of the lower limb. The tail is smaller in proportion to the
rest of the embryo.
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After the stage shown in Fig. 126 the cervical flexure continues to dimin-
ish, so that the head comes to lie nearly in a direct line with the body (Fig. 127).
The rotundity of the abdomen diminishes owing to the fact that the heart and
liver grow more slowly relatively to the body as a whole. The tail, which was
still a prominent feature in Fig. 125, continues to become less prominent in the
succeeding stages (Figs. 127, 128, 129, 130). This is not due so much to an
actual atrophy of the tail as to anincrease in the size of the buttocks. In the
adult the only remnant of the tail is the coccyx.

Fig, 128. Fic. 129. FiG. 130,

Fic. 128, —Human embryo of 15.5 mm. (457-51 days), His
FiG. 129.—Human embryo of 18.5 mm. (52-54 days). His
Fic. 130.—Human embryo of 23 mm, (2 months). Jfis

During the second month of development the external genitalia become very
prominent and the sexes can be easily differentiated.

By the end of the second month the embryo has acquired a form which
resembles in a general way the form of the adult (Fig. 130). From this time on
it is customary to speak of the growing organism as a fetus.

Branchial Arches—Face—Neck.

At a very early stage (embryos of 2-4 mm.) certain peculiar structures
appear in that part of the embryo which is destined to become the face and neck
regions. They are at first noticeable as slit-like depressions nearly at right
angles to the long axis of the body. In an embryo 2.15 mm. long two of these
depressions are visible (Fig. 121). Shortly after this a third and then a fourth
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appears. At the same time elevations appear between the succeeding depres-
sions, the first elevation appearing cranial to the first depression. (Compare
Figs. 122, 123.) The elevations are the branchial arches and the depressions are
the branchial greeves. Corresponding elevations and depressions also mark the

Fic. 131.—Human embryo of 38 mm. (3 months). Minef,

Fig. 132.—Human embryo of 155 mm. (123 days), Minol,

interior of the pharynx, so that the portions of the wall of the pharynx which
correspond to the grooves are thin as compared with those portions which cor-
respond to the arches.

The arches develop in order from the first to the fourth; consequently they
are successively smaller from the first to the fourth (Fig. 122). The conditions
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change rapidly, so that in embryos of g-10 mm., the third and fourth arches have
sunk inward, thus producing a depression known as the precervical sinus.
Soon after this the second arch enlarges, grows over the sinus, and, fusing with
the underlying arches, fills up the depression.

The ventral end of the first arch fuses with the ventral part of the second
across the ventral part of the first groove. The dorsal part of the first groove is
thus left open and becomes the external auditory meatus. A part of the second
arch, together with a part of the first arch bounding the first groove on the
cranial side, is transformed into the concha of the ear (Figs. 123, 125, 120).

The first branchial arch becomes the
largest and undergoes profound changes
which are extremely important in the de-
velopment of the face region. Earlier in
this chapter (p. 143) it was stated that the
cephalic flexure caused the fore-brain to
project ventrally at a right angle to the long
axis of the body, and that between the pro-
jecting fore-brain and the heart a distinct
depression or pit—the oral fossa—was pres-
ent. Soon after the appearance of the first
arch a strong process—the maxillary process
—develops on its cranial side (Fig. 122).
The main portion of the arch, which may
be now called the mandibular process,
rapidly increases in size, extends ventrally
and finally meets and fuses with its fellow
of the opposite side in the midventral line
(Fig. 134). The result of the enlargement
of the first arch and its process is that they

: Fic. 133.—Human embryo of 4 months.
are interposed between the heart and the Fatisal o DR almann:
fore-brain vesicle, thus bounding the oral
fossa laterally (Fig. 122). During this time the heart is gradually moving
caudally. Meanwhile a process—the naso-frontal process—grows ventrally
from the medial portion of the fore-brain region and comes in contact laterally
with the maxillary process. Along the line of contact a furrow is left, which
extends obliquely to the region of the optic vesicle and is known as the naso-
optic furrow (Fig. 134).

The various structures which have been mentioned bound the oral fossa
which has become a deep quadrilateral pit. Cranially (above) the fossa is
bounded by the broad, rounded, unpaired naso-frontal process; caudally (below)
it is bounded by the mandibular processes; laterally it is bounded by the maxil-
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lary processes, and to a slight extent by the mandibular processes. Between
the maxillary and mandibular processes on each side a notch marks the angle
af the mouth.

As development proceeds these structures become more elaborate and enter
into more intimate relations with one another. The naso-frontal process
extends farther downward toward the mandibular processes, so that the
oral fossa becomes more nearly enclosed and the entrance to it reduced to a
crescent-shaped slit—the month slif. At the same time two secondary processes
develop on each side from the naso-frontal process. One of these—the
medial nasal process—forms near the medial line; the other—the lateral nasal
process—forms more laterally (Figs. 135,136). DBetween the two processes there

Cerghral hemisphere

Lat. nasal process

MNazal pit Eye
Med. nasal process

Maxillary process

t. Naso-optic furmow
L .

Angle of mouth

Mandibular

FiG, 134.—Ventral view of head of 8 mm, human embryo. His.

is a depression—the nasal pit—which marks the entrance to the future nasal
cavity. The maxillary process on each side grows farther toward the medial
line and comes in contact with the lateral and medial nasal processes.

At this stage all the elements which enter into the fundamental structure of
the face region are present. Further development consists essentially of
fusions between these various elements.

The two medial nasal processes come closer together to form the single
medial process which gives rise to the medial portion of the upper lip and to the
adjoining portion of the nasal septum. The maxillary process on each side
fuses with the corresponding lateral and medial nasal processes. This
fusion obliterates the naso-optic furrow and also shuts off the communi-
cation between the mouth slit and the nasal pit (Figs. 136, 137). The lateral
nasal process gives rise to the wing of the nose; the maxillary process gives rise
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to the major part of the cheek and the lateral portion of the upper lip. The
fusion between the maxillary and nasal processes, as seen on surface view, is
coincident with and a part of the separation of the nasal cavity from the oral
cavity (see page 320). The nose itself is at first a broad, flat structure, but
later becomes elevated above the surface of the face, with an elongation and a
narrowing of the bridge.

Mid-brain —

Cerebral hemisphere

Lat, nasal process
Eye
Nasal pit Nazo-optic furrow
Med. nasal process

Angle of mouth

L~ Maxillary process

Mandibular process

Branchial grooves

Branchial arch I1

Fig. 135.—Ventral view of head of 113 mm, human embryo,  Rabl.

The lower jaw, lower lip and chin are formed by the mandibular processes of
the first branchial arch (Figs. 134, 136, 137). At first the chin region is rela-
tively short, but broad in a transverse direction. Later it becomes longer and a
transverse furrow divides the middle portion into lower lip and chin (Fig. 137).

The Extremities.

The limb buds appear in human embryos about the end of the third week as
small, rounded protuberances on the ventro-lateral surface of the body. The
upper limb buds arise just caudal to the level of the cervical flexure, the lower
opposite the sacral flexure (Figs. 123, 124). The upper appear first, the lower
following shortly, and the difference in time in the appearance of the upper
and lower buds is followed by a difference in degree of development, the
upper extremities maintaining throughout feetal life a slight advance in develop-
ment over the lower.
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During the fourth week the limb buds become elongated, and each bud
becomes divided by a transverse constriction into a proximal and a distal por-
tion (Figs. 124, 125). The proximal portion remains cylindrical, while the

N i Cerehral hemisphere
sk lossa

Naso-frontal process

Naso-optic furrow Lateral nazal process

Medial nasal process

Mouth slit
Mazxillary process

Branchial groove | Mandibular process

Fig. 136.—Ventral view of head of 13.7 mm. human embryo, Iis.

distal portion becomes somewhat broader and considerably flattened. Dur-
ing the fifth week the digits appear (see below). During the sixth week the
proximal portion of each bud is subdivided by a transverse constriction into
two segments (Fig. 127). Thus each extremityas a whole is divided into three

. _— Lat. nasal process

—— Maxillary process

Branchial groove I [

{external ear) Med. nazal pricess

Fic. 137.—Ventral view of head of human embryo of 8 weeks. His.

segments—each upper, into arm, forearm and hand, cach lower, into thigh, leg
and foot.

The anlagen of the digits (fingers and toes) appear, during the fifth week, in
the broader, flattened distal portions of the limb buds, The boundaries be-
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tween the anlagen are marked by radial depressions on the flat surfaces; the
anlagen themselves are the elevations between the depressions (Figs. 125, 126).
The anlagen grow rapidly in thickness and length, thus producing not only an
apparent deepening of the radial depressions but also indentations around the
distal free borders of the limb buds (Fig. 126). The depressed areas produce a
web-like structure between the digits, resembling the web in some aquatic
animals. The web does not keep pace with the digits, however, and is soon
confined to the proximal ends of the latter. In length the fingers grow slightly
more rapidly than the toes and thus become somewhat longer. From the
seventh week on, the thumb and great toe become more and more widely sepa-
rated from the index finger and the second toe respectively (Figs. 128, 130, 131).

As the limb buds become elongated during the earlier stages of development,
they assume a position with their long axes nearly parallel with the long axis of
the body, and are directed caudally (Fig. 125). In later stages they are directed
ventrally and their long axes are nearly at right angles to the long axis of the
body (Fig. 126). The radial margins of the upper extremities are turned
toward the head, as are the tibial margins of the lower. The palmar surfaces
of the hands and the plantar surfaces of the feet are turned inward or toward
the body. The elbow is turned slightly outward and toward the tail, the knee
slightly outward and toward the head. From these conditions it may be con-
cluded that the radial side of the upper extremity is homologous with the tibial
side of the lower; that the palmar surface of the hand is homologous with the
plantar surface of the foot; and that the elbow is homologous with the knee.

In order to acquire the position relative to the body as found in postnatal
life, the extremities must undergo further changes. These consist essentially
of tortions around their long axes. The right upper extremity turns to the
right, the right lower turns to the left. The left upper extremity turns to the
left, the left lower turns to the right. At the same time the extremities rotate
through an angle of ninety degrees and again come to lie parallel with the long
-axis of the body. The result is that the radial sides of the upper extremities are
turned outward (away from the sagittal plane of the body) and the tibial sides
of the lower are turned inward (toward the sagittal plane of the body). In the
upper extremity this is, of course, the supine position in which the radius and
ulna are parallel.

Age and Length of Embryos.

AGE.—Certain general conclusions regarding the age of embryos have been
formulated by His (Anatomie menschlicher Embryonen, 1882) and accepted
for the most part by embryologists. These as stated by His are as follows:

1. Development begins at the time of impregnation, that is, at the moment
when the male sexual element enters the ovum and fertilizes it.
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2. The time the ovum leaves the ovary is determined by the menstrual
period, but the rupture of the (Graafian) follicle is not necessarily coincident
with the beginning of hemorrhage; it may occur two or three days before or it
may occur during hemorrhage.

3. The egg is not capable of being fertilized at any point in its course from
the ovary to the uterus, but only in the upper part of the oviduct.

4. The spermatozoa which have entered the female sexual organs must
await the ovum in the upper part of the oviduct, and can retain their vitality
here for several days or possibly for several weeks; the time of cohabitation,
therefore, does not stand in direct relation to the age of the embryo.

5. In the majority of cases the age of the embryo can be estimated from the
beginning of the first menstrual period which has lapsed. It is possible, how-
ever, for menstruation to occur after fertilization of the ovum.

6. The age of the embryo can be expressed thus: age = X —M, or age =
X —M —=28. X is the date of the abortion and M is the beginning of the last
menstrual period.  The second formula is used where it is necessary to estimate
from the beginning of the first period which has lapsed.

There is no doubt whatever that the age of the embryo must be dated from
the time of fertilization of the ovum; but owing to the fact that the time of
fertilization of the human ovum is not known, the exact age cannot be deter-
mined. Even when the date of coitus and the time of cessation of the menses
are known, the uncertainty regarding the time of ovulation and the time re-
quired by the spermatozoa to reach the upper end of the oviduct must be
taken into consideration. It is now generally conceded that ovulation and
menstruation are coincident in the majority of cases, but, on the other hand,
ovulation is known to occur sometimes independently of the menstrual periods
(see also p. 30).

In addition to the uncertainty regarding the time when development
begins there is also an uncertainty as to the time when the embryo ceases to
develop. For in most cases the embryos are abortions and the death of the
embryo does not necessarily precede immediately its expulsion from the uterus.

It is convenient, however, for practical purposes, to have some means of
approximating the age of an embryo. His' formule serve to determine the age
within certain limits. It is obvious from these formule that there is a possibility
of an error of twenty-eight days in the estimate. Yet in the earlier stages of
development (during the first three months) the error can be corrected after
examination of the embryo, since there is no difficulty in recognizing the differ-
ence, for example, between an embryo two weeks old and one six weeks old.

Lenern.—Many German authors employ two different methods for
measuring embryos at different periods. One of these methods they use
in measuring embryos between 4 and 14 mm., when the body is much curved.
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The length of the embryo is considered as the length of a straight line drawn
from the apex of the cervical flexure to the apex of the sacral flexure (neck-
rump length, Nackensteisslinge; see Fig. 124). During the second month and
later, or in embryos of more than 20 mm., the body becomes more nearly
straight and the measurement is taken along a straight line from the apex of the
cephalic flexure to the apex of the sacral flexure (crown-rump length, Scheitel-
steisslinge; see Fig, 120).

Owing to the changes in curvature of embryos during development, no
one system of measurement will give uniform results for all stages. In this
country it is the general practice to measure the greatest length of the embryo,
in its natural attitude, along a straight line. The measurement does not
of course include the extremities. At certain stages this length corresponds
with the neck-rump length, at other stages with the crown-rump length, at still
other stages with neither.

REration oF Ace To LExcTH.—Not infrequently the history of an embryo
is not obtainable, and in such cases the age must be inferred from what is known
concerning the relation of the age to the length of the embryo. The age can be
computed approximately by this means, although there is a possibility of error.
Embryos of the same age are not necessarily of the same length, since conditions
of nutrition, etc., determine not only the size of the embryo but also the degree
of its development. In the later stages of development the limit of error is not
so important, but in the younger stages the difference of a day or two means
much.

His estimated the ages of a number of embryos from available data as
follows:

Embryos of 2-2} weeks measure 2.2-3 mm. (neck-rump length).

Embryos of 2}-3 weeks measure 3-4.5 mm. (neck-rump length).

Embryos of 34 weeks measure 5-6 mm. (neck-rump length).

Embryos of 4 weeks measure 7-8 mm. (neck-rump length).

Embryos of 4% weeks measure 10-11 mm. (neck-rump length).

Embryos of 5 weeks measure 13 mm. (neck-rump length).

More recent researches on the rate of development in the lower Mammals
tend to show that development proceeds relatively slowly during the earliest
stages, and then goes on with increasing rapidity for a time. In the rabbit, for
example, it has been shown that the embryonic disk is butslightly differentiated
at the seventh and eighth days, while at the tenth day the embryo possesses
branchial grooves and primitive segments. If this peculiarity in the rate of
development occurs in the human embryo, the ages assigned to the earlier
embryos by His must be increased.

Mall’s formule for estimating age, deduced from observations on a large
number of embryos, are as follows: In embryos of 1-100 mm. the age in days
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can be expressed fairly accurately by the square root of the length multiplied by

100 (4 length in mm. x 100). In embryos between 1oo and 220 mm. the age
in days is about the same as the length in millimeters.

Some of the most important embryos which have been described are
listed in the accompanying table, no pretense being made of giving a complete
list. The table is compiled largely from the more extensive tables of Mall
and merely serves to indicate some of the younger embryos with fairly well-
known histories, from which certain conclusions have been drawn concerning
the relation of age to length. The periodicals in which descriptions may be
found are given with the authors’ names in * References for Further Study™
at the end of this chapter.
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Normal, Abnormal and Pathological Embryos.

In the majority of cases of spontaneous abortion it is not possible to examine
the uterus; but in those cases where it is possible, examination frequently shows
abnormal or pathological conditions. As might be expected, the embryos
obtained from abnormal or pathological uteri very frequently show anom-
alous conditions or pathological changes, or both. Since many of the
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human embryos obtained are the results of spontaneous abortions, there is
reason to suspect that such embryos are not normal. To the physician, as
well as to the embryologist, it is important, therefore, that there should be some
criteria for differentiation between normal and abnormal or pathological
embryos.

(Gross anomalies, or monstrosities, such as cases in which the head or some
other member of the body is lacking, or in which the head is disproportionately
large or disproportionately small, or in which two embryos are directly united,
or in which the feetal membranes are partially lacking, or in which the mem-
branes are present and the embryo wholly or partially lacking, and many other
anomalous conditions, can, of course, be recognized at once. Extensive
pathological changes or processes of disintegration in the tissues of the em-
bryo or feetal membranes are also easily recognized. But there are many less
obvious anomalies and pathological conditions which, nevertheless, are im-
portant. Such cases are most difficult to differentiate.

The feetal membranes not infrequently are useful in determining whether
an embryo has followed the normal course of development. During the first
month the amnion invests the embryo rather closely when development is
normal. If the amniotic sac is disproportionately large, however, it is a mark
of abnormal or pathological changes. In some cases an amniotic sac 50 to 6o
mm. in diameter contains an embryo but a few millimeters in length. In the
earlier stages of development, before the amnion enlarges sufficiently to reach
the chorion, there is present a delicate network of fibrils, the magma reticulare,
which is attached to both chorion and amnion and which serves as a sort of
anchor for the amnion. In abnormal or pathological cases the magma reticu-
lare may become wholly or partially fluid or granular, or may become greatly
increased in amount. It may even extend through the amnion and reach the
embryo itself.

Normal human as well as other mammalian embryos in the fresh condition
are more or less transparent, and such structures as the heart, the larger blood
vessels, the liver, and the brain vesicles can be seen through the skin. If the
embryo has been dead for some time or has undergone pathological or degen-
erative changes, the transparency is lost.

Where pathological or degenerative changes in the embryo or its membranes
are suspected but cannot be definitely determined by macroscopic examination,
recourse may be had to sectioning and staining.

PRACTICAL SUGGESTIONS.

Since the earlier stages of human embryos in any condition are not readily procured, all
embryos which come into the hands of physicians or others should be preserved and turned
over to someone who can use them in the study of development.  Abnormal or pathological

11
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embryos are often extremely valuable, for many anomalous conditions in postnatal life
can be explained on the ground of unnatural developmental conditions.  Obstetricians and
gynecologists can render great service to embryology by saving curettings or the entire uterus
in cases where pregnancy is suspected or known to occur and turning them over to a com-
petent embryologist. The earliest stages are especially valuable. Never should a human
embryo, normal or abnormal, ander any circumstances be thrown away.

When the uterus is removed where there is suspected pregnancy, it should always be saved.
Within as short a time as possible, carefully open the uterus by a ventral median incision.
If pregnancy has gone beyond the first month, the membranes and embryo are casily seen.
During the earliest stages of pregnancy, especially during the first part of the first month
it is sometimes very difficult to locate the embryo in the uterus. The most likely position
is on the dorsal wall. It may show only as a scarcely visible elevation in the mucous mem-
brane. I the little elevation is once recognized, cut out the block of uterine wall containing
it. Flix the block in some good fluid, such as Orth's fluid and embed carefully in paraffin,
Cut serial sections at right angles to the inner surface of the uterine mucosa. The sections
may be stained as desired, Weigert’s h®matoxylin and eosin giving good results (see
Appendix). The most valuable human embryos in the carliest stages have all been obtained
in a similar manner.

Embryos three to eight weeks old may be fixed with the membranes intact. Put the
specimen in a large quantity of strong alcohol (the alcohol of druggists is never too strong).
The volume of the alcohol should be at least ten times the volume of the specimen. A 4
per cent. solution of formalin (one volume of the commercial formalin—which is a 40 per
cent. solution of formaldehyde gas in water—to nine volumes of water) may be used if alcohol
cannot be obtained at once.  The specimen should not be left in formalin, however, longer
than a few days, for it is likely to become somewhat blackened owing to changes in the blood.
As soon as possible, it should be put in Orth's fluid for a day or two, and then put through
oraded alecohols up to 8o per cent.  Kleinenberg's mixture is also an excellent fixative for
yvoung embryos,

In embryos eight to twelve weeks old the membranes should be opened before
fixing. Strong alcohol may be used as a fixative, as in the earlier stages, but usually causes
considerable shrinkage. A better plan is to put the embrye in Orth’s fluid for a few
days, the length of time depending upon the size of the embryo, and then to put it
through the graded alcohols up to 8o per cent.  As mentioned in the preceding paragraph,
4 per cent. formalin may be used as a fixative, but should be followed in a few days by Orth’s
fluid and the graded aleohols. Zenker's fluid is frequently used as a fixative for embryos
but always causes some shrinkage. Aside from the shrinkage, it gives very good results.
(See Appendix.)

If embryos of twelve weeks or more are to be studied histologically, they should be
opened by a ventral medial incision before fixing. It is well also to make a few incisions
in the skull. If it is desired, organs or parts of organs may be removed and fixed by them-
selves.  Orth's or Zenker’s fluid may be used with good results.

For gross preparations, embryos may be fixed as suggested in the preceding paragraphs.
Then, if occasion requires, they can be studied histologically at a later period. Gross
preparations which are not likely to be used histologically can be fixed and preserved indefi-
nitely in 4—1o per cent. formalin, with practically no shrinkage, although there is a possi-
bility of discoloration due to changes in the blood.

As complete histories as possible of all embryos should be obtained and recorded. The
younger stages should always be carefully measured before fixing. It is also advisable to
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have the embryos photographed. In short, all possible data concerning an embryo should
be obtained, not only for use in studying it as an individual but also for use in comparing it
with other embryos.

Models of embryos can be made from serial sections by means of the wax reconstruction
method. (See Appendix.)

For class study on the external form of the body, very useful preparations can be made
by mounting whole small pig embryos or parts of embryos in glycerin jelly in small flat
dishes. The dishes can be sealed and handled freely.
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CHAPTER IX.

THE DEVELOPMENT OF THE CONNECTIVE TISSUES AND THE
SKELETAL SYSTEHM.

All the connective or supporting tissues of the body, except neuroglia,
are derived from the mesoderm. This does not imply, however, that all the
mesoderm is transformed into connective tissues; for such structures as the
endothelium of the blood vessels and lymphatic vessels, probably blood itself,
the epithelium lining the serous cavities, smooth and striated muscle, and a part
of the epithelium of the urogenital system are derived from mesoderm.

Primitive groove

Ectoderm |= A Tl
E

Mesoderm -..:.---._-.-..__-.--. -———

Entoderm

Fic, 138, —Transverse section of chick embrve of 24 hours’ incubation. Photograph,
3 3

The origin of the mesoderm itself has been discussed elsewhere (p. 85).
In this connection it is sufficient to recall that it is situated between the ectoderm
and entoderm and consists of several layers of closely packed cells (Fig. 138).
The axial portion in the neck and body regions becomes differentiated into the
primitive segments. At the same time a cleft (the ceelom) separates the more
peripheral portion into a parietal and a visceral layer (Figs. 139 and 141). In
the head region where, in the higher animals, there is little or no indication of
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Fic. 130.—Transverse section of chick embryo (2 days' incubation). DPhotograph.
The parictal mesoderm (lying above the ccelom) is not labeled. The two large vessels under
the primitive segments are the primitive aoriz. Spaces separaling germ layers are due to
shrinkame,
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Fic. rgo.—Transverse section through head region of chick embryo of 42 hours
incubation. Photograph,
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segments and ccelom, the mesoderm simply fills in the space between the
ectoderm and entoderm (Fig. 140). Portions of the mesoderm in all these
regions are destined to give rise to connective tissues. Each primitive segment
soon becomes differentiated into three parts—the sclerelome, cutis plate and
myolome (Fig. 142). Of these, only the sclerotome and cutis plate are directly
concerned in the formation of connective tissues, the myotomes giving rise to
striated voluntary muscle. The sclerotomes are destined to give rise to the
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FiG, 141.—Transverse section of human emhbryo with 13 primitive segments; section taken
through the G6th segment.  Kollmann,

vertebre and other forms of connective tissue in their neighborhood, the cutis
plates to a part, at least, of the corium of the skin. The parietal and visceral
layers of the mesoderm (except the mesothelium lining the cazlom) and the
mesoderm of the head region are destined to give rise to the various types of
connective tissue forming parts of the other organs of the body.

HISTOGENESIS.

The sclerotomes and cutis plates at first constitute parts of the primitive
segments, and are composed of epithelial-like cells with little intercellular sub-
stance. The intercellular substance gradually increases in amount so that the



168 TEXT-BOOK OF EM BERYOLOGY.

[Cutiz plate  =———=== Myotome

| Muscle plate _____ | L ; = ="
5 A 4 Bt~ Scleroteme

Sl

M ypotome

Pronephros =- —.:_f:"
: _ Upper
limb bud
Parietal mesoderm="
—m—m= Amnion
LW m‘l_::-ijliml

Intestine ==

IR s

Visceral mesod

\nsverse scetion of human embryo of the rd week, 5cl.1, Break in myotome at
ely attached. Eollmann,

Fic. 142.—Lri
point where sclerotome is clos

Weural tube —

Intersegmental —
artery

[mcrsep:uu:-ntsl'l,_-_i :
artery e

¢ segments from st ittal section of human embryo of

Fie, 143.— Lhree yEimitIY
: I :
the 3rd week. A [ra .



THE CONNECTIVE TISSUES AND THE SKEELETAL SYSTEM, 1G9

cells become more widely separated from one another, at the same time assum-
ing oval or spindle shapes and then irregular branching forms (Fig. 144).
The rest of the mesoderm, except the mesothelium, also undergoes a similar
transformation so that structurally its cells are indistinguishable from those
derived from the sclerotomes and cutis plates.

Thus the tissue from which the connective tissues in general are derived is
composed at one stage of irregular branching cells, with a relatively large
amount of a homogeneous substance filling the interstices among the cells.
The question of the relation of these cells to one another has not been settled

Fic. 144.—Alezenchymal tissue from somatopleure of a § mm. human embryo,
Mesothelium is shown along lower border of figure.

By some it is held that they are simply individual units, structurally independ-
ent of one another. By others it is maintained that the branches of each
cell anastomose with branches of neighboring cells, to form a syncytium, and that
the syncytial character is retained in the connective tissue derivatives (Mall).
That intercellular substance is derived originally from the cell can scarcely
be denied. All the cells of the organism are derived from the fertilized ovum.
As soon as two or more cells are formed by segmentation of the ovum, they are
either simply in apposition or else they are united by something in the nature of
a “cement” substance which must have been derived from the cells themselves.
In the connective tissues this intercellular ground substance is a prominent
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feature, and while it may increase independently of the cells it must primarily
have a cellular origin.

Fibrillar Forms.—The first type of connective tissue to be derived from
the embryonic non-fibrillar form is areolar tisswe. Areolar tissue is composed
of comparatively few cells and much intercellular substance, the latter in turn

Fra, 145.—Fibril forming cells from fresh subcutaneous tissue of head of chick embrya,  Bofl,

being composed of fibers and “ground substance.” The fibers are of two
kinds, “white™ or fibrillated and * yellow ' or elastic. To this type of tissue
in the embryo the term embryonic connective tissue has been applied.

The origin of the fibers is an unsettled question. Some investigators hold
that they are derived from the homogeneous “ground substance™ by a process

Frg. 146, —Connective tissue (mesenchymal) cells from larval salamander,  Flemming,

of differentiation (Ranvier, Merkel). The view that is best supported by
direct observation, however, is that the fibers are derived from the cells
(Boll, Spuler, Flemming). The cytoplasm at the periphery of the cells and
their processes becomes differentiated into extremely delicate fibrillke which
become grouped into bundles (fibers) and then become separated from the
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parent cells and lie free in the “ground substance” (Figs. 145, 146). This
applies to both fibrillated and elastic fibers and the same cell may produce
both kinds of fibers, i. e., the same cell that produces fibrillated (“ white™) fibers
may also produce elastic (“yellow™) fibers. The fibers, although not derived
primarily from the “ground substance,” probably do increase in size by intus-
susceptive growth. Thus the “ground substance,” while probably not capable
of producing fibers, is an active factor in their further growth.

F1c, 147.—Longitudinal section of developing ligament from finger of
human feetus of & months. Photograph.

In any type of connective tissue where the fibers form the most characteristic
feature, such as the looser forms (areolar, reticular) or such as the denser forms
(fascia, tendons, ligaments), the structure depends upon the secondary ar-
rangement of the fibers and not upon any peculiarity of origin. In areolar
tissue, for example, the fibers are derived from the cells, as described above, and
become so arranged as to look haphazard. In fascia, tendons and ligaments
the fibers arise in the same manner but come to lie parallel, with the cells en-
closed among them in more or less distinct rows (Fig. 147).

Adipose Tissue.—Adipose tissue is a form of connective tissue in which
the fatty element replaces to a great extent the cytoplasm in many of the
embryonic connective tissue cells. It always develops in close relation to blood
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vessels, and first appears in the axilla and groin about the thirteenth week.
It is formed in other places at later periods, even during adult life, but the
mode of development is always the same. In some of the cells in the neigh-
borhood of small blood vessels minute droplets of fat are deposited. The
origin of the fat is not known. The droplets become larger, other smaller ones
appear, and finally all of them coalesce to form a single large drop which practi-
cally fills the cell. The result of this is that the remaining cytoplasm is pushed
outward and forms a sort of pellicle around the fat. The nucleus also is
crowded outward and comes to lie flattened in the pellicle of cytoplasm (Fig.

Small artery

Fic, 148.—Developing far from subcutaneous tissue of pig embryo 3 inches long.  Small
artery breaking up into capillary network: groups of fat cells developing in
embryonic connective tissue

149). At the same time the whole fat cell increases in size and forms a relatively
large structure.

Fat cells usually develop in groups or masses around blood vessels (Fig.
148): The neighboring groups gradually enlarge and approach each other,
but do not fuse, thus leaving more or less fibrous connective tissue between
them, which constitutes the interlobular tissue seen in adult adipose tissue.
Among the individual cells in a lobule there is alzo a small amount of fibrous
tissue present.  From the mode of development a small artery usually affords
the blood supply for each lobule. ;

Cartilage.—In the different kinds of cartilage the matrix probably repre-
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sents a modification of the “ground substance” of the original embryonic
tissue. The fibers in the matrix are probably derived from the cells in the
same manner as the fibers in the fibrillar forms of connective tissue (Fig. 150).

Osseous Tissue.—Here again the basis for development is embryonic
connective tissue, although in one type of development cartilage precedes the
bone. Two types of ossification are recognized—inframembranous and inira-
cartilaginous or endochondral. In intramembranous ossification calcium salts
are deposited in ordinary embryonic connective tissue. In intracartilagi-
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Fiz, 149, —Developing fat from subcutaneous tissue of pig embryo g inches long.  Fat (stained
hlack) developing in embryonic connective tissue cells. At the right are five individual cells
showing stages of development from an embryonic cell to an adult fat cell.

nous ossification hyalin cartilage first develops in the same general shape as
the future bone and the calcium salts are afterward deposited within the mass of
cartilage. It is customary to speak also of another type of ossification—sub-
periosteal—in which the calcium salts are deposited under the periosteum.

INTRAMEMBRANOUS (JSSIFICATION.

This is the type of ossification by which many of the flat bones of the skull
and face are formed. The region in which these bones are to develop consists
of embryonic connective tissue. At certain points in this region bundles of
connective tissue fibers become impregnated with calcium salts. Such areas are
known as calcification centers. In each of these areas the cells increase in num-
ber, the tissue becomes very vascular and some of the cells, becoming more or
less round or oval, with distinct nuclei and a considerable amount of cytoplasm,
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arrange themselves in single, fairly regular rows along the bundles of calcified
fibers. The differentiated cells are known as esteeblasts (bone formers), and the
whole tissue is now known as esfeogenetic tissue. Under the influence of the osteo-
blasts a thin layer of calcium salts is deposited between the osteoblasts and the
calcified fibers. In this way the first true bone is formed, and the calcification
center becomes an essificalion cenfer. Successive layers or lamelle of calcium
salts are laid down and some of the osteoblasts become enclosed between the
lamellz to form the bone cells (Figs. 151 and 152). The spaces in which the bone
cells lie are the lacune. At the same time the fibers also are enclosed within the
bone and give it its characteristic fibrous structure (Fig. 152).

Such a process results in the formation of irregular, anastomosing trabecule
of bone. The spaces among the trabecule are known as primary marrow

Osteogenctis
tissue Osteoclast Lacune

Bone

Caleified fibers Osteoblasts

Fie. 152.—From vertical section through parietal bone of human feetus of 4 months,
Bone cells not shown in lacunae.  (Intiramembranous u_t;ﬁiﬁc'.'l,l;'|:|:|'|__]

spaces and contain osteogenetic tissue (Fig. 151). This type of bone, consisting
of irregular, anastomosing trabeculx and enclosed marrow spaces, is known as
spongy bone. The spongy bone thus formed is covered on its outer side by a
layer of connective tissue which from its position is called the periostenm
(Fig. 151), and which represents a part of the original embryonic connective
tissue membrane in which the bone was laid down. During its development
the periosteum becomes an exceedingly dense fibrous membrane which is closely
applied to the surface of the bone.

In a growing embryo, provision must be made for increase in the size of the
cranial cavity to accommodate the growing brain. This is accomplished in
the following manner: On the inner surface of the newly formed bone, large
multinuclear cells appear, which are known as esteoclasts (hone destroyers).
The osteoclasts are unusually large cells with a large number of nuclei and

abundant cytoplasm, and in sections can be seen lying in depressions in the
Iz
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bone—Hewslip’s lacune (Fig. 152). They apparently possess the power of
dissolving bone tissue. While the destruction of bone by the osteoclasts is
going on on the inner surface, new bone is being formed on the outer surface,
especially under the periosteum where the osteoblasts are most numerous.
Thus the layer of bone gradually comes to lie farther and farther out and the
cranial cavity is enlarged. So long as the cranial cavity continues to enlarge

Cartilage

Oteogenetic tissue ™.

Intracartilaginous
bone —
Subperiosteal -

bone :?' Dzsification center

Blood wessels

Periostenm

(perichondrium) Caleification zone

FiG. 153.—Longitudinal section of one of the metatarsal bones of a sheep embryo.
{Intracartilaginous ossification. )

the new bone is of the spongy variety, but toward the end of development the
trabeculee become thicker and finally come together to form the compact bone
characteristic of the roof of the skull. The fact that the new bone laid down
during the enlargement of the cranial cavity is laid down under the periosteum
has led to the term subperiosteal ossification. The process is essentially the
same as in the original intramembranous ossification,

INTRACARTILAGINOUS (DSSIFICATION.

In this type of ossification hyalin cartilage is first formed in a shape which
corresponds very closely to the shape of the future bone. For example, the
femur is first represented by a piece of hyalin cartilage which develops from
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the original embryonic connective tissue. On the surface of the cartilage a
membrane of dense fibrous connective tissue, known as the perichondrinm,
develops (Fig. 153). In most cases, ossification begins about the middle
of the piece of cartilage, corresponding to the middle of the shaft of a long
bone (Fig. 153). The cell spaces enlarge and in some cases the septa of matrix
between the enlarged spaces break down, so that several cells may lie in one
space. The cell spaces radiate from a common center, but a little later they
come to lie in rows parallel with the long axis of the mass of cartilage. During
these early changes lime salts are deposited in the matrix of the cartilage in
this region, and the portion so involved is known as a calcification cenfer.

So far the process is preparatory to actual bone formation. Then small
blood vessels from the perichondrium (periosteum) grow into the cartilage,

Periosteal bid Bload vessel

Cartilage

cell spaces Cartilage cells

Periosteum
{Perichondrium)

FiG. 154.—From section of one of the tarsal bones of a pig embryo.  Showing pericsteal bud
pushing into the cantilage at the ossification center.  (Intracartilaginous ossification.)

carrying with them some of the embryonic connective tissue. These little
ingrowths of connective tissue and blood vessels are known as periosteal buds
(Fig. 154). The septa between the enlarged cartilage cell spaces break down
still further, forming still larger spaces into which the periosteal buds grow.
Many of the connective tissue cells are transformed into esieoblasts—oval or
round cells with distinct nuclei and a considerable amount of cytoplasm—and
with the fibers and blood vessels constitute osteogenetic tissue (Fig. 155). The
cartilage cells in this region disintegrate and disappear, and the cavity formed
by the coalescence of the cell spaces constitutes the primary marrow cavily (Fig.
155). From the primary marrow cavity osteogenetic tissue pushes in both
directions toward the ends of the cartilage. The transverse septa between the
enlarged cartilage cell spaces break down, leaving a few longitudinal septa
which form the walls of long anastomosing channels which are continuous with
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the primary marrow cavity. The osteoblasts arrange themselves in rows along
the septa of calcified cartilage and a thin layer or lamella of calcium salts is
deposited between them and the cartilage. Successive lamelle are deposited
in the same manner and some of the osteoblasts become enclosed to form bone
cells (Fig. 156). The cartilage in the center gradually disappears. This
region where bone formation is going on is known as an essification cenfer (Fig.
153) and the irregular anastomosing trabecule of bone with the enclosed marrow
spaces constitute primary spengy bone.

From this time on, ossification gradually progresses toward each end of the
cartilage, and at the same time a special modification of the cartilage precedes
it. Nearest the ossification center the cartilage cell spaces hecome enlarged and

Cartilage cell spaces
[Primary marrow space)

Disintegrating
cartilage cclls

Cartilapge cell
SPACES

Trabecula
of cartilage

Osteogenctic tissue in
PRMArY MAmmow space

Fia. 155.—From same section as Fig. 153; showing osteogenctic tissue pushing into the cartilage
and breaking it up into trabecule,  (Intracartilaginous ossification.)

arranged in rows and contain cartilage cells in various stages of disintegration.
Some of the septa break down, leaving larger, irregular spaces; the remaining
septa become calcified (Fig. 153). Passing away from the center of ossifica-
tion, there is less enlargement of the cell spaces and they have a tendency to be
arranged in rows transverse to the long axis of the cartilage; there is also a lesser
degree of calcification. The region of modified cartilage at each end of the
ossification center passes over gradually into ordinary hyalin cartilage and is
known as the calcification zome. It always precedes the formation of bone as
the latter process moves toward the end of the cartilage (Fig. 153).

Along with the type of ossification just described subperiosteal ossification
also occurs (Fig. 153). Beneath the periosteum (perichondrium) is a layer of
connective tissue the cells of which are transformed into osteoblasts. They
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deposit layers of calcium salts on the surface of the cartilage in the same
manner as around the trabecul® inside the cartilage.

The transformation of the spongy bene into compact bone is peculiar
in that the former is dissolved and then replaced by new bone. This
dissolution is brought about by the action of the eosicoclasts—large mul-
tinuclear cells the origin of which is not known. By the process of dis-
solution the marrow spaces are increased in size and are known as Haver-
sian spaces. Within these spaces new bone is then deposited layer upon layer,
under the influence of the osteoblasts, until the Haversian spaces are reduced
to narrow channels, the Haversian canals. The layers of bone are the Haver-
sian lamelle. The nferstitial lamelle in compact bone have two possible
origins. They may be the remnants of certain lamelle of the original spongy

EBlood vesse] Bone Cartilage Bone cell

Cartilage cell space
Cartilage cell

Connective Bone Osteogenctic Osteoblasts
tissue cells Lissue

F1z. 156.—From same section as Fig. 153; showing bone deposited around one of the
trabecula of cartilage. (Intracartilaginous ossification.)

bone which were not removed in the enlargement of the primary marrow spaces,
or they may be parts of early formed Haversian lamelle which were later more
or less replaced by other Haversian lamellz.

The fact should be emphasized that although it is convenient to describe
three types of bone formation, the three do not differ essentially from one
another. The similarity of intramembranous and subperiosteal ossification has
already been noted (p. 176). In both these types the bone is developed within
a membrane of embryonic connective tissue by a transformation of this tissue
into osteogenetic tissue and then of the latter into bone. The only way in
which intracartilaginous bone formation differs from the other two types is
that cartilage is first formed within the membrane in the same general shape as
the future bone. But it must be remembered that it is only in this cartilage that
bone is developed and not from it, the bone being produced by osteogenetic
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tissue which in turn is derived from the embryonic connective tissue brought
into the cartilage by the periosteal bud.

GrowTH OF BoNES.—The way in which the cranial cavity enlarges has been
described on page 175. While the process of enlarzement is going on, the
individual bones increase in size principally by the addition of new bone along
their edges.

Intracartilaginous bones grow both in diameter and in length. It has
already been stated that the primary spongy bone formed in cartilage is dis-
solved and that new bone is deposited under the periosteum. This naturally
brings about an enlargement of the primary marrow cavity and at the same
time an increase in the diameter of the bone as a whole. From this it is obvious
that the compact bone of the shaft of a long bone is of subperiosteal origin, the
intracartilaginous bone having been completely absorbed.

4 B (2

Fig. 157.—Diagram representing growth in diameter of a long bone.  Modifed
Irom Flonrens.

The fact that the osseous tissue bordering the marrow cavity is absorbed and that new
bone is deposited under the periosteum can be quite clearly demonstrated. A young
growing animal is fed for a few weeks on madder, which colors all the bone formed during that
time a distinct red. If the animal is then killed and sections made of the long bones, the
outer part of the latter will appear a distinct red. Another growing animal is fed on madder
for a few weeks, then allowed to live a few weeks |th];{t'r without madder. Then if it 1s
killed and sections made of the bones, the red bone is found to be covered with a layer of
uncolored bone which was deposited after the madder feeding had been stopped. If a
young growing animal is fed on madder for a time and then allowed to live long enough
without madder, the red bone will be found lining the marrow cavity. (See Fig. 157.)

Growth in length of the long bones takes place in a different manner. The
primary center of ossification is situated near the middle of the piece of cartilage,
and ossification proceeds in both directions toward the ends of the cartilage to
produce the diaphysis or shaft of the bone. In each end of the cartilage there
appears a secondary center from which ossification proceeds in all directions to
produce the epiphysis. Between the shaft and epiphysis a disk of cartilage
remains, and here, so long as the bone is growing, new cartilage continues to be
formed. At the same time new bone is being formed in the new cartilage,
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principally in the part next the shaft. This produces an elongation of the
shaft, the two epiphyses being carried farther and farther apart, and conse-
quently a lengthening of the bone as a whole. When the bone reaches the
required length, the cartilage disk diminishes and finally is wholly replaced by
bone, being represented in the adult only by the epiphyseal line. (See Fig. 158).

Marrow.—The forerunner of marrow is the osteogenetic tissue in the pri-
mary marrow spaces, which in turn is derived from embryonic connective tissue
(Fig. 155). During the development of bone, great numbers of osteoblasts are

Fig. 158 —Longitudinal section from head of femur of young dog. Photograph.

The head of the femur is shown in the upper part of the figure, the end of the shaft in the lower
part. Between the two the lighter line represents the carntilage between the primary center
of ossification (shaft} and the secondary center (epiphysis, head), and marks the site of the
epiphyseal line. The lighter portion covering the head represents the cartilage bordering
the joint cavity.

-

constantly being differentiated from the connective tissue cells and many of
these ultimately become bone cells. When development ceases, osteoblasts
cease to become differentiated. When dissolution of bone becomes necessary,
osteoclasts appear. Their origin is not known with certainty. One view is
that they are derived from leucocytes, another is that they are derived from the
endothelium of blood vessels. Their relation to the myeloplaxes (giant cells) in
adult marrow is also a matter of doubt, though it is possible that the two forms
are identical. Leucocytes appear in the marrow at an early stage, but whether
they arise é sifu or are brought in primarily by the blood vessels is not known.
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There is also just as much uncertainty in regard to the origin of red blood cells
in the marrow. At an early stage nucleated red cells are present, and from
this time on, the marrow affords a place at least for their proliferation, for in
the adult marrow all the nucleated forms are found, as well as the non-nucleated.
The origin of the marrow cells—myvelocyles—is not known. The fibrous
part of the osteogenetic tissue assumes a reticular structure and forms the
reficilum of the marrow. In young marrow there is little or no fat present, but
in later life many of the connective tissue cells are transformed into fat cells
(p. 172), so that these form the greater part of the marrow. Such a process oe-
curs most extensively in the shaft of the long bones and gives rise to “yellow™
marrow. In the heads of the long bones, in the ribs, and in the short bones the
marrow retains its earlier character and is known as “red’ marrow.

THE DEVELOPMENT OF THE SKEELETAL SYSTEM.
The Axial Skeleton.

The Notochord.—The notochord (chorda dorsalis) constitutes the
primitive axial skeleton of all Vertebrates, yet it differs from the other skeletal
elements in that it is a derivative of the entoderm. Inman it is merely a tran-
sient structure and disappears early in fcetal life, leaving but a slight trace of
itself in the intervertebral disks. In embryos of 2-3 mm. the cells of the
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Fii. 130 —From transverse section of human embryo with 8§ pairs of
primitive segments (2,60 mm.). Kolimrasn,

entoderm just ventral to the neural groove become slightly differentiated
(Fig. 150) and then form a groove with a ventral concavity. The groove closes
in, becomes constricted from the parent tissue (entoderm) and lies just ventral to
the neural tube, where it soon becomes surrounded by mesodermal tissue.  This
structure is the notochord and constitutes a solid, evlindrical cord of cells
extending from a point just caudal to the hypophysis to the caudal extremity of
the embryonic body. In embryos of 17-20 mm. the mesodermal tissue around
the notochord becomes modified to form the chordal sheath. On account of its
position the notochord naturally becomes embedded in the developing vertebral
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column, extending through the bodies of the vertebrze and the intervertebral
disks. The cells are at first of an epithelial nature (Fig. 159), but those within
the vertebral bodies become vacuolated and broken up into irregular, multinu-
clear masses which then disappear. The cord is thus first interrupted in the
vertebre, leaving only the segments within the intervertebral disks. Later these
segments also undergo degenerative changes, but persist as the so-called pulpy
nclei.

While the notochord is morphologically the forerunner of the axial skeleton,
and persists as a whole in Amphioxus, and in part in Fishes and Amphibia, in
the higher forms it is almost exclusively an embryonic structure with little or no
functional significance. It differs in origin from the true skeletal elements and
becomes involved with them only to disappear as they develop.

Perichordal sheath
Cleft between two
vertebral anlagen

Intersegmental
arbery

Spinal nerve

Myotome

Fic. 16e,—Five myotomes and scleratomes from sagittal section of human embryo of § mm., Bardeen,

Each sclerotome is differentiated into a looser cephalic part and a denser caudal part, the two
being separated by a cleft (fissure of von Ebner),

The Vertebrae.—The changes which occur in the ventro-medial parts of the
primitive segments to form the sclerotomes have already been described. At
the same time it was stated that the vertebre, with the other types of connective
tissue around them, were derived from the mesenchymal tissue of the sclerotomes
(p. 167; see also Fig. 142). The segmentally arranged masses forming the
sclerotomes are separated by looser tissue in which the intersegmental arteries
develop. The arteries mark the boundaries between the sclerotomes (Fig. 160).
About the third week of development the caudal part of each sclerotome con-
denses to form a more compact mass of tissue, and a little later becomes
separated from the cephalic part by a small cleft (Fig. 161). From the denser
caudal part a secondary mass of tissue grows medially and meets and fuses with
its fellow of the opposite side, thus enclosing the notochord. The medial mass
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thus formed may be considered as the anlage of the body of @ vertebra.  Another
secondary mass also grows dorsally between the myotome and the spinal cord,
forming the anlage of the vertebral arch. A third mass grows ventro-laterally to
form the costal process (Figs. 162 and 163). The looser tissue of the cephalic
part of each sclerotome also sends an extension medially to surround the
notochord, and fills up the intervals between the succeeding denser (caudal)
parts. The looser part also forms a sort of membrane between the succeeding
vertebral arches. The tissue between the denser caudal part and the looser
cephalic part of each sclerotome is destined to give rise to an infervertebral
fibrocartilage. While the denser tissue forming the caudal part of each sclero-

Dermis i Notochard
Clef:
Intersegmental artery
Myotarme i~ Perichordal sheath
Sninal Intervertebral disk

TLET W Interdiscal membrane

Fic. 161.—Six myotomes and sclerotomes from sagittal section of human embryo of 6 mm,
Bardeen. Compare with Fig. 160,

tome probably gives rise to the greater part of a vertebra, the looser tissue of the
cephalic part is also involved in the formation of the cartilaginous body, as will
be noted again in the following paragraph. The peculiar feature of the process
is that the denser caudal part of a sclerotome becomes associated with the looser
cephalic part of the next succeeding sclerotome, so that each vertebra is derived
from parts of two adjacent sclerotomes and not from a single sclerotome. This
naturally brings about an allernation of vertebre and myolomes (Fig. 161).

So far the anlagen of the vertebre are in the so-called blastemal stage.

Following the blastemal stage and beginning in human embryos of about 15
mm., comes the carfilaginous stage in which the mesenchymal anlagen of the
vertebre are converted into embryonic hyalin cartilage. In the body of each
vertebra a center of chondrification appears in the looser tissue of the caudal
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part and gradually enlarges and involves the denser cephalic part. It is to be
noted that the denser tissue of the cephalic part of a vertebral body corresponds
to the candal part of a sclerotome. Two chondrification centers appear, one on

Arch of
vertebra
MNotochord
Costal process
Body of
vertebra
Aoria
Mesonephros
Stomach
Liver
Fic. 162.—Transverse section (dorsal part) of pig embryo of 14 mm. Photograph,

each side of the medial line, but the two soon fuse around the notochord to
form a single center. In addition to the center in the body of the vertebra, one
also appears in each half of the vertebral arch, and one in each costal process

Arch of
vertehra Interdorsal membrane

Bodies of

Notochord vertebroe

Lostal process
Fic. 163.—Models of three vertebra in the blastemal stage; from an embryo of 11 mm,

Bardeen,

(Fig. 164). All these centers then enlarge and unite to form a single mass of
cartilage which corresponds quite accurately in shape to the future bony
vertebra. Processes then grow out from the vertebral arch. These represent
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the transverse and articular processes (Fig. 165). Each half of a vertebral
arch meets its fellow of the opposite side dorsal to the spinal cord, and from
the point of meeting the spinous process grows out. The costal processes do

Costal process Costal proce

Pleural cavity Liver (Bsophagus Lung
Fic. 164.—Transverse section (dorsal part) of pig embryo of 33 mm. FPhotograph.
not retain their connection with the body of the vertebra, but break away
and become the rib cartilages, as will be noted again in connection with the
development of the ribs,
Following the cartilaginous stage is the sfage of essification in which the

{"‘1_...___ — Arclhrof veriebma
Past. articalar
PTRE4LSS

Transverse process

Anterior articular process

Fic. 16z.—Models of the 6th, 7th and 8th thoracic vertebre of an embryo of 33 mm.
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On the right the cartilage is shown, on the left the surrounding fibrous tissue.
vertebre become ossified and acquire the adult condition.  Ossification begins
during the third month of feetal life and extends over a long period, even up to
the age of twenty-five years. A single center of ossification appears in the body
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of each vertebra, and following this a center in each half of the vertebral arch
(Fig. 166). Osseous tissue then gradually replaces the cartilage. The two
halves of an arch fuse dorsal to the spinal cord during the first year of post-
natal life, thus completing the bony arch. The arch fuses with the body of the

= Spinous process

Articular process

Rib

Transverse Process

Lat. ossif, center

Med. ossif. cente

Fis, 166.—Thoracic vertebra and ribs of human embryo of 55 mm. (middle of
aril month). Kolfmann's Aflas,

Cartilage indicated by stippled areas, ossilication centers by irregular black lines.

vertebra between the third and eighth years. Thus it is seen that the process of
ossification is a slow one, and this is even more striking when one considers the
formation of the secondary centers. For at about the age of puberty a secondary
center appears in each of the cartilages that cover the ends of the vertebr, pro-

Spinous process
Transverse process

Articular process

Body of verteba

Upper epiphyaeal
plate

F1g. 167.—Lumbar vertebra (lateral view) showing seeondary eenters of ossification.  Sappey.

ducing disks of bone—the epipliyses. A secondary center also appears in the
cartilage on the tip of each spinous process and transverse process, and in the
lumbar vertebra: one appears also on the tip of each articular process (Fig. 167).
The epiphyses unite with the vertebrze any time between sixteen and twenty-
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five years. About the twenty-fifth year the sacral vertebre unite to form a
single mass of bone, and a similar union also takes place between the more or
less rudimentary coceyvgeal vertebrae,

While the general plan of development is practically the same in all the
vertebre, there are a few noteworthy modifications. The greatest modification
is in the atlas and epistrophens (axis). The entire atlas is formed from the
denser caudal part of a sclerotome. The lateral mass and the posterior (dorsal)
arch represent the vertebral arch. The anferior (ventral) arch represents the
hypochordal bar, a plate of cartilage which develops in all vertebre ventral to
the notochord but disappears in all except the atlas. A body also develops
but instead of forming part of the atlas it unites with the body of the epistro-
pheus to form the dens (odontoid process) of the latter.

— Clavicle

Suprasternal cartilage

Sternal bar

Fic, 1658.—Ventral view of developing sternum of human embrvo of 30 mm.
(beginning of 3rd month). Ruge, Kollmanw's Atlas,

The various ligaments of the vertebral column are derived from the embry-
onic connective tissue surrounding the vertebre. The embryonic connective
tissue in the clefts separating the developing vertebrae is transformed into the
inferveriebral fibrecarfilages.

The Ribs.—It has been stated in a previous paragraph that the costal proc-
esses arise as outgrowths from the denser caudal parts of the sclerotomes; that
they grow in a ventro-lateral direction and consequently are at first connected
with and are parts of the bodies of the vertebre (Figs. 162 and 165). These
costal processes are the anlagen of the ribs, and they continue to grow ventrally
until they practically encircle the body, the ventral ends of a number of them
fusing in the medial line to form the sternum. The primary junctions between
the costal processes and vertebre are dissolved, and the embryonic connective
tissue in this region gives rise to the coste-vertebral ligaments. The dissolu-
tion of the junctions leaves the ribs simply articulating with the vertebre.
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A chondrification center appears in each costal process, shortly after that in
the body of the vertebra, and from this point the formation of cartilage
gradually extends throughout the entire rib.

Ossification begins during the third month at a center which is situated near
the angle of the rib (Fig. 166). At the age of eight to fourteen years a second-
ary center appears in each capitulum and tuberculum, and subsequently fuses
with the rest of the rib at the age of fourteen to twenty-five years. As the
tuberculum develops, the transverse process of the corresponding vertebra
grows ventrally and caudally to meet it and form the articulation.

The ribs reach the highest degree of development in the thoracic region
where one develops on each side, corresponding to each vertebra. The first
seven or eight thoracic ribs extend almost to the mid-
ventral line and are attached to the sternum; the last four
or five become successively shorter and are only indirectly
or not at all attached to the sternum. In the cervical
region the ribs do not reach a high degree of development.
Their tips simply fuse with the transverse processes of the
vertebre and their heads with the bodies of the vertebre,
leaving a space—the foramen (transversariwm—through
which the vertebral vessels pass. The seventh cervical rib
may, however, reach a fairly high degree of development.
In the lumbar region also the ribs are reduced to small
pieces of bone which are firmly united with the transverse
processes and form the accessory processes. In the sacral
region the rudimentary ribs unite to form the lateral part
(pars lateralis) of the sacral bone. After the blastemal
stage there are no indications of ribs in the coccygeal region.
In the blastemal stage, however, there is a small bit of tissue Fic. 169.—Sternum of
which probably represents the anlage of a rib, but spon 2 Yer oid child,

showing centers of
fuses with the transverse process. ossification.  Seven

The Sternum.—The sternum is formed by the fusion I]ﬂg .-'”F;'fum;ﬁﬁa}f"é] o
of the ventral ends of the first eight or nine thoracic ribs. }tl;‘,!,‘;ﬂ:””:f:i ’;‘;’I,’”:“’
A longitudinal bar is first formed on each side of the medial

line by the fusion of the ventral ends of the ribs on each side; then the two bars
unite in the medial line to form a single piece of cartilage (Figs. 168 and 16g).
Subsequently the last one or two ribs become separated from the sternum,
leaving only seven or eight connected with it. At the cephalic end of the
sternum two separate pieces of cartilage—episternal cartilages—appear, with
which the clavicles articulate (Fig. 168). These usually unite with the longi-
tudinal bar to form a part of the manubrium, but they may remain separate
and ossify to form the suprasternal bones (vssa suprasternalia).
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Ossification begins in the sternum about the end of the fifth month of feetal
life. Ineach of the two cephalic segments a single center appears; caudal to the
second segment a series of paired centers appears, and later the centers of each
pair fuse into a single center (Fig. 16g). The paired centers possibly represent
epiphyses of the ribs. Sometimes, however, the centers appear as a single
series, that is, with no indication of a paired character. The ossification
of the most cephalic segment, along with the episternal cartilages, produces the
manubrinm sterni.  Oszification of the following sixor seven segments and their
union produce the corpus sterni. The bars formed from the most caudal ribs
(excluding the false ribs) form the xyphoid process. This process remains car-
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Prechordal plate

I’ Prechordal plate
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Parachordal plate plate
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FiG. 170. Fiz. z7I.

Fic. 17a.—Diagram of first stage in the development of the cartilaginous
primordial cranium. Wiedersheim,

Fig. 171.—Diagram of later stage of same.,  Wiedersheinm.

tilaginous for a long period, and may be single, perforated, or bifurcated, de-
pending upon the degree of fusion between the two primary bars.

The Head Skeleton.—Topographically the skeleton of the head appears
as the cephalic part of the axial skeleton.  Structurally it is decidedly different,
for it is adapted to different conditions. The neural tube here becomes differ-
entiated into the brain with its many and dissimilar parts. In connection with
the brain the complicated sense organs (nose, eye and ear) arise. A part of
the alimentary tract and portions of the visceral arches are also inclosed
within the head. The head skeleton is specially modified to accommodate
these highly developed organs, and becomes extremely complicated. In
general the skeleton in any part of the body adapts itself to the other structures
and not the other structures to the skeleton.

The anlage of the skull is a mass of embryonic connective tissue which sur-
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rounds the cephalic end of the notochord, extends from there into the nasal
region and also extends around the sides and dorsal part of the neural tube
(brain). Unlike the anlage of the vertebral column, the anlage of the skull
shows no distinct division into primitive segments. The only indications of a
segmental character are referred to in a succeeding paragraph (small print,
p- 193).

The next step in the development of the skull is the appearance of cartilage
in certain regions of the embryonic connective tissue. On account of the com-
plicated arrangement of the cartilage in the human skull, it is best to consider
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F16. 172.—Primordial cranium of Salmo salar (salmon) embryo of 25 mm. Dorsal view. Gaupp.
Compare with Fig. 171 and note further elaboration of parts surrounding the sense organs.

first its more simple arrangement in the lower Vertebrates. In these thereap-
pear in the embryonic connective tissue around the cephalic end of the notochord
two bilaterally symmetrical pieces of cartilage, which extend as far as the
hypophysis. Then two other bilaterally symmetrical pieces appear, extending
from the hypophysis to the nasal region. Subsequently all these pieces fuse
into a single mass which extends from the cephalic end of the vertebral column
to the tip of the nose, enclosing the end of the notochord and, to a certain ex-
tent, the ear, eye and olfactory apparatus. There is left, however, an opening
for the hypophysis. From this mass of cartilage, chondrification extends into
the embryonic connective tissue along the sides and roof of the cranial
L3



192 TEXT-BOOK OF EMBRYOLOGY,

cavity, so that the brain and sense organs are practically enclosed. To this
capsule the term cartilaginous primordial cranium has been applied. (See
Figs. 170, 171, 152.)

In the higher Vertebrates, chondrification is limited to the basal region of the
skull, while the side walls and roof are formed later by intramembranous bone.
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F16. 173.—Dorsal view of primordial cranium of human embryo of 8o mm.
(3rd month), Ganpp, FHerluig.

The membrane bones of the roof of the skull have been removed. Through the large occipital
foramen can be seen the first three cervical vertebre,

In the human embryo chondrification occurs first in the occipital and sphenoidal
regions, and then gradually extends into the nasal (ethmoidal) region. A little
later it spreads somewhat dorsally in the occipital and sphenoidal regions to form
part of the squamous portion of the occipital and the wings of the sphenoid. At
the same time cartilage develops in the embryonic connective tissue surround-
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ing the internal ear to form the periotic capsule which subsequently unites with
the occipital and sphenoidal cartilages. The pieces of cartilage thus formed con-
stitute the chondrocraninum.

In connection with the development of the caudal part of the occipital cartilage there is
an interesting feature which is at least indicative of a segmental character. In some of the
lower Mammals there are four fairly distinct condensations of embryonic connective tissue
just cranial to the first cervical vertebra, corresponding to the first cervical nerve and the
three roots of the hypoglossal. These condensations bear a general resemblance to the
primitive segments and indicate the existence of four vertebrae which are later taken up into
the chondrocranium. In the human embryo the condensations are less distinct, but the
existence of a first cervical and a three-rooted hypoglossal nerve in this region suggests an
original segmental character. If this is true, then the base of the human skull is formed
from the unsegmented chondrocranium plus four vertebra which become incorporated in
the occipital region.
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Fic. 174.—Lateral view of primordial craniom of human embryo of 8o mm.
{3rd month). Gawpp, Herlwig.

The membrane bones of the roof of the skull have been removed. Compare with Fic. 173, The
maxilla, vomer, palate, and mandible are membrane bones,

In addition to the chondrocranium, other cartilaginous elements enter into
the formation of the skull, all of which are derived from the visceral arches.
Not all the arches, however, produce cartilage; for in the maxillary process of
the first arch, which forms the upper boundary of the mouth, cartilage does not
appear, and the bones which later develop in it are of the membranous type.
The mandibular process of the first arch produces a rod of cartilage—Meckel's
cartilage. ‘This gives rise, at its proximal end, to a part of the auditory ossicles,
but the cartilage in the jaw proper soon wholly or almost wholly disappears.
The cartilage of the second arch becomes connected with the skull in the region
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of the periotic capsule. The cartilages of the other three arches are only
indirectly connected with the skull and will be considered later.

Figs., 173 and 174 show the condition of the chondrocranium in a human
embryo of 8o mm. (third month). Although at first glance it seems exceedingly
complicated, a careful study and comparison of the various parts will aid the
student in his comprehension of the cartilaginous foundation upon which the
skull is built.

(OISSIFICATION OF THE CHONDROCRANIUM,

In the human feetus ossification begins in the occipital region during the
third month. Four centers appear which correspond to the four parts of the
adult eccipital bone (Fig. 175). (1) An unpaired center situated ventral to the
foramen magnum. From this center ossification proceeds in all directions to
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FiG. 175.—Occipital bone of human embryo of 21.5 cm.  Kollmann's Allas.

form the pars basilaris (basioccipital). (2 and 3) Two lateral centers, one
on each side. From these, ossification proceeds to produce the parles laterales
(exoccipital) which bear the condyles. (4) A center dorsal to the foramen
magnum. This produces the pars squamosa (supraoccipital) as far as the supe-
rior nuchal line. Beyond this line the pars squamosa is of intramembranous
origin, (See p. 196.) Atbirth the four parts are still separated by plates of
cartilage. During the first or second year after birth the partes laterales
unite with the pars squamosa, and about the seventh year the pars basilaris
unites with the rest of the bone.
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In the sphenoidal region ossification begins at a number of centers which,
as in the occipital region, correspond generally to the parts of the adult sphenoid
bone (Fig. 176). (1 and 2) About the ninth week an ossification center
appears on each side in the cartilage which corresponds to the ala magna
(alisphenoid). (3 and 4) About the twelfth week a center appears on each
side which corresponds to the ala parve (orbitosphenoid). (5 and 6) A
short time after this a center appears on each side of the medial line in the
basal part of the cartilage, and the two centers subsequently fuse to produce the
corpus (basisphenoid). (7and 8) Lateral to each basal center, another center
appears which represents the beginning of the lingula. (9 and 10) Finally
two centers appear in the basal part of the cartilage, in front of the other
basal centers, and then fuse to form the presphenoid.  As in the case of the oc-
cipital bone, not all of the adult sphenoid is of intracartilaginous origin; for the
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{basisphenoid)
Fic. r76.—Sphenoid bone of embrvo of 11—4 months. Sappew.
The parts that are still cartilaginous are represented in black,

upper anterior angle of each ala magna is of intramembranous origin, as are also
the medial and lateral laminze of the plerygoid process. The pterygoid hanulus,
however, is formed by the ossification of a small piece of cartilage which de-
velops on the tip of the medial lamina. The fusion of these various parts oc-
curs at different times. The lateral pterygoid lamina unites with the alisphe-
noid before the sixth month of fcetal life; about the sixth month the lingula fuses
with the basisphenoid, and the presphencid with the orbitosphenoid. The
alisphenoid and medial pterygoid lamina fuse with the rest of the bone during
the first year after birth. The union of the basisphenoid and basioccipital
usually occurs when the growth of the individual ceases, though the two bones
may remain separate throughout life.

In the region of the periotic capsule, several centers of ossification appear in
the cartilage during the fifth month. During the sixth month these centers
unite to form a single center which then gradually increases to form the pars
petresa and pars masioidea of the adult temporal bone. The masioid process is
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formed after birth by an evagination from the pars petrosa, and is lined by an
evaginated portion of the mucosa of the middle ear. The other parts of the
temporal bone are of intramembranous origin, except the styloid process which
represents the proximal end of the second branchial arch.

In the ethmoidal region, conditions become more complicated on account of
the peculiarities of the nasal cavities, and on account of the fact that the cartilage
iz never entirely replaced by bone, and that *“ membrane” bones also enter into
more intimate relations with the “cartilage™ bones. The ethmoidal cartilage
at first consists of a medial mass, which extends from the presphenoid region to
the end of the nasal process, and of a lateral mass on each side, which is situated
lateral to the nasal pit (Fig. 174). Ossification in the lateral mass on each side
produces the efhmeidal labyrinth (lateral mass of ethmoid). It is perhaps not
quite correct to say that ossification produces the ethmoidal labyrinth, for at
first there is only a mass of spongy bone with no indication of the honey-combed
structure characteristic of the adult. The latter condition is produced by a
certain amount of dissolution of the bone and the growth of the nasal mucosa
into the cavities so formed. By the same process of dissolution and ingrowth of
nasal mucosa the superior, middle and inferior conche (turbinated bones) are
formed. The medial mass of cartilage begins to ossify after birth and then only
in its upper (superior) edge. It forms the lamina perpendicularis and crista
galli and extends into the nose as the nasal septum. The lower (inferior) edge
remains as cartilage until the vomer, which is a membrane bone (p. 198),
develops, after which it is partly dissolved. The lamina cribrosa (cribriform
plate) is formed by bony trabecula which extend across between the medial
mass and the lateral masses and surround the bundles of fibers of the olfactory
nerve.

MrupraNE BoNES OF THE SKULL.

Under this head we shall consider only those bones which develop apart
from the visceral arches, those which involve the arches being considered later.
It has been seen that by far the greater parts of the bones forming the base of the
skull are of intracartilaginous origin. On the other hand, those forming the
sides and roof of the skull are largely of intramembranous origin.  In the case
of the vccipital bone, two centers of ossification appear in the membrane dorsal
to the supraoccipital, and the bone so formed begins to unite with the supra-
occipital during the third month of feetal life. At birth the union is usually
complete, though for a time an open suture may persist on each side. The bone
derived from the two centers forms that part of the occipital squama which is
situated above the superior nuchal line; the part below the line is of intracarti-
laginous origin (p. 194). The adult occipital is thus a composite bone, partly
of intramembranous, partly of intracartilaginous origin.
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The femporal is also a composite bone, the petrous and mastoid parts
and the styloid process being of intracartilaginous origin, while the temporal
squama and the fympanic part are of intramembranous origin. During the
eighth week of feetal life a center of ossification appears in the membrane in the
temporal region, and the bone formed from this center subsequently unites
with the petrous part and becomes the temporal squama. Another center ap-
pears in the membrane to the outer side of the periotic capsule and produces a
ring of bone around the external auditory meatus, which fuses with the petrous
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FiG. 177 —Diagram of skull of new-born child. Combined from MM uwerich and Keoflmain.

White areas represent bones of intramembranous origin; dotted areas represent bones (not derived
from branchial arches) of intracartilaginous origin; black areas represent derivatives of
branchial arches.

part and forms the tympanic part of the adult bone. It gives attachment at its
inner border to the tympanic membrane. While the union of the different
parts begins during feetal life, it is usually completed after birth.

The sphenoid bone is also composed of parts which have different
origins. The body, small wings and large wings are of intracartilaginous
origin, the plerygoid process of intramembranous origin. About the eighth
week of development a center of ossification appears in the mesenchyme in the
lateral wall of the posterior part of the nasal cavity and gives rise to the medial
plerygoid lamina.  On the tip of the latter a small piece of cartilage appears in
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which ossification later takes place to form the pterygoid hamulus (p. 1g53).
The lateral plerygoid lamina is also of intramembranous origin and fuses with
the medial lamina, the two laminaz forming the ptervgoid process which subse-
quently unites with the body of the sphenoid. (See Fig. 176.)

In the ethmoidal region, only the vomer is of intramembranous origin. An
ossification center appears in the embryonic connective tissue on each side of
the perpendicular plate (lamina perpendicularis) and these two centers produce
two thin plates of bone which unite at their lower borders and invest the lower
part of the perpendicular plate. The portion of the latter thus invested
undergoes resorption.

The frontal and pariefal bones are purely of intramembranousorigin.  About
the eighth week two centers of ossification, one on each side, appear for the
frontal. The bones produced by these centers unite in the medial line to form
the single adult bone. In the event of an incomplete union an open suture
remains—the mefopic sufure. A single center of ossification appears for each
parietal bone at about the same time as those for the frontal. The union of
the bones which form the roof and the greater part of the sides of the skull does
not occur till after birth. The spaces between them constitute the sutures and
Sfontanelles so obvious in new-born children (Fig. 177).

A single center of ossification appears in the embryonic connective tissue
for each sygomatic, lachrymal and nasal bone, all of which are of intramem-
branous origin.

Boxes DERIVED FROM THE BRANCHIAL ARCHES.

The first branchial arch becomes divided into two portions. Oneof these,
the maxillary process, is destined to give rise to the upper jaw and much of the
upper lip and face region. The other, the mandibular process, is destined to
give rise to the lower jaw, the lower lip and chin region, and two of the auditory
ossicles. The angle between the two processes corresponds to the angle of the
mouth, and the cavity enclosed by the processes is the forerunner of the mouth
and nasal cavities. (See Fig. 134, also p. 151.) So far as the skeletal elements
are concerned, cartilage develops only in the mandibular process where it
forms a slender bar or rod known as Meckel's cartilage. Only a small part of
this becomes ossified, the greater portion of the mandible being of intramem-
branous origin. No cartilage develops in the maxillary process. This
probably indicates a condensation of development in man and the higher
animals, for among the lower animals cartilage precedes the bone. In man the
maxilla and palate bone also are of intramembranous origin.

The palate bone develops from a single center of ossification which appears
at the side of the nasal cavity in embryos of about 18 mm. This center
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represents the perpendicular part, the horizontal part appearing in embryos of
about 24 mm. as an outgrowth from the perpendicular and not as a separate
center of ossification. The orbital and sphenotdal processes also represent out-
growths from the primary center and appear much later.

Opinions regarding the development of the maxilla are at variance. One
view is that it arises from five centers of ossification. One of these centers gives
rise to that part of the alveolar border which bears the molar and premolar
teeth; a second center forms the nasal process and that part of the alveolar bor-
der which bears the canine tooth; a third produces the part which bears the
incisor teeth; and the two remaining centers give rise to the rest of the bone.
All these parts effect a firm union at an early stage, with the exception of the
part bearing the incisor teeth which remains more or less distinct as the incisive
bone (premaxilla, intermaxilla). Another view arising from recent work on

Incisive bone Upper lip
{intermaxillary) e

Primitive choanm

Cut surface Palatine processes

Fic. 178.—Head of human embrvo of 7 weeks. His.
Ventral aspeet of upper jaw region.  Lower jaw and tongue have been removed.

human embryos is that there are primarily only two ossification centers; one of
these gives rise to the incisive bone, the other to the rest of the maxilla (Mall).
These centers appear at the end of the sixth week (embryos of 18 mm.).

A very important feature in the development of the maxilla is its agency in
separating the nasal cavity from the mouth cavity. The palatine process of the
bone grows medially and meets and fuses with its fellow of the opposite side in
the medial line, the two processes together thus constituting about the an-
terior three-fourths of the bony part of the hard palate. It should be observed,
however, that the palatine processes do not meet at their anterior borders, for
the incisive bone is insinuated between them (see Figs. 178, 17g).
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The incisive bone is probably not derived from the maxillary process of the first visceral
arch, but from the fronto-nasal process.  The question thus arises as to whether it is derived
from both the middle and lateral nasal processes or only from the middle. According to
Killiker's view, the lateral nasal process takes no part in the formation of the incisive bone.
It is derived from the middle process, hence genetically it is a single bone on each side.
According to Albrecht's view the incisive bone is genetically composed of two paris, one
derived from the lateral, the other from the middle nasal process. While the matter is not
one of great importance merely from the standpoint of development, it has an important
bearing on the question of certain congenital malformations, e.g., hare lip, and will be
discussed further under that head (p. z16).

In the mandibular process of the first visceral arch, the mandible develops as
a bone which is partly of intramembranous and partly of intracartilaginous
origin. In the first place a rod of cartilage, known as Meckel's cartilage,
forms the core of the mandibular process and extends from the distal end of the
process to the temporal region of the skull, where it passes between the tympanic

Medial line
Incizive bone

Canine .'L',"n.'ll-||;:.--
Incisive suture

Palatine prooess

Molar alveolus

Palate bone
{horizontal part)

Fic. 170.—Ventral aspect of hard palate of human embryo of 80 mm. Kollmann's Aifas.

bone and the periotic capsule and ends in the tympanic cavity of the ear (Fig.
174). During the sixth week of feetal life, intramembranous bone begins to
develop in the mandibular process.  In the region of the body of the mandible
the bone encloses the cartilage, but in the region of the ramus and corenoid
process the cartilage lies to the inner side of the bone. Development is further
complicated by the appearance of cartilage in the region of the middle incisor
teeth and on the coronoid and condyloid processes. These pieces of cartilage
form independently of Meckel's cartilage and subsequently are replaced by the
bone which constitutes the corresponding parts of the mandible. The part of
Meckel's cartilage enclosed in the bone disappears; the part to the inner side of
the ramus is transformed into the sphenomandibular ligament. (See Fig. 180.)

In each half of the second branchial arch a rod of cartilage develops, which
extends from the ventro-medial line to the region of the periotic capsule. The
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proximal end of this rod is then replaced by bone which fuses with the temporal
bone and forms the siyvieid process. The distal (ventral) end is replaced by
bone which forms the lesser horn of the hyoid bone. Between the styloid proc-
ess and the lesser horn, the cartilage is transformed into the stylohyoid liga-
ment (see Figs. 177 and 130j.

In each half of the third branchial arch a piece of cartilage develops and
subsequently is replaced by bone to form the greafer horn of the hyoid bone.
The two horns become connected at their ventral ends by the body of the hyoid
bone which is also a derivative of the third arch. Later the lesser horn fuses
with the greater horn to bring about the adult condition (Fig. 180).

In the ventral parts of the fourth and fifth arches pieces of cartilage develop

Ineus Malleus

Temporal squama

Mum“‘h]u

Tympanic ring

Stylohyoid lig.

Cricoid cartilage

Thyreaid cartilage | Meckel's cartilage
Hyaid cartilage (greater homn)

Fic. 18o.—Lateral dissection of head of human foetus, showing derivatives of branchial
arches in natural position. Kellmann's Atlas,

and form the skeletal elements of the larynx. A more detailed account of these
will be found under the head of the larynx (p. 363).

The auditory ossicles are also derived largely from the branchial arches, the
incus and mallews being derived from the proximal end of Meckel's cartilage (first
arch), the stapes having a double origin from the second arch and the embryonic
connective tissue surrounding the periotic capsule. But since they form inte-
gral parts of the organ of hearing, a discussion of their formation is best in-
cluded in the development of the ear (p. 599).

The accompanying table indicates the types of development in the different
bones of the head skeleton.
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Of Intramembranous

Bones T £ Derived from Visceral
Origin Orgin Arches
Occipitale. | Pars basilaris. | Squama occipitalis above
Pars lateralis. sup. nuchal line.
| Squama occipitalis below|
[ sup. nuchal line.
Temporale. ars mastoidea, Pars tympanica, P'rocessus styloideus (secand

Pars petrosa, with proc- Squama temporalis,

essus styloideus.

arch)

Sphenoidale, Corpus.

Ala parva.

Processus ptervgoideus, ex-
cept hamulus prervgoi-

Ala magna. deus,

Hamulus pterygoideus.
Ethmoidale. = Crista galli.

Lamina cribrosa,

Lamina perpendicularis.

;lhm rinthus ethmoidalis.

Vomer. Vomer.
Parictale, Parietale.
Frontale. Frontale.
Lacrimale. Lacrimale.
Masale. MNasale,
Fyvgoma. Zygoma.

Maxilla, Maxilla, with incisivum. | Maxilla,exceptincisivum( ?)
(firsi arch).
Palatinum. Palatinm, Palatinum.
Mandibula. | Processus condyloideus, | Processus condvloideus,ex-| Mandibula (first arch).
tip of. cept tip.
Processus coronoideus, Processus coronoideus, ex-
tip of, ; cept Lip.
Corpus, distal end of Corpus, except distal end.
Ramus
Hyoideum, Hyoideum Cornu majus (third arch).
Cornu minus {Et‘tﬂhd arch).
Corpus (third arch).
Orasicula Incus. [asis stapedis, Incus (first arch).
auditus. Malleus, Malleus (first arch).

Stapes, except basis (7).

Stapes,  except
{second arch).

basis (?)

The Appendicular Skeleton.

The growth of the limb buds and their differentiation into arm, forearm
and hand, thigh, leg and foot, along with the rotation which they undergo during
development, have been discussed in the chapter on the external form of the
body (p. 153). The metameric origin of the muscles of the extremities is
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discussed in the chapter on the muscular system (Chap. XI). It has been
seen that the greater part of the axial skeleton is derived from the sclerotomes,
is preformed in cartilage, and maintains its segmental character throughout life.
It has also been seen that the head skeleton is in part preformed in cartilage, isin
part of intramembranous origin, and shows but a trace of segmental character,
and that only in the occipital region at a very early stage. The appendicular
skeleton is derived wholly from the embryonic connective tissue which forms the
cores of the developing extremities, and shows no trace of a segmental character.
Here also, as in the axial skeleton, three stages may be recognized—a blastemal,
a cartilaginous (Fig. 181), and a final osseous.

Acromion  Coracoid process

e e

£

Scapula .
e
e e Radius

£ |
'J |

& et | Metacarpal I

l'r -"r
et | Large muliangular
Humerus (trapezium)
e, Navicular (scaphaoid)

—————— Lunate (semilunar)

small multangular
(trapezoid)

Metaecarpal IV
Capitate (os magnum)

Tri.q uetral I:-:umzifurm]

mm==ee— || Hamatate (unciform)

Uina
Fiz. 181.—Cartilages of left upper cxtremity of a human embryo of 17 mm. Hagen,

In the region of the shoulder girdle a plate of cartilage appears in the em-
bryonic connective tissue which lies among the developing muscles dorso-lateral
to the thorax. This plate of cartilage is the forerunner of the scapula, and in
general resembles it in shape. During the eighth week of feetal life a single
center of ossification appears and gives rise to the body and spine of the scapula.
After birth certain accessory centers appear and produce the coracoid process, the
supraglenoidal tuberosity, the acromion process, and the inferior angle and verte-
bral margin (Fig. 182). Later the supraglenoidal fuses with the coracoid and
forms part of the wall of the glenoid cavity. About the seventeenth year the
single center formed by the union of these two fuses with the rest of the scapula.
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At the age of twenty to twenty-five years all the other accessory centers unite
with the rest of the scapula to form the adult bone.

There are two views concerning the development of the clavicle: one that it
is of intracartilaginous origin, the other that it is of intramembranous origin.
Ossification begins during the sixth week, possibly from two centers. 1t is true
that the cartilage that appears around the centers is of a looser character than
the ordinary embryonic cartilage, but whether the centers appear in cartilage
seems not to have been determined. At the age of fifteen to twenty years a
sort of secondary center appears at the sternal end of clavicle and fuses with
the body about the twenty-fifth year.

The hemerus, radius and wna are preformed in cartilage (Fig. 181) and
develop as typical long bones., Ossification begins in each during the seventh

Coracoid
process

Glenoidal

(n 55

Bone

—
Lartilage ~—Soaw

Fic. 182.—Scapula of new-born child, showing primary center of ossification, and cartilage
(lighter shading) in which secondary centers appear.  Bonnel,

week at a single center and proceeds in both directions to form the shaft.
During the first four years after birth epiphyseal centers appear for the lread,
greater and smaller fubercles, trochlea and epicondyles.  All these secondary
centers unite with the shaft of the humerus when the growth of the individual
ceases.  In the case of the radius and ulna a secondary center appears at each
end of each bone to form the epiphysis; and in the ulna another secondary
center appears to form the olecranon.  (For the growth of bones, see page 180).

The carpal bones are all preformed in cartilage (Fig. 181) but their develop-
ment is somewhat complicated owing to the fact that pieces of cartilage appear
which subsequently may disappear, or ossify and become incorporated in other
bones. Primarily seven distinct pieces of cartilage develop and become ar-
ranged transversely in two rows; these represent seven of the carpal bones.
The proximal row consists of three large pieces which are the forerunners of the
navicular (radial, scaphoid), lunate (intermediate, semilunar) and {riguelral
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(ulnar, pyramidal, cuneiform). The distal row is composed of four elements
which are the forerunners of the large mudtangular (trapezium), small multangu-
lar (trapezoid), capitafe (os magnum), and hamatate or hooked (unciform). In
addition to the cartilages mentioned, several others also appear in an inconstant
way in different individuals. Two of these are important. One appears on
the ulnar side of the proximal row and is the forerunner of the pisiform; the
other is situated between the two rows and may either disappear entirely or fuse
with the navicular. Ossification does not begin in the carpal cartilages until
after birth; it begins in the hamatate and capitate during the third year, in the

Phalanges

Metacarpals

mu]l-'la;jfgeujar
Capitate Hamatate
Mavicular Triquetral
Lunate
Radius Ulna

Fic. 183.—Skiagram of right hand of 5 year old girl. (Courtesy of Dr. Edward Leaming).
The ossification centers are indicated by the darker areas.

others at later periods, and is completed only when the growth of the individ-
ual ceases. The fact that the hamatate ossifies from two centers indicates
that it is probably derived phylogenetically from two bones. Comparative
anatomy teaches that the accessory cartilages in the human wrist are repre-
sentatives of structures which are normally present in the lower forms.

The metacarpals and phalanges are preformed in cartilages which correspond
in shape to the adult bones. A center of ossification appears in each cartilage
and produces the shaft of the bone. Only one epiphysis develops on each
metacarpal and phalanx. In each metacarpal it develops at the distal end,
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Crural nerve
Pubic bone (eartilage)
Ui Obtumator nerve

Ischium

Ischiadic nerve

Fia. 184.—Cartilage of right side of pelvic girdle of a human embryo of 13.6 mm.
(5 weeks)., Polersen,

The numerals indicate the vertebra; the first sacral being opposite the ilium.

Iium

= Ischivm

Ischiadic nerve

Fra. 185.—Cartilage of right side of pelvic %irdle of a human embryo of 18,5 mm.
(5 weeks),  Pefersen,
The numerals indicate the veriebrae; the first and second sacral being opposite the ilium.
Compare with Fig. 184,
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except in the thumb where it appears at the proximal end. In each phalanx it
develops at the proximal end (Fig. 183).

The skeletal elements of the lower extremities, including the pelvic girdle, are
of intracartilaginous origin. Each hip bene (0s coxa, innominate bone) is pre-
formed in cartilage which, in a general way, resembles in shape the adult bone.
The ventral part of the pubic cartilage does not at first join the ischial; but by the
eighth week the junction is complete, leaving dorsal to it the eblurator foramen.
In the earliest stages the long axis of the cartilage is nearly at right angles to the
vertebral column, and the #lium lies close to the fifth lumbar and first sacral
vertebraze; later (eighth week) the long axis lies nearly parallel with the vertebral
column and the whole cartilage has shifted so that the ilium is associated with
the first three sacral vertebre (Figs. 184 and 185).

Ischium
Pubic bone

Acetabulum

Ilium

Cartilage

Fic. 186 —Right os coxxe (innominate bone) of new-born child.  Bownel,
Bone is indicated by darker areas, cartilage by lighter arcas.

Ossification begins at three centers which correspond to the ilium, ischium
and pubis; the center for the ilium appears during the eighth week, the centers
for the ischium and pubis several weeks later (Fig. 186). The process of ossifi-
cation is slow, and is far from complete at the time of birth, for at that time the
entire crest of the ilium, the bottom of the acetabulum and all the region ventral
to the obturator foramen are cartilaginous. During the eighth or ninth year
the ventral parts of the pubis and ischium become partly ossified, but up to the
time of puberty the pubis, ischium and ilium remain separated by plates of car-
tilage which radiate from a common center at the bottom of the acetabulum.
Soon after this, the three bones unite to form the single os coxa, leaving only the
crest of the ilium, the pubic tubercle and the sciatic tuber (tuberosity of the
ischium) cartilaginous. 1In each of these regions an accessory ossification cen-
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ter appears and finally fuses with the corresponding bone about the twenty-
fourth year.

The femur, fibia and jibula are preformed in cartilage. In the femur a center
of ossification appears about the end of the sixth week and gives rise to the
shaft; similar centers appear in the tibia and fibula during the seventh and
eighth week, respectively. In the femur a distal epiphyseal center appears
shortly before birth, and during the first year after birth a proximal center
appears for the head. These centers do not unite with the shaft until the individ-
ual ceases to grow. The great and lesser frochanters also have accessory ossifica-
tion centers. In the tibia the center of ossification for the proximal epiphysis
appears about the time of birth, the one for the distal during the second year. In

== Talus

mmmmmme NAVicalar

------- = Cunciform I

mamme =y eiform 11

Fic. 187.—Diagram of cartilages of left leg and foot of human embryvo of 157 mm. Hagen.

the fibula the epiphyseal centers appear during the second and sixth years after
birth. The cartilage of the paiella appears during the third or fourth month
of foetal life, and ossification begins two or three years after birth.

The bones of the tarsus, like those of the carpus, are preformed in pieces of
cartilage which are arranged in two transverse rows. The proximal row con-
sists of three pieces, one at the end of the tibia (tibial), one at the end of the
fibula (fibular), and the third between the two (intermedial). At an early stage
the tibial and intermedial fuse to form a single piece of cartilage which corre-
sponds to the falus (astragalus) bone. The fibular cartilage corresponds to the
calcanens (os calcis).  The distal row is composed of four pieces of cartilage
which correspond to the first cuneiform (internal), second cunetform (middle),
third cuneiform (external), and cwboid (Fig. 187). Between the two rows is a
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piece of cartilage which corresponds to the navicnlar (scaphoid). Ossification
begins relatively late in the metatarsals. A center for the calcaneus appears
during the sixth month of feetal life, and one for the talus shortly before birth.
Centers appear in the cuboid and third cuneiform during the first year after
birth, and in the first cuneiform, navicular and second cuneiform in order during
the third and fourth years (Figs. 188 and 18g). At the age of puberty ossifica-
tion is nearly complete in all the metatarsals. In the talus two centers, cor-
responding to the tibial and intermedial, appear, but soon fuse into a single
center. Occasionally the intermedial remains separate and forms the trigonum.

Caleaneus

Tals === ==
Cuboid === -‘%
Cuneiform [II ==f~=-=- £

Metatarsals

Phalanges

Fio. 188.—0Ossification centers in foot of a child g months old.  Hassefwander,

An accessory center appears in the calcaneus at the insertion of the tendon of
Achilles.

The metatarsals and phalanges develop in a manner corresponding to the
metacarpals and phalanges (of fingers). Ossification begins in the metatarsals
about the ninth week, in the first row of (proximal) phalanges about the
thirteenth week, in the second row about the sixteenth week and in the third
row (distal) about the beginning of the ninth week. Epiphyseal centers ap-
pear from the second to the eighth year after birth.

Development of Joints.

The embryonic connective tissue from which the connective tissues, includ-
ing cartilage and bone, are developed, at first forms a continuous mass. When
cartilage appears it may form a continuous mass, as in the chondrocranium, or
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it may form a numberof distinct and separate pieces, as in the vertebral column,
the pieces being united by a certain amount of the undifferentiated embryonic
connective tissue.

SYNARTHROSIS.  Syndesmosis.—When ossification begins at one or more
centers, either in cartilage or in embryonic connective tissue, the centers grad-
ually enlarge and approach each other, and the bone so formed comes in contact
with the bone formed in neighboring centers. (a) In a casewhere more than one
center appears for any single adult bone, they may come in contact and fuse so

completely that the line of fusion becomes indistinguishable. (b) In the case of

Caleaneus

{os ealeis) Talus (astragalus)

Cuneiform 11

Cuneiform I
__ Epiphysis of
metatarsal I

== Metatarsal I
Epiphysis of
metatirsal b

Phalanx =—- ST, Epiphyses of
' phalanges

L

Fic, 18g,—5keleton of right foot of a boy 3 years old, showing ossification centers,  Toldl.

adjacent bones the fusion may not be so complete; that is, the two bones may
simply articulate, leaving a visible line of junction or sufure. Such joints are
immovable and are represented in the sutures of the skull.
Svuchondrosis.—In some cases a small amount of embryonic connective
tissue remains between adjacent bones.  (a) In time, this embryonic connective
tissue gives rise to cartilage which unites the bones quite firmly, thus producing
a practically immovable joint, as in the case of the sacro-iliac joint. (b) Orthe
cells in the center of the cartilage disintegrate or become liquefied so that a small
cavity is produced (articular cavity). This type of joint makes possible a slight
degree of mobility and is exemplified by the symphysis of the pubic bones. Such
atype is also represented by the joints of the vertebral column. In place of
cavities, however, are the pulpy nuclei which are remnants of the notochord.
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DiarTHROSIS.—Where a great degree of mobility is necessary, the arrange-
ment of the joint is different. The cells in the central part of the embryonic
connective tissue between the ends of adjacent bones (or cartilages) (Fig. 190)
liquefy so that a relatively large cavity, the joint cavily, is formed (Fig. 191).
The liquefaction of the connective tissue cells may also extend for a short dis-
tance along the sides of the bones so that the joint cavity surrounds the ends
of the bones (Figs. 192 and 193). Theorigin of the synovial fluid is not known

Humerus

Radius

FIG-: 1go,—Section through axilla and arm of a human embryo of 26 mm. (2 months). Photograph.
Note the mesenchymal tissue between the humerus and the radius—the site of the elbow joint.

with certainty, but it is probably in part the product of liquefaction of the con-
nective tissue cells. The more peripheral part of the connective tissue which
encloses the joint cavity is transformed into a dense fibrous tissue, the joint
capsule. 'The cells lining the cavity become differentiated into oval or irregular
cells, among which is a considerable amount of intercellular substance. By
some it is held that these cells form a continucus sing’: layer like endothelium,
but the most recent researches tend to disprove this. The cells lining the
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Fig. 1g1.—Longitudinal section of inger of human embryo of 26 mm. (2 months), shewing beginning
of joint cavity between adjacent ends of phalanges. (Fhotograph from preparation by
Dr, W, C. Clarke.)

Fic. 1g2.—TFrom longitudinal seetion of hnger of child at birth, showing developing joint cavity
between adjacent ends of phalanges. The darker portion at each endof the igure indicates
the ossification center in the phalanx, the end of the laiter (lighter area) being vet cartilagi-
nous. The dark bands at each side of the joint indicate developing ligaments. Photograph.
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cavity are the most highly differentiated, the cell bodies being large and ap-
parently swollen, and there is gradually less differentiation as the distance from
the surface increases, until finally they merge with the ordinary type of con-
nective tissue cells of the joint capsule (Clarke). The more mobile joints of
the body are all representatives of this type.

Joint cavity

synovial membrane

Fic. 193.—From 11m|;i1 udinal section of ﬁngcr of child at birth, showing joint cavity and synovial
membrane between adjacent ends of the first metacarpal and proximal phalanx.  Other
description same as in Fig. 192, Photograph.

Anomalies.
Tue AXIAL SKELETON.

Tur VERTEBRE.—The number of cervical vertebre in man is remarkably
constant. Cases where the number is but six are extremely rare. The
thoracic vertebree may vary in number in different individuals from eleven to
thirteen, twelve being the usual number. The lumbar vertebre may vary
from four to six, five being the usual number. The sacral vertebre, fused in the
adult to form the sacrum, are usually five in number, sometimes four, sometimes
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six. Occasionally a vertebra between the lumbar region and sacral region—
lumbo-sacral vertebra—possesses both lumbar and sacral characters, one
side being fused with the sacrum, the other side having a free transverse process.
Variation occurs frequently in the coccygeal vertebre; four and five are present
with about equal frequency, more rarely there are only three.

The total number of true (presacral) vertebre may be diminished by one or
increased by one.  In the former case the first sacral is the twenty-fourth ver-
tebra, and, if the number of ribs remains normal, there are only four lumbar
vertebrie, In case the total number is increased by one, the first sacral is the
twenty-sixth vertebra, and there are twelve thoracic and six lumbar or thirteen
thoracic and five lumbar.

From these facts it is seen that variation occurs most frequently in the more
caudal portion of the vertebral column—in the lumbar, sacral and cocecygeal
regions.  According to a hypothesis advanced by Rosenberg, the sacrum in the
earlier embryonic stages is composed of a more caudal set of vertebre than those
which belong to it in the adult, and during development lumbar vertebre are
converted into sacral and sacral vertebre into coccygeal. In other words, the
hip bone moves headward during development and finally becomes attached to
vertebrae which are situated more cranially than those with which it was pri-
marily associated. Thischange in the position of the pelvic attachment, and the
corresponding reduction in the total number of vertebree, during the develop-
ment of the individual (i.e., during ontegenetic development) is believed to
correspond to a similar change in position during the evolution of the race (i.e.,
during phylogenetic development).

According to Rosenberg, variation in the adult is due largely to a failure
during ontogeny to carry the processes of reduction in the number of vertebre
as far as they are usually carried in the race, or to their being carried beyond this
point.

The coccyvgeal vertebrae apparently represent remnants of the more exten-
sively developed caudal vertebre in lower forms. In human embryos of 8 to
16 mm., when the caudal appendage is at the height of its development, there
are usually seven anlagen of cocevgeal vertebrze.  During later development this
number becomes reduced by fusion of the more distally situated anlagen to the
smaller number in the adult. This process of reduction varies in different in-
dividuals, so that five or four, rarely three, coccygeal vertebrie may be the result.
In cases where children are born with distinct caudal appendages there is no
good evidence that the number of coccygeal vertebre is increased, although the
coccyx may extend into the appendage.

TuE Riss.—Occasionally in the adult a rib is present on one side or on
cach side in connection with the seventh cervical vertebra (cervical rib), or in
connection with the first lumbar vertebra (lumbar rib). There seems to be no
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case on record where cervical and lumbar ribs are present in the same individual.
The cervical rib may vary between a small piece of bone connected with the
transverse process of the vertebra and a well developed structure long enough to
reach the sternum. There are also great variations in the size of the lumbar rib.
In case the number of ribs is normal, the last (twelfth) may be rudimentary.

The eighth costal cartilage not infrequently unites with the sternum. Oc-
casionally the seventh costal cartilage fails to fuse with the sternum, owing to
the shortening of the latter, but meets and fuses with its fellow of the opposite
side in the midventral line.

The above mentioned anomalies can be referred back to aberrant develop-
ment. Primarily costal processes appear in connection with the cervical, lum-
bar and sacral vertebrze. Normally these processes fuse with and finally form
parts of the vertebrae (p. 18g). In some cases, however, the seventh cervical or
the first lumbar processes develop more fully and form more or less distinct ribs.

As an explanation of these variations in the number of ribs, it has been sug-
gested that there is a tendency toward reduction in the total number of ribs, and
that supernumerary ribs represent the result of a failure to carry the reduction as
far as the normal number. In case the twelfth rib is rudimentary, the reduction
has Ekeen carried beyond the normal limit. This hypothesis is a corollary to the
hypothesis regarding the variations in the number of vertebre. (See under
“The Vertebrz.”)

TaE STERNUM.—Certain anomalous conditions of the sternum can also be
explained by reference to development. The condition known as cleft sternum,
in which the sternum is partially or wholly divided into two longitudinal bars
by a medial fissure, represents the result of a failure of the two bars to unite in
the midventral line (p. 189, see also Fig. 168). This is sometimes associated
with ectopia cordis (p. 285). The xyphoid process may also be bifurcated or
perforated, according to the degree of fusion between the two primary bars
(p- 190).

Suprasternal bones may be present. They represent the ossified episternal
cartilages which have fdiled to unite with the manubrium (p. 190). Morpho-
logically the suprasternal bones possibly represent the omosternum, a bone
situated cranially to the manubrium in some of the lower Mammals.

TreE Heap Skereton.—The skull is sometimes decidedly asymmetrical.
Probably no skull is perfectly symmetrical. The condition which most fre-
quently accompanies the irregular forms of skulls is premature synosfeosis or
premature closure of certain sutures. The cranial bones increase in size prin-
cipally at their margins, and when a suture is prematurely closed the growth of
the skull in a direction at right angles to the line of suture is interfered with.
Consequently compensatory growth must take place in other directions. Thus
if the sagittal suture is prematurely closed and transverse growth prevented,
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increase occurs in the vertical and longitudinal directions. This results in the
vault of the skull becoming heightened and elongated, like an inverted skiff, a
condition known as scaphocephaly. After premature closure of the coronal
suture, growth takes place principally upward and gives rise to acrocephaly. In
case only one-half the coronal or lambdoidal suture is closed, the growth is
oblique and results in plagiocephaly.

A suture—the mefopic sufure—sometimes exists in the medial line between
the two halves of the frontal bone, a condition known as metopism. This is due
to an imperfect union of the two plates of bone produced by the two centers of
ossification in the frontal region (p. 198).

Certain malformations in the face region and in the roof of the mouth are
brought about by defective fusion or complete absence of fusion between certain
structures during the earlier embryonic stages. The maxillary process of the
first branchial arch sometimes fails to unite with the middle nasal process
(Kolliker's view, p. 200; see also Fig. 136). The result is a fissure in the
upper lip, a condition known as fare {ip, which may or may not be accompanied
by a cleft in the alveolar process of the maxilla, extending as far as the incisive
(palatine) foramen. The same result may be produced by a defective fusion
between the middle nasal process and the lateral nasal process (Albrecht’s view,
p. zoo; see also Fig. 136). Hare lip may be either unilateral (single) or bilateral
(double), accordingly as defective fusion occurs on one or both sides, but never
medial. :

Occasionally the palatine process of the maxillary process fails to meet not
only its fellow of the opposite side, but also the vomer (see Fig. 179). The result
is a cleft in the hard palate, a condition known as eleft palate. This malforma-
tion may be unilateral or bilateral, but not medial. Sometimes the cleft extends
into the soft palate where it occupies, however, a medial position.

Cleft palate may accompany hare lip, or either may exist without the other,
depending upon the degree of fusion between the processes mentioned above.
In bilateral hare lip, with or without cleft palate, the incisive (intermaxillary)
bone is sometimes pushed forward by the vomer and projects beyond the surface
of the face, a condition known as “wolf's snout.”

The causes underlying the origin of harelip and cleft palate are very obscure.

Tae APPENDICULAR SKELETON.

Tue Humervs.—On the medial side of the humerus, just proximal to the
medial condyle, there is not infrequently a small hook-like process directed
distally—the supracondvleid precess. ‘This process represents a portion of bone
which in some of the lower mammals (cat, for example) joins the internal
condyle and completes the supracondyloid foramen, through which the median
nerve and brachial artery pass.
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TuE CarPAL BoNgEs.—Occasionally an os cenifrale is present in addition to
the usual carpal bones. It is situated on the dorsal side of the wrist between the
navicular, capitate and small multangulum. In the embryo an additional piece
of cartilage is of constant occurrence in this location, but usually disappears
during later development; in cases where it persists, ossilication takes place
to form the os centrale. In some of the apes the os centrale is of constant
occurrence in the adult.

THE FEMUR.—The gluteal tuberosity (ridge) sometimes projects like a
comb, forming the so-called third trochanter, a structure homologous with the
third trochanter in the horse and some other mammals.

THE TarsAL Bongs.—Cases have been recorded in which the total number
of tarsal bones was reduced, owing to congenital synosteosis (fusion) of the
calcaneus (os calcis) and scaphoid (navicular), of the talus (astragalus) and
calcaneus, or of the talus and scaphoid. Occasionally an additional bone—the
trigonum—is present at the back of the talus. In the embryo, the talus ossifies
from two centers which normally fuse at an early stage into a single center.
The trigonum probably represents a bone produced by one of the centers which
has remained separate.

PorypactyLy.—This anomaly consists of an increase in the number of
fingers or toes, or both. Any degree of variation may exist from a supernum-
erary finger or toeto a double complement of fingers ortoes. Thecauses under-
lying the origin of such anomalies are not clear. Some assign the supernumer-
ary digits to the category of pathological growths or neoplasms, linking them
with partial duplicate formations. Others explain the extra digits on the ground
of atavism or reversion to an ancestral type. The latter explanation assumes
an ancestral type with more than five digits. But neither zoology nor paleon-
tology has found any vertebrate form, above the Fishes, which normally pos-
sesses more than five digits on each extremity. Consequently one must refer to
the Fishes for some ancestral type to explain the existence of more than five
digits. (Going back so far in phylogenetic history, no certainty whatever can be
attached to the origin of supernumerary digits, for it is not even known from
what fins the extremities of the higher forms are derived. Still another view
regarding the origin of supernumerary digits is that they are due to certain ex-
ternal influences among which the most important is the mechanical impression
of amniotic folds or bands. This, however, could not be the sole cause of
polydactylism, since such malformations are common in amphibian embryos
where no amnion is present.

PRACTICAL SUGGESTIONS.

Embryonic Connective Tissue.—The most easily obtained material for the study of the
development of embryonic connective tissue is the chick embryo.  From about the beginning
of the second day to the end of the third day of incubation, the differentiation of the meso-
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dermal cells, the formation of the primitive segments, and the further differentiation of the
primitive segmenis into sclerotomes and myotomes may be studied in successive stages.

The embryos are removed from- the egg, fixed in Flemming's fluid or Zenker's
fluid, sectioned transversely in paraffin, stained with Heidenhain’s hematoxylin and
mounted in xylol damar (see Appendix). A counterstain with a weak solution of
fuchsin (o.5 per cent. in distilled water) is of value in studying the fibers. This stain is
used after the hamatoxylin, and the sections are then rinsed in distilled water before passing
them into alcohol.

Sections of the umbilical cord of any mammalian embryo, prepared by the above technic,
are also very instructive.

Primitive Segments.—The primitive segments, from which the vertebr, etc., are derived,
can be studied in transverse sections of chick embryos during the second and third days of
incubation, The material is prepared as described above under the head of embryonic
connective tissue, For a comprehensive picture of the series of primitive segmenis, sagittal
sections should also be prepared.

Blastemal Stage of the Skeletal System.—Pig embryos of 12 to 14 mm. are fixed in Zenker's
fluid or in Bouin’s fluid, cut transversely in celloidin or paraffin, stained with Weigert's
hamatoxylin and eosin, and mounted in xylol-damar (see Appendix). The anlagen of the
vertebrae appear as condensations in the embryonic connective tissue. Similar condensa-
tions in the extremitics indicate the anlagen of the appendicular skeleton, and in the region
of the base of the skull the anlage of the chondrocranium.

By the use of serial sections, and the method of plastic reconstruction, models of the
anlagen of the bones may be made.  (For method of reconstruction, see p. -ﬁsﬁ.}

Cartilaginous Stage of the Skelefal System.—Pig embryos of about 35 mm., prepared as de-
scribed above under the head of the Blastemal Siage, show the cartilaginous elements which
precede true bone in the vertebrz, ribs, base of the skull, and certain portions of the appen-
dicular skeleton.  In order to get a comprehensive idea of the relation of the cartilaginous
clements to one another, it is often necessary to make models of parts or of the whole of the
cartilaginous skeleton by the method of plastic reconstruction (p. 638). Serial sections are
of course necessary for this.

Stage of Ossification. (a) Inframembranous Bone.—Small pieces, including the skin and
dura mater, are removed from the skull cap of a four-month human feetus or of a four-inch
pig embryo, fixed in Orth's fluid, hardened for several days in aleohol, decalcified in 1 per
cent. hydrochloric acid (several days), washed in running water to remove the acid, sectioned
at right angles to the surface in celloidin or parafiin, stained with Weigert's hamatoxylin
and picro-acid-fuchsin, and mounted in xylol-damar.

(b) Iniracartilaginows and Subperiosteal Bone,—Remove the forearms and legs of feetal pigs
of five to six inches, and prepare by the technic given in the preceding paragraph, cutting the
sections parallel to the long axes of the developing bones,

In preparing specimens for the study of either intramembranous or intracartilaginous de-
velopment, both fixation and decalcification can be done at the same time. Put the fresh
material in Bouin's picro-formalin-acetic mixture and let it remain for a week, with
one or two changes of the fluid; then wash in several changes of alcohol (4o to 50 per cent.).
A few drops of ammonia added to the alcohol facilitates the removal of the picric acid.
Further treatment is the same as after any ordinary fixation. The results are good.

The earlier stages in the ossification of the vertebre and the base of the skull can be studied
in pig embryos of 40 to 50 mm. The embryos are fixed, and at the same time decalei-
fied (see preceding paragraph), in Bouin's fluid. They are sectioned transversely in
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celloidin, stained with Weigert's hzmatoxylin and eosin and mounted in xylol-damar
(see Appendix).

Ossification of the vault of the skull can be studied in pig embryos of 40 mm. and longer
by means of the technic described under Intramembranous Bone (p. 218).

Ossification of the appendicular skeleton can be studied in the extremities of pig embryos
of three inches and longer, by means of the technic for Intracartilaginous Bone (p. 218).

Models of parts or of the whole of the osseous skeleton can be made by the method of
plastic reconstruction. For this, of course, serial sections are necessary (see p. 638).

Transparent Preparations,—A method which renders the tissues more or less transparent
and differentiates the bone is extremely useful in studying the development of the osseous
skeleton. Embryos of any kind are put into strong alcohol and left indefinitely—the longer
the better. They become much shrunken, but that is not injurious. They are then put into
a 3 per cent. aqueous solution of potassium hydrate (KOH). If the solution becomes colored
by the pigment from the blood it should be changed as often as necessary. The embryos
become quite transparent in a short time, a few days or more, depending upon their size.
They are then put carefully into equal parts of glycerin and water for a day or two, then into
stronger glycerin, and finally preserved in pure glycerin. The tissues, except bone, are
guite transparent; the bone remains white, and the entire osseous skeletal system, so far as
it is developed at any particular stage, can be seen clearly.

For technic to demonstrate the growth of bones, see small print in the text, page 180.

Fat.—Fix bits of tissue from the axilla and groin of a five- or six-inch faetal pig in 1 per
cent. osmic acid for twenty-four hours. Wash in running water for several hours and
preserve in pure glycerin. Tease small pieces of tissue on a slide and mount in glycerin.
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CHAFPTEER. X,
THE DEVELOPMENT OF THE VASCULAR SYSTEM.
THE BLOOD VESSELS AND BLOOD.

Inasmuch as the blood vessels form such an extensive and extremely com-
plicated system, it would be obviously beyond the scope of this book to con-
sider the details of the development of all parts of this system. A somewhat
detailed discussion of the heart and of the larger vascular trunks will be given
but in the case of the smaller vessels very brief statements must suffice.

The Heart.

Despite the fact that in the adult the heart is so intimately associated with
the blood vessels and blood, it begins to develop quite independently, and is
said to begin to beat before the vessels containing the blood are connected with
it. It is one of the first organs to appear, and at a very early stage assumes the
function which it maintains throughout the life of the organism. The primitive
heart is a very simple structure, consisting merely of a tube whose wall is
capable of contractile activity. One end of this tube is attached to the arterial
system and the other to the venous system. This simple form is elaborated
more and more during development until it reaches the complicated structure
characteristic of the adult.

The heart has a peculiar origin in that it arises as two separate parts or
anlagen which unite secondarily. In the chick, for example, it appears during
the first day of incubation, at a time when the germ layers are still flat. The
ceelom in the cephalic region becomes dilated to form the so-called primitive
pericardial cavity (parietal cavity), and at the same time a space appears on
each side, not far from the medial line, in the mesodermal layer of the splanchno-
pleure (Fig. 194). These spaces at first are filled with a gelatinous substance in
which lie a few isolated cells. These cells then take on the appearance of en-
dothelium and line the cavities, and the mesothelium in this vicinity is changed
into a distinct, thickened layer of cells. Now by a bending ventrally of the
splanchnopleure the cavities or vessels are carried toward the midventral line
(Fig. 194). The bending continues until the entoderm of each side meets and
fuses with that of the opposite side, thus closing in a flat cavity—the fore-gut.
The entoderm ventral to the cavity breaks away and allows the medial walls
of the two endothelial tubes to come in contact. These walls then break away

and the tubes are united in the midventral line to form a single tube (Fig. 194),
0
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which extends longitudinally for some distance in the cervical region of the
embryo. The mesothelial layers of opposite sides meet dorsal and ventral
to the endothelial tube, forming the dorsal and ventral mesocardium (Fig. 194).
In the meantime the cephalic end of the tube has united with the arterial system,
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Fi;. mgq4.—Diagrams showing the two anlagen of the heart and their union to form a single
giruciure; made from camera lucida tracings of transverse gections of chick embryos.  In (
the ventral mesocardium has disappeared (see text).

and the caudal end with the venous system; and in a short time the dorsal and

ventral mesocardia disappear and leave the heart suspended by its two ends in

the primitive pericardial cavity. The conditions at this point may be sum-

marized thus: ‘The heart is a double-walled tube—the inner wall composed of
S
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endothelium and destined to become the endocardinm, the outer wall of a
thicker mesothelial layer and destined to become the myocardium—the two walls
separated by a considerable space. The organ hangs, as it were, in the primi-
tive pericardial cavity (ccelom), connected at its cephalic end with the ventral
aortic trunk and at its caudal end with the omphalomesenteric veins.

In all Mammals thus far studied the principle of development in the earlier
stages is essentially the same as in the chick. The double origin of the heart is
even more marked because of the relatively late closure of the fore-gut. There
are no observations on the origin of the heart in human embryos, but it is
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Fic. 195.—Transverse section of a human embryo of 2.6 mm. von Spee, Kollmann's Adlas.

reasonable to assume that it has the same double origin as in other Mammals,
although in embryos of 2 to 3 mm. the organ has already become a single tube
(Figs. 195 and 196). At this stage the tube is somewhat coiled.

The origin of the endothelium of the heart (endocardium) is not known with
certainty. Some investigators in their researches among the lower Vertebrates
have suggested that it is derived primarily from the entoderm; others have sug-
gested a possible derivation from both entoderm and mesoderm; still others hold
that it is derived from the mesenchyme (mesoderm). Itseems to be undis-
puted, however, that the muscular wall of the heart (myocardium) is a derivative
of the mesothelium (mesoderm).
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While the double origin of the heart is characteristic of all amniotic Vertebrates (Reptiles,
Birds, Mammals), in all the lower forms the organ arises as a single anlage. In the region
of the fore-gut the two halves of the ccelom are separated by a ventral mesentery which
extends from the gut to the ventral body wall, and which is composed of two layers of mesothe-
lium with a small amount of mesenchyme between them. In the mesenchyme a cavity
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Fie. 1g6.—Ventral view of reconstruction of human embryo of 2.15 mm. s,

The ventral body wall has been removed.  The vessels (in black) at the sides of the duct
of the liver are the omphalomesenteric veins.

appears and is lined by a single layer of flat (endothelial) cells.  This cavity extends longi-
tudinally for some distance in the cervical region and with its endothelial and mesothelial
walls constitutes the simple cylindrical heart. On the dorsal side it is connected with the
gut by a portion of the mesentery which is called the dorsal mesocardium; on the ventral
side it is connected with the ventral body wall by the ventral mesocardium (Fig. 197). Thus
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Fic. 197.—Ventral part of transverse section through the heart region of Salamandra
maculosa embryvo with 4 branchial arches.,  Rabl,

the heart is primarily a single structure. The difference between the two types of develop-
ment is not a fundamental one but simply depends upon the difference in the germ layers.
In the lower forms the germ layers are closed in ventrally from the beginning, and the heart
appears in a medial position. In the higher forms the germ layers for a time remain spread
out upon the surface of the yolk or yolk sac, and the heart begins to develop before they
close in on the ventral side of the embryo. Consequently the heart arises in two parts which
are carried ventrally by the germ layers and unite secondarily.



226 TEXT-BOOK OF EMBRYOLOGY.

The further development of the heart consists of various changes in the
shape of the tube and in the structure of its walls. At the same time the dila-
tation of the ccelom (primitive pericardial cavity) in the cervical region is of im-
portance in alfording room for the heart to grow. In the chick, for example,
the tube begins, toward the end of the first day of incubation, to bend to the
right; during the second day it continues to bend and assumes an irregular
S-shape. This bending process has not been observed in human embryos, but
other Mammals show the same process as the chick. In a human embryo of
2.15 mm. the S-shaped heart is present (Fig. 196). The venous end, into
which the omphalomesenteric veins open, is situated somewhat to the left, ex-
tends cranially a short distance and then passes over into the ventricular portion.
The latter turns ventrally and extends obliquely across to the right side, then
bends dorsally and cranially to join the aortic bulb which in turn joins the
ventral aortic trunk in the medial line. The endothelial tube, which is still
separated from the muscular wall by a considerable space, becomes somewhat
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Fic. 198, —Ventral view heart of human embryo of 4.2 mm, FHis,
The atria are hidden behind the ventricular portion,

constricted at its junction with the aortic bulb to form the so-called fretum
Halleri. During these changes the heart as a whole increases in diameter,
especially the ventricular portion. Gradually the venous end of the heart
moves cranially and in embryos of 4.2 mm. lies in the same transverse plane as
the ventricular portion. The latter lies transversely across the body (Fig. 198).
At the same time two evaginations appear on the venous end, which repre-
sent the anlagen of the atria. In embryos of about 5 mm. further changes
have occurred, which are represented in Fig. 199. The two atrial anlagen are
larger than in the preceding stage and surround, to a certain extent, the proxi-
mal end of the aortic trunk. As they enlarge still more in later stages, they come
in contact, their medial walls almost entirely disappear, and they form a single
chamber. The ventricular portion of the heart becomes separated into a right
and a left part by the interventricular furrow (Fig. 199); the right part is the
anlage of the right ventricle, the left part, of the left ventricle. At the same time
the atrial portion has moved still farther cranially so that it lies to the cranial
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side of the ventricular portion. The venous and arterial ends of the heart have
thus reversed their original relative positions. At this point it should be
noted that the atrial end of the heart is connected with the large venous trunk
formed by the union of the omphalomesenteric veins and the ducts of Cuvier
the sinus venosus.

During the changes in the heart as a whole, certain changes also occur in the
endothelial and muscular walls. The walls of the atria are composed of com-
pact plates of muscle with the endothelium closely investing the inner surface.
The walls of the ventricular portion, on the other hand, become thicker and are
composed of an outer compact layer of muscle and an inner layer made up of

Right atrium Left atrium

Right ventricle Left ventricle

Interventricular furrow

F16. 1pg.—Ventral view of heart of human embryo of § mm. JFlis

trabeculz which are closely invested by the endothelium. Everywhere the
endothelium is closely applied to the inner surface of the myocardium, the space
which originally existed between the endothelium and mesothelium being
obliterated.

The embryonic heart in Mammals in the earlier stages resembles that of the adult in the
lower Vertebrates (Fishes). The atrial portion receives the blood from the body veins and
conveys it to the ventricular portion which in turn sends it out through the arteries to the
body. The circulation is a single one. This condition changes during the feetal life of
Mammals with the development of the lungs. The same transition occurs in the ascending
scale of development in the vertebrate series in those forms in which gill breathing is replaced
by lung breathing. The change consists of a division of the heart and circulation, so that the
single circulation becomes a double circulation.  In other words, the heart is 50 divided that
the lung (pulmonary) circulation is separated from the general circulation of the body. This
division first appears in the Dipnoi (Lung Fishes) and Amphibians in which gill breathing
stops and lung breathing begins, although here the division is not complete. In Reptiles
the division is complete except for a small direct communication between the ventricles
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Fig. 200 represents the dorsal half of the heart at a stage when all the
chambers are in open communication, and shows the conditions in a single cir-
culation but with the beginning of a separation. The atria are rather thin-
walled chambers, the ventricles have relatively thick walls. Between the

Septum spurium

Atrial septum
{(septum superius)

Opening of sinus venosus

Right atrium
Left atrium

Atrio-ventricular canal

— Right ventricle
l— Ventricular septum
Left ventricle

Fig. zo0.—Daorsal half of heart (seen from ventral side) of a human embrye of 7o mm. JFis

atrial and ventricular portions iz a canal—the atrio-ventricular canal—which
affords a free passage for the blood. From the cephalic side of the atrial por-
tion a ridge projects into the cavity. This ridge represents a remnant of the
original medial walls of the two atria and marks the beginning of the future
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Fig. 201.—Dorsal half of heart showing chambers and septa.  (Semidiagrammatic.)
Modified Trom Sorm.

Ventricular septum - -4

atrial septum. The opening of the sinus venosus is seen on the dorsal wall of the
right atrium. Primarily both atria communicated directly with the sinus
venosus, but in the course of development the opening of the latter migrated to
the right and at this stage is found in the wall of the right atrium. The opening
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is guarded, as it were, by a lateral and a medial fold the significance of which will
be described later. The ventricular portion also shows a ridge projecting from
the caudal side, which corresponds to the interventricular groove and represents
the beginning of the ventricular septum.

The Septa.—The further changes are largely concerned with the separation
of the heart into right and left sides, and with the development of the valves.
The atria become separated by the further growth on the cephalic side, of the
ridge which has already been mentioned and which is known as the seplum
superiis (Figs. zoo and zo1). This septum grows across the cavity of the atria
until it almost reaches the atrio-ventricular canal, forming the seplum atriorum.
A portion of the septum then breaks away, leaving the two atria still in com-
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Fic:. ze2.—Dworsal half of heart (ventral view) of rabbit embryo of 5.8 mm, Bern,

munication. This secondary opening is the foramen ovale which persists
throughout feetal life but closes soon after birth. The atrio-ventricular canal
also becomes divided into two passages by a ridee from the dorsal wall and
one from the ventral wall uniting with each other and finally with the septum
atriorum (Fig. zo1). Thus the two atria would be completely separated if it
were not for the foramen ovale.

During the separation of the atria, a division of the ventricular portion of the
heart also occurs.  On the caudal side of the ventricular portion a septum ap-
pears and gradually grows across the cavity forming the seplum ventriculorum
(Figs. 200 and 2o1). This septum is situated nearer the right side and is in-
dicated on the outer surface by a groove which becomes the suleus longitudinalis
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anterior and posterior.  The dorsal edge of this septum finally fuses with the
septum dividing the atrio-ventricular canal, but for a time its ventral edge re-
mains free, leaving an opening between the two ventricles (Figs. 202 and zo03).

This opening then becomes closed in connection with the division of the
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Fig, 203.—Ventricles and proximal ends of aorta and pulmonary artery of a 7.5 mm. human
cmbryvo.  Lower walls of ventricles have been removed.  Kollmann's Aflas,

aortic bulb and ventral aortic trunk. On the inner surface of the aortic trunk,
at a point where the branches which form the pulmonary arteries arise, two
ridges appear, grow across the lumen and fuse with each other, thus dividing
the vessel into two channels. This partition—the septwm aorticum (Fig, 204)—
gradually grows toward the heart through the aortic bulb and finally unites with

Fi6, zog.—Diagrams reprezenting the division of the ventral aortic trunk into aorta and
pulmonary artery and the development of the semilunar valves. Huochslelter.

the ventral edge of the ventricular septum, thus closing the opening between the
two ventricles. Corresponding with the edges of the septum aorticum, a groove
appears on each side of the aortic trunk and gradually grows deeper and ex-
tends toward the heart, until finally the trunk and aortic bulb are split longitudi-
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nally into two distinct vessels, one of which is connected with the right ventricle
and becomes the pulnonary arfery, the other with the left ventricle and becomes
the proximal part of the aortic arch (Fig. 2z03). The result of the formation of
these various septa is the division of the entire heart into two sides. The
atrium and ventricle of each side are in communication through the atrio-
ventricular foramen, the two sides are in communication only by the fora-
men ovale which is but a temporary opening.

After the opening of the sinus venosus is shifted to the right atrium, the left
atrium for a short period has no vessels opening into it.  As soon, however, as
the pulmonary veins develop, they form a permanent union with the left atrium
(Fig. z02). At first two veins arise from each lung, which unite to form a single
vessel on each side; the two single vessels then unite to form a common trunk
which opens into the left atrium on the cephalic side. As development pro-
ceeds, the wall of the single trunk is gradually absorbed in the wall of the atrium,
until the single vessel from each side opens separately. Absorption continu-
ing, all four veins, two from each lung finally open separately. This is the con-
dition usually found in the adult. A partial failure in the absorption may leave
one, two, or three vessels opening into the atrium. Such variations are not
infrequently met with in the pulmonary veins.

The Valves.—If all the passageways between the different chambers of
the heart and the large vascular trunks were to remain free and clear, there
would be nothing to prevent the blood from flowing contrary to its proper course.
Consequently five sets of valves develop in relation to these orifices, and are so
arranged that they direct the blood in a certain definite direction. These ap-
pear (a) at the openings of the large venous trunks into the right atrium, (b) at
the opening between the right atrium and right ventricle, (¢) at the opening
between the left atrium and left ventricle, (d) at the opening between right
ventricle and pulmonary artery and (e) at the opening between the left ven-
tricle and aorta. No valves develop at the openings of the pulmonary veins
into the left atrium.

(a) The sinus venosus (whichis formed by the union of the large body veins)
opens into the right atrium on its cranial side, as has already been mentioned
(p. 228). By a process of absorption, similar to that in the case of the pul-
monary veins, the wall of the sinus is taken up into the wall of the atrium. The
result is that the vena cava superior, vena cava inferior, and sinus coronarius
(a remnant of the left duct of Cuvier) open separately into the atrium. As the
sinus is absorbed, its wall forms two ridges on the inner surface of the atrium,
one situated at the right of the opening and one at the left (Figs. 2o1 and 202).
These two ridges—valvule venose—are united at their cranial ends with the
septum spurinm (Fig. 200), a ridge projecting from the cephalic wall of the
atrium. The septum spurium probably has a tendency to draw the two valves
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together and prevent the blood from flowing back into the veins. The left
valve and the septum spurium later atrophy to a certain extent and probably
unite with the septum atriorum to form part of the limbus fosse ovalis (Vieus-
senii). The right valve is the larger and in addition to its assistance in prevent-
ing a backward flow of blood into the veins, it also serves to direct the flow to-
ward the foramen ovale. As the veins come to open separately, the cephalic
part of the right valve disappears; the greater part of the remainder becomes
the valvula vene cave inferioris (Eustachii) and during feetal life directs the
blood toward the foramen ovale. In the adult it becomes a structure of
variable size. A small part of the remainder of the right valve forms the valvula
stnues coronarit (Thebesii) which guards the opening of the coronary sinus.

{(b) and (¢) The valves between the atrium and ventricle on each side
develop for the most part from the walls of the triangular atrio-ventricular
opening (ostium atrio-ventriculare). Elevations or folds appear on the rims of
the openings and project into the cavities of the ventricles where they become
attached to the muscle trabecule of the ventricle walls (Figs. 205 and 206).
On the right side three of these folds appear, and develop into the wvalvuwla

Valve
Valve

; 3 Chorde tendines
Cavity of ventricle

Papillary muscles
Muscle trabecule s

Trabecule carneae

Fi16. 2o3.—Diagrams representing the development of the atrio ventricular valves, chorda
tendinew®, and papillary muscles. Gegenbaur,

fricuspidalis which guards the right atrio-ventricular orifice. On the left side
only two folds appear, and these become the valvnla biscuspidalis (mitralis)
which guards the left atrio-ventricular orifice. These valves, which are at first
muscular, soon change into dense connective tissue. The muscle trabecule to
which they are attached also undergo marked changes. Some become con-
denszed at the ends which are attached to the valves into slender tendinous cords
—the chorde tendinee, while at their opposite ends they remain muscular as the
Mm. papillares; others remain muscular and lie in transverse planes in the
ventricles, or fuse with the more compact part of the muscular wall, or form
irregular, anastomosing bands and constitute the frabecule carnee (Fig. 2o03).

(d) and (¢) The valves of the pulmonary artery and aorta develop at the
point where originally the endothelial tube was constricted to form the fretum
Halleri (p. 226) where the ventricular portion of the heart joined the aortic
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bulb. Before the aortic trunk and bulb are divided into the aortic arch and
pulmonary artery, four protuberances appear in the lumen (Fig. 204). The
septum aorticum then divides the two which are opposite so that each vessel
receives three (Fig. zog). These then become concave on the side away from
the heart, in a manner which has not been fully determined, and at the same
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Fic zo0.—Transverse section of pig embryo of 14 mm, FPhotograph.

time enlarge so that they close the lumen. Those in the pulmonary artery are
known as the valvule semilunares arterie pulmonalis, those in the aorta as the
valvule semilunares aorle.

Changes after Birth.—The migratory changes of the heart from its origi-
nal position in the cervical region to its final position in the thorax will be con-
sidered in connection with the development of the pericardium (Chap. XIV).
With the exception of the septum atriorum, the heart acquires during feetal life
practically the form and structure characteristic of the adult (Fig. 207). Solong
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as the individual continues to grow, the heart, generally speaking, increases in size
accordingly. This increase takes place by intussusception in the endocardium
and myocardium. At the time of birth the two atria are in communication
through the foramen ovale which is simply an orifice in the atrial septum (Fig.208).
Thus the blood which is brought to the right atrium by the body veins is al-
lowed to pass directly into the left atrium, thence to the left ventricle, and thence
is forced out to the body again through the aorta. A certain amount of blood
also passes from the right atrium into the right ventricle and thence into the
pulmonary artery; but this blood does not enter the lungs but passes directly
into the aorta through the ducties arteriosus (Fig. 207).  After birth the lungs begin
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F1c. 2o07.—Veniral view of heart of fortus at term,  Kallmann's Alas.

to function and the placental blood is cut off, so that the right atrium receives
venous blood only and the left arterial blood only.  If the foramen ovale were to
persist it would allow a mingling of venous and arterial blood. Consequently
the foramen ovale closes soon after birth and the two currents of blood are com-
pletely separated. At the same time the ductus arteriosus atrophies and be-
comes the ligamentum arteriosum. Consequently there is no direct communica-
tion between the pulmonary artery and aorta.

Certain features of development have an important bearing on the theories regarding the
physiology of the heart, particularly on the theory that the heart is an automatic organ.
Whether the theory that the heart beats automatically, i.e., independently of stimuli from
the nervous system, is true or not, it is a fact that in the embryo it begins to beat before any
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nerve cells appear in it and before any nerve fibers are connected with it. At least no technic
has yet been devised by which it is possible to demonstrate nerve cells in, or fibers connected
with it,at the time when it begins to perform its characteristic function. And, furthermore,
at the time when the heart begins to beat, no heart muscle cells are developed.  This last
fact seems to indicate an inherent contractility in the mesothelial cells which form the anlage
of the myocardium.
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Fic. 208.—Dworsal half of foetal heart,  Bumm, Kellmann's Atlas,

The Vessels.

Origin.—TIt has already been stated at the beginning of this chapter that the
heart and blood vessels arise independently, and only secondarily come into
close relationship. The heart has its origin inside the embryo; the first vessels
and first blood cells, on the other hand, have their origin in the extraembryonic
area of the germ layers. Inthe chick embryo toward the end of the first day of
incubation, the peripheral part of the area opaca presents a reticulated appear-
ance when seen from the surface (Fig. 209). Sections of the blastoderm show
that this appearance is due to thickenings in the mesoderm, and that at this
stage there is no ceelom in this region (Fig. 210).  The thickenings, however,
are situated rather nearer the entodermal side, and after the mesoderm splits
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Fig, 200,—Surface views of chick blastoderms. FRiicker!, Herlwiyp
a, Blastoderm with primitive streak and head process; showing blood islands (dark spots in crescent-
ghaped area in lower part of figure),
b, Blastoderm with 6 pairs of primitive segments,  Reticulated appearance is due to blood islands
(dark spots) and to developing vessels the entire reticulated arca being the area vasculosa,
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Entoderm
{yolk cclls)

| Bloed island

Fic. 2re.—Section of blastoderm (arca opaca) of chick of 27 hours’ incubation. Photograph.
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into visceral and parietal layers, come to lie in the visceral (splanchnic) layer
(Fig. 211). Theyarecomposed of massesof cells known as blood islands which
are the anlagen of both the blood cells and the endothelium of the blood vessels.
The superficial cells of an island become transformed into flat cells which sur-
round the remaining cells of the island and form the endothelial walls of a
primitive blood vessel (Fig. 211). Anumber of these vessels then anastomose to
forma net-work of channels containing, at intervals, groups of cells which repre-
sent the central cells of the blood islands, and which are the forerunners of the
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Fi6. 211.—5ection of blastoderm of chick of 42 hours' incubation. Photograph. The cells of the
blood islands are differentiated into nucleated red blood cells (erythroblasts) and the endo-
thelium of the vessels,

red blood cells. Around the border of the area vasculosa the vascular channels
then unite to form a vessel—the sinus terminalis—which is continuous except at
the head end of the embryo (Fig. 212). During the second day of incubation
the vascularization of the splanchnic layer of mesoderm gradually extends
through the area pellucida toward the embryo (Fig. 212).  Some of the channels
become larger and form arteries and veins which extend into the embryo and
finally unite with the heart in a definite way (p. 224).

The question of the growth of blood vessels is not yet settled. Are they formed by a
progressive differentiation of the mesenchymal tissue, or do they grow out as sprouts or buds
from vessels already present? It is obvious that the first vessels in the area opaca are
formed in site by a differentiation of the tissue already present. In the vascularization
of the area pellucida, do the new vessels represent independently formed structures which
unite secondarily with those of the area opaca, or are they the result of outgrowths from
the primary vessels in the area opaca? This same question arises in regard to the for-
mation of the first vessels inside the embryonic body, and in fact in regard to the formation
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of new vessels so long as any tissue of the body continues to grow and become vascular. In
the formation of the larger vascular trunks in the body there is evidence to support the
view that the vesscls arise independently, for in some cases at least cavities, lined by flat
cells appear in the mesenchyme, which are at first quite unconnected, and only secondarily
unite to form a continuous vessel.  On the other hand, in the case of the formation of granu-
lation tissue or any new tissue, including pathological growths, it is usually held that the

Fig. 212.—Surface view of chick embryo with 13 pairs of primitive segments, including the
arca vagculosa, Rickert, Herfwie,

The reticulum indicates the blood vessels; the dark spots in the vessels being blood islands  The
darker line at the border of the hgure represents the sinus terminalis.

new vessels arise as outgrowths from other vessels:  The endothelium of a vessel proliferates
and grows out as a slender process which becomes hollow and thus forms a capillary con-
tinuous with the original vessel from which it is an outgrowth.

Some of the larger channels of the area vasculosa converge to form a single
vessel on each side, which enters the embryonic body through the splanchno-
pleure and joins the caudal end of the heart (p. 224). These two vessels are
known as the emphalomesenteric (vitelline) veins (Fig. 213). Other channels of




THE DEVELOFMENT OF THE VASCULAR SYSTEM. 239

the area vasculosa converge to form another pair of vessels, the emphalomesen-
teric (vitelline) arferies, which extend into the embryo through the splanchno-
pleure until they reach a point ventro-lateral to the notochord, thence extend
cranially and caudally as the two primitive aorte. Later as the germ layers
close in ventrally, these fuse longitudinally, except in the cervical region, to
form the single dorsal aorta. The proximal ends of the omphalomesenteric
arteries also fuse into a single trunk which may then be considered as a branch
of the aorta. The double portion of the aorta in the cervical region sends a
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Fic. 213.—Diagram of the vitelline (yolk) circulation of a chick embryo at the end
of the third day of incubation.  Balfeur.

branch ventrally on each side through each branchial arch, forming the aortic
arches. The aortic arches on each side then unite ventrally to form the ventral
aortic root, and the two ventral aortic roots unite in the medial line to form the
single ventral aortic trunk which joins the cranial end of the heart (p. 224).
Thus the vitelline (or yolk) circulation is completed. And from this time on, the
area vasculosa gradually enlarges, as the mesoderm extends farther and farther
around the yolk, until finally it surrounds the entire mass of yolk.

In Mammals, as in the chick, the vascular anlagen first appear in the extra-

16
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Fic. z14.—Surface view of area vasculosa of a rabbit embryo of 11 days, van Beneden and Tulin,
The vessel around the border is the sinus terminalis; the two large vessels above the embryo are
the vitelline (omphalomesenteric) veins: the two large vessels converging below the embryo

are the vitelline (omphalomesenteric) arteries.

Dors, aortic root
and aortic arches

Ant. cardinal vein

Amnion

Post. eardinal vein ——

AoTia

Chorionic willi

Fic. j:s,—-Hunmn embryvo of 3.2 mm, Hir. The arrows indicate the
direction of the blood current.




THE DEVELOPMENT OF THE VASCULAR SYSTEM. 241

embryonic area. In the rabbit they begin to develop about the eighth day. A
reticulated area appears in the peripheral part of the area opaca and in a short
time shows an anastomosing network of channels, in which lie the blood
islands. The network then gradually extends toward the embryo and some of
the channels converge to form a pair of omphalomesenteric veins and a pair of
omphalomesenteric arteries, which behave in the same manner as in the chick
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Fic, 216.—Reconstruction of a human embryo of 5§ mm, Malff,
Arteries represented in black., A, V., Awditory vesicle; B, bronchus; L, liver; K, anlage of
kidney; T, thyreoid gland; IIJ-XIJ. cranial nerve roots; 1, 2, 3, 4, branchial grooves;
1, 8, 12, 5 [on spinal nerve roots), 1st and Sth cervical, 12th dorsal, sth lumbar spinal
nerves respectively.  Dotted outlines represent limb buds,

(Fig. 214). The area vasculosa then gradually enlarges until it embraces the
entire yolk sac.

There are no observations on the early formation of the vascular anlagen in
the human embryo, but it is reasonable to suppose they appear in the same
manner as in other Mammals. Inan embryo in which there is no trace even of
a neural plate (Peters’ embryo, see p. go and Fig. 82), the vascular area
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embraces the entire yolk sac, and this fact indicates a precocious development of
the vascular anlagen. In an embryo of 3.2 mm. the vitelline circulation is
complete. A study of Fig. 215 will assist in understanding the similarities
between the early form of circulation in the human embryo and the other forms
which have been considered. It is thus seen that the earliest form of circulation
in man, as well as in lower forms, is associated with the yolk sac.

In animals below the Mammals, where a large amount of yolk is present,
the vitelline circulation is of great importance in supplying the growing embryo
with nutritive materials. In Mammals, where there is little yolk present, the
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Fig, 217 —Diagram of the umbilical vessels in the belly sialk and chorion. Koltmann's Atlas,

vitelline circulation is of short duration and minor importance, yet those por-
tions of the vessels inside the embryo play a part in the further development of
the vascular system. Again, in Reptiles and Birds, a second circulation, as it
were, develops in connection with the allantois, and persists during incubation,
since the allantois is a reservoir for the waste products of the body. In Mam-
mals, however, the allantois is rudimentary, its place being taken by the pla-
centa which establishes the communication between the embryo and the mother;
and the vessels which correspond to the allantoic vessels in Reptiles and Birds
become associated with the placental circulation. Two arteries, one on each
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side, arise from the dorsal aorta in the lumbar region of the embryo and pass out
through the belly stalk (later the umbilical cord) to end in the chorionic villi.
These are known as the allanteic or wmbilical arteries. The blood from the
chorionic villi is carried back to the embryo by the wmbilical veins which,
although a single trunk in the umbilical cord, pass cranially through the body wall,
one on each side, and open into the ducts of Cuvier (Figs 216 and 217). The
course and distribution of the blood vessels in the placenta have been considered
in the chapter on feetal membranes (see p. 131).

The Arteries.—The simplest form of the arterial system is as follows:
The single dorsal aorta extends from the cervical region to the caudal end of
the embryo and is situated in the medial line ventral to the notochord. In the
cervical region a branch extends cranially on each side of the medial line, the
two forming the dorsal aortic roots. From the latter, other branches arise and
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Fi5. 218.—From recanstruction of aortic arches (1, 2, 3, 4, 6,) of left side and
pharynx of a 5 mm. human embryo, Tandler.
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pass ventrally, one in each branchial arch, forming the aortic arches. These
unite ventrally on each side to form a single vessel, the ventral aortic root,
and the two roots unite to form the single ventral aortic trunk which joins the
cranial end of the heart. Somewhat caudal to the middle of the embryo a
branch of the aorta passes ventrally through the mesentery as the omphalomes-
enteric artery which enters the umbilical cord. Still farther caudally the
paired umbilical (allantoic) arteries are given off from the aorta and pass out
into the umbilical cord (Figs. 215, 216, 217).

The conditions which exist at this stage in the region of the aortic arches in
mammalian embryos are indicative of the conditions which persist as a whole
or in part throughout life in the lowest Vertebrates. The changes which occur
in Mammals, however, are profound and the adult condition bears no resem-
blance to the embryonic. Vet certain features in the adult are intelligible only
from a knowledge of their development. In the human embryo six aortic arches
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appear on each side. The first, second, third, and fourth pass lhrﬂugh the
corresponding branchial arches. The fifth arch, which is merely a loop from
the fourth, seems to pass through the fourth branchial arch. The sixth aortic
arch passes through the region behind the fourth branchial.  All these arches are
present inembryosof §mm. (Fig. 218).  InFishesand larval Amphibians, where
the branchial arches develop into the gills, the aortic arches are broken up into
capillary networks which ramify in the gills, and the ventral aortic root becomes
the afferent vessel, the dorsal aortic roots the efferent vessels. In the higher
Vertebrates and in man the aortic arches begin, at a very early period, to
undergo changes; some disappear and others become portions of the large
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Fia. zig.—Diagram of the aortic arches of a Mammal. Modified from Hochsletler,

arterial trunks which leave the heart. In connection with the following
description, constant reference to Figs. 219 and 220 will assist the student in
understanding the changes.

The first and second arches soon atrophy and disappear. The third
arch on each side becomes the proximal part of the infernal carotid arfery, while
the continuation of the dorsal aortic root, cranially to the third arch, becomes
its more distal part.  The continuation of the ventral aortic root cranially to the
third arch, becomes the proximal part of the external carotid arfery, while the
portion of the ventral aortic root between the third and fourth arches becomes
the commeon carotid artery. The portion of the dorsal aortic root between the
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third and fourth arches disappears. The fourth aortic arch on the left side
enlarges and becomes the arch of the aorta (arcus aort@) which is then continued
caudally through the left dorsal aortic root into the dorsal aorta. On the right
side, the fourth arch becomes the proximal part of the subclavian artery. Since
the third, fourth, fifth, and sixth arches really leave the ventral aortic trunk as a
single vessel, it will be seen that these changes bring it about that the common
carotid and subclavian on the right side arise by a common stem, the innomi-
nate artery, which in turn is a branch of the arch of the aorta. On the left side,
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Fic. 220.—Diagram representing the changes in the aortic arches of a Mammal,
Compare with Fig. 219. Modified from Hoclstelter.

for the same reason, the common carotid is a branch of the arch of the aorta.
The fifth aortic arch from the beginning is rudimentary and disappears very
early. The sixth arch on each side undergoes wide changes. A branch from
each enters the corresponding lung. On the right side the portion of the sixth
arch between the branch which enters the lung and the dorsal aortic root disap-
pears, as does also that portion of the right dorsal aortic root between the
subclavian artery and the original bifurcation of the dorsal aorta. On the
left side, however, that portion of the sixth arch between the branch which
enters the lung and the dorsal aortic root persists until birth as the duclus
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arferiosus (Botalli). This conveys the blood from the right ventricle to the
aorta until the lungs become functional (Fig. 2z07); it then atrophies and be-
comes the ligameninwm arteriosum. In the meantime the septum aorticum has
divided the original ventral aortic trunk into two vessels (see p. 230); one of the
vessels communicates with the left ventricle and is the proximal part of the
arch of the aorta, the other communicates with the right ventricle and be-
comes the large pulmonary artery (Fig. 203).

In human embryos of 1o mm. the dorsal aortic root on each side gives off
several lateral branches—the segmental cervical vessels (Fig. 221). The first
of these (first cervical, suboccipital), which arises nearly opposite the fourth
aortic arch, is a companion, as it were, to the hypoglossal nerve, and sends a
branch cranially which unites with its fellow of the opposite side inside the skull
to form the basilar arfery. The basilar artery again bifurcates and each branch

o0 Temnesssssts Int. carotid artery

s===ams Vortehral artery

cee Sepmental cervical artery

e cszszsmmmmmEmE s e nm Pl_-_[mnn:u—_\.' artery

FiG. zz1.—Diagram of the aortic arches (111, TV, VI} and segmental cervical arteries
of a 10 mm, human embryo, His

unites with the corresponding internal carotid by means of the circulus arleriosus
(Fig. 223). The other segmental cervical vessels arise from the aortic root
at intervals, the eighth arising near the point of bifurcation of the aorta. Ina
short time a longitudinal anastomosis appears between these segmental arteries,
which extends as far as the seventh (Fig. 222). The proximal ends of the first
six disappear, and the longitudinal vessel forms the verfebral artery which then
opens into the aortic root through the seventh segmental artery, and which is
continued cranially as the basilar artery (Fig. 223). The seventh (it is held by
some to be the sixth) segmental artery becomes the subclavian, and conse-
quently the vertebral opens into the subclavian, as in the adult (Fig. 222). But
it should be borne in mind that the right subclavian artery is more than equiva-
lent to the left, since the proximal part of the former is made up of the fourth
aortic arch and a part of the aortic root (see Figs. 219 and 220). Further-
more, changes occur in the position of the heart during development, which
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alter the relations of the vessels. The heart migrates from its original position
in the cervical region into the thorax, and this produces an elongation of the
carotid arteries and an apparent shortening of the arch of the aorta; conse-

Ipt carotid
Ext carotid

wh dnter
costal art

Fic. z22.—Diagram illustrating the formation of the vertebral and superior intercostal arieries.
The broken lines represent the portions of the original sl:gnu:miﬂ vesse|s that 1I:isap].~u.-ar.
Moaodified from Hochsieiter.

quently the subclavian artery on the left side arises relatively nearer the heart.
The arteries of the brain arise as branches of the internal carotid and cireu-
lus arteriosus. The anferior cerebral artery and the middle cercbral ariery arise

Circulus arteriosus

Middle cerebral

artery Basilar artery

Int. carotid artery
Ant. cerchral
artery

F1G. 223 —HBrain and arteries of 2 human embryo of g mm.  Mall.

primarily from a common stem which in turn is a branch of the most cranial
part of the internal carotid (Figs. 223 and 224). The posterior cerebral artery
arises as a branch of the circulus arteriosus (Fig. 224).
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From the point of its bifurcation to its caudal end the aorta gives off paired,
segmental branches which accompany the segmental nerves. The last (eighth)
cervical branch and the first two thoracic branches undergo longitudinal anas-
tomoses, similar to those between the first seven cervical, to form the superior
infercostal artery (A. intercostalis suprema) which opens into the subclavian
(Fig. 222). The other thoracic branches persist as the infercostal arteries; the
lumbar branches persist as the lumbar arteries. At the same time anastomoses
are formed between the distal ends of the intercostal and lumbar arteries in
the ventro-lateral region of the body wall, which give rise, on the one hand, to the
tifernal mammary artery and, on the other hand, to the inferior epigastric artery.
Of these two the former opens into the subclavian, the latter into the external
iliac. By a further anastomosis the distal ends of the internal mammary and
inferior epigastric are joined, thus forming a continuous vessel from the sub-
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Fic. 224.—Brain, arteries and veins of a human embryvo of 33 mm.  Mall.

clavian to the external iliac (Fig. 225). It is interesting to note that while
originally all the lateral branches of the aorta are arranged segmentally, many
of them lose their segmental character and are replaced or supplemented by
longitudinal vessels.

In addition to the lateral segmental branches of the aorta, which have been
described, other branches develop which carry blood to the viscera. A num-
ber of these, or possibly all, are also primarily segmental vessels, although they
lose every trace of their segmental character during development. The first of
the visceral branches to appear is the omphalomesenteric artery which arises
from the ventral side of the aorta and which has been mentioned in connection
with the vitelline circulation. Originally it passes out through the mesentery
and follows the yolk stalk to ramify on the surface of the yolk sac. But since
the yolk sac is of slight importance, the distal part of the artery soon disappears,
while the proximal part becomes the superior mesenteric artery (Fig. 226). The
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celiac artery arises from the ventral side of the aorta a short distance cranially
to the omphalomesenteric (Fig. 226) and gives rise in turn to the gastric, hepatic
and splenic arteries. The inferior mesenteric arfery also arises from the ventral
side of the aorta some distance caudal to the omphalomesenteric (Fig. 226).
In the early stages these visceral arteries arise relatively much farther cranially

than in the adult. During development they gradually migrate caudally to
their normal positions.
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F16. 225.—Diagram of human embryo of 13 mm., showing the mode of development
of the internal mammary and inferior epigastric arteries. Mall.

Other branches of the aorta develop in connection with the urinary and
genital organs, and, with the possible exception of the renal arteries, they are
primarily segmental in character. Several branches supply the mesonephroi,
but when the latter atrophy and disappear the vessels also disappear. The
renal arleries do not develop until the kidneys have practically reached their
final position in the embryo, and then they arise directly from the aorta. Dur-
ing the development of the genital glands several pairs of branches from the
aorta supply them with blood. Later the majority of these vessels disappear,
one pair only persisting as the infernal spermatic arteries which differ in accord-
ance with the sex of the individual. In both sexes they are at first very short;
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in the female, as the ovaries move farther into the pelvic region, they become
considerably elongated to form the ovarian arferics; in the male, with the
descent of the testes, they become very much elongated to form the testicular
arferies.

The fourth (or fifth?) pair of segmental lumbar arteries primarily gives
rise to the vessels which supply the lower extremities, viz., the iliac arferies.
These then would be serially homologous to the subclavians. But certain
changes occur in this region, which are due to the relations of the um-
bilical arteries. The latter, as has already been noted, arise as paired
branches of the aorta in the lumbar region, pass ventrally through the genital
cord (Chap. XV) and then follow the allantois (urachus) to the umbilical cord.

H'.'.]l. mesanterc
(vitellhine) artery e

Fie. 226.—Diagram of the visceral arteries in 2 human embryo of 12.5 mm. Tandler.
MNumerals indicate segmental arteries.

During feetal life they carry all the blood that passes to the placenta. At an
early period a branch from each iliac artery anastomoses with the corresponding
umbilical, and the portion of the umbilical artery between the aorta and the
anastomosis then disappears. This makes the umbilical artery a branch of
the iliac; and the blood then passes from the aorta into the proximal part of
the iliac which becomes the common iliae artery of the adult. At birth, when the
umbilical cord iscut, the umbilical arteries no longer carry blood to the placenta,
and their intraembryonic portions, often called the Jiypogasiric arteries, persist
only in part; their proximal ends persist as the superior vesical arteries, while
the portions which accompanied the urachus degenerate to form the laferal
umbilical ligaments.
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So far as a complete history of the growth of the arteries of the extremities is
concerned, knowledge is lacking. The facts of comparative anatomy and the
anomalies which occur in the human body have led to certain conclusions which
have been largely confirmed by embryological observations; but much more
work on the development of the arteries is yet necessary to complete their
history. The extremities represent outgrowths from several segments of the
body, and the nerve supply is derived from several segments, but the blood is
furnished by a single segmental vessel in each extremity. In the upper ex-
tremity the subclavian, which represents the seventh cervical branch of the
aortic root, is the primary vessel from which all the other vessels are derived. In
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Fic. 227.—Diagrams showing (A) an early and (B) a late stage in the development
of the arteries of the upper extremity. MeMurrich.

the lower extremity the common iliac, which represents the fourth (or fifth?)
lumbar branch of the aorta is the primary vessel.

In the upper extremity the subclavian grows as a single vessel to the wrist
and then divides into branches corresponding to the fingers. In the forearm it
lies between the radius and ulna. In a short time a branch is given off just
distal to the elbow and accompanies the median nerve. As this branch in-
creases, the original vessel in the forearm diminishes to form the volar infer-
osseous ariery; and at thesame time the branch unites again with the lower end of
the interosseous, takes up the digital branches and becomes the chief vessel of
the forearm at this stage, forming the median arterv. Later, however, it di-
minishes in size asanother vessel develops, the ulnar arfery, which arises a short
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distance proximal to the origin of the median and, passing along the ulnar side
of the forearm, unites with the median to form the superficial volar arch. From
the artery of the arm, which is called the brachial artery, a branch develops
about the middle and extends distally along the radial side of the forearm. A
little later another branch grows out from the brachial just proximally to the
origin of the ulnar and extends across to, and anastomoses with, the first branch.
Then the portion of the first branch between its point of origin and the anasto-
mosis atrophies, leaving only a small vessel which goes to the biceps muscle.
The =zecond branch and the remaining part of the first branch together form the
radial artery (Fig. 227) (McMurrich).
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In thelower extremity the primary artery isa continuation of the common iliac
which, in turn, is a branch of the aorta. This primary vessel, the sciatic artery,
passes distally as far as the ankle.  Below the knee it gives off a short branch
which corresponds to the proximal part of the anferior tibial artery.  Just above
the ankle it gives off another branch which corresponds to the distal part of the
anterior tibial.  As will be seen, these two parts join at a later period to form a
continuous vessel. At this early stage the external iliac artery is but a small
branch of the common iliac; but it gradually increases in size, extends farther
distally in the thigh as the femoral arfery and unites with the sciatic near the
knee. Just proximal to its union with the sciatic it gives off a branch which
extends distally along the inner side of the leg to the plantar surface of the foot,
where it gives off the digital branches. This vessel is the saphenons artery in
the embryo, and disappears in part during further development. From this



THE DEVELOPMENT OF THE VASCULAR SYSTEM. 253

time on, the femoral and its direct continuation, the popliteal, increase in size;
and at the same time the sciatic loses its primary connection and becomes much
reduced to form the énferior gluteal artery. The direct continuation of the
sciatic in the leg, which is now the direct continuation of the popliteal, becomes
reduced to form the peroneal artery. The branch of the original sciatic, which
was given off just below the knee, unites with the branch which was given off
just above the ankle to form a continuous vessel, the anterior tibial artery. A
new branch arises from the proximal portion of the peroneal, extends down the
back of the leg, and unites with the distal part of the embryonic saphenous to
form the posterior tibial artery. The proximal part of the saphenous then
atrophies, leaving but one of the small genu branches of the popliteal (Fig. 228)
(McMurrich).

The Veins.—The changes which occur during the development of the
venous system are so complicated, and in some cases so varied, that the scope of
this book permits only a brief outline of the growth of the more important of the
venous trunks.

Corresponding to the arterial system, the first veins to appear are the
omphalomesenteric veins. These vessels, which carry blood from the yolk sac
to the heart, arise in the area vasculosa, enter the embryonic body at the sides of
the yolk stalk, pass cranially along the intestinal tract, and join the caudal end
of the heart (Figs. 213, 215, 216, and 231). Next in point of time to appear
are the umdbilical veins which carry back to the heart the blood which has been
carried to the placenta by the umbilical arteries. These also are paired veins
within the embryo, although they form a single trunk in the umbilical cord.
They extend cranially on each side through the ventro-lateral part of the body
wall and join the duct of Cuvier (see below) in the septum transversum (Figs.
217, 216 and 231). Very soon after the appearance of the umbilical veins
two other longitudinal vessels develop, one on each side of the aorta. In
the cervical region they lie dorsal to the branchial arches and are called the
anlerior cardinal veins (Figs. 215 and 231). The more caudal parts of the
vessels are situated in the region of the developing mesonephros and are called
the posterior cardinal veins (Figs. 215 and 231). At a point about opposite the
heart the anterior and posterior cardinals on each side unite to foim a single
vessel, the duct of Cuvier, which turns medially through the septum transversum
and opens into the sinus venosus (Figs. 215 and 216). Thus three primary
=ets of veins are formed at a very early stage of development: (1) The omphal-
omesenteric veins; (2) the umbilical veins; (3) the cardinal veins,

The veins of the head and neck regions are derivatives of the anterior cardinals.
The proximal parts of these vessels are present in embryos of 3.2 mm.; later they
extend cranially along the ventro-lateral surface of the brain on the medial side of
the roots of the cranial nerves. The position relative to the nerves is only tem-
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porary, however, for collaterals arising from the veins pass to the lateral side of
the nerves and enlarge to form the main channels. Theoriginal channels atrophy
except in the region of the trigeminal nerves where they still remain on the
medial side of the nerves as the forerunners of the cavernous sinuses. The ves-
sel thus formed laterally to the cranial nerves (except the trizeminal) on each
side of the brain is known as the laferal vein of the head (vena lateralis capitis)
(Fig. 22g). The blood is collected from the brain region by small vessels
which unite to form three main stems; one of these, the superior cerebral vein,
opens into the cranial end of the cavernous sinus; another, the middle cerebral
vein, opens into the opposite end of the cavernous sinus; and the third, the
inferior cerebral vein, opens into the lateral vein of the head behind the ear
vesicle (Figs. 229 and 224). The branches of the superior cerebral vein extend
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over the cerebral hemispheres and unite with their fellows of the opposite side to
form the superior sagittal sinus which lies in the medial line (Figs. 224 and 230).
The superior sagittal sinus is at first naturally drained by the superior cerebral
veins; but later, as the cerebral hemispheres enlarge and extend farther toward
the mid-brain region, it is carried back and joins the middle cerebral vein; still
later, for the same reason, it joins the inferior cerebral vein (Fig. 230, Aand B).
During these later changes the connection between the superior sagittal sinus
and the superior cerebral vein is lost (Fig. 230). The middle cerebral vein
becomes the superior petrosal sinus which forms a communication between the
cavernous sinus and fransverse sinus. The transverse sinus represents the
channel between the superior sagittal sinus and the cranial end of the cardinal
vein; or in other words, its cranial portion represents the connection between
the superior sagittal sinus and the inferior cerebral vein while its caudal portion
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represents the inferior cerebral vein itself (Fig. 230, compare C and D).
The caudal end of the superior sagittal sinus becomes dilated to form the con-
fluence of the sinuses (confluens simwwem). From the latter a new vessel grows
out to form the straight sinus, and a further growth from the straight sinus
forms the large wvein of the cerebrum (vein of Galen). The inferior sagitial
sinus also represents a new outgrowth at the point of junction of the large vein
of the cerebrum and inferior sagittal sinus (Fig. 230, D). During the course of
development the lateral vein of the head gradually atrophies and finally dis-
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Fi16. 230.—Diagrams representing four stages in the development of the veins of the
head in human embryos. Malll

appears, and the inferior petrosal sinus probably represents a new formation which
extends from the cavernous sinus to the transverse sinus (Fig. 230, C and D).
At the point where the inferior petrosal joins the transverse sinus the latter
passes out of the skull through the jugular foramen to become the internal
jugular vein (anterior cardinal). (Mall.)

As stated in a preceding paragraph, the anterior cardinal veins extend
from the ducts of Cuvier to the head region, passing to the dorsal side of the
branchial arches. They are at first paired and symmetrical, but, since the

17
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heart is situated in the cervical region, are comparatively short and receive
blood from the cervical region through segmental branches which belong only
to the most cranial of the cervical segments. The other segmental cervical
veins, including the subclavian veins, open at first into the posterior cardinals
(Fig. 231). Later, however, as the heart recedes into the thorax the anterior
cardinal veins are elongated and the segmental cervical veins, including the
subclavians, come to open into them (Fig. 233). The bilateral symmetry is
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Frz. 231.—Diagram of the venous system of a human embryo of 2.6 mm.
Slightly modified from Kollwrani's Affas.

then broken by an anastomosing vessel which extends obliquely across from a
point on the left cardinal about opposite the subclavian to a point nearer the
heart on the right subclavian (Figs. 232,B, and 233). The portion of the left
cardinal cranial to the subclavian hecomes the left internal jugular vein which
communicates with the intracranial sinuses. The anastomosis itself becomes
the left innominate vein. The portion of the left cardinal between the sub-
clavian and the duct of Cuvier, the duct of Cuvier itself, and the left horn of the
snius venosus together form the corenary sinus (Fig. 234). On the right side
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the more distal part of the cardinal becomes the internal jugular vein; the por-
tion between the subclavian and the anastomosis (left innominate vein) becomes
the right innominate vein; and the common stem formed by the latter and the
left innominate constitutes the superior vena cava which opens into the right
atrium (see p. 231). The external jugular vein on each side appears later than
the superior cardinal as an independent vessel which comes to lie parallel to the
internal jugular and opens into it near the subclavian. The opening, however,
shifts to the subclavian, where it is usually found in the adult (Figs. 233 and 234).
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F16. 232.—Diagrams of two stages in the development of the anterior and posierior cardinal veins,
the subcardinal veins (revehent veins of the primitive kidney), and the inferior vena cava,
The small branches of the cardinals and subcardinals ramify in the primitive kidneys
(mesonephroi).  Slightly medified from Fechsteiter,

The changes which occur in the posterior cardinal veins are very extensive
and result in conditions which bear but little resemblance to those in the earlier
stages. In connection with these changes the development of the inferior
vena cava must be considered. The posterior cardinal veins appear very early
as paired, bilaterally symmetrical vessels which extend from the duct of Cuvier
to the tail region and are situated ventro-lateral to the aorta (Fig. 231).
From the first they receive blood from the body wall through segmental branches,
and as the primitive kidneys (mesonephroi) develop they receive blood from
them also, as well as from the mesentery. They return practically all the
blood from the region of the body situated caudal to the heart, just as the
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anterior cardinals return the blood from the region of the body situated cranial
to the heart. In other words, the two sets of cardinal veins are the body
veins par excellence during the earlier stages of development. While the M{_
terior set persists for the most part as permanent vessels and increases with the
development of the body, the posterior set undergoes regressive changes, its
function being taken by a new vessel—the inferior vena cava.

Not long after the appearance of the posterior cardinals, another pair of longi-
tudinal veins appears in the medial part of the mesonephroi. They increase
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Fis. 233 —Diagram representing a stage (later than Fig. 232) in the development of the superior
vena cava and the inferior vena cava, also of the azvgos vein.  Hochstelier.

in size as the mesonephroi increase and receive blood from the latter. They
also communicate with the cardinals by means of transverse channels which,
however, are later broken up as the mesonephroi become more complicated in
structure. These vessels are known as the subcardinal veins, or revehent veins
of the primitive kidneys (Fig. 232, A). After they have attained a considerable
size, a large anastomosis is formed between them ventral to the aorta and just
caudal to the omphalomesenteric (superior mesenteric) artery (Fig. 232, B). In
the meantime, a branch of the ductus venosus (see p. 263) grows caudally
through the dorsal part of the liver and the mesentery, and joins the right
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subcardinal vein a short distance cranial to the above mentioned anastomosis
(Fig. 232, A and B). This branch forms the proximal part of the inferior vena
cava. At the same time, also, each subcardinal forms a direct connection with
the corresponding cardinal at a point opposite the first anastomosis; consequently
the inferior vena cava, the subcardinals and the cardinals are all in direct
communication (Fig. 232, B). Thus two ways are formed by which the
blood may return to the heart: It may return via the cardinals and ducts of
Cuvier, and via the inferior vena cava.

It is obvious that while these conditions exist, that is, while the mesonephros is functional,
and blood is carried to it by the cardinal veins and from it by the subcardinal veins, there
is a true renal portal system. The blood from the body walls and lower extremities is col-
lected by the segmental vessels and poured into the cardinal veins and is then distributed in
the mesonephros by smaller channels or sinusocids (Minot), whence it is collected and carried
off by the subcardinal veins. This passage of blood through purely venous channels simu-
lates the conditions in the liver where there is a true hepatic portal system.

Int. jugular
{ant. cardinalp======: ====Ext jugular
—Suhbclavian
Innominate {:ig’hr.]---u---
rrrrrr - 'II'I:!'I.IIZI!EEL'IJHE {I.':"H}

Sup, vena cava™

Aryaos ...
{post. cardinal) Accessory
“~hemiazy gos

srr=====—=Hemiazygos

Fic. 234.—Diagram of final stage in the development of the superior vena eava
and the azvpos vein, (Compare with Fig. 233.)

From this time on, the changes are largely regressions in the cardinal and
subcardinal systems, corresponding to the atrophy of the mesonephroi, and
rapid increase in the vena cava and its branches. The cranial end of each
cardinal becomes smaller; the left loses its connection with both the vena cava
and the duct of Cuvier, the right its connection with the vena cava only (Fig.
234). Subsequent changes in these parts of the cardinals will be considered
in the following paragraph. For a time the caudal ends of the two cardinals
are of equal importance. Later, however, the right becomes larger, while the
left atrophies. The right thus becomes a direct continuation and really a part
of the vena cava (Figs. 233 and 236). This is brought about, of course, by the
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original anastomosis between the vena cava and the subcardinal and cardinal.
On the left side the anastomosis persists simply as the proximal part of the
renal vein (Fig. 236); on the right side the renal vein is a new structure which
develops after the kidney has attained practically its final position, and opens
into the vena cava secondarily. The inferior vena cava itself is a composite vessel
derived from four different anlagen. 1. The part which extends from the
ductus venosus to the right subcardinal is of independent origin. 2. A short
portion is derived from a part of the right subcardinal. 3. Another short por-
tion is derived from the cross-anastomosis between the subcardinals and

A oTta

Post. eardinal vein : .
Post. cardinal vein

Mesonephric duct
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Right umbilical vein
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Fie. 235.—From a transverse scction of a 5 mm. human embryo, at the level of the
omphalomesenteric (vitelline, superior mesenteric) artery.

cardinals. 4. The caudal end is a derivative of the caudal part of the right
cardinal (compare Figs. 232, 233, 236)-

Jefore the caudal end of the left cardinal vein atrophies, an interesting and
important change occurs in the relations of the ureters and cardinals. Pri-
marily the cardinal veins develop to the ventral side of the ureters. But later
a collateral of each cardinal develops to the dorsal side of the ureter. These
join the cardinal cranial and caudal to the ureter. In other words, a venous
loop is formed around the ureter (Fig. 233). The ventral arm of the loop then
atrophies and disappears, leaving the dorsal arm as the direct part of the car-
dinal vein. On the right side, where the cardinal persists as a portion of the
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vena cava, the latter vessel comes to lie ventral to the ureter (Fig. 236, A). On the
left side the cardinal atrophies, leaving only the portion cranial to the loop as
the proximal end of the dnfernal spermatic (testicular or ovarian) wvein (Fig.
236, B). Since on the left side the original anastomosis between the subcar-
dinals and cardinals persists as the renal vein, the left internal spermatic is a
branch of the renal. The right internal spermatic vein probably represents a
branch of the vena cava which is independent of the cardinal.

Inf. vena cava mrmmmmm e [l vena eaveL

Suprarenal gland T Dhmmmnmee Suprarenal gland
Suprarenal vein (right) =c--===-=--- -== Suprarenal vein (leftd
i Kidney

== Renal vein (left)

Int. spermatic (left)
{post. cardinal)

== Ureter

_ Inf. vena cava
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<. Common iliac {left)

.........

g ] ceeew B fliac
Commen iliac (right) ___
ferssemm [nt, ilinc

-==wer=rn Cormmon iliac {right)

A B

Fig. 236.—Diagrams representing final stages in the development of the inferior vena cava
(compare with Fig. 233). Slightly modified from Hoclstetter.

Very recent investigations (Huntington and McClure) on cat embryos have shown that
the venous loop around the ureter is much more extensive than in some other Mammals.
In fact the dorsal arm of the loop, te which the name supracardinal vein has been given,
extends from the iliac vein to the original anastomosis between the subcardinals and car-
dinals. In the further course of development the supracardinals approach each other
and finally fuse in the medial line, forming a large single vessel which becomes that portion
of the vena cava caudal to the renal veins. In this event botlt eardinals, which form the
ventral arms of the venous loops, atrophy.

Near the caudal end of each cardinal vein a branch arises which receives the
bload from the corresponding lower extremity. Then a transverse anastomosis
appears between the two cardinals at this point (Fig. 236, A). Since the
portion of the left cardinal caudal to the renal vein atrophies, the anastomosis
itself constitutes the leit common iliac vein (Fig. 236, B). The right common
iliac is, of course, the original branch of the right cardinal.  As the iliacs
enlarge they form the two great branches of the vena cava.
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With the atrophy of the mesonephroi, the subcardinal veins diminish in size
and finally disappear for the greater part. The part of the right subcardinal
cranial to the point of junction with the vena cava disappears entirely. The
portion of the left subcardinal cranial to the anastomosis between the two sub-
cardinals becomes much reduced in size, but persists as the left suprarenal vein.
The left suprarenal vein is thus a branch of the left renal vein, since the latter
represents the anastomosis itself (Figs. 232, 233, 236). The right suprarenal
vein probably does not represent a persistent right subcardinal, but is a new
vessel opening into the vena cava. The portion of each subcardinal caudal
to the anastomosis probably disappears entirely, but this has not been definitely
determined.

The observations on the development of the azygos veins in the human
embryo are only fragmentary. In the rabbit the portions of the posterior car-
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Fic. 237.—Diagrams illustrating two stages in the transformation of the omphalomesenteric
and umbilical veins in the liver. Hochstefier.

dinal veins immediately cranial to the anastomosis between the subcardinals
and cardinals, that is, just cranial to the renal veins, disappear. The more
cranial portion of the right cardinal persists as the azygos vein which receives
the intercostal (segmental) branches and opens into the superior vena cava.
An oblique anastomosis is formed, dorsal to the aorta, between the two cardinals
(Fig. 233). This anastomosis and the portion of the left cardinal caudal to it
together form the hemiazygos vein. The portion of the left cardinal cranial
to the anastomosis loses its connection with the duct of Cuvier (or coronary
sinus) and becomes the accessory hemiazygos vein (Fig. 234). The ascending
Iumbar veins, which join the azygos and hemiazygos, probably do not represent
persistent parts of the caudal ends of the cardinals, but are formed by longi-
tudinal anastomoses between the original segmental lumbar veins.

The changes which occur in the region of the liver are of much importance
and result in conditions which bear no resemblance to the primary ones. As
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has already been noted, the omphalomesenteric veins enter the body at the
umbilicus, pass cranially along the intestine and open into the caudal end of the
heart. The umbilical veins, which appear soon after, enter the body at the
umbilicus and pass cranially, one on each side, in the ventro-lateral part of the
body wall; at the level of the heart they turn mesially through the septum trans-
versum and join the corresponding omphalomesenteric veins to form a common
trunk on each side, into which the duct of Cuvier then opens (Fig. 231).
When the liver grows out as an evagination from the intestine, it comes in con-
tact with the proximal ends of the omphalomesenteric veins and, as it enlarges,
breaks them up into numerous smaller channels (Fig. 237).

(Esophagus
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Paost. cardinal Dazet of Cuvier
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Venous ring Left umbilical

Omphalomesenteric
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Fic, 238, —Veins in the liver region of a human embryo of 4 mm. His, Kollmann's Ailas.

The blood then, instead of having a direct channel, is forced to flow through
these smaller channels which have been termed sinusoids. When the liver has
attained a considerable size a more direct and definite channel is formed,
which extends through the substance of the liver from the proximal end of the
right omphalomesenteric vein obliquely caudally to the left omphalomesenteric
vein. This newly formed channel is the ductus venosus (Figs. 237 and 238).
In the meantime, three transverse anastomoses develop between the omphalo-
mesenteric veins just caudal to the liver. The middle one is dorsal to the
intestine, the other two ventral, so that the intestine is surrounded by two venous
loops or rings (Figs. 237 and 238). At the same time a cross-anastomosis
develops between the left umbilical vein, which is primarily the smaller, and
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the corresponding omphalomesenteric.  This anastomosis joins the omphalo-
mesenteric at about the point where the latter joins the ductus venosus, so
that it seems to bea continuation of the ductus venosus. A similar cross-anasto-
mosis also develops between the right umbilical and right omphalomesenteric
(Figs. 237 and 238). Thus the blood that is brought in from the placenta by
the umbilical veins may pass through the liver. Then the portion of each
umbilical between the anastomosis and the duct of Cuvier atrophies and disap-
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16, 230.—Veins in the liver region of a human embryo of 1o mm.  Kollmann's Aflas.

pears (Fig. 238). The remaining portion of the left umbilical, which was
originally the smaller, gradually increases in size and finally carries all the
blood from the placenta. The right umbilical, on the other hand, loses its
connection with the liver and persists only as a small vein in the body wall,
which opens into the left umbilical vein near the umbilical cord (Fig. 239).
Thus there is the peculiar phenomenon of a vessel carrying blood in different
directions at different periods of its history. During the course of develop-
ment of the septum transversum and diaphragm the left umbilical is withdrawn
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from the body wall and passes directly from the umbilicus to the ventral side of
the liver. During feetal life it conveys all the blood from the placenta to the
liver. A part of the blood is distributed in the liver, a part is carried directly
to the inferior vena cava by the ductus venosus (Fig. 240). After birth the
placental blood is cut off and the umbilical vein degenerates to form the round
ligament of the liver.

The venous rings around the intestine also underge marked changes. The

Left lobe of lives=-
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Fic. 240 —\Veins of the liver (seen from below) of a human foetus at term.  Kollwana's Atlas.

right side of the most caudal and the left side of the most cranial disappear; the
remaining vessel finally loses its connection with the ductus venosus and becomes
the portal vein (Figs. 237, 238, 239 and 240). The portal vein is thus a deriva-
tive of the omphalomesenterics. After birth, when the placental blood is
cut off, blood is distributed in the liver by branches of the portal vein, which
represent the advehent hepatic veins; it is collected again by branches which
unite to form the revehent hepatic veins, or hepatic veins proper, and the latter
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open into the inferior vena cava. The advehent and revehent hepatic veins are
formed by the enlargement of some of the original sinusoids (Figs. 237 and 23g).

Orbservations on the development of the veins in the extremities of human
embryos are so fragmentary that it seems advisable to make use of the work
that has been done on the rabbit.* In the upper extremity the first vein to
develop is the primary ulnar vein which begins in the radial (cranial) side of
the extremity near its proximal end, extends distally along the radial border,
thence proximally along the ulnar (caudal) border, and opens into the
anterior cardinal vein (internal jugular) near the duct of Cuvier (Fig. 241).
This condition is present in rabbit embryos of thirteen days. A little later a
second vessel, the cephalic vein, appears as a branch of the external jugular,
extends along the radial side of the extremity and
becomes connected with the digital veins (Fig. 242).
When the digital veins are taken up by the cephalic,
the distal portion of the primitive ulnar undergoes

.ll‘.gﬂ‘. card viig

regression.  These changes have taken place in
rabbit embryos of fifteen days, and for a short
period the cephalic vein is the chief vessel of the
extremity. The primitive ulnar vein, however,
develops more rapidly than the cephalic and, with
its branches, soon becomes the chief vessel; the
: _ _ portion in the forearm gives rise to cither the wlnar
. e E.':’Tif':ﬁ:ﬁl’l‘iff“;rﬁf:“.i or basilic vein; the portion in the arm becomes the
embryo of 14 days (11 mm.).  fyrachial vein which then passes over into the axillary,
Modified from Lewis, s :
and the latter in turn passes over into the sub-
clavian. The cephalic vein of the embryo persists as the cephalic of the
adult, and, during the period when it forms the chief vessel of the extremity, a
branch arises from it which becomes the radial vein. Primarily the cephalic
vein opens into the external jugular, but later a new connection is formed
with the axillary, while the original connection persists as the jugulocephalic
(Fig. 243).

In a rabbit embryo of ten and one-half days a vein follows the border of the
lower extremity all the way round, connecting on the cranial side with the um-
bilical and on the caudal side with the posterior cardinal. This is the primitive
Jitular vein, and from its course is homologous with the primitive ulnar vein of
the upper extremity (Fig. 241). From this time on, however, the course of de-
velopment in the lower extremity differs from that in the upper. The connection
of the fibular vein with the umbilical is soon lost. In older embryos (fifteen
days) two branches of the fibular vein have appeared; one of these, the anferior
tibial vein, begins on the dorsum of the foot and extends diagonally proximally, to

* Lewis, . T, see ** References for Further Study,” (p. 2g2).
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open into the fibular in the caudal border; the other, the so-called connecting
branch, begins as twigs in the abdominal wall and tibial side of the extremity and
opens into the fibular just proximal to the opening of the anterior tibial (Fig. 242).
Later the distal part of the primitive fibular is broken up by the differentiation
of the digits (toes) and disappears almost up to the point of junction with the
anterior tibial. The latter enlarges and receives the digital branches, and
appears as a continuation of the proximal part of the primitive fibular. The
anterior tibial and primitive fibular together thus constitute the sciatic vein
(Fig. 243). Another vessel appears in embryos of fifteen days, which represents
the beginning of the femoral vein and opens into the cardinal, cranial to the
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Fi1c. 2gz.—Diagram of the veins in the extremities of a rabbit embryo of 14 days
and 18 hours (14.5 mm.). Maodified from Leweis.
F1c. 243.—Diagram of the veins in the extremities of a rabbit embryo of 17 days
{2r mm.). Modified from Lews.

opening of the sciatic (Fig. 243). From this time on the femoral, with its
branches, enlarges at the expense of the other veins and becomes the principal
vein of the lower extremity. In the human embryo the femoral anastomoses
with the sciatic near the knee and the proximal portion of the sciatic then
atrophies, the distal portion persisting as the small saphenous vein. The large
saphenous vein and the posterior tibial vein possibly are derivatives of the
femoral, but this question has not been settled.

CHANGES IN THE CIrcUuLATION AT BirTH.—During feetal life the course of
the blood is adapted to the placental circulation, since the placenta is the only
means by which the blood is purified and from which the feetus derives its
nutriment. The pure blood from the placenta passes through the umbilical
vein to the liver; there a part of it is distributed to the liver by some of the
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advehent veins, is collected again by the revehent veins and poured into the
inferior vena cava; a part passes directly to the vena cava through the ductus
venosus. At this point the blood acquires some impurity from the stream
brought in by the vena cava itself and the portal vein. The slightly impure
blood then flows into the right atrium, is directed by the Eustachian valve
through the foramen ovale into the left atrium, thence flows into the left ven-
tricle and is forced out into the aorta. A part of the blood flows on through the
aorta, a part is carried to the upper extremities and head and neck regions by the
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Fic. z2g4.—Diagram illustrating the fartal circulation. Compare with Fig. 245,
Modified from K olfma.

The shading represents the relative impurity of the blood in different regions, the
darkest shading representing the most impuire hlood.

subclavian and carotid arteries. The latter part, then becoming impure, is
carried back to the right atrium by the subeclavian and jugular veins and superior
vena cava; from the right atrium the greater portion flows into the right ventricle
and thence is forced out into the large pulmonary artery. But since the lungs
are non-functional, this blood passes through the ductus arteriosus to join the
stream in the aorta. The blood received by the more cranial portion of the
fretus is but slightly impure, for the impure blood from the ductus arteriosus
joins the aortic stream disfal to the origin of the subclavian and carotid arteries.
This accounts for the fact that the more cranial portion of the body generally
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is better developed than the more caudal portion. It is well to note here
that the liver receives purer blood than any other part of the body, and this is
undoubtedly correlated with the relatively enormous size of that organ in the
feetus. The rather impure blood which starts through the dorsal aorta is in
part distributed to the viscera, body walls, and lower extremities by the visceral
and segmental arteries, and thence is collected by the branches of the portal
vein and inferior vena cava to be returned as impure blood to the umbilical
current at the liver; in part it is carried by the umbilical arteries to the placenta,
there to be purified and collected by the branches of the umbilical vein (see
Fig. 244).
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Fi. 245.—Diagram illustrating the cireulation in the adult. Compare with Fig. 244. The
shading represents the relative impurity of the bload, the white being the purest hload,

At birth, when the placental circulation is cut off, the proximal end of the
umbilical vein atrophies to form the round ligament of the liver; the ductus
venosus also atrophies and becomes merely a connective-tissue cord in the liver.
The hepatic portal circulation is still maintained by the portal vein. The
foramen ovale is closed and the impure blood from the inferior vena cava, as
well as that from the superior, passes from the right atrium into the right
ventricle and thence is forced out through the pulmonary artery to the lungs,
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which at this time become functional, and is returned to the left atrium by the
pulmonary veins. The ductus arteriosus atrophies to form the ligamentum
arteriosum. From the left atrium the pure blood flows into the left ventricle,
thence is forced out through the aorta and its branches to all parts of the body.
At the same time the more distal portions of the umbilical arteries in the em-
bryvo atrophy to form the lateral umbilical ligaments, their proximal portions
persisting as the superior vesical arteries (see Fig. 245).

Histogenesis of the Blood Cells.

There is probably no other subject in embryology about which there are
more conflicting views than the problem of the origin and histogenesis of the
blood cells.  The problem concerns not only the first blood cells in the embryo
and their life history, but also the origin and development of new cells during

Entoderm
Endothelium

Blood wessel with
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Mesoderm

FI1G. 246.—From section of wall of yolk sac of a human embryo of 5 mm,, showing blood
vessel containing nucleated red bload cells (normoblasts).  Thotograph.

later feetal and postnatal life of the individual. While in some respects much
light has been thrown on the subject, by studies on pathological blood condi-
tions such as anwemia, leucocytosis, leukamia, and other conditions accompanied
by changes in the blood and disturbances in the blood-forming organs, the
problem has in other respects been complicated by these same studies.  Obvi-
ously the questions of the embryonic origin of the blood cells, of their normal
origin during postnatal life, and their origin in abnormal or pathological con-
ditions are closely associated.

The latest theory of the development of the blood cells is the result of an
extensive series of investigations by Maximow, with whom Weidenreich,
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Dantschakoff, and to a large extent, Saxer, Riickert, and Mollier are in agree-
ment. The theory in question is that all blood cells have a common stem and
that this stem is represented by cells derived from the mesenchyme, the entoder-
mal origin of any of the cells being denied.

Maximow’s views are briefly outlined as follows: The sites of blood forma-
tion are (1) blood islands in the area opaca and (2) mesenchyme in general,
especially the mesenchyme of the liver, marrow and lymphoid organs. In
adult life all kindsof blood cells arise in marrow, chiefly lymphocytes in lymphoid
organs, and possibly wandering cells in the connective tissues.

In the formation of the blood islands in the area opaca, the mesenchymal
cells become arranged in strands. The central cells of the strands become
free and rounded, the peripheral cells
lengthen and form endothelium. Both
types are thus mesenchymal deriva-
tives.  Endothelial cells may free
themselves from the vessel wall and
join the central cells, or may break
away from the outside and join the
genera mass of mesenchyme. Thesz
observations have led to the conclu-
sion that endothelium is not a specific
tissue but rather a modification of
mesenchyme.

The central cells of the blood

islands, known as primitive blood Fic. 247.—From section of liver of a 27 mm.
cat embryo, showing erythroblasts in blood

cells, are spherical in shape, smooth, vessels, Tn the upper Tight han L} corner né
and are from 1o to 2. microns in the figure is a group of non-nucleated re
= blood cells (erythrocytes), Houwell,

diameter. They contain large vesic-
ular nuclei with very fine chromatin granules: the nucleoli are large and
irregular.  Mitotic figures are frequently seen.  The cytoplasm forms a narrow
rim around each nucleus, is finely reticulated and contains vacuoles, attraction
spheres and centrioles, but no hemoglobin.  Cells of this character are found
in rabbit embryos up to nine and one-half days.

Following this stage, the primitive blood cells give rise to two types of cells,
lymphocyles and primiiive erythroblasts. The former constitute a minority of
the descendants of the primitive blood cells and resemble the large lymphocytes
of the adult. The nucleus is relatively large, slightly indented, and somewhat
excentric. The cytoplasm surrounds the nucleus as a rim, is markedly baso-
phile, contains vacuoles and an attraction sphere, and shows small pseudopodia.
These cells are from 6.5 to 13 microns in diameter. The primitive erythroblasts
are sharply circumscribed spheres, about the size of the primitive blood cells.

18
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The nucleus is relatively smaller, round or oval, and conta’ns more distinet
chromatin granules and more prominent nucleoli. The cyvtoplasm contains a
trace of hemoglobin and looks homogeneous. Mitoses are frequent.

In the further development of the primitive
erythroblasts, their nuclei become smaller, the
chromatin paler, and the nuc eoli less distinet.
The nuclei either distintegrate in the cells or are
extruded, the cells thus losing their ability to
multiply. The cytoplasm in the meantime in-
creases in amount, the outlines becoming slightly
irregular, and acquires an abundance of hemo-
Fic. 248, —h.u.u.h..md red blood ghj]:ill. This type of cell then declines and is

tton abier leeding. “trowar® ingested by phagocytes derived from the vessel

The upper part of the figure wall, thus perishing without descendant. The

;“]:]\E:“ e I::;:',:]:L:L ﬁ:j primitive erythroblasts and their derivatives

condensation of the chromatin.  constitute but a short lived race of oxygen
carriers.

The new race of red blood cells, representing the type which lasts through-
out the life of the organism, is derived from lymphocytes. Some of the lymph-
ocytes, the characters of which have been mentioned in a preceding paragraph,
become modified in that the eytoplasm becomes less basophilic, loses its vacu-
oles and acquires a trace of hemoglobing
the nuclei become excentric, the chro-
matin denser, and the nucleoli less con-
spicuous. These modified cells, to which
the term megaloblasts is applied, lie in
groups all the members of which present
about the same stage of differentiation,
and measure from 8 to ¢ microns n
diameter.

The megaloblasts in turn give rise to
other cel's by mitosis, general reduction

in size, increase in hemoglobin, increas- Fic. 2q0—Showing the escape of the nuclei
; from nucleated red blood cells.  Hotwell,

1, 2, 3, 4, represent stages of Lttt'usum

ing density of nuclei, and loss of nucleoli.

These new cells are called normoblasts observed in living cells; a, from circulat-

< " g ing blood of adult cat 'ﬂl.r:r bleeding four
(Fig. 246). From these the nuclei are times: b, from young kitten after bleed-
extruded (beginning at the thirteenth or ing; ¢, from go mm. cat embryo; others

: : _ from marrow of adult cat.
fourteenth day in the rabbit), resulting

in the definitive red blood cell or ervthrocyte (Fig. 249).
Thus, in the manner described, red blood cells are being constantly differ-
entiated from lymphocytes, which in turn are derived from mesenchyme cells.
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The process goes on not only in the area vasculosa of the embryo but also in the
mesenchyme in general in the body, especially in the liver in the young embryo
(Fig. 247), and in the bone marrow in later embryonic life and postnatal life
(Fig. 248). Organs or tissues in which blood-cell formation occurs are spoken
of as performing a hematepoietic function. :

Erythrocyies

----- = Megakaryocyte

-

Leucocytes Reticulum

FiG. 250.—5ection of red bone marrow from rabbit's femur.

The descent of lymphocytes and red blood cells may be graphical'y repre-
sented in the following manner:
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In the human embryo the first non-nucleated disks or definitive erythrocytes
appear in the blood stream during the second month. From this time on, the
number gradually increases with a concomitant reduction in the number of
nucleated forms. At the time of birth, under normal conditions, the non-
nucleated disks constitute the only form of red blood cell found in the general
circulation.

Since the erythrocytes are constantly disintegrating and disappearing during
the life of the individual, there must be some means of replacing them. Ac-
cording to the theory of Maximow, a new supply is being constantly derived from
lymphocytes.  Under normal conditions this process goes on for the most part,

s .a’L"_.." o
%w"'--_-.;""" %u— ol

= "1{‘::?:‘: _ﬂ_;; Iy.

_
5 -
Fi

Wi

Fic. 251, —From section of groin of human embrvo of about 5 weeks. Gulfond.
23 & J Fi

¢. L n., Connective (mesenchymal) tissue nuclei; fy., lvmphatic vessel; fr, trabecula or strand of
mesenchymal tissue between two lymphatic vessels; w. L, wandering leucocytes (according
to Gulland, ideniical with first lvmphocytes).

probably wholly, in the bone marrow. Indifferent mesenchyme cells in the
marrow become differentiated into lymphocytes, some of which in turn give rise
to megaloblasts, normoblasts and erythrocytes in order, as described in the pre-
ceding paragraphs.  In this way new erythrocytes are being constantly added
to the blood as the old ones perish, and an equilibrium is thus maintained.
The question of the origin of the leucocytes is even more difficult than that
of the origin of the red blood cells.  One view, of which Gulland has been the
strongest advocate, is that the lymphocytes, whichare differentiated mesenchyme
cells (Fig. 251), represent the progenitors of the other varieties of white blood
cells, or in other words represent the youngest variety of leucocyte.  According
to this view, the lymphocytes give rise to cells with a rather large amount of
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finely granular cytoplasm—mononuclear leucocytes; the nuclei of the mononu-
clear forms become drawn out into horse-shoe shapes characteristic of the transi-
tional variety; the nuclei of the transitional forms then become lobed or separated
into two or more parts to form the nuclei of the polymorphonuclear or poly-
nuclear varieties. 1In this case, therefore, the different varicties of leucocytes
bear definite genetic relations to one another, the polymorphonuclear and
polynuclear forms indicating senility and the beginning of degeneration.

The more recent studies on the formation of blood cells (Maximow and
others) have to a considerable extent discredited the view that the different
varities of white blood cells, from lymphocytes to polynuclear forms, bear
definite genetic relations to one another. While they are all derived from in-
different mesenchyme cells, yet they do not fall into a series cach member of
which bears a direct genetic relation to the preceding and succeeding member,
as Gulland maintained (see preceding paragraph). Maximow has demon-
strated the origin of lymphocytes not only in the area vasculosa but also on
the body mesenchyme. He holds, furthermore, that the granular forms of
leucocytes arise only in the body mesenchyme.

In the bone marrow the indifferent mesenchyme cells may give rise to
several different kinds of cells. They may differentiate into osteoblasts, which
by fusion produce osteoclasts (polykaryocytes). As already stated, they may
become modified to form lymphocytes which in turn may give rise to red blood
cells. They may produce the various members of the myelocyte series and
leucocytes of all varieties. The genetic relations of myelocytes and leucocytes
have not been clearly made out. From the mesenchyme cell may be derived
also the type of cell known as the megakaryocyte, from which, according to
Wright, the blood plates are broken off (see below). (Fig. 250.)

What part is played by the lymphoid organs in the production of the different
kinds of white blood cells is a matter of some doubt. It is certain, however,
that lymphocytes multiply in these organs, especially in the germinal centers in
the lymph glands, and it is very probable that they differentiate in sifu out of
mesenchyme cells in the developing lymph glands (see p. 280). At one time
Beard attempted to discredit the mesenchymal origin of leucocytes by his
studies on the thymus in lower vertebrates. He asserted that he found no
leucocytes in the blood before the appearance of the thymus, and that the
primitive leucocytes were apparently derived from the epithelial (entodermal)
cells which constitute the anlage of the thymus. The recent researches of
Maximow have disproved Beard’s theory.

The origin of the blood plates i1s even more obscure than the origin of the
blood cells. 1. The theory that they represent products of disintegration of
leucocytes has not been corrobarated. 2. The view that the plates stand in
genetic relation to the erythrocytes is supported by the fact that the latter can
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sometimes be seen apparently extruding globular elements which simulate the
plates in appearance and staining reaction. 3. The view that the plates are
independent nucleated bodies has received support from the fact that they
possess faint chromatic masses after treatment with certain dyes, and that they
possess the power of amaeboid movement. 4. The recent view (Wright) that
“the blood plates are detached portions of the cvtoplasm of those giant cells of
the bone marrow and spleen, which have been named megakaryocyies by
Howell” is strongly supported by direct observation.

THE LYMPHATIC SYSTEM.

The Lymphatic Vessels.

From a genetic standpoint the lymphatics can be spoken of as those derived
directly from veins and those formed from intercellular spaces in the mesen-
chyme. The lymphatics derived d rectly from veins are confined to clearly
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Fia. 252 —Diagram showing the arrangement of the lymphatic vessels
in a pig embryo of 2o mm, Sabin

circumscribed regions of the body, namely, the region of certain tributaries of
the precardinal and postcardinal veins on each side, and are spoken of as the
[ympl sacs or lymph hearts. The lymphatics formed from intercullar spaces
are distributed generally throughout the body and represent not only the larger
lymphatic trunks, apart from the sacs or hearts mentioned above, but also
all the finer ramifications. These independently formed lymphatic vessels
are spoken of as systemic lymphatics in contradistinction to the sacs or hearts
which are of venous origin.
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Two pairs of lymph sacs develop, the jugular lymph sacs in the cervical and
upper thoracic regions in relation to the precardinal veins and the caudal lymph
sacs in the lumbar region in relation to the postcardinal veins. Comparatively
little is known about these structures in the human embryo, but the develop-
ment of the jugular lymph sacs in the domestic cat has been worked out with
great care and thoroughness by Huntington and McClure.

As stated by these authors, *the
primary principles underlying the de-
velopment of the jugular lymph sac are:
(1) the development of a secondary
channel parallel to the embryonic pre-
cardinal vein and the Cuvierian end of
the post cardinal; (2) the association
with this secondary channel of a certain
number of dorsal precardinal tributaries,
and (3) the separation of these two sets
of venous elements, which have been
termed veno-lymphatics, from the main
venous channels, and their subsequent
conversion into the definite jugular lymph
sacs by a process of growth and fusion.”
A number of venous channels along the
dorsal side of the straight segment of
the precardinal and the cephalic end of
the postcardinal vein enlarge and begin
to coalesce. The first four dorsal somatic
tributaries of the satr:a,ight segment of the Fic. z353.—Diagram showing network of

precardinal become dilated and fuse !%'rgphatic vessels in skin of pig embryos.
Pulricl i

T-Ggliﬂ_‘ler. These t:ﬁﬂ groups of venous Area marked A shows extent of network in

channels become incorporated into a an embryo of 18 mm.; B, in embryo of

. 2o mm.; C, in embryo of 30 mm.; I}, in

single group and, by a further process embryo of 40 mm.

of coalescence of their component ele-
ments, form a sac-like structure. This then evacuates its blood contents into
the large veins and becomes completely separated from the venous system.
Subsequently it establishes new and permanent communication with the venous
system either in the angle between the external and internal jugular veins
common jugular tap, or between the subclavian and common jugular—jugulo-
subclavian tap, or at both points.

The systemic lymphatic trunks join the lymph sacs and through them open
into the veins at the points mentioned above, the sacs thus serving as portals
of entry for the main systemic lymphatics into the venous system. The sacs
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become relatively reduced in size during later development, although in the
adult there is fairly well marked dilatation.

The first studies by Sabin on the developing lymph sacs or hearts in the
pig led to the conclusion that they were outgrowths from the large veins, Sub-
sequent reasearches on the rabbit by Lewis, who was the first investigator to
furnish the clue for the proper interpretation of the mammalian jugular lymph
sacs, and by Huntington and McClure on the cat, have resulted in practical
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F16. 254 —Diagram showing the arrangement of the lymphatic vesscls in a
pig embryo of 4o mm. Sabin.
unanimity of opinion that the structures in question are derived directly from
veins, but are not outgrowths from the large venous trunks.

So far as the development of the lymph sacs or hearts in other vertebrate
forms is concerned, the excellent work of Sala on the caudal lymph hearts in the
chick, the observations of Mierzejewski and others on the jugular lymph sacs
in the chick, and the careful and thorough investigations of Huntington on the
caudal and jugular lymph sacs in reptilian forms, all illustrate the general
principle that the lymph sacs or hearts are direct venous derivatives and that
there is a decided uniformity in the manner of development of these homol-
ogous structures in the different vertebrate classes.
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In regard to the origin and development of the mammalian systemic Ty ph-
atics, some of the earlier investigators held that they were outgrowths from
preéxisting vascular channels. Sabin maintained that the lymph hearts were
centers from which the rest of the lymphatics developed by evagination or
outgrowth (Figs. 252, 253 and 254). Lewis claimed that the lymphatic vessels
grew out not only from the lymph hearts but also from the veins at many

Marginal plexus

Anlagen of e
Iymph glands

F16. 255.—From a section through the axilla of a human embryo of 106 mm.
(about 4 months), showing anlagen of lymph glands. Kling.

points. Subsequent researches of Hunt'ngton and McClure and of Huntington
himself have furnished conclusive evidence, so far as such evidence can be ob-
tained from sections of embryos, that the systemic lymphatics, not only the
larger trunks but also the smaller ramifications, arise independently of the
hemal vascular system by confluence of mesenchymal intercellular spaces and
become lined by lymphatic vascular endothelium which represents modified
mesenchymal cells lining those spaces.

The Lymph Glands.

The lymph glands do not begin to develop for some time after the lymphatic
vessels, since there are no ‘ndications of them in the human feetus until the latter
part of the third month and none in pig embryos until they have reached a
length of 30 mm. While it is definitely settled that lymph glands originate
in very close relation with the lymphatic vessels, certain points in their latter
development need further study. In the axilla and groin, for example, the
lymphatic vessels form a dense network in the meshes of which are masses of
connective tissue. These masses become more cellular and with the surround-
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ing vessels constitute the anlagen of lymph glands (Fig. 2535). The new cells
which appear in the masses are lymphocytes which may pass through the walls
of the neighboring blood vessels and lodge here or may be derived directly from
connective tissue (mesenchymal) cells in sifu. Whatever the origin of the
lymphocytes may be, they have the opportunity here to divide freely. The
mass becomes still more cellular and enlarges at the expense of the lymphatic
vessels which then come to form a network around the mass. This network is
the marginal plexus, and it communicates freely with the neighboring lymph-
atic channels.  Within the mass of cells blood vessels are present from the begin-
ning, and these are destined to be the blood vessels of the lymph gland, and the
point of their entrance and exit marks the hilus. Outside of the marginal
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Fic. 256.—From a section through the axilla of a human embryo of 125 mm. (4-5 months),
showing an carly stage of a lvmph gland.  Kling.

plexus the connective tissue condenses to form the capsule. The gland at this
stage thus consists of a central compact cellular mass, made up of connective
tissue and lymphocytes, in which blood vessels ramify; a plexus of lymphatic
channels around the mass which communicate with the neighboring channels;
and around the whole structure a capsule of connective tissue (Fig. 256).
Further development consists of the breaking up of the cell mass by lymph-
atic channels and the formation of the follicles. It seems probable that
branches from the marginal plexus invade the cell mass principally from an
area around the hilus, thus breaking it up into smaller irregular masses or cords,
At the side opposite the hilus the invading channels are less numerous, leaving
larger parts of the mass which become the follicles (nodules) of the cortex. On
all sides the invading channels communicate with the marginal plexus and form
the so-called intermediary plexus, The gland as a whole enlarges and its per-
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ipheral part pushes outward into the surrounding tissue. Over the follicles the
capsule is pushed outward, while between them it remains in place and comes to
dip into the gland as the frabecule. The blood vessels tend to lie in the
trabecule, but a small branch probably passes to each follicle. In the follicles
themselves the lymphocytes proliferate and the central part of each follicle
becomes a germinal center.  The connective tissue among the lymphatic vessels
composing the marginal plexus becomes proportionately less as the vessels
enlarge and finally exists only as strands of reticular tissue which, naturally, are
covered by the endothelium; thus the marginal plexus becomes the marginal
sinus. The intermediary sinus is formed by the channels which originally in-
vaded the cell mass. The reticular tissuc is probably composed of remnants
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Fic. z37.—Diagram illustrating a stage (later than Fig. 256) in the development
of a lvmph gland. Stalir,

of the original connective tissue. All the channels converge at the hilus to
form the efferent lymphatic vessels (Figs. 257 and 258).

The hamolymph glands are probably developed in much the same manner
as the lymph glands except that in the former the sinuses are composed of blood
vessels instead of lymphatic vessels.

The first lymph glands to develop are those in the axilla, in the inguinal
region, in the neck, and in the base of the mesentery. These are the so-called
primary glands and develop during feetal life. They are of constant occur-
rence in these regions, but vary in number in different individuals. The
secondary lymph glands are those in the bend of the elbow, in the popliteal space,
in the mesentery, and around the aorta. Some of these develop during
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feetal life and some later. While lymph glands are of constant occurrence in
some regions throughout life, the number may vary at different times in any
region; and there may also be variations in different individuals. Glands may
be called into existence at any time during life, in almost any region, as the
result of exceptional activity of some organ, or in pathological conditions.
Such structures are known as ferfiary lymph glands.

The origin of the lymph (plasma) itself is probably extremely complex. At
one time it was considered as the result of filtration from the blood plasma
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Fic, 258.—Diagram illustrating a late stage in the development of a lvmph gland.
Compare with Fig. 257. Stikr.

through the capillary walls. If lymph originates in this way the filtration is
selective, for the chemical composition of the lymph differs from that of the
blood plasma. Further researches have tended to indicate that the lymph
plasma may be the product of the vital activities of cells.

The Spleen.

Since the spleen is generally considered as a lymphatic organ and since re-
cent researches have shown that its structure is quite comparable to that of the
lymph glands, it seems advisable to consider it under the head of lymphatic
organs. Its ultimate origin is not yet settled and the details of its later develop-
ment are still obscure. The same difficulties are met with as in the case of
the origin and development of blood cells, for it is known that the spleen plays
a part in the formation of the blood cells.  Its structure differs from that of the
lymph glands chiefly in that it possesses no distinct lymphatic sinuses; but it does
possess lymph follicles (splenic corpuscles) and densely cellular cords (pulp cords)
which are separated by cavernous blood vessels (cavernous veins).




THE DEVELOPMENT OF THE VASCULAR SYSTEM. 283

For some time the spleen was considered as a derivative primarily of the
mesenchyme in the region of the dorsal mesogastrium. More recently, how-
ever, investigators have taken the view that it arises partly, or possibly entirely,
from the mesothelium (ccelomic epithelium) of the dorsal mesogastrium. In
human embryos during the fifth week the anlage of the spleen appears as an
elevation on the left (dorsal) side of the mesogastrium (Fig. 259). This eleva-
tion is produced by a local thickening and vascularization of the mesenchyme,
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Fig. 259.—From transverse section through stomach region of a 14 mm.,
pig embrya, Photograph,

accompanied by a thickening of the mesothelium which covers it; and, further-
more, the mesothelium is not so distinctly marked off from the mesenchyme as
in other regions. Cells from the mesothelium then migrate into the subjacent
mesenchyme and the latter becomes much more cellular (Fig. 260). The
migration is brief, and in embryos of about forty-two days has ceased, and the
mesothelium is again reduced to a singlelayer of cells. Theelevation becomes
larger and projects into the body cavity. At first it is attached to the mesentery
(mesogastrium) by a broad, thick base, but as development proceeds the at-
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tachment becomes relatively smaller and finally forms only a narrow band of
tissue through which the blood vessels (splenic artery and vein) pass.

Further development of the substance of the spleen consists of the breaking
up of the cellular mesenchymal tissue by blood vessels and the formation of the
splenic corpuscles. The connective tissue frabecule, as well as the capsule of
the spleen are derived from the original mesenchymal tissue. The blood
vessels become dilated in parts of their course to form the cavernous vessels
(cavernons wveins) which are separated by the pulp cords. The connective
(reticular) tissue of the pulp cords is a derivative of the mesenchyme, but the
origin of the various types of cells in the cords is not certain. The adventitia of
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Fie. 260, —Fram section through dorsal mesogastrium (anlage of spleen) of a chick embryo
of 3 days and 21 hours incubation. Temkaff,

the walls of some of the small arteries becomes infiltrated with lymphocytes to
form the splenic corpuscles (lymph follicles).

It is not at all improbable that during feetal life the spleen is a hemato-
poietic organ, that is, both leucocytes and nucleated red blood cells proliferate
within it. Normally, the formation of erythrocytes stops at or soon after
birth. In severe amemia or in pernicious amemia in postnatal life, however,
the presence of dividing nucleated red blood cells suggests a return to
embryonic conditions.  Still the question arises as to the erigin of these nucle-
ated forms (ervthroblasts). It has also been suggested that the spleen actsas a
destrover of worn-out erythrocytes, for in many cases apparent remnants of
the latter have been observed within the cytoplasm of the “spleen cells.” The
lymphocytes proliferate to a certain extent in the splenic corpuscles, and in that
way, at least, the spleen serves as a base of supply for leucocytes. There is a
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possible suggestion that the first leucocytes of the spleen have their origin in the
mesenchymal cells of the spleen anlage. This would be in accord with the
observations which indicate that leucocytes are derived from indifferent
mesenchyme cells.

Glomus Coccygeum.

The coccygeal skein (coccygeal gland) was originally considered as belong-
ing to the same category as the suprarenal glands, but the latest researches have
indicated that its cells do not possess the characteristic chromaffin reaction and
that it belongs rather to the category of lymph glands. It develops ventral
to the apex of the coccyx in relation with branches of the middle sacral artery.

Although the thymus gland becomes a lymphatic structure it is primarily
derived from the epithelium (entoderm) of the branchial grooves and will be con-
sidered in connection with the development of the alimentary tract (Chap. XII).
The tonsils also will be considered in the same connection.

Anomalies.

AWNOMALIES OF THE HEART.

Acarpia.—The malformation known as acardia occurs in the case of twins
that have but one chorion. The so-called acardiac condition does not neces-
sarily imply the absence of the heart in the affected twin, for the latter may
develop to a considerable degree and possess a functionating heart. On the
other hand, the affected twin may be only an amorphous mass of tissue which
derives its total blood supply through the agency of the stronger twin's heart.
Or there may be any intermediate form between these two extremes. The
point is that the acardiac monster (acardiacus) derives its blood wholly or in
part through the agency of the stronger heart. A further discussion of acardiac
monsters and their possible explanation will be found in Chap. XIX.

DoueLE HEarT.—But one or two cases of a double heart in a single human
feetus have been recorded. In some of the lower forms (chick) it occurs more
frequently. The explanation is probably to be found in the double origin of
the heart in Amniotes (p. 222).

AnomarLous PosiTion oF THE HearT.—Congenital anomalies in the posi-
tion of the heart are rare. Dextrocardia (heart on the right side) is almost
invariably associated with changes in the position of the viscera (see transposi-
tion of the viscera, page 355). In the condition known as ectopia cordis, the
heart, with the pericardium, protrudes through a cleft in the ventral wall of
the thorax, the cleft being probably due to an imperfect fusion of the two sides
of the body wall in that particular region.

ANOMALIES OF THE SEPTA.—The most frequent anomaly in the afriai
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septum is the persistence of the foramen ovale. The entire foramen may
remain patent, or, as is more frequently the case, a smaller opening may per-
sist between the ventral (anterior) border of the foramen and the valve of the
latter (p. 229).

The atrial septum may be wholly lacking, but this always occurs in conjunc-
tion with other defects. It sometimes happens that the primary atrial septum
(septum superius), which grows from the cephalic side of the common chamber,
fails to fuse with the septum of the atrio-ventricular aperture (p. 229 and
Fig. 200).

Defects in the ventricular sepfum occur less frequently than in the atrial
septum. It may happen that the cephalic (upper) border of the ventricular
septum fails to fuse with the septum which divides the aortic trunk and bulb
into the aorta and pulmonary artery. This afiects the cephalic (upper) part of
the septum sometimes called the pars membranacea (p. 230 and Fig. 203); and
since the defect is situated near the opening of the aorta it brings about the =o-
called “origin of the aorta from both ventricles.” Stenosis of the pulmonary
artery usually accompanies this condition. Rarely is there a deficiency in the
caudal (lower) part of the ventricular septum. Complete absence of the
ventricular septum may occur, and along with it also an absence of the atrial
septum, so that the heart is simply two-chambered; or the single ventricle may
open into two atria. The causes of these defects are obscure.

Axomaries oF THE VALVES.—There may be congenital variations in the
size and number of the afrio-veniricular valves, depending upon abnormal posi-
tion, fusion, or division of the pad-like masses from which the valves develop
(p- 232)-

There may be also a greater or lesser number of semilunar walves in the
aorta and pulmonary artery. This irregularity can probably bereferred back to
an atypical division of the aortic trunk and bulb, and a corresponding atypical
division of the protuberances which give rise to the valves (p. 232). Variations
in the valves may or may not be accompanied by functional disturbances.
The congenital diminution in the number of valves should be distinguished
from the acquired, where chronic endocarditis may cause a fusion.

AnvomarLies oF THE LARGE VascurLar TRUNKS.

ANOMALIES OF THE ARTERIES.— There may be a transposition of the aorfa
and pulmonary artery. This results from an anomalous division of the aortic
trunk and bulb. The partition develops in such a way as to put the aorta in
communication with the right ventricle, and the pulmonary artery with the left
ventricle (p. 230). Or the aorta and pulmonary artery may remain in direct
communication on account of an imperfect development of the partition.
Rarely the two vessels remain as a common stem.
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Congenital stenosis (constriction) of the pulmonary artery may occur, ac-
companied by an increase in the size of the aorta, possibly due to an unequal
division of the aortic trunk and bulb. After birth little or no blood can pass to
the lungs, and the result is a general damming (stasis) of the venous blood with
marked cyanosis. This is at least one explanation of the so-called “blue
babies.” Less frequently there iz a stenosis of the proximal end of the aorta,
with excessive size of the pulmonary artery, also due to an unequal division of
the aortic trunk and bulb (p. 230). These stenoses are usually, though not
always, accompanied by defects in the ventricular septum.

Persistence of the ductus arteriosus may occur without any other defect; but
usually the persistence is associated with anomalous conditions of the aorta and
pulmonary artery.

Occasionally the arch of the aorta is found on the right side. This condition
is due to the persistence of the fourth aortic arch on the right side instead of the
corresponding arch on the left side; this is the normal condition in Birds.
Rarely both fourth aortic arches persist, which results in a double arch of the
aorta—the normal condition in Reptiles. (Compare Figs. 219 and 220.)

The dorsal aorta, particularly the abdominal part, is occasionally found to
consist of two parallel, imperfectly separated vessels—a condition known as
double aorta. This anomaly is due to an imperfect fusion of the two primitive
aorte (p. 230 and Fig. 194).

Numerous variations are met with in the larger branches of the aorta, many
of which are explained by referring them to embryonic conditions. Especially
noteworthy are the branches from the arch of the aorta, since their development
is so closely associated with the changes in the aortic arches. The normal
arrangement, passing from the heart, is innominate artery, left common
carotid artery, left subclavian artery (see Fig. 220).

1. All these branches may be collected into a single trunk, a condition
characteristic of the horse.

2. Two branches may arise from the arch. (a) The left common carotid
unites with the innominate, and the left subclavian arises separately. This is
the normal arrangement among the apes, and is probably the most common
variation in man. (b) Very rarely there are two innominate arteries, each
formed by the union of a common carotid and subclavian—a condition char-
acteristic of Birds.

3. Three branches may arise from the arch but in a manner differing from
the normal. Each subclavian arises separately and the two common carotids
are united into a single vessel. This arrangement is found in some of the
Cetacea. :

4. Four vessels may arise from the arch. (a) Theseare, in order, innomi-
nate, left common carotid, left vertebral, left subclavian. (b) Or the order may

19
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be right common carotid, left common carotid, left subclavian, right subclavian.
In this case the proximal part of the right subclavian represents the portion of
the right dorsal aortic root just cranial to the bifurcation; the fourth arch on
the right side disappears. (c) Or very rarely the order may be right subclavian,
right common carotid, left common carotid, left subclavian.

5. Five branches of the arch are rare. In order they are right subclavian,

oht vertebral, right common carotid, left common carotid, left subclavian.,

6. Very rarely there are six branches of the arch; right subclavian, right
vertebral, right common carotid, left common carotid, left vertebral, left
subclavian.

Axomavries ofF THE VEINs.—The two pulmonary veins on each side, more
frequently those on the left side, may unite into a common trunk before opening
into the atrium. This variation i8 probably due to the fact that the absorption
of the originally single pulmonary trunk into the wall of the atrium does not
proceed far enough to cause all four of the pulmonary veins to open separately
(see p. 231). The upper (more cephalic) vein on the right side may open into
the superior vena cava; or the upper vein on the left side may open into the left
innominate vein. A possible explanation for this is that the pulmonary veins
are formed after the heart and other vessels have developed to a considerable
degree, and some of them may unite with the other vessels instead of with the
atrium.

Occasionally two superior ven@ cave are met with. In this case the right
opens into the right atrium in the normal position; the left opens into the right
atrium through the coronary sinus which naturally is much enlarged. This
condition represents a persistence of the proximal end of the left anterior car-
dinal vein and the left duct of Cuvier, and is the normal arrangement in many
of the lower Vertebrates. Even with two venae cavea there may be a small anas-
tomosing branch in the position of the left innominate vein, which represents
the normal structure in the Marsupials (see Figs. 232 and 233 and p. 256).
There are a few cases on record of a single left superior vena cava.

The inferior vena cava is also subject to variations which represent the
abnormal persistence of certain embryonic vessels. Perhaps the most striking
of these variations is the condition known as double inferior vena cava. There
may be two parallel vessels, of equal or unequal size, which unite at or above
the level of the renal veins.  This condition is to be explained by the persistence
of parts of both posterior cardinal veins. It is met with not infrequently among
the lower Mammals, especially the Marsupials (see Figs. 233 and 230).

Rarely the inferior vena cava opens into the superior, and in this case the
hepatic veins open directly into the right atrium. This anomaly probably
represents a failure of the absorption of the sinus venosus into the wall of the
atrium (p. 231).

I
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A left renal vein may open into the left common iliac, which condition
represents a persistence of the more caudal part of the left posterior cardinal
(Fig. 236). This anomaly is rare.

The azygos vein occasionally presents variations which are due to anoma-
lous development. All the intercostal veins on the left side may be collected
into a vessel which opens into the left innominate vein. There may be a single
median azygos vein; or there may be a transposition of the azygos vein. It may
be on the left side and open into the coronary sinus (normal conditions in the
sheep and a few other Mammals). The latter condition represents a persistence
of the more cephalic part of the leff posterior cardinal vein (see Figs. 233and 234).

Space does not permit a discussion of the great number of congenital varia-
tions that occur in the smaller blood vessels, both arteries and veins. The
student is referred, however, to the more extensive text-books of anatomy.

PRACTICAL SUGGESTIONS.

The development of the vascular system (blood vessels, lymphatic vessels and blood)
presents some of the greatest difficulties of study in embryology. The development of the
blood cells and the formation of the primary blood vessels may be studied by means of
ordinary histological technic. But in order to trace the development of such complicated
systems as the blood vessels and lymphatic vessels, other methods, in addition to ordinary
histological technic, must be employed; for it is obvious that a few sections taken at random
in an embryo would be practically valueless in tracing the course of a vessel. These addi-
tional methods, as referred to in the following paragraphs, will be described in the Appendix.

The Blood. —The blood islands are very well shown in surface views of the chick blasto-
derm. The most instructive specimens are obtained during the latter part of the first and
during the second day of incubation. The blastoderm is removed from the egg, fixed in
Zenker’s finid, stained in folo with borax-carmin and mounted in fofo in xylol-damar,

To complete the study, sections of blastoderms of similar stages are also necessary, In
this case Flemming's fluid is an excellent fixative (Zenker's is good, but causes more shrink-
age). Sections are cut in paraffin, stained with Heidenhain’s hematoxylin and mounted
in xylol-damar.

In later stages the blood cells may be observed in the vessels in sections of any embryo (see
following paragraphs). The best region is the liver, where the cells are always present in
great numbers.

Very instructive specimens may be obtained by making smears, at any stage during
embryonic life, from a fresh liver or spleen, or from the bone marrow, allowing the smear
to dry, staining with Jenner's blood stain and mounting in xylol-damar. In such specimens
all types of blood cells may be seen.

Tlie Blood Vessels.—Surface view of the chick blastoderm during the second and third
{and even later) days of incubation show the developing blood vessels in the extraembryonic
area, and also show the relation between the vessels and blood islands. The blastoderm
is removed from the egg, fixed in Zenker's fluid, stained in fole with borax-carmin and
mounted @ folo in xylol-damar.

Sections of the blastoderm at such stages are necessary to complete the picture one gets
on surface view. The blastoderm is fixed in Flemming's fluid or Zenker’s fluid, sectioned
in paraffin, stained with Heidenhain’s hematoxylin and mounted in xylol-damar. The for-
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mation of the primitive blood vessels is seen in the visceral mesoderm. The vessels often
contain masses of nucleated cells (erythroblasts) derived from the blood islands

The study of the developing vessels witiun the embrye is much more difficult, requiring
complete serial sets of sections at different stages, and involving tedious methoeds of recon-
struction. Any particular vessel at one stage must be traced from section to section through-
out its entire length, and its relations to other vessels and to surrounding structures must be
observed. Furthermore, such observations must be made at many different stages. It is
obviously impossible to retain a clear mental picture of all such vessels throughout a series
of observations; consequently it is necessary to reconstruct graphically or otherwise the
vessels in the succeeding stages in order to make comparisons and observe the progress of
development.

For the successiul study of developing blood vessels (and lymphatic vessels) two things
are essential:

1. In the first place the embryo at any particular stage must be treated in such a manner
as to differentiate the vessels from the surrounding tissues, and so enable one to reestablish
their continuity throughout a long series of sections. The differentiation of the vessels is
usually obtained by the use of certain stains which have strong affinitics for blood cells.
A chick embryo or mammalian embryo is fixed in Zenker’s fluid.  As much blood as possi-
ble should be left in the vessels. The embryo is embedded in paraffin and cut into trans-
verse serial sections, care being taken to have the series complete. The technic for serial
sections will be found in the Appendix.

The method of staining is as follows:

1. Xylol, graded alcohols, water.
Weigert's hiematoxylin, several minutes.

L]

3. Rinse in water.

4. Decolorize in water acidulated with HCI (six drops to 5o c.c. of water) until
tissues appear gray.

5. Rinse in water.

6. DMp in water containing a few drops of ammonia (three drops to 50 c.c. of

water) until tissues are blue,

7. Rinse theroughly in distilled water,

8. One-half to 1 per cent. solution of Orange G. in distilled water until tissues
acquire a brownish tinge.

g. Rinsc in distilled water.

1o. Graded alcohols, xylol, xylol-damar.

This method gives the blood cells a bright orange color, thus differentiating the vessels
from the surrounding tissues. In case the blood does not take the stain readily, a drop of
acid (acetic is good) in the Orange G. solution (one drop to 100 c.c.) will usually remove
the difficulty.

Similar results may be obtained by using picric acid instead of Orange G.

2. Since the sections are arranged serially, it is possible to trace the course of a vessel
from section to section; but to obtain a complete picture of the vessels it is necessary to
reconstruct (a) diagrams or (b) models. (a) Where conditions are not too complicated the
graphic reconstructions are sufficient. It is possible to make a map, as it were, of the vessels
on paper so as to get a comprehensive view of a whole system of vessels (see Appendix).
(b) Where there are many vessels it is best to make plastic reconstructions. By this method
any number of vessels may be reproduced in wax, and a model of an entire system obtained

(see Appendix).
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Where it is possible to obtain lwing embryos of some size, chicks for example, infra
vilam injections of the vessels afford instructive objects for study. While the heart is still
beating, India ink is injected into the liver by means of a small hypodermic syringe. The
ink is soon carried into the vessels. The embryo is fixed and the tissues then rendered more
or less transparent by putting in glycerin.

The Heart.—Chick embryos are taken during the first half of the second day of incu-
bation, fixed and sectioned as in the preparation for the study of blood vessels (see above).
Staining may be done with borax-carmin before embedding, or the sections may be stained
with hematoxylin. The double origin of the heart is clearly demonstrated in the sections
just behind the head region.

Transverse sections taken at random through the heart in later stages are instructive,
but for a complete study recourse must be had to serial sections and plastic reconstructions.

The Lymphatics.—In any embryo prepared for the study of the bloodvessels (see above)
the lymphatic channels may be seen. It must be remembered, however, that the lymphatic
vessels do not begin to develop for some time after the appearance of the blood vessels
in the embryo. Frequently it is difficult to distinguish the lymphatic channels from
veins, for both may contain blood cells.

Developing lymph glands may be studied in the axilla and groin of feetal pigs which have
reached a length of 30 mm. and more. Serial sections prepared for the study of blood
vessels (see above) may be used; or the above mentioned regions may be cut from the fresh
embryo, fixed in Flemming's fluid, sectioned in paraffin and stained with Heidenhain's
hamatoxylin.

Very recently an ingenious scheme has been devised for injecting the vessels in embryos
with India ink (H. McE. Knower: A New and Sensitive Method of Injecting the Vessels of
Small Embryos, Etc., under the Microscope. Asal. Record, Vol. 11, No. 5, 19o8).
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CHAPTER XI
THE DEVELOPMENT OF THE MUSCULAR SYSTEM.

Anatomy and Histology show that there are, in a sense, two muscular
systems in the body, and Embryology teaches that the two systems have dif-
ferent origins.

1. The skeletal musculature—This, as the name indicates, is closely associated
with the skeletal system. It is made up of striated muscle fibers arranged to
form definite bundles or muscles. The skeletal musculature is under the
voluntary control of the central nervous system.

2. The visceral musculature,—This is found in connection with and forms
integral parts of certain organs. It is made up of two different kinds of fibers—
smooth muscle fibers or cells and striated fibers or cells (heart-muscle cells).
The latter are found only in the wall of the heart. The visceral musculature is
involuntary, being under the control of the sympathetic nervous system.

Both systems are derived from mesoderm but from distinet parts of the
mesoderm. Furthermore, their developmental histories are quite different, as
will be seen in the following paragraphs.

THE SEKELETAL MUSCULATURE.

In the chapter on the development of the germ layers it was said (p. 72)
that throughout the length of the body region of the embryo the mesoderm on
each side of the neural tube and notochord becomes divided into a definite
number of segments—the primitive scgments or mesedermic somites (Figs. 57,
72, 74). These indicate the seementation of the body, and the history of the
greater part of the skeletal musculature dates from their differentiation from
the axial mesoderm. Thus the skeletal musculature is, for the most part,
primarily segmental in character.

At first the primitive segments are composed of closely packed, epithelial-
like cells, and each segment contains a small cavity which represents a portion
of the ccelom (Fig. 141). The ventro-medial parts of the segments become
differentiated to form the sclerofomes which are composed of more loosely ar-
ranged cells (Fig. 261), and which are destined to give rise to the vertebre and
to the various kinds of connective tissue in their neighborhood. The lateral
parts of the segments become differentiated to form the cutis plates which are
destined to give rise to a part of the corium of the skin. The remaining portions
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of the segments form the muscle plates or myolomes (Fig. 261), from which
develop by far the greater part, at least, of the voluntary striated muscles.

The differentiation of the parts of the primitive segments begins in the cervi-
cal region by the end of the second week, and then gradually proceeds toward
the tail. Three myotomes are also probably formed in the occipital region.
The cells of the myotomes are at first of an epithelial character (Fig. 143).
Contractile fibrils appear in the cells and the latter are transformed directly
into muscle fibers.  (For histogenesis see p. 307). The fibers later alter their
direction in accordance with the particular muscle to which they belong. The
muscle tissue first formed is thus segmented, being derived from the segmen-

Meuaral crest

Umhilieal
vein

———— e e -

Fig, 261.—Transverse section of human embrvo of the 3rd week. Sel.v, Break in myotome at
point where sclerotome is closely attached, Kollmans,

tally arranged myotomes, but as development proceeds the myotomes undergo
extensive changes by which the segmental character is lost in the majority of
cases. It is retained, however, in a few instances, such for example as the
intercostal muscles. The course of the changes which obliterate the segmental
character of the myotomes and give rise to the various muscles has not been
observed in all cases. But since a nerve belonging to any particular segment
and innervating the myotome of that segment always innervates the muscles
derived from that myotome, it is possible to learn something of the history of
the myotomes by studying the innervation of the muscles.

From a consideration of what iz known concerning the individual histories
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of the muscles and concerning the innervation of the muscles, certain factors
can be recognized, to one or more of which the changes in the myotomes may
be referred. These factors are as follows:

1. Migration.—The myotomes may migrate in whole or in part, and the
muscles derived from them may be situated far beyond their limits. For
example, the latissimus dorsi is derived from cervical myotomes but ultimately
becomes attached to the lumbar vertebre and to the crest of the ilium. To this
factor, possibly more than to any other, is due the loss of the segmental character
in the musculature.

2. Fusion.—Portions of two or more myotomes may fuse to form one muscle.
For example, each oblique abdominal muscle is derived from several thoracic
myotomes.

3. Longitudinal Splitting.—~Very frequently a myotome or a developing
muscle splits longitudinally into two or more portions. The sternohyoid and
the omohyoid, for example, are formed in this manner.

4. Tangential Splitting—A developing muscle may split tangentially into
two or more plates or layers. The two oblique and the transverse abdominal
muscles, for example, are formed in this way.

5. Degeneration.—Myotomes may degenerate as a whole or in part and be
converted into some form of connective tissue, such as fascia, ligament or
aponeurosis. The aponeuroses of the transverse and oblique abdominal
muscles are probably due to a degeneration of portions of the myotomes from
which the muscles are derived.

6. Change of Direction~—The muscle fibers may change their direction.
As a matter of fact, the fibers of very few muscles retain their original direction.

Muscles of the Trunk.

The myotomesare at first arranged serially along each side of the notochord and
spinal cord (compare Fig. 262 with Figs. 143 and 261). By the end of the second
week fourteen myotomes are differentiated in the human embryo. Differen-
tiation continues until, by the end of the fourth week, the total number—thirty-
eight—is present. Of the thirty-eight, three are occipital, eight cervical, twelve
thoracic, five lumbar, five sacral, and five (or six) coccygeal. The occipital
myotomes are transient structures that appear in relation with the hypoglossal
(XII) nerve. The cervical, thoracic, lumbar, sacral and coccygeal myotomes
correspond individually to the spinal nerves (Fig. 262). As stated on page 184,
the myotomes alternate with the anlagen of the vertebra. Consequently in the
cervical region there are eight myotomes, corresponding to the eight cervical
spinal nerves, and only seven vertebrie.  The myotomes in the neck and body
regions are destined to give rise to the dorsal musculature, to the thoraco-
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abdominal musculature, to a part of the muscles of the neck, and to the
muscles of the tail region. There is a possibility that they give rise also to the
muscles of the tongue.

As the myotomes continue to develop, they become elongated in a ventral

FiG. z62.—Lateral view of human embryo of o mm. (3} weeks). Bardeen and Leivis,

The area from which the skin has been removed is deawn from reconstructions,  The myotomes
have fuscd 1o a certain extent, so that segmentation is becoming less distinet.  Note that the
myvotomes correspond o the '~|-1|| il nerves. The developing muscle mass [lhl.‘ myolomes
hl”l l.1|'|.1 I".:l [ Vi I1l:|*-\. VEILFaL |'|. |.1'| |_h|_ |||'|||1 4 1i] |!|1 L} [ 1_h.|,:|;r [ |_|_ 3{hil‘11. nnd I"\ {ll'.L{iLd. t}'n- i
]unlrt::nllll il groove into two parts—a dorsal and a ventro-lateral (sec text).

In the region of the upper extremity, dense masszes of * premuscle ** tissue are represented which
later form the muscles.  In the region of the forearm and hand the * premuscle ™ tissue has
been removed Lo disclose the anlagen of the skeletal elements (radius, ulna, and hand plate),
In the region of the lower extremity the superficial tissue has been removed to disclose the
border vien, the anlagen of the os coxie, and the lumbo-sacral nerve plexus.

direction. Those of the thoracic region extend into the connective tissue of
the somatopleure, or in other words, into the lateral body walls (compare
Figs. 262 and 263). During the fifth week the myotomes give rise to a dorso-
ventral mass of developing muscle tissue, in which the segmental character
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o Vertebral arch
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Fic. 263.—Diagrammatic cross section through the sth-6th thoracic segments of a human embryo
of g mm. (4} weeks), Bardeen and Leiwds,

Fio. 264.—Drawing from a reconstruction of the region of the lower extremity of a human embryo

of g mm. (43 weeks). Bardeen aund Lewis,

The visceral ergans and the greater part of the left body wall have been removed.  The Sth thoracic
to the sth sacral segments are shown. On the right side of the body the costal processes,
the spinal nerves (including the lumbe-sacral plexus), and the lower extremity are shown,
On the left side the costal proceszes, the spinal nerves, and the 11th and rzth thoracic myo-
tomes are represented. Note the dorsal, lateral, and sympathetic branches of the spinal
nerves
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largely disappears. The muscle mass then becomes divided longitudinally
into two parts, (1) a dorsal and (2) a ventro-lateral (Figs. 262, 263 and 264).
1. The dorsal part is destined to give rise to those dorsal muscles of the
trunk that are not associated with the extremities, and is innervated by the
dorsal rami of the spinal nerves (Fig. 263).
2. The ventro-lateral part again divides longitudinally into (a) a lateral

Cardinal
WiET

Cardinal
VeI

".. . External oblique
“-., External intercostal
° Imternal intercostal | Ventro-lateral
‘ ° Imternal ohlique | musculature
" Transversalis
Rectus |

A

Fic. 265.—Diagrammatic cross section through the 6th-7th thoracic segments of a human embryo
of 173 mm. (5} weeks)., Bardeen and Lewis.

and (b) a ventral part, although the line of division is not so distinct as
between the original (1) dorsal and (2) ventro-lateral parts (Fig. 265).
(a) The lateral part subdivides tangentially and gives rise in the cervical
region to the longus capitis, longus colli, rectus capitis anterior, to the
scaleni, and to parts of the frapezius and stermomastoidens (Figs. 266
and 267). In the thoracic region it gives rize to the infercostales
and to the fransversus thoracis (Figs. 265 and 268); in the abdominal
region to the pseas, quadraius [umboriwom, and to the obligui and
transversus abdominis (Figs. 267 and 268).
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(b) The ventral part gives rise in the cervical region to the sternohyoidens,
omohyoideus, sternothyreoideus and geniohyeidens. In the abdominal
region the ventral part gives rise to the rectus abdeminis and to the
pyramidalis (Figs. 265 and 267). In the thoracic region there are no
muscles derived from the ventral part, corresponding to those in the
abdominal region. This is probably due to the deyelopment of the
sternum.

Fie. 266.—Lateral view of a human embryo of 11 mm. (about 5 weeks). Bardeen and Lewis.

The area from which the skin has been removed is drawn from reconstructions.  The dorsal mus-
culature has been removed from the region of the upper extremiiy, exposing the 4ih to the
8th cervical and the 1st to the 3d thoracic vertebree.  The dorsal musculature has likewise
been removed from the sth lumbar and first three sacral segments.  Segmentation is practi-
cally lost in the dorzal musculature in the thoracic region, but is still evident in the lumbar,
sacral and cocoygeal regions,  The ventro-lateral musculature is distinctly separated from the
dorsal, and is beginning to differentiate into the muscles of the thorax and abdomen.

The ventro-lateral portions of the lumbar myotomes and of the first two
sacral myotomes, corresponding to the ventro-lateral portions of the thoracic
myotomes, apparently do not take part in the production of muscles which be-
long to the body wall proper. It is even questionable whether they give rise to
any muscles of the lower extremities, The ventro-lateral portions of the third
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and fourth sacral myotomes give rise to the levator ani, the coccygeus, the
sphincter ani externus and the perineal muscles. The dorsal parts of the myo-
tomes as far as the fifth sacral probably give rise to the sacrospinalis (Fig. 266).

Thne DiaparacM.—In addition to certain structures which are considered
in connection with the pericardium (parietal mesoderm, mesocardium and
common mesentery—Chapter XIV), two myotomes on each side enter into

Fic. 267.—Drawing from a reconstruction of a human embryo of 20 mm. (about 7 weeks]).
Bordeen and Lewis,

The superficial tissues have been removed from the extremities, the body wall, and the back.

the formation of the diaphragm. These are the third and fourth cervical myo-
tomes, parts of which grow into the developing diaphragm in the earlier stages
when it is situated far forward in the cervical region (p. 378 and Fig. 336), and
give rise to its muscular elements.

Muscles of the Head.

Primitive segments (mesodermic somites) are not clearly demonstrable in
the heads of human embryos, nor, in fact, in the heads of any of the higher
Vertebrates. In some of the lower forms, however, they are very distinct. It
seems possible, even probable, that their indistinctness in the higher animals

el i A,
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is due to an abbreviation or condensation in the development of the head
region. Such condensations are known to occur in the development of other
structures. In a human embryo 3.5 mm. long, three structures resembling
segments have been seen somewhat caudal to the region of the ontic vesicle on

Fic, 268, —Drawing from a reconstruction of the right side of a human embryo of 20 mm. (about

= weeks),  Bardeen and Leivis.

The left body wall and viscera bave been removed. Note especially the following muscles: The
deltoid and biceps, just to the left of the brachial plexus and below the clavicle; the internal
intercostals; the diaphragm, attached to the body wall; the transverse abdominal and the
rectus abdominis; the quadratuz lumborum, just to the right of the transverse abdominal;
the psoas, cut just above the lumbo-sacral plexus; the levator ani, running obliquely upward
from the coccygeal region,

one side. On the other side there were seven similar but smaller structures.
All were composed of epithelial-like cells surrounding small cavities.
Whether these segment-like structures bear any relation to the mesenchymal
condensations which appear regularly in the occipital region (p. 193), seems
not to have been determined.
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Although the transformation of head segments into muscles has not been
followed in detail in mammalian embryos, it may be inferred from the study of
lower forms that threesegments are involved in the formation of the eye muscles.
The most cephalic (anterior) segment gives rise to the recti superior, inferior
and medialis (internus) and to the obliguus inferior, all of which are innervated
by the occulomotor (11I) nerve. The next segment gives rise to the obliguus
superior which is innervated by the pathetic (IV) nerve. The most caudal
scgment gives rise to the recfus lateralis (externus) which is innervated by the
abducens (VI) nerve.

The development and innervation of the other muscles of the head and of
the hyoid musculature present certain peculiaritiecs which have caused these
muscles to be considered as more closely related to the visceral musculature
than to the myotomic musculature. In the first place they are derived from
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Fig. z60.—Transverse section through the cighth cervical segment of a human
embrvo of 2.1 mm. Lewis.

the branchial arches (hence are often called branchiomeric muscles), and not
directly from the myotomes of the neck region. This places them in closer
relation to the visceral muscles, although they are structurally and functionally
different from the latter. In the second place the nerves which supply them
are fundamentally different from those which supply the myotomic muscles
(Chap. XVII).

The first branchial arch on each side gives rise to the femporalis, masseler
and pterygoidei, to the myloliyoidens and digastricus (venter anterior) and to the
tensor tympani and fensor velt palatini.  All these muscles are innervated by the
trigeminal (V) nerve.

The second arch, which is often called the hyvoid arch, gives rise to a large
sheet of myogenic tissue which produces many of the facial muscles, such as the
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platysma and epicranius, the muscles of expression—guadratus labii superioris,
risorius, triangularis, mentalis, etc.; also two muscles connected with the hyoid
bone—digastricus (venter posterior) and styvloliyoideus—and the stapedius of the
middle ear. The facial (VII} nerve corresponds to the second arch and sup-
plies all these muscles.

The glossopharyngeal (IX) nerve corresponds to the third branchial arch,
and this fact indicates the muscles derived from that arch. Some, at least, of
the constrictor muscles of the pharynx are derived from the third arch. The
stylo-pharyngeus is also a derivative of the same arch.

The vagus (X) nerve is associated with the fourth and fifth arches and con-
sequently innervates the muscles derived from these arches, viz., the rest of the
constrictors of the pharynx (see above), the laryngeal muscles and the muscles
of the soft palate (except the tensor veli palatini which is derived from the first
arch (p. 302). The glossopalatinus and chondroglossus are also derived from
the fourth and fifth arches, while the rest of the extrinsic muscles of the tongue
are of myotomic origin.

Two other muscles are probably derived in part from the branchial arches,
for fibers of the spinal accessory (XI) nerve afford a part of their innervation.
These are the {rapezius and the sternomastoidens, the remaining parts of which
are of myotomic origin (p. 298).

Muscles of the Extremities.

The question as to whether the muscles of the extremities are derivatives of
the myotomes or of the mesenchymal tissue in the limb buds has not been
settled. In some of the lower Vertebrates, especially in some of the Fishes, it
seems to have been pretty clearly demonstrated that bud-like processes from
the myotomes grow into the anlagen of the extremities (fins), and there give
rise to muscles. In other lower forms no such buds from the myotomes have
been demonstrated, but the muscles are apparently derived directly from
the mesenchymal tissue in the anlagen of the extremities. In the higher verte-
brates, especially in Mammals, no distinct myotome buds have been traced into
the extremities. Some investigators hold, however, that instead of myotome
buds some cells from the myotomes—myeblasts—wander into the limb buds
and give rise to muscles. Other investigators are inclined to the view that the
musculature of the extremities is not of myotomic origin, but that it is derived
from the mesenchymal tissue of the limb buds.

A most striking feature of the musculature of the extremities is its distinctly
segmental nerve supply. This, of course, is in favor of, although it does not
prove, its myotomic origin. If the muscles of the extremities are of myotomic
origin, it is very probable that several myotomes take part in their formation.

e
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In the first place among the lower Vertebrates the muscles of each extremity are
derived from several myotomes and are innervated by segmental nerves cor-
responding to these myotomes. In the second place among the higher Verte-
brates, although the myotomic origin of the muscles has not been clearly demon-
strated, the nerve supply in each extremity comes through several segmental
spinal nerves.

Knowledge concerning the development of the individual muscles of the ex-
tremities in the human embryo is incomplete. Especially is this true of the
muscles of the lower extremities.

The upper limb bud first appears in embryos of 2-3 mm. (during the third
week) as a slight swelling ventro-lateral to the myotomes in the lower cervical
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Fic. 270.—Transverse section through the eighth cervical segment of a human
embryo of 4.5 mm. Lewis

region (Fig. 26g; see also Fig. 123). The swelling gradually enlarges and by
the time the embryo has reached a length of 45 mm. lies opposite the last four
cervical and the first thoracic myotomes. At this time it is filled with closely
packed mesenchymal cells.  No buds from the myotomes can be seen extending
into the mesenchyme (Fig. 270).

In succeeding stages the limb bud enlarges still more, and the mesenchymal
tissue becomes denser (Figs. 271 and 272). During these stages no growths,
either of buds or of individual cells, from the myotomes are apparent. Some
of the cervical nerves, however, enter the limb buds (Fig. 272).

Apparently the tissue from which the muscles, as well as the skeletal ele-
ments, are to develop, is the condensed mesenchymal tissue. The first indica-
tion of differentiation occurs during the fourth week (embryo of about 8 mm.).
The central portion or core of the mesenchymal mass becomes still denser to
form the anlage of the skeletal elements of the extremity. The tissue of the
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core shades off into the surrounding tissue of a lesser density, which is destined
to give rise to the muscles and which is known as the premuscle sheath.

During these processes of differentiation in the limb bud proper, masses of
premuscle tissue have also become differentiated around the base of the limb
bud. These are the forerunners of certain extrinsic muscles of the upper ex-
tremity, such as the pecforalis, levalor scapule, trapezius, latissimus dorsi, ser-
ratus, etc. (Fig. 273; compare with Fig. 274).

Intervertebral disk
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Fic. zy1.—Transverse section through the 8th cervical segment of a human
embryo of § mm. Lewis,

By the end of the fifth week the premuscle sheath in the limb bud proper be-
comes more or less differentiated into muscles or groups of muscles. The
differentiation is most complete at the proximal end. From this the transition
is gradual to the distal end where the premuscle sheath is intact.

By the end of the sixth week most of the muscles of the upper extremity are
recognizable (Figs. 274 and 275).

By the end of the seventh week practically all the muscles can be recognized
and are composed of muscle fibers.

During the differentiation of the muscles, the limb bud and certain ex-
trinsic muscles migrate a considerable distance caudally. For example, the
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pectoralis and latissimus dorsi migrate from the base of the arm to the thoracic
wall. Their nerves are naturally pulled with them. The trapezius muscle,
which originates well forward in the cervical region, migrates so that it finally
reaches as far as the last thoracic vertebra. The sternomastoideus also origi-
nates well forward in the cervical region, but finally extends to the clavicle and
sternum. The migration of the upper extremity causes the brachial plexus to
have a caudal inclination.

The lower limb buds arise very soon after the upper. As stated on page 153,
the upper limbs always maintain a slight advance over the lower in develop-
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Fic. 272 —Transverse section through the 8th cervical segment of a human
embryo of 7 mm. (about 4 weeks). Levis,

ment. As in the case of the upper, the lower limb buds appear as swellings on
the ventro-lateral surface of the body, opposite the fifth lumbar and first sacral
myotomes. The interior of each swelling is at first composed of closely packed
mesenchymal tissue, but whether any part of the myotomes enters it is question-
able. At all events several spinal nerves do enter the tissue and supply the
muscles, ‘The differentiation of a central core as the anlage of the skeleton, and
the differentiation of the surrounding tissue as the premuscle sheath, take place
in the same manner as in the upper extremity (p. 305). From this premuscle
sheath all the muscles of the lower extremity are developed.
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Histogenesis of Striated Voluntary Muscle Tissue.

The majority of the striated voluntary muscles of the body are derived from
the myotomes. Some are derived from the mesenchymal tissue in the branchial
arches, some possibly from the mesenchymal tissue in the limb buds. The
primitive segments are at first composed of closely arranged, epithelial-like cells
that radiate from a small centrally placed cavity (Fig. 141). The cavity repre-
sents partof the ccelom and from this point of view it can be said that the muscle
is a derivative of the epithelial lining of the ccelom. A part of each primitive
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Fic. 273.—Drawing from a reconstruction of the upper limb vegion of a human
embryo of g mm. (4% weeks); ventral view. Lewss,
Inf. By, infrabyold; Lev, seap., levator scapulz; My, myotome mass; Rhom.,
thomboid; Trap., trapezius.

segment becomes the sclerotome and cutis plate. The remaining part be-
comes the myotome or muscle plate (Fig. 261).

The cells of the myotome are at first not essentially different from those of
the rest of the primitive segment. Soon, however, changes take place in them
and they become the so-called myoblasis or muscle-forming cells, which are
destined to give rise to the muscle fibers. Opinions differ as to the manner in
which the myoblasts produce the muscle fibers. It was once thought that each
myoblast gave rise to a single muscle fiber in which there were several nuclei, all
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derived from the original myoblast nucleus by mitotic division. It was also
thought that the muscle fibrille represented highly modified and specialized
parts of the cytoplasm, which arranged themselves longitudinally in the cell.
Some of the later researches indicate that a muscle fiber represents a number of
myoblasts fused together. This explanation is not, however, accepted by all
investigators.

In contrast with the above, there is a quite general consensus of opinion in
regard to the development of the internal structure of the muscle fiber. In the

Fic. 274.—Lateral view of a reconstruction of the muscles of the upper extremity of a human
embryo of 16 mm, (about 6 weeks). Lewis.

The trapezius is the large muscle arising from the transverse processes of the vertebrae (at the right
of the figure) and converging 1o its insertion on the clavicle. Just below the insertion of the
trapezius is the deltoid, which partly hides the subscapular (on the right) and the pectoralis
major (on the left).  Arnsing beneath the deltoid and running downward to the elbow is the
triccps.  To the right of the triceps is the teres major (composed of two parts). The large
gheet of muscle extending down the forearm and sending divisions to the 2d, 3d, 4th and sth
digits is the extensor communis digitorum.

cytoplasm of the myoblasts there appear granules which soon arrange them-
selves in parallel rows and unite to form slender thread-like fibrils (Fig. 276).
These fibrils are at first confined to one myoblast area. If several myoblasts
fuse, the fibrils probably extend in a short time from one myoblast area to
another. If one myoblast produces a fiber, the fibrils naturally are confined to
a single myoblast area throughout development. The fibrils are usually
formed first at the periphery of the cell and later in the interior (Figs. 277
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and 278.) At the same time they increase in number by longitudinal splitting.
The cytoplasm among the fibrils becomes the sarcoplasm.
After the granules which first appear unite to form the fibrils, the latter

Fra, z75—Medial view of a reconstruciion of the muscles of the upper extremity of a human
embryo of 16 mm. (about 6 weeks), Lewis,

The muscle arising on the scapula (at the left of the figure) and passing toward the right is the
subscapular. The small muscle just below the subscapular is the teres major; below the
latter and hanging downward is the latissimus dorsi, Noie the cut end of the pecioralis
minor just to the right of the narrow portion of the subscapular, Running from this cut end
toward the right is the biceps. The muscle at the lower edge of the figure in the arm region
is the triceps. In the forearm region, the muscle crossing the end of the biceps is the pro-
nator teres, Below the pronator feres, exicnding from the elbow to the thumb region is the
fexor carpi radialis. Below the latter and extending to a point opposite the thumb, is the
palmaris longus. Beneath the palmaris longus and dividing into branches which pass to the
zd, 3d, 4th, and sth digits is the flexor sublimis digitorum. The muscle passing to the
thumb is the fexor longus pollicis. The muscle at the lower border of the fgure in the fore-
arm region is the fexor carpi ulnaris.

F1c. 276.—Mvoblasts in different stages of development.  Godlewski,

The upper cell represents a myoblast with granular cytoplasm (from sheep embryo of 13 mm); the
middle, a myoblast with fibrils in process of formation (from guinea-pig embrvo of 10 mm.);
the lower, a myoblast with still further differentiaied, scgmented fibrils (from a rabbit
embryo of 8.5 mm.).

are apparently quite homogeneous. Later they become differentiated into two
distinet substances which alternate throughout their length and produce the
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characteristic cross striation. The nature of this differentiation is not known.
One investigator holds that both substances are derived from the original
granules that unite to form the fibrils, alternate granules being composed of like
substance and united by delicate strands of the other substance.

While the fibrils are being formed, the nuclei of the myoblasts undergo rapid
mitotic division. When the cells are about filled with fibrils, the nuclei migrate
to the periphery where they are situated in the fully formed fiber (Fig. 278).
Each fiber thus possesses a number of nuclei, whether it is derived from one
myoblast or from several.

Fic. =7;. Fic. 278

Fic. 277 —From a cross section of developing voluntary striated muscle in the leg of a pig embryo
of 45 mm., showing fibril bundles af the periphery of the eells. MaeCallum,
FiG. 278.—From a cross section of developing voluntary striated muscle in the leg of a pig embryo
of 75 mm,, showing fibril bundles more numerous than in Fig. 277. A, Central vesicular
nucleus; B, peripheral more compact nucleus,  MWacCalliem,

For some time at least, the number of fibers in a developing muscle increases
by division of those already formed. This process would produce a certain
degree of enlargement of the muscle as a whole. Later the increase in the
number of fibers ceases, and the muscle grows by enlargement of the individual
fibers. It is not certain at what period in development the increase in the num-
ber of fibers ceases.

In many muscles development is further complicated by a retrograde proc-
ess—a degeneration of some of the fibers. This occurs quite regularly in the
extremities. A well fibrillated fiber first presents a homogeneous appearance,
then becomes vacuolated, the nuclei disintegrate, and finally the whole
structure disappears. Mesenchymal (or connective) tissue takes its place, and
the remaining fibers are thus grouped into bundles and the bundles into
muscles. This would account to a certain extent for the intermuscular con-
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nective tissue, the perimysium and endomysium, the epimysium being derived
from the mesenchymal tissue which originally surrounded the muscle.

THE VISCERAL MUSCULATURE.

The visceral musculature is derived wholly from the mesoderm, but not
from the myotomes. The sfriafed involuntary muscle or heart muscle is de-
rived from the mesothelial lining of the cecelom, the smooth muscle from the
mesenchymal tissue in various regions of the body. The heart muscle develops
only in connection with the heart and consequently occurs in the adult only in
that organ. Smooth muscle develops to form integral parts of certain structures
such, for example, as the alimentary tube, glands, blood vessels, and skin.

Histogenesis of Heart Muscle.
When the simple tubular heart is first formed, the splanchnopleure projects
into the ccelom (primitive pericardial cavity) along each side (Fig. 194; also p.
222). The mesothelium covering these projections is destined to give rise to

F15. 279.—From a section of developing heart muscle from a rabbit embryo of g mm. Godlewski
a, Cell hﬂd}r with granules arranged in series; &, cell body with centrosome and attraction sphere;
¢, branching fibril; d, fibrils extending through several cells.

the myocardium. The mesothelial cells which are at first closely packed to-
gether with but little intercellular substance, assume irregular branching forms
and the branches anastomose freely (Fig. 279). After the cells become loosely
arranged, they again become closely packed to form a compact syncytium, in-
dividual cells apparently assuming the shape of heavy bands (Fig. 280). Ir-
regular transverse bands next appear, dividing the syncytium into the so-called
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heart muscle cells. These may or may not represent the origina. cells or
mvoblasts. At all events the muscle fibrils are continuous across the lines.
The nuclei proliferate in the syncytium but remain in the central part of the
bands or cells, instead of migrating to the periphery as in striated voluntary
muscle.

While the cells are still loosely arranged, rows of granules appear in the
cytoplasm, and the granules in each row unite to form a fibril (Fig. 279). The
fibrils are at first confined to individual
cell areas, but as the cells come closer
together to form the compact syncytium,
they extend through several cell areas
and run in ditferent directions (Fig. 280).
As development proceeds the fibrils be-
come more nearly parallel (Fig. 281).
They are first formed in the peripheries
of the cells, but later also in the interior,
except in a small area immediately sur-
rounding the nucleus, where a small
amount of undifferentiated cytoplasm
remains. The latter is continuous
with the cytoplasm or sarcoplasm
among the fibrils, As in voluntary

_ : _ striated muscle the fibrils become differ-

Fic, 2o Trom.a setion of Jvlomis  entiated into two distinct substances

Godlewski. which alternate with each other, thus
The cells form a compact synevtium, ]:-rmiutl'ng the transverse striation.

Histogenesis of Smooth Muscle.

The mesenchymal cells which are destined to produce smooth muscle cells
are not grouped into any particular primitive structures like the mesodermic
somites, They are simply scattered through the general mass of mesenchymal
tissue and, like other mesenchymal cells, possess irregular branching forms and
distinct spherical nuclei. The internal changes by which these cells are con-
verted into muscle cells are not well known. The contractile elements—
the fibrille—probably represent highly modified portions of the original cyto-
plasm but the manner in which the eytoplasm is transformed into fibrilla: has
not been determined. The external changes consist essentially in an elonga-
tion of the irregular mesenchymal cells.  The result of this elongation is usually
a spindle-shaped cell, but exceptionally cells forked at one or both ends are
produced. The original spherical nucleus also shares in the elongation and
becomes rod-shaped.
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In some cases, for example in the muscular layers of the gastrointestinal
tract, distinct bands or sheets of smooth muscle are formed in which the cells
are closely packed and lie approximately parallel. In other cases, such as the
mucosa of the intestine and the capsules of certain glands, the muscle cells
develop in little groups or as isolated cells.

Anomalies.

More or less of the muscular system is involved in some of the gross anoma-
lies or malformations of the body. For example, congenital defects in the cen-
tral nervous system (anencephaly, rachichisis, etc.) are necessarily accompanied
by atrophy or faulty development of certain parts of the muscular system. In
the case of ventral median fissure of the abdominal wall (gastroschisis), the
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Fic. 281.—From a section of developing heart muzcle in a rabbit embryo of 10 mm. Godlewsks,
The fibrils are segmented, indicating the beginning of the cross striation characteristic of heart muscle.

abdominal muscles are naturally involved. Such anomalies in the muscles are,
however, secondary to the other malformations and are not due to primary
defects in the muscles themselves.

Many of the minor variations in the muscular system occur in the same
form or in similar forms in different individuals, thus indicating their relation to
a fundamental type. Many of these are more or less accurate repetitions of
normal structures found in lower animals. Such variations are probably
rightly attributed to hereditary influences. On the other hand, there are varia-
tions which cannot be referred to conditions found in any of the lower animals.
These constitute a class of variations which must be accounted for upon some
other basis than that of heredity. As pointed out in the chapter on Teratogene-
sis (Chap. XIX), external influences undoubtedly play an important part in the
production of anomalies and it is probable that similar influences act upon the
development of the muscular system.

The scope of this book does not permit a description, or even mention, of the
great number of variations in the muscles. A few are described here as ex-
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amples; for others the student is referred to the more extensive text-books of
anatomy.

Extrinsic MuscLes oF THE Upper ExXTREMITY.—The trapezius is some-
times attached to less than the normal number of thoracic vertebre. Its
occipital attachment may be wanting. Occasionally the cervical and thoracic
portions are more or less separated as in some of the lower animals.

The latissimus dorsi sometimes arises from less than the usual number of
thoracic vertebre, and from less than the normal number of ribs. The iliac
origin may be wanting.

The rhomboidei vary in their vertebral and scapular attachments.

The number of the vertebral attachments of the levator scapule may vary.
A small part of the muscle is sometimes attached to the occipital bone.

The pectoralis major not infrequently varies in the extent of its attachment
to the ribs and sternum.

The serrati vary in their attachment to the ribs.

The above mentioned extrinsic muscles of the upper extremity vary prin-
cipally in their attachments. Since they all appear well forward in the cervical
region in the embryo, and, along with the extremity, gradually migrate caudally
before acquiring their final attachments, it is not unlikely that the variations in
their attachments are due to variations in the extent of migration.

This serves to illustrate a factor which is probably important in producing
variations in the attachments of many other muscles. As stated in paragraph
I, on page 295, the myotomes frequently migrate very extensively during
their transformation into muscles, before the muscles have acquired their per-
manent attachment. Variations in the extent of this migration would naturally
produce variations in the final attachments of these muscles.

Other factors related to the changes in the myotomes, such as fusion, longi-
tudinal and tangential splitting (paragraphs 2, 3 and 4, p. 295) probably also
play a part in the production of variations.

A greater than normal degree of fusion between two or more myotomes
might result in the union of muscles which are usually separate; a less than
normal degree of fusion might result in the separation of parts usually united.
Variations in the splitting of myotomes might produce similar results.

At the same time, however, heredity may be the active factor in some cases
where abnormal fusions or separations between muscles or parts of muscles
produce results resembling conditions found in lower animals.

PRACTICAL SUGGESTIONS.

A i_]i.'Sl_'Ti]JIiuTl of the technie for the study of the primitive segments .’l_h:" their differ-
entiation into myotomes, sclerotomes and cutis pln,tv.:". will be found at the end of the C]Ia]ﬂtl‘
on Connective Tissue (p. 2r7). The same animal and the same technic may be used for
the study of the succeeding stages of development of the myotomes,
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The development of the individual muscles from the myotomes, including the migration
of the myotomes and the fusion and splitting of the myotomes or muscles, is an extremely
difficult subject for practical study. Certain points can be made out from individual sections,
but a complete study is possible only from serial sections of embryos in many stages of
development. Ewven with serial sections it is usually necessary to make wax reconstructions
of the museles in different stages of development in order to show their relations to one
another and to the surrounding structures. For methods of reconstruction see Appendix.

For gross study, embryos (human or animal) fixed and stained by any ordinary method
will serve. Po:s.a[b]}r the best results are obtained by fixing the embryos (pig embryos are
usually easily procured) in Zenker's fluid, cutting serial transverse sections in paraffin,
and staining with Weigert's hamatoxylin and eosin. 1In sections treated by this method
the developing muscle fibers are usually stained a more brilliant red than the surrounding
structures.

For histogenesis of muscle tissue, striated voluntary or heart muscle, the following
technic yields good results. Fix small pieces of the developing muscle tissue (whole
embryos if not more than 1e-12 mm. long) in Carnoy's acetic-alcohol mixture. Cut thin
sections in paraffin, and stain with Heidenhain's hematoxylin (see Appendix. A counter-
stain with eosin adds to the differentiation. The hematoxylin brings out the anlagen of the
fibrille.
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CHAPTER XII.

THE DEVELOPMENT OF THE ALIMENTARY TUBE AND
APPENDED ORGANS.

The embryonic disk, composed of the three germ layers, primarily lies flat
upon the yolk sac (see p. 139; also Fig. 82). A little later the axial portion of
the embryo is indicated by the primitive streak, the neural groove (subsequently

. the neural tube), the notochord, and the primitive segments (Fig. 74). Then
along each side of the axial portion and at the cephalic and caudal ends, the

Oral fossa

Belly stalk

Fic, 282 —Lateral view of human emhbryo with 14 pairs of primitive segments (2.5 mm.). Kellmann,

The yolk sac has been cut off. The fore-gut, mid-gut and hind-gut, as indicated in the fgure,
together constitute the primitive gut. Compare with Fig. 283.

germ layers bend ventrally and medially and finally meet and fuse in the mid-

ventral line (p. 141). The portion of the entoderm veniral to the notochord is

bent into a tube which, for the most part, becomes pinched off from the parent

entoderm and is suspended in the embryonic ccelom by the common mesentery

(Figs. 141 and 142). This entodermal tube is the primitive gut. At firstitis

but slightly elongated and is closed at both ends.  On the ventral side, however,
S17
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it opens widely into the yolk sac (Figs. 282 and 283). The primitive gut, there-
fore, has no communication with the exterior. It communicates at its caudal
end with the central canal of the spinal cord through the neurenteric canal (Fig. 84;
compare with 83).

As development proceeds, this simple tube elongates rapidly and becomes
differentiated into distinct regions. The cephalic end, in connection with the
branchial arches and grooves, hecomes the dilated pharyngeal region. Caudal

Oral fosza

s— Body wall

I — Coelom

Fore-gut

— Mid-gut

|

4 > Caclom

—— Hind-gut

Belly stalk

Frc. 283.—Ventral view of human embryo of 2.4 mm. His, Kollmann.

Note the opening in the ventral wall of the gut. This indicaies the communication between the
gut and the yolk sac, The latter has been removed, Compare with Fig, 282.

to and continuous with this, is the short, narrow @sophageal region which in
turn passes over into the slightly dilated stomach region. The portion of the
cgut caudal to the stomach is the dnfestinal region. During the differential
changes, the communication with the yolk sac becomes relatively smaller, form-
ing the volk stalk which joins the intestinal portion a short distance caudal to the
stomach (Figs. 284 and 283).

The Mouth.

At a very early period the primary fore-brain region bends ventrally almost
at a right angle to the long axis of the body to form the naso-frontal process.

I
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As the first branchial arch develops, it grows ventrally until it meets and fuses
with its fellow of the opposite side in the midventral line, thus forming the
mandibular process. From the cephalic side of the first arch a secondary proc-
ess—maxillary process—develops and fills in the space between the arch itself
and the naso-frontal process. These various structures thus bound a distinct
depression on the ventral side of the head. This depression is the oral pit, the
forerunner of the oral and nasal cavities (Fig. 283; compare with Figs. 282
and 122). The groove in the midventral line between the mandibular processes
marks the symphysis of the lower jaws. The groove on each side between the

\i

Yolk stalk

Tail

Allantoic duct ;
ntoic du ey Urachus

Caucdal gut ;
- 'f.'_._ Mezsonephnie duct

Kidney bud

Fic. 284 —Alimentary tube of a human embryo of 4.1 mm. s Kolfmanm,

maxillary process and the mandibular process marks the angle of the mouth.
The groove between the maxillary process and the naso-frontal process is the
naso-optic furrow, at the dorsal end of which the eye develops.

The bottom of the oral pit is formed by a portion of the ventral body wall,
which separates the oral cavity from the cephalic end of the gut, and which is
composed of ectoderm and entoderm, with a small amount of mesoderm be-
tween. This closing plate, the pharyngeal membrane, which is still present in
embryos of 2.15 mm., soon becomes thinner and finally breaks away, leaving
the oral pit and the gut in direct communication (Fig. 285). Since the oral pit
is lined with ectoderm, the epithelial lining of the mouth or oral cavity is largely of

2L
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ectodermal origin. In the medial line of the roof of the oral cavity, near the
pharyngeal membrane, the epithelium (ectoderm) evaginates to form Rathke's
pockel. This comes in contact with an evagination from the floor of the brain
and with it forms the pituitary body.

The further development of the mouth consists of an elaboration of the
structures which primarily bound the oral pit and the growth of certain new
structures such as the teeth and the tongue. The first branchial arch fuses with
its fellow of the opposite side in the midventral line to form the symphysis of
the lower jaws, giving rise also to the lower lip and chin region. As the naso-
frontal process continues to grow, two depressions appear on its ventral border,

Pharynx

Branchial arches
{pharynx)

Hypophysis Ling
£ — Liver
X

. Stomach

S Pancreas

Yolk sap ——ce—=-c o} Common

MESEnNiery

Mesonephros

Belly stalk _—-“—\:'_ = Allantoie duct

Caudal gut _‘_-________,_--'""

Hind-gut

Fidney bud

Fic, 285, —3Sagittal section of reconstruction of a human embrvo of 5 mm. His, Kellmann.

one on each side, a short distance from the medial line. These depressions are
the nasal pits which indicate the beginning of the external openings of the nasal
passages. The part between the nasal pits is destined to give rise to the nasal
septum and the medial part of the upper lip (Fig. 136). The primary oral
cavity is divided into the oral cavity proper and the nasal cavity by outgrowths
from the maxillary processes. From the medial side of each maxillary process
a plate-like structure grows across the primary oral cavity toward the medial
line (Fig. 178). These two plates, or palatine processes, meet and fuse with the
lower partof the nasal septum (Fig. 286). (For further details of this fusion, see
page 152 and page 19g9). The palatine processes thus form the palate, or the
roof of the mouth, which separates the mouth cavity from the nasal cavity. The
palate does not extend far enough backward, however, to separate the posterior
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part of the nasal cavity from the pharynx. Thus the posterior nares and
pharynx are left in communication. Externally the maxillary processes extend
medially, separate the nasal pits from the oral cavity, and form the lateral
portions of the upper lip (Fig. 137).

% Nasal septum

Jacobson's organ
Inferior concha

Maszal cavity

Jacobson's cartilage

Palatine process

Ciral r:;uri.l,‘y

Fic. 286 —From a section through the head of a human embrye of 28 mm., showing the nasal
septum, the nasal cavities, the oral cavity, and the palatine processes.  Pefer.

The Tongue.—The tongue develops from three separate anlagen which
unite secondarily. In embryos of about 3 mm. a slight elevation appears on the
floor of the pharynx in the region of the first branchial arch. This is the

Tuberculum impar

Mancdibular
pROCELE

Root of tongue
Branchial

arches I-1V

Inner branchial
groove IV

Crista termanalis

Lung
Fi1c. 287.—Floor of the pharyngeal region of a human embryo of about 3 weeks, His,

tuberculum impar, being, as the name indicates, unpaired, and is destined to give
rise to the tip and body of the tongue (Fig. 287). Soon afterward two bilaterally
symmetrical elevations appear on the floor of the pharynx, which are destined to
give rise to the root of the tongue (Fig. 288). These paired elevations, arising
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in the region of the second and third branchial arches, gradually enlarge and
unite with each other and with the tuberculum impar, leaving between the
latter and themselves, however, a V-shaped groove (Fig. 28g). At the apex of
the groove there is a depression—the joramen cecum lingue—which is the ex-
ternal opening of the thyreoglossal duct (see p. 333). The groove later disap-
pears, but its position is indicated in the adult by the vallate papille.

According to Hammar, the tuberculum impar is a transitory structure and does not
give rise to the tip and body of the tongue. The tip and body are derived from a much
more extensive elevation in the floor of the pharynx.

The tongue as a whole enlarges and grows from its place of origin toward
the entrance to the primary oral cavity. For a time it practically fills the cavity.
When the palate develops it recedes and finally comes to lie on the floor of the
oral cavity proper, as in the adult. The growth of the tongue invelves the

Tuberculum impar

Eoot of tongue

Epiglottis

Fic. 2558 —Floor of pharyngeal region of a human embryo of 12 5 mm. His,

epithelial lining of the pharynx and oral cavity and also the underlying mesen-
chymal tissue. The latter produces the connective tissue and at least a part of
the intrinsic muscle fibers of the tongue. The papille involve the epithelium
and connective tissue, while the glands and taste buds are derived from the
epithelium alone.

The portion of the lingualis muscle innervated by the facial (VII) nerve is probably
derived from the mesenchymal tissue in the tongue anlage. The rest of the muscle is
innervated by fibers from the hypoglossal (XIT) nerve, indicating a possible derivation from
certain rudimentary segments in the occipital region which correspond to the three roots of
the nerve. This would make it appear that during phylogenesis a part of the lingualis
muscle has grown into the tongue from a region caudal to the last branchial arch

The lingual papille begin to develop during the third month. Their
development is limited to the dorsum of the tongue and to the portion derived
from the tuberculum impar. In other regions slight elevations may appear, but
not in the form of distinct papille.  The jungiform and filijorm papille appear
as pointed elevations in the connective tissue, which push their way into the
epithelium, the latter at the same time being raised above the surface over these
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points. Gradually the little masses of connective tissue assume the shapes
characteristic of fungiform or filiform papille. During the fifth month
the epithelium between the papille apparently degenerates to some extent,
thus leaving them projecting still farther above the surface. The forma-
tion of papillz probably goes on for some time after birth, since at birth their
form, size, number and arrangement are not the same as at later periods. It is
an interesting fact that the filiform papille lose many of their taste buds after
the child is weaned. :

The anlage of the vallate papille appears as a ridge along the V-shaped line
of fusion between the paired and unpaired portions of the tongue. The ridge is
apparently formed by the ingrowth of a solid mass of epithelium along each
side, although the connective tissue between the masses may grow toward the
surface to some extent. Later the ridge is broken up into the individual papille

Tuberculum Impar

Root of tongue

Mandibular
= PTOCCSS

Epiglottis
Larynx

F1G. 28g. —Ddorsal view of the tongue of a human embryvo of 20 mm. I, Bonmer,

by the ingrowth of the epithelium at certain points. The more superficial cells
of the masses then degenerate, thus leaving each papilla surrounded by a trench
and wall.

The development of the lingual glands is confined for the most part to the
root and inferior surface and to the region of the vallate papille. The glands
begin to develop during the fourth month as solid ingrowths of epithelium, the
mucous glands appearing first, the serous somewhat later. The epithelial
masses acquire lumina and grow deeper into the tongue, where they usually
branch and coil to form the secreting portions. The latter open to the surface
through the original ingrowths which become the ducts. Ebner's glands
develop from the bottoms of the trenches around the vallate papille.

The Teeth.—The development of the teeth involves the ectoderm and
mesoderm, the former giving rise to the enamel, the latter to the dentine and
pulp. In human embryos of 12-15 mm. (thirty-four to forty days), before
the lip groove is formed, a thickening of the epithelium (ectoderm) takes place
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along the edges of the processes that bound the slit-like entrance to the mouth.
When the lip groove appears (Fig. 178), the epithelial thickening comes to lie
along the edge of the jaw, or in other words, along the edge of the gums. It
then grows into the mesenchymal tissue (mesoderm) of the jaw obliquely toward
the lingual surface to form the denfal shelf. A little later the dental groove
appears on the edge of the jaw, along the line where the ingrowth of epithelium
took place.

== Epithelium of mouth cavity

'0'1-11-&1' - '-.'.
enamel cells |
g4 Neckof
" enamel ongan
Enamel pulp .- :I
| Germ of

permanent tooth

Inner ) -
enamel cells ™% "t ... Bome of

lower jaw
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=22 S - ok =
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Fi1c. zge.—Section of developing tooth from a 34 months human fietus,  Szymenemwics,

Note the portion of the original dental shelf connecting the developing tooth with the
epithelium of the mouth cavity.

The dental shelf is at first of uniform thickness, but in a short time five
enlargements appear in it in each upper and lower jaw, indicating the begin-
nings of the milk feeth. When the embryo reaches a length of 40 mm. (an age of
eleven to twelve weeks) the mesenchymal tissue on one side of these enlargements
(above and to the inner side in the upper jaw, below and to the inner side in the
lower jaw) becomes condensed and pushes its way into the epithelium. Each of
these mesenchymal ingrowths is a dental papilla. Thus at this stage the anlage
of cach tooth is a mass of epithelium fitting cap-like over a mesenchymal papilla.
The epithelium is the forerunner of the enamel organ; the papilla is destined to
give rise to the denfine and pulp. The anlagen are connected with one another




DEVELOPMENT OF THE ALIMENTARY TURE AND AFPPENDED ORGANS. 325

by intermediate portions of the dental shelf, and with the surface by the
original ingrowth of epithelium.

TrE ExaMeL.—The epithelial cells nearest the dental papilla become high
columnar in shape, forming a single layer. Those in the interior of the mass
become separated and changed into irregular, stellate, anastomosing cells, with
a fluid intercellular substance, constituting the emamel pulp. Those farthest
from the papilla become flattened (Fig. zgo; compare with Fig. zg1). Calcifi-
cation begins in the basal ends of the columnar cells, or in the ends next the

Enamel
Dentine | Enamel prisms

Odontoblasts

Enamel pulp

Bapilla

1| of enamel

f cells
- Bazal memb,

Fi:. 201.—Section through the border of a developing teoth of 4 new-born puppy.  Bennet,

papilla, and in the intercellular substance, and gradually progresses throughout
the cells, the latter at the same time becoming much more elongated. Thus the
cells are transformed into enamel prisms which are held together by the calci-
fied intercellular substance (Fig. 291).

The formation of enamel begins in the milk teeth toward the end of the
fourth month and probably continues until the teeth break through the gums.
The enamel organ at first surrounds the entire developing tooth except where
the papilla joins the underlying mesenchymal tissue (Fig. zgo). Later the
deeper part of the organ disappears as such, and the enamel is formed only on
that part of the tooth which eventually becomes the crown. The enamel pulp
increases in amount for a time, but subsequently disappears as the tooth grows
into it (Fig. 292). Its function is not fully understood. It may serve as a line
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of least resistance in which the tooth grows, and it may convey nourishment
to the enamel cells, the enamel organ being non-vascular.

The Dentine and Pulp.—At first the dental papilla is simply a condensation
of mesenchyme, but later it is converted into a sort of connective tissue pene-
trated by blood vessels and nerves (Fig. 292). The cells nearest the enamel
organ become columnar and arranged in a single layer, with the nuclei
toward their inner ends. The outer ends are blunt, while the inner ends are

Epith. of mouth cavity

U'.'.E.r.':'r

renamel cells
Inner )
Dental sac :
Enamel
Dentine
Bone of jaw
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Ename] pulp

Blood vessel (remnant)

Papilla

Fic. 2g92—Longitudinal section of a develaping tooth of a new-born puppy.,  Bennel,

continued as slender processes that extend into the pulp and probably fuse
with other cell processes. These columnar cells are the edentoblasts, under the
influence of which the lime salts of the dentine are deposited, and which are com-
parable with the osteoblasts in developing bone.

Toward the end of the fourth month the odontoblasts form a membrane-
like structure, the membrana preformativa, between themselves and the enamel.
This membrane is first converted into dentine by the deposition of lime salts,
after which the process of calcification progresses from the enamel toward the
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_ pulp. Duringcalcification slender processes of the odontoblasts remain in minute
channels, or dentinal canals, forming the dentinal fibers which anastomose with
one another (Fig. 291). In the peripheral part of the dentine certain areas
apparently fail to become calcified and form the inferglobular spaces. The same
cells that are originally differentiated from the mesenchyme probably persist
throughout development as the odontoblasts and produce the entire amount of
dentine in a tooth. Even in the fully formed tooth there is a layer of odonto-
blasts bearing the same relation to the dentine and pulp as in the developing
tooth. The chief difference between dentine formation and bone formation is
that in the latter the osteoblasts become enclosed to form bone cells, while in
the former the odontoblasts merely leave processes enclosed as the cell bodies
recede.

The pulp of the tooth is of course derived from the mesenchymal tissue in
the interior of the dental papilla (compare Figs. 290 and 292). The blood
vessels and nerves grow in from the underlying connective (mesenchymal) tissue.

At an early stage the mesenchymal tissue around the anlage of the tooth, in-
cluding the enamel organ, condenses to form a sort of sheath, the dental sar,
which is later ruptured when the tooth breaks through the gum (Fig. 292).
The cement is formed around the root of the tooth from the tissue of the dental
sac in the same manner as subperiosteal bone is formed from osteogenetic tissue
(p. 178). In fact, cement is true bone without Haversian systems.

The milk teeth, which are the first to develop and the first to appear above
the surface, are represented by the medial incisors, lateral incisors, canines, and
molars, to the number of ten in the upper and ten in the lower jaw. They may
be indicated graphically thus:
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In describing the formation of the dental shelf, it was noted that the papille
of the milk teeth grow into corresponding thickenings of the epithelium (p. 324).
The growth takes place from the side, thus leaving the edge of the shelf free to
grow farther toward the lingual side of the jaw. In this free edge other tooth
germs arise, which mark the beginnings of the permanent teeth (Fig. 290). In
addition to the germs that correspond in position to the milk teeth, three others
arise in each jaw, representing the triee molars of the adult. The latter arise in a
part of the dental shelf which has grown toward the articulation of the jaws
without coming in contact with the surface epithelium. The first papilla of
the permanent dentition to appear is that of the first molar. It appears im-
mediately behind the second milk molar at a time when the milk teeth are well
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advanced (embryos of 180 mm., about seventeen weeks). The permanent
incisors and canines appear about the twenty-fourth week; the premolars, which
correspond to the milk molars, about the twenty-ninth week. The second
molar does not appear till after birth (six months), and the third molar, or
wisdom tooth, begins to develop about the fifth year,

The formation of the anlagen of the permanent teeth and the development of
the enamel, dentine and pulp take place in precisely the same manner as in the
milk teeth. The true molars grow out through the gums in the same way as
the milk teeth. Those permanent teeth which correspond in position to milk
teeth grow under the latter, exert pressure on their roots and thus loosen and
finally replace them. The two sets of teeth may be graphically represented
thus:

Upper Jaw—Permanent, M. Pm. C. L.I. M.L|M.L L.I. C. Pm. M.
EEI | s T |
Upper Jaw—DMilk, M. C. L:1 M.L|M.I L.L C M

3 2 I 1 1 1_1 2 AN 16 e
she 3 16 .
Lower Jaw—DMilk, AL C L. I M,T. M.I. L 1 L "'-!

il
Lower Jaw—Permanent, M. Pm. C. LI M, [l"nl i T C Pm. \I

Normally all the epithelium of the dental shelf, except the parts directly con-
cerned in the development of the teeth, disappears at times which vary in differ-
ent individuals. Occasionally, however, remnants of this epithelium give rise
to cystic structures (developmental tooth tumors).
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Fic. 23.—Irom a transverse section through the tongue and oral cavity of a mouse embrvo.  Gagperd,

The Salivary Glands.*— The anlage of the submaxillary gland appears, in
embryos of 10 to 12 mm., as a flange of epithelium directed ventrally from
the portion of the lingual sulcus just caudal te the crossing of the lingual
nerve. The flange grows into the mesenchyme of the lower jaw, and at an
carly period becomes triangular with its longest side free and a free vertical
caudal border. Cell proliferation begins at the angle of union of the two
borders and gradually progresses cephalad along the longest border, thus
producing a solid ridge-like thickening of the latter.

* The writers are indebied to Prof. H. von W, Schulte for a summary of his as yet unpublished
work on the development of the human submaxillary and sublingual glands,
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The main portion of the gland is produced by a sprouting of the epithelium
from the angle of union of the two free borders of the flange and grows deep
into the mesenchyme along the mesial side of the ramus of the mandible.
The sprouts branch repeatedly in the course of their development, thus laying
the foundation for the division of the gland into lobes and lobules.

The distal end of the duct of the submaxillary (Wharton's) is formed from
the ridge-like thickening of the free margin of the flange through a dissolu-
tion of the greater part of the flange between the lingual sulcus and the
thickened margin itself, thus freeing this portion of the duct from the sulcus.
By a continuation of the growth which produced the ridge along the free
border of the original flange an extension of this same ridge is produced along
the bottom of the lingual sulcus forward toward the chin region. This portion
of the ridge is progressively constricted off from the sulcus from behind
forward, until finally the attachment of the duct reaches its definitive position
at the side of the frenulum linguz.

The anlage of the Bartolinian element of the sublingual gland appears as
a smaller flange attached to the lateral border of the submaxillary flange near
the crossing of the lingual nerve and prolonged forward by an interrupted
crest along the lingual sulcus. Its later development is similar to that of the
submaxillary.

A small medial flange also on the submaxillary flange gives rise to a sprout
in much the same manner as the other anlagen. While the history of this
anlage is not complete in the human embryo, it probably gives rise to the
anterior lingual gland (gland of Blandin and Nuhn). The alveolingual ele-
ments arise from a keel attached to the alveolingual sulcus (the groove
between the floor of the mouth and the alveolar process of the lower jaw).

The parotid gland originates from the buccal sulcus in essentially the same
way as the submaxillary arises from the lingual sulcus. The anlage then
continues to grow through the mesenchyme of the cheek across the masseter
muscle, the distal end branching freely to form the secreting portion of the
gland. The outgrowths are at first solid, but later become hollow, the
proximal portion of the original outgrowth forming the parotid (Steno’s)
duct, the more distal portions forming the smaller ducts and terminal tubules.

The histogenetic changes in the salivary glands probably continue until the
child takes solid food, when the glands become of greater functional importance.
In the parotid gland, which is serous in man, the original, undifferentiated
epithelial cells undergo changes in form and arrangement so that by the
twenty-second week the larger ducts are lined with a two-layered epithelium,
the smaller ducts with a simple cuboidal epithelium, and the terminal tubules with
a single layer of high columnar cells. The two-layered epithelium in the larger
ducts persists. The ducts lined with the cuboidal epithelium become the
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socalled intermediate tubules, the cells changing to a flat type. The high
columnar cells of the terminal tubules become the serous secreting cells.

Quite similar changes also occur in the submaxillary, but in feetuses of
eight to nine months the crescents of Gianuzzi appear as masses of darkly
staining cells forming the ends or sides of the terminal tubules. The crescents
at first border on the lumina, but later, probably by a process of evagination,
come to lie on the surface of the tubules.

The beginning of the secretory function may be detected by a diminution in
the affinity of the cells for stains.

The Pharynx.

The pharynx develops from the cephalic end of the primitive gut. This
part of the gut is primarily of uniform diameter, is broadly attached by meso-
derm to the dorsal body wall, and ends blindly (Fig. 285). When the branchial
arches and grooves develon in this (the cervical) region, they affect the gut as
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Fic. 204.—Sagittal section through the head of a human embryo of 4.2 mm., (31-34 da:.-sj_ s,

well as the periphery of the body. The arches form ridges on the surface of the
body (Fig. 122) and at the same time form ridges on the wall of the gut. The
grooves form pockets which alternate with the arches (Fig. 294). The pockets
in the pharyngeal cavity, or inner branchial grooves, are directed outward
toward corresponding ewfer branchial grooves (Fig. 287). The arches are
covered externally with ectoderm, internally with entoderm, and are filled with
mesoderm, Between the arches, or in the grooves, the ectoderm and entoderm
are in contact or nearly so. Thus the pharynx is not surrounded by a ceelomic
cavity.
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Since the branchial arches develop in such a way that they are successively
smaller from the first to the fourth, the pharyngeal cavity becomes funnel-
shaped (Fig. 294). It also becomes somewhat flattened in the dorso-ventral
direction, and in the earlier stages when the arches and grooves are fully formed,
the pharynx constitutes approximately one-third the entire gut (Fig. 285).
Primarily the pharyngeal cavity is separated from the oral cavity by the pharyn-
geal membrane (see p. 31g; also Fig. 282).  When this ruptures and disappears
(during the fourth week ?) the two cavities are in open communication. What
point in the adult represents the attachment of the pharyngeal membrane is
not known; but the glosso- and pharyngopalatine arches (pillars of the fauces)
are usually considered as the boundary between the mouth and pharynx. The
caudal limit of the pharynx is the opening of the larynx (Figs. 285 and 294).

Thus in the early stages the general adult character of the pharynx is es-
tablished. While the branchial arches and grooves undergo profound changes,
the pharyngeal cavity retains the same relation to the mouth and to the ceso-
phagus and respiratory tract. The cavity becomes relatively shorter, however,
and the alternating ridges and pockets in its walls are lost as the arches and
grooves are transformed into other structures. The metamorphosis of the
arches and grooves is considered elsewhere (p. 149).

Tae Toxsins.—The tonsils arise in the region of the ventral part of the
second inner branchial groove. During the third month the epithelium
(entoderm) grows into the underlying connective (mesenchymal) tissue in the
form of a hollow bud. From this, secondary buds develop, which are at first
solid, but later (during the fourth or fifth month) become hollow by a disappear-
ance of the central cells and open into the cavity of the primary bud, thus form-
ing the crypts. Lymphoid cells wander from the neighboring blood vessels, or
are derived directly from the epithelium (Retterer), and with the connective
tissue form a diffuse lymphatic tissue under the epithelium (Fig. 295). By the
eighth month the cells become more numerous in places, and by the third
month after birth form distinct lymph follicles with germinal centers. The
formation of follicles goes on slowly and is probably not complete until
some time after birth.

The Lingual Tonsils.—The lymphatic tissue of the tongue develops in rela-
tion to the lingual glands. During the eighth month lymphoid infiltration
occurs around the ducts of the glands, and the connective tissue acquires the
reticular character. True follicles probably do not appear until the child is at
least five years old.

The Pharyngeal Tonsils.—During the sixth month small folds appear in the
mucous membrane of the roof of the pharynx and become diffusely infiltrated
with lymphoid cells. This occurs first in the posterior part of the roof, but later
(seventh or eighth month) it extends forward and along the sides of the naso-
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pharygeal cavity. By the end of fretal life the ridges become quite large.
Follicles may appear before birth or not until one or two years later. After
puberty the ridges almost completely disappear, but the adenoid tissue remains
wholly or in part.

The bursa pharyngea is an evagination from the roof of the pharvnx about
the upper border of the superior constrictor muscle, and is apparent in em-
bryos of eleven weeks. It probably has no genetic relation to the hypophysis.
Its significance is not known.

Fie. 2g5.—Section through the middle of the developing tonsil of a human
embryo of § months, Stalr.

b, Epithelial buds (secondary outgrowths) from the epithelium lining the primary crypt (€);
L, lvmphoid infltration of the connective (mesodermal) tissue.

Tre BrancHial EpriTHELIAL Bobpies.

Tue Tuyreoip GLAND.—The thyreoid arises, after the manner of ordinary
glands, as an evagination from the epithelium of the pharynx. It appears in
embryos of 3 to 5 mm. as a ventral outgrowth of epithelium in the floor of the
pharynx, at the point where the tuberculum impar and the two paired anlagen
of the tongue join (Fig. 296). This point is the foramen cecum lingue which
has already been mentioned in connection with the development of the tongue
(p. 322). The evagination grows into the mesodermal tissue in the ventral wall
of the neck, and forms a transverse mass of epithelium. The latter breaks up
into irregular cords of cells which, by a further process of budding, grow cau-
dally along the ventral surface of the larynx. The cordsof cells are from the
first surrounded by connective tissue and later also become surrounded by net-
works of capillaries (Fig. 297). They ultimately break up into smaller masses
which become hollow and form the alveoli. Colloid secretion begins toward
the end of foetal life or soon after birth.

As the gland grows toward its final position it becomes enlarged laterally into
the two lateral lobes, which remain connected by the isthmus (Fig. 298). The
pyramidal process represents either a secondary outgrowth from the isthmus or
one of the lobes, or a remnant of the original connection with the tongue, that is,
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of the hyreoglossal duct. The duct usuvally disappears for the most part, but
certain structures sometimes found in the adult in the line of the duct are
possibly remnants of it. They have been variously named, according to their
position, accessory thyreoid, suprahyoid, and prehyoid glands (Fig. 298).

A pair of structures, appearing first in embryos of 8 to 10 mm., arise as
evaginations from the ventral ends of the fourth inner branchial grooves. They
grow into the mesodermal tissue and then caudally along the ventro-lateral side

Jugular vein

m Vagus nerve

" " Carotid artery
Parathyreoid (epith. bady)

i Thymus (in. br. groove 111}

Fia, zg6,—Transverse section through the region of the 3d branchial groove
of an Echidna embryo,  Maourer,
i.=IPharynx, below which are the paired anlagen of the tongue.

of the larynx, where they come into close relation with the lateral lobes of the
thyreoid (Fig. 298). They have been called the laferal thyreoids, and acquire
the thyreoid structure.

Considerable confusion has arisen in regard to the lateral thyreoids. The earlier investi-
gators held that they were derived from the fourth groove and united with the medial portion,
which appeared at the foramen cazcum, to become integral parts of the thyreoid. Further
researches among the lower Vertebrates led others to deny that the thyreoid arose other
than as a medial anlage, and that the so-called lateral thyreoids in the embryo were the
postbranchial bodies which never assumed the thyreoid structure, but atrophied and dis-
appeared. More recently it has been thought that, although the postbranchial bodies do
not funciion in the lower Vertebrates, they may in the higher Mammals and man unite with
the medial thyreoid and secrete colloid.

The parathyreoids or epithelial bodies also come into close relation with the
thyreoid. Theyarise as paired evaginations from the cephalic sides of the third
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and fourth grooves, dorsal to the thymusand the lateral thyreoid evaginations
(Figs. 206 and 2g9g). As the thyreoid grows caudally from its point of origin,
these bodies come to lie close to it or may even become embedded in it (Fig. 298).
They acquire a structure which resembles that of the suprarenal gland and not

:- Capillaries

Isthmuus

Fic. 297.—Section of the right halt of the thyreoid gland of a pig embryo of 22.3 mm. Born.

Acceszory thyroeids
(thyreoglossal duct

l Pyramidal process

C.'l.r-::-till Arter ¥

P.-th.
Lat. thyreoid __8
(postbr. body)

Carotid artery
Lateral 1!53‘!!:”5::!

Isthmus

Lumen in thymus

= Left subclavian artery

Arch of aorta

Fie, 208, —Branchial groove derivatives of a rabbit embrve of 16 mm. P, parathyreoid
or epithelial body.  Verdun, Bonnel,

that of the thyreoid. Their relation to the latter organ seems to be purely
topographical.

Toe Toaymvus.—The thymus appears in embryos of about 6 mm. as an
entodermal evagination from the ventral part of the third branchial groove on
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each side (Fig. 296). The outgrowths are at first hollow and communicate with
the pharyngeal cavity; later they become solid and (in embryos of 14 mm.) lose
their connection with the parent epithelium. They elongate and grow caudally
in the mesodermal tissue until (in embryos of 16 mm.) their caudal ends lie
ventral to the carotid arteries (Fig. 298). In embryos of 29 mm. their caudal
ends rest upon the cephalic surface of the pericardium, their cephalic ends
reaching to the isthmus of the thyreoid. The two parts eventually fuse to a
considerable extent, but the gland as a whole always consists of two distinct
lobes.

The gland continues to enlarge, at the same time becoming lobulated by the
ingrowth of connective tissue, until the child is two or three years old. At this
timeitis situated in the anterior mediastinum, usually in the medialline.  After
this it begins to atrophy and becomes a mass of fibrous and fatty tissue through
the growth of the interlobular septa and their encroachment upon the lobules.
The classical view that the thymus begins to atrophy after the second or third
year and is quite degenerated in the adult has recently been somewhat offset

q Thyreowd

111

I
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111

Parathyresid |

{epith. bodies) | 1v Thyinus

N EE A
Lat. thyreoid

Y (posthr. body)

Fic. 299.—Diagram of the branchial groove derivatives in man,  Verdun,

by the view that comparatively slight changes take place in it until puberty.
According to the latter view, degeneration goes on after puberty at a rate which
varies widely in differentindividuals, and the thymus may persist as a functional
organ up to the age of sixty years.

The histogenesis of the thymus has been a subject of much study and con-
troversy, not only in regard to its origin, but also in regard to its change from
an epithelial to a lymphoid structure and the regressive changes in the latter.
It has almost certainly been proven to be of entodermal origin. It is at first an
epithelial mass which later becomes broken up into lobules by the ingrowth of
connective tissue. In regard to the histological changes which it undergoes,
the older views are in general that a “ pseudomorphosis™ takes place; that is,
the epithelial elements are replaced by lymphoid cells which wander in from
the neighboring blood vessels, Hassall's corpuscles being remnants of the
epithelium. Later other investigators looked upon the changes as a “ transfor-

22



336 TEXT-BEOOK OF FMERYOLOGY.

mation,” asserting that the epithelial cells were transformed into lymphoid
cells #n sifw, and that Hassall's corpuscles were remnants of epithelium and
disintegrating blood vessels. Some went even so far as to assert that
the thymus was the first place of origin of
the leucocytes. More recent researches
furnish very strong evidence that no lymph-
oid cells are derived from the epithelial
cells (Maximow), but that the epithelium is
transformed into the reticular tissue of tke
thymus, in which the lvmphoid cells undergo
mitotic division, Hassall’s corpuscles possibly
representing compressed parts of the reticu-
lum (Hammar) (Fig. 300).

TreE Gromus Caroricua.—The early
formation of the glomus caroticum (carotid
F16. joo.—Hassall's corpuscle from  gland) has not been observed in the human

the thymus of a human feetus of - : :

o it H afar embryo.  From observations on lower

animals it has not been made clear whether
it is derived from the entoderm of a branchial groove or from the adventitia
of the carotid artery.

The (Esophagus and Stomach.

Tue (EsorHacus.—When the primitive gut becomes differentiated into
distinct regions (p. 318), the asophageal region forms a comparatively short
tube, of uniform diameter, extending from the pharynx to the stomach (Fig.
285). In embryos of about 3 to 4 mm. the anlage of the respiratory system
arizes from the cephalic end of the tube (see p. 362). The latter is lined with
entoderm and broadly attached to the dorsal body wall by mesoderm (Fig. 285).
During later stages it becomes relatively longer as the heart recedes into the
thorax (p. 247), but maintains its uniform diameter.

Further development produces no marked changes in the relative position
of the sophagus. It remains broadly attached to the dorsal body wall
throughout the life of the individual. In other words, there is never a distinct
mesentery.  The entoderm gives rise to the epithelial lining and the glands, the
surrounding mesoderm to the connective tissue and muscular coats,

Tue Stomaci.—The anlage of the stomach can be recognized in embryos
of about 5 mm. as a slight spindle-shaped enlargement of the primitive gut a
short distance cranial to the volk stalk (Fig. 284). The dilatation goes on more
rapidly on the dorsal than on the ventral side, thus producing the greater and
lesser curvature respectively.  The greater curvature is attached to the dorsal
body wall by the dersal mesogastriwm which is a part of the common mesentery.
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The lesser curvature is connected with the ventral body wall by the ventral
mesogastrium (Fig. 3o1).

In further development, apart from histogenesis, the greater curvature
becomes much more prominent and the organ as a whole changes its position,
the latter process beginning in embryos of 12 to 14 mm. The cephalic (car-
diac) end moves toward the left side of the body, the pyloric end toward the
right At the same time the stomach rotates, the greater curvature turning

Duodenum se==--

-~ Inf. mesenteric artery

== Hind-gut (recturm)

Fis. 3o1.—Gastrointestinal tract and mesenteries of a human embryo of 6 weeks.  Taldl,

caudally from its dorsal position and the lesser curvature cranially from its
ventral position. The result is that the organ comes to lie in an approximately
transverse position in the body, with the cardiac end to the left, the pyloric end
to the right, the greater curvature directed caudally, and the lesser curvature
directed cranially (compare Figs. 285 and 3or with Figs. 314 and 342).%

# These changes may be more easily understood if the student will hold a closed book in the
sagittal plane in %ru:mt of him, with the back of the book toward, and the open edge away from him,
The back represents the greater curvature, the open edge the lesser curvature.  The upper end of
the book represents the cardiac end of the stomach, the lower end the pylorus. Turn the upper
(cardiac) end to the left, the lower (pyloric) end to the right, at the same time allowing the back of
the book (the greater curvature) to drop downward on the side toward the body. - The changes in
the position of the book represent the changes in the position of the developing stomach.
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It is obvious that the lower end of the cesophagus is carried toward the left
side of the body with the cardiac end of the stomach, and at the same time
twisted so that the side which originally faced the left comes to face ventrally.
The changes in the mesentery which accompany the changes in the stomach
are described elsewhere (p. 380).

The torsion of the stomach also produces an asymmetrical condition of the
vagi nerves. The latter reach the stomach before it changes its position. As
the changes take place, the left nerve is carried around to the left and ventrally
so that in the adult it passes through the diaphragm ventral to the eesophagus
and extends over the ventral surface of the stomach. The right nerve passes
over the dorsal surface of the stomach.

The Intestine.

When the primitive gut is differentiated into recognizable regions (p. 318)
the intestinal region forms a simple tube, of uniform diameter, extending from
the stomach to the caudal end of the embryo where it ends blindly. The yolk
stalk is attached to the intestine a short distance from the stomach. Near the
caudal end the allantoic duct arises (p. 118). The lumen of the yolk stalk and
of the allantoic duct is continuous with that of the intestine (Fig. 285). In
embryos of 2 to 3 mm. the liver anlage arises from the ventral side of the
intestine near the stomach, that is, from that part of the intestine which is to
become the dwodenion. In embryos of 3 to 4 mm. the pancreas anlage arises
in the same region, in part from the liver evagination and in part from the dorsal
side of the intestine (Fig. 285).

The intestine as a whole is suspended in the abdominal cavity by the dorsal
mesentery which is attached to the dorsal body wall and which is continuous
with the dorsal mesogastrium. A ventral mesentery, continuous with the
ventral mesogastrium, is present only at the cephalic end of the duodenum
{Fig. zor).

The further development of the intestine, apart from histogenesis, consists
very largely of the formation of loops and coils, due to an enormous increasein
the length of the tube. The abdominal cavity at the same time enlarges to
accommodate the increased bulk. As the stomach changes its position (p. 337),
the duodenum comes to lie obliquely across the body and forms a curve with the
concavity directed dorsally (Fig. zor). The rest of the intestine forms a loop
which extends ventrally and caudally as far as the umbilicus. The arms of the
loop are almost parallel and the cephalic arm lies a little to the left of the caudal.
The apexof the loop extends into the umbilical caclom and isattached to the yolk
stalk. From the dorsal end of the caudal arm the intestine extends directly
to the caudal end of the body (Fig. 3o1).

Soon after the loop is formed a small evagination appears on its caudal arm,
not far from the apex. This is the anlage of the cecum and marks the bound-

iy
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ary between the small and large intestine (Fig. 301). At this stage, therefore,
all the great divisions of the intestinal tract are distinguishable, viz.: the duodenum
with the ducts of the liver and pancreas; the mesenterial small intestine with the
yolk stalk; and the colon extending from the caxcum to the caudal end. There
are, however, practically no differences between the regions, either in structure
or in size.

In further development the duodenum comes to lie more nearly transversely
across the body, thus assuming its adult position. Its mesentery fuses with the
peritoneum of the dorsal body wall and the duodenum thus becomes a fixed
portion of the intestinal tract (p. 382; also Fig. 339). It enlarges a little more

Partal vein -

Foramen of _
Winzlow

Fic, 3o2.—Reconstruction of the liver and intestine of a human embryo of 17 mm.  Mall.

G. B, gall bladder; H. V., hepatic vein; U, V., umbilical vein; 1-6, primary bends in the long
intesiinal loop; 1 represents the duodenum.

rapidly than the rest of the small intestine and acquires a greater diameter. In
embryos of 12 to 13 mm. the lumen becomes obliterated by an overgrowth of the
mucous membrane caudal to the ducts of the liver and pancreas. In embryos
of about 15 mm., however, the lumen reappears. It seems difficult to find a
cause for this peculiar growth of the mucosa.

Very shortly after the formation of the long loop in the intestine, six bends
become recognizable in the portion between the stomach and the apex of the
loop (Fig. 302). These bendslater form distinct loops which are destined to
become definite parts of the small intestine. The first loop is the duodenum,
the development of which has already been considered, and which maintains
practically its original position. The other five loops continue to elongate and
form secondary loops, all of which push their way into the umbilical ccelom



S40 TEXT-BOOEK OF EMBRYOLOGY,

where they remain until the embryo reaches a length of 4o mm. (compare Figs.
303 and 304). Then they return very quickly to the abdominal cavity proper.

After their return, the primary loops, with the secondary loops derived from
them, come to occupy fairly constant positions. The second and third move
to the left upper part of the abdominal cavity; the fourth crosses the medial
line and occupies the right upper part. The fifth crosses back and lies in the
left iliac fossa; the sixth lies in the pelvis and lower part of the abdominal
cavity (Fig. 305).

Certain variations may occur but are usually not considered as abnormal.
The most frequent variation is one in which the fourth coil, along with the

Fic. 303.—Reconstruction of the stomach and intestine of a human embryo of 28 mm.  Mall.

The numbers are placed on the coils derived from the primary bends as shown in
Fig. 302; 1 represents the duodenum.

second and third, lies on the left side, its usual position on the right being oe-
cupied by the ascending colon. Not uncommonly the positions of the fourth
and the second and third are reversed. Less commonly extra loops are formed.

Usually the proximal part of the yolk stalk disappears during feetal life.  In
a few cases, however, it persists as a blind sac “of variable length, known as
Meckel's diverticulum (see also p. 117).

Even before the loops return to the abdominal cavity the colon or large
intestine increases in diameter more rapidly than the small intestine. After
the return, the caccum is carried across to the right side and comes to lie just
caudal to the liver. From the cecum the colon extends across the abdominal
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cavity, ventral to the duodenum, forming the fransverse colon. It then de-
scends on the left side as the descending colon which passes over into the sigmoid
colon (Fig. 337). The transverse, the descending and the sigmoid portions of
the colon are recognizable in the third month. Up to the time of birth the
sigmoid portion is disproportionately long; after birth the other portions

Fic. 3o04.—Drawing from a reconstruction of a human embryo of 24 mm, Mail,
The intestinal coils lie for the most part in the umbilical celom. C, cecum; K, kidney; L, liver
5, stomach; 5. C., suprarenal gland; W, mesonephros; 1z, twelith thoracic nerve; s, fifth
lumbar nerve.

grow relatively faster. After the fourth month the portion to which the caecum
is attached grows downward in the right side of the abdominal cavity, thus form-
ing the ascending colon (Fig. 342).

The cecum, which appears in very early stages as an evagination at the
junction of the small and large intestines, for a time continues to increase uni-

formly in size. Then the proximal end increases more rapidly than the distal,
and forms the cecum of adult anatomy. The distal end, failing to keep pace
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in development, remains more slender and forms the vermiform appendix
(Fig. 305).

As has already been mentioned, the primitive gut ends blindly in the caudal
end of the embryo (Fig. 284). The anal opening is a secondary formation.
On the ventral side of the caudal end of the body there is formed a depression
known as the anal pit. The mesoderm at the bottom of the pit becomes thin-
ner until the ectoderm comes in contact with the entoderm on the ventral side
of the gut, thus forming the anal membrane. The area of contact is not at the

Fis. 3o05.—Drawing from a moilel of the small intestine in the adult, Ventral view., Wall

The intestinal coils are shown in the usual relative position.  The numbers indicate the coils derived
from the EJrinmrj.' bends in the fortus as shown in Figs. 3oz and 303.

extreme end of the gut, but a short distance toward the allantoic duct. In the
meantime, the urogenital ducts come to open into that portion of the gut which
lies just cranial to the anal membrane. The gut enlarges in this region to
form the cleaca. The latter becomes separated by the urorectal fold into a
dorsal portion, the rectum, and a ventral portion, the urogenital sinus (Figs. 301
and 363). At about the time of separation (embryos of about 14 mm. or
thirty-six to thirty-eight days) the anal membrane ruptures and the anal open-
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ing is formed. The portion of the gut caudal to the anus, known as the caudal
gut, normally disappears.

Histogenesis of the Gastrointestinal Tract.

The wall of the primitive gut is composed of two layers—the entoderm which
lines the lumen, and the splanchnic mesoderm which borders on the ceelom or body
cavity. While the germ layers are still flat, the entoderm is a single layer of flat
cells with bulging nuclei, but after the closure of the gut the cells become col-
umnar. The splanchnic mesoderm is composed of two layers—the mesothe-
lium bordering on the ceelom, the cells of which gradually change from flat

Mezentery

Mesothelium

Lang. "I
F muscle
Trans. _.I

Fii. 3e6.—Transverse seciion of the small intestine of a pig embryve of 32 mm. Boennet,

to rather high, and a number of indifferent, branching mesenchymal cells
lying between the mesothelium and entoderm. The entoderm is destined to
give rise to the general epithelial lining of the gastrointestinal tract and to all
the glands connected with it. The mesothelium around the gut forms a part of
the general mesothelial lining of the coelom, its cells apparently changing back
to a flat type. The mesenchymal tissue is destined to give rise to all the con-
nective tissue and smooth muscle of the tract. The circular layer of muscle
appears first, the longitudinal next, both appearing during the third and fourth
months, and last of all the muscularis mucose (Fig. 306).

Tae Mucovs MEMBRANE.—The mucous membrane is formed by the
epithelium (entoderm) and the subjacent mesenchymal tissue. In its develop-
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ment there are two factors to be considered: (1) The formation of folds to in-
crease the absorbing surface and (2) the formation of secreting organs or glands.
As to the relation between these two factors there is a difference of opinion.
Some hold that both kinds of structures are the result of the same formative
process, that is, that the glands are simply the depressions or pits formed by the
intersection of folds at various angles, and that the folds are produced primarily
by the growth of the epithelium and mesenchymal tissue into the lumen of the
cut.  Others maintain that although the folds may be produced by the growth
of the epithelium and mesenchymal tizsue into the lumen, the clands arise as
independent growths of the epithelium into the subjacent tissue. The latter
view is supported by the fact that in
some Amphibia the glands appear before
the folds (Fig. 3o7). Recent work on
Mammals also favors this view.

The development of the folds and
glands begins in the different parts of the
gastrointestinal tract at different times.
> : : It begins first in the stomach, then in the
F16. joy.—Section through the wall of ihe -

stomach of a frog embrvo. Ep., Epi- duodenum, then in the colon, and then

felum, it lands; S submicoss in the jejunum whence it progresses

slowly into the ileum. In the stomach
it is uncertain whether the crypts and glands are depressions left among
projections of the mucous membrane, or the glands represent evaginations of
the epithelium into the underlying tissue. In the case of the large intestine
the same uncertainty exists. If the so-called glands are depressions among
villous projections that grow into the lumen of the intestine, they are not true
glands from an embryological point of view.

Studies of the development of the ©illi in the human small intestine have led
to the conclusion that they are formed primarily as growths of the mucosa into
the lumen. In embryos of 19 mm. the mucosa of the cephalic end is thrown
into a number of longitudinal folds (Fig. 308). These then develop pro-
cressively toward the caudal end. Beginning in embryos of 50 to 6o mm. the
longitudinal folds become broken transversely into conical structures, the
villi. The intestinal crypts (of Lieberkiihn) possibly represent outgrowths of
the epithelium from the bottoms of the intervillous spaces. The duodenal
(Brunner’s) glands are possibly to be considered as a continuation of the pyloric
glands of the stomach. They apparently grow as evaginations from the

intervillous crypts.

The epithelial lining of the gastrointestinal tract is from the beginning a
single laver of cells, although the individual cells are altered in shape and
structure and acquire different functions in different regions. There is still

¥
¥
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some dispute as to whether the mucous cells are continuously being derived
from the other epithelial cells or, when once formed, reproduce themselves by
mitosis. As a matter of fact, mitosis has been observed in the mucous cells of
the stomach.

Fie. 308 —From a reconstruction of the small intestine of a human embryo of 28 mm., showing the
longitudinal ridges which eventually become broken transversely to form the villi.  Berry.

TrE Lymrr ForricLes.—In the development of the lymph follicles in the
gastrointestinal tract the same question arises as in the case of the tonsils and
thymus. Are the lymphoid cells of mesodermal or of entodermal (epithelial)

—i

Fic. 300.—Sections through the wall of the cmeum of (a) a rabbit 2% days and (&) 5 days after
birth, showing the development of the lymph follicles. f Lymphoid infiliration in the stroma;
r, wandering cells in the epithelium; s, lymphoid cells in the core of a villus,  Sealr,

origin? Evidence at present favors the mesodermal origin. In the case of
Peyer's patches, collections of lymphoid cells appear near the blood vessels in
the stroma and neighboring parts of the submucosa. These increase in extent,
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the lymphoid cells dividing actively, and grow into the bases of some of the
villi and deeper into the submucosa (Fig. 309). Germinal centers appear in
many of the follicles, and the surrounding stroma becomes densely infiltrated
with the lymphoid cells. Individual follicles may develop, in the manner
described, ‘n any part of the gastrointestinal tract. The appendix especially is
the seat of extensive lymphatic tissue formation. It is stated in the section on
the lvmphatic system that lvmph glands may arise at any time in any region as
the result of unusual conditions (p. 282 ), and this also holds true in the case of
lymph follicles in the digestive tract.

The Development of the Liver.

The liver is the first gland of the digestive tract to appear. In embryos of
about 3 mm. a longitudinal ridge-like evagination develops from the entoderm
on the ventral side of the zut a short distance caudal to the stomach, that is, in

Mvyotome
Aorta
Post, cardinal vein Upper limb bud
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Fig, 31o.—Transverse section of a human embryo of 5 mm., showing the liver evagination and the
breaking up of the omphalomesenteric veins by the hepatic cylinders. Photograph.

the duodenal portion of the gut (Figs. 285, 310, 311).  The cephalic part of the
evagination is solid and, being destined to give rise to the liver proper, is called the
pars lepatica.  The caudal part is hollow, its cavity being continuous with the
lumen of the gut, and is destined to give rise to the gall bladder, whence it is
called the pars cystica. Beginning at both the cephalic and caudal ends, the
evagination as a whole becomes constricted from the gut until (in embryos of
about 8 mm.) its only connection with the latter is a narrow cord of cells which
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is the anlage of the ductus choledochus. The pars hepatica by this time has
enlarged considerably and remains attached to the ductus choledochus by a
short cord of cells, the anlage of the fhepatic duct. The pars cystica has also
become larger, its distal portion being somewhat dilated, and is connected with
the ductus choledochus by the anlage of the cystic duct (Figs. 312 and 313).

The pars cystica grows into the ventral mesentery and thus becomes sur-
rounded by mesodermal tissue. The proximal portion continues to elongate to
form the cystic duct and the distal portion becomes larger and more dilated to
form the gall bladder.

Fic. 311.—From a model of the duodenum and the primary evaginations of the
liver and pancreas in a 5 mm. sheep embryo.  Sless,

I, pam., Dorsal pancreas; Do, duodenum; I, ch., ductus choledochus; . 0., gall
bladder; £, du., hepatic duct.

The pars hepatica, or anlage of the liver proper, also grows into the ventral
mesentery, thus becoming surrounded by mesodermal tissue. As stated in
connection with the development of the diaphragm, the portion of the mesen-
tery into which the liver grows is involved in the formation of the septum
transversum (p. 376). Thus the developing liver becomes enclosed in the
septum (Fig. 330). The mesodermal tissue gives rise to the fibrous capsule of
Glisson and to the small amount of connective tissue within the gland.

Although the liver develops as a series of outgrowths from the original
evagination, there are certain features in its development which distinguish it
from glands in general. The outgrowths come in contact with the omphalomes-
enteric veins which are situated in the ventral mesentery (p. 263). They push
their way into and through the veins, breaking them up into smaller channels
(Fig. 310). They anastomose freely with one another, and the veins send off
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branches which circumvent them. Thus there is formed a network of trabec-
ule of liver cells, called hepatic cvlinders, the meshes of which are filled with blood
vessels. Therefore the liver is distinguished from other glands in general in

— Htomach

Right hep Vent. pancreas
duct
Giall Duodenum
bladder

FiG, 312.—From a reconstruction of the anlagen of the liver and pancreas and a part of the
stomach and duodenum of a human embryo of 4 weeks., Felix,

that the hepatic cylinders, which are comparable with the smaller ducts and
terminal tubules of other glands, anastomose, and in that the blood vessels are
broken up by the growth of these cylinders.

Lin.
F16. 313.—From a reconstruction of the anlagen of the liver and pancreas and the stomach
; of a human embryo of 8 mm. Hammar.
D. P, Dorsal pancreas; D, duodenum: 1 V., ductus venosus; . E., gall bladder;

R, L, right lobe of liver; 8., stomach; V. P., veniral pancreas.

El

This mode of development establishes what is known as a sinuseidal circulation, which
differs from the ordinary capillary circulation. The sinusoids are produced by the growth
of the trabecule of the developing organ into large vissels and the breaking up of the latter

S |
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into smaller vessels. It is obvious that a sinusoidal circulation is purely venous or purely
arterial. Furthermore, development of this nature leaves comparatively little connective
tissue within the gland, another feature characteristic of the liver.

All the blood carried to the liver by the omphalomesenteric veins must
follow the tortuous course of the sinusoids before being collected again and
passed on to the heart. When the umbilical veins come into connection with
the liver they also join in the sinusoidal circulation. Subsequently, however, a
more direct channel—the ductus venosus—is established and persists for a

Suprarénal glands
Aorta

Mesonephros
Inf. vena cava

Diorsal mesogastrium

Ceelom {greater omentum)
Stomach
Ductus Ventral mesogastmium
choledochus {lessér oméntum)
Laver
Right side Left side

Frg. 314.—Tranverse section of a 14 mm, pig embryo, through the region of the stomach.
Photograph. The arrow points into the bursa omentalis.

short time. This is probably due to the large volume of blood brought in by
the umbilical veins. Finally the ductus venosus disappears and the sinusoidal
circulation remains as the permanent form. (For the development of the veins
in the liver see p. 262.)

~ The lobes of the liver develop in a general way in relation to the great
venous trunks which at one time or another pass into or through the gland.
The anlage of the organ grows into the ventral mesentery, subsequently be-
coming enclosed in the septum transversum. In so doing it encounters the
omphalomesenteric veins, and forms, in relation to the latter, two incompletely
separated parts which have been called the dorso-lateral lobes. When the
umbilical veins enter the liver a more ventral, medial mass is formed. This
becomes incompletely separated into two parts which give rise to the permanent
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right and left lobes.  The right becomes the larger. The right umbilical vein
loses its connection with the liver (p. 264). After birth the left, which lies be-
tween the right and left lobes, degenerates into the round ligament of the liver.
The other lobes arise secondarily as outgrowths from the right primary dorso-
lateral lobe, the candate (lobe of Spigelius) from its inner (medial) surface,
the guadrale from its dorsal surface.

The liver as a whole grows rapidly and by the second month is relatively
large. During the third month it fills the greater part of the abdominal cavity.
After the fifth month it grows less rapidly and the other intraabdominal organs
overtake it, so to speak, although at birth it forms one-eighteenth the total
weight of the body. After birth it actually diminishes in size. The right lobe
is from the beginning larger than the left, and after birth the predominance
increases,

Histogenesis of the Liver.—The hepatic part (pars hepatica) of the
liver anlage is derived from the entodermal lining of the gut and constitutes a
mass of cells with no lumen. From this mass, solid bud-like evaginations grow
into the mesentery, break up the omphalomesenteric veins into smaller channels
and form trabecule, or hepatic cyvlinders (p. 348). The latter anastomose
freely with one another and are composed of polyhedral, darkly staining cells
with vesicular nuclei (Fig. 315, A). Lumina begin to appear in the cylinders
about the fourth week as small cavities which communicate with the cavity of
the gut.

The hepatic cylinders are the forerunners of the hepatic cords or cords of
liver cells. There are two views as to the manner of transiormation. The
older view is that the cylinders gradually become stretched, the number of cells
in cross-section becoming less until it is reduced to two. Between these two
lies the lumen of the cord or the so-called “ bile capillary” (Fig. 315, B). The
other view is that branches from the sinusoids grow into the cylinders and sub-
divide them into hepatic cords.

As stated above, the hepatic cylinders are at first composed of darkly stain-
ing, polyhedral cells with vesicular nuclei. These are the liver cells proper.
Later other small spherical cells, with dense nuclei, appear and during the
fourth month become very numerous (Fig. 315, A). From this time on, they
arow less in number and at birth have practically disappeared. Earlier investi-
gators considered them as developing liver cells.  Further study on the develop-
ment of the blood, however, has led others to consider them as erythroblasts
(p. 251).  Since they are inside of the hepatic cylinders, they either wander in
from the intertrabecular blood vessels or lie in intratrabecular vessels. The
latter supposition accords with the view that the cylinders are broken up into
hepatic cords by the ingrowth of branches from the sinusoids.

The development of the lobules of the liver, producing the peculiar relations




DEVELOPMENT OF THE ALIMENTARY TUBE AND APPENDED ORGANS. 351

between the parenchyma of the gland and the blood vessels, has not been
clearly and completely demonstrated. In young embryos the branches of the
hepatic veins are surrounded by comparatively little connective tissue. The
branches of the portal vein are surrounded by a considerable amount which
subdivides the liver into lobules but not in the same manner as in the adult.
The trabecul® possess no radial character and there are several so-called cenitral
veins in each lobule. The changes by which these primary lobules are sub-
divided into the permanent ones do not take place until after birth. The
branches of the portal vein, with the surrounding connective tissue, invade the

Fic, 315.—Scctions of the liver of (4) a human foetus of 6 months and (B) a child of g years,
Toldt and Zuckerhand!, Welfurrich,

be, Bile “ capillary ™'; e, ervthroblast; fe, hepatic evlinder (in A), cord of liver cells (in B).

primary lobules and divide them into a number of secondary lobules, corre-
sponding to the original number of central veins. At the same time the hepatic
cords (which have been formed meanwhile) become arranged radially around
the central veins in the characteristic manner. The hepatic artery grows into
the liver secondarily and its branches follow the course of the branches of the
portal vein.

Degeneration of the liver cells occurs in the region of the left triangular liga-
ment, the gall bladder and the inferior vena cava. The bile ducts may, how-
ever, withstand the degenerative processes and persist as the vasa aberrantia of
the liver. The cause of the degeneration is possibly the pressure brought to
bear by other organs.

The Development of the Pancreas.

The epithelium of the pancreas, like that of the liver, is a derivative of the
entoderm. It arises from two (or three) separate anlagen, one dorsal and one
23
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(or two) ventral. The dorsal anlage appears first as a ridge-like evagination
from the dorsal wall of the gut, slightly cranial to the level of the liver (Figs. 311
and 312). Tt appears about the same time as the liver or a little later. The
mass of cells grows into the dorsal mesentery and becomes constricted from
the parent epithelium except for a thin neck which becomes the duct of
Santorini (Fig. 316). A little later two other diverticula appear, one from each
side of the common bile duct. It is uncertain whether only one or both of these

Stomach Liver

Cystic duct

Gall bladder

Duetus choledochus

Dorsal pancreas — "
Ventral pancreas

Acces, '|I:Jm‘:?'. !
duct (Santorini)

Frc. 316,

Dorzal pancreas Stomach

Liver

Dorsal panereas
Jllll.'n'.:{'-: PaANCT. _l.!'.'.l:l'.
(Santorini)

- Cystic duct

Duodenum Gall bladder

Ventral panc reas with
paner. duct {Wirsung)
Fio. 317.

Figs. 316 and 317.—From models of the developing liver and pancreas of rabbit embryos of
& mm. and 10 mm., respectively.  Both seen from the right side.  Hammar, Bonnet.

take part in the formation of the pancreas, but it seems most probable that the
left one disappears entirely. The right diverticulum continues to develop and
becomes constricted from the parent epithelium, leaving only a thin neck which
becomes the duct of Wirsung.

The smaller ventral pancreas grows to the right and then dorsally in the
mesentery (Fig. 318), passing over the right surface of the portal vein, until it
meets and fuses with the proximal part of the larger dorsal pancreas. The
fusion takes place in the sixth week, and the two anlagen then form a single
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mass. A communication is established between the two ducts, and the dorsal
duct (Santorini) usually disappears, leaving the ventral (Wirsung) as the per-
manent duct opening into the ductus choledochus. In a general way it may be
said that the ventral anlage gives rise to the liead, the dorsal anlage to the body
and fail of the pancreas (compare Figs. 310 and 317).

As the pancreas grows into the dorsal mesentery it comes to lie in the
dorsal mesogastrium between the greater curvature of the stomach and the
vertebral column, and since the dorsal mesogastrium at first lies in the medial
sagittal plane, the pancreas is similarly situated. After the sixth week, how-
ever, as the stomach changes its position (p. 337), the pancreas is carried along

Inf. vena cava Mesanephros
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Gireater cmentuam

Dorsal pancreas |
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Paortal vein
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Duodenum
Ductus eholedochus
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Fic. 318.—From a transverse section through the region of the duodenum of a pig
embryo of 14 mm. Photograph.

with the mesogastrium and comes to lie in a transverse plane, with its head to
the right and embedded in the bend of the duodenum, and its tail reaching to
the spleen on the left. The organ as a whole is at first movable along with the
mesentery, but when it assumes its transverse position it lies close to the dorsal
abdominal wall. The mesentery then fuses with the adjacent peritoneum
(see p. 382), and the pancreas is firmly fixed.

The connective tissue of the pancreas is derived from the mesodermal tissue
of the mesentery. As the processes or buds which form the ducts and terminal
tubules grow out from the primary masses, they penetrate the mesodermal
tissue and are surrounded by it. Groups of tubules form lobes and lobules,
and the entire gland is surrounded by a capsule of connective tissue.
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Histogenesis of the Pancreas.—The masses of entodermal cells forming
the anlagen of the pancreas develop further by a process of budding, which
goes on until finally a compound tubular gland is produced. According to

Fic. 31 —Sections of the developing pancreas of a guinea-pig embryo of 12 mm. (@)
of 33 mm. (b); of Torpedo marmorata (c). Helly,

¢, Capillaries; Dp, ducts; Gz, duct cells; Lz, Langhans® cells, The cells in ¢ show
distinct zymogen granules

some investigators the primary evaginations are hollow, their lumina being
continuous with the lumen of the gut. According to others they are solid at
first and acquire their lumina secondarily. The same uncertainty exists in
regard to the later outgrowths or buds.
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The early entodermal cells proliferate, and the resulting cells change ac-
cording to their position in the gland. Those lining the larger ducts become
high columhar, with more or less homogeneous cytoplasm; those lining the
intermediate (intercalated) ducts become low; those lining the terminal secret-
ing tubules become pyramidal and more highly specialized, and also acquire
certain constituents—the zymogen granules (Fig. 319, ¢)—which vary with the
functional activities of the gland. The centro-tubular cells in the terminal
tubules are probably to be explained on a developmental basis. While a few
maintain that they are “wandering™ cells, it is quite generally accepted
that they are simply continuations of the flat cells lining the intermediate
ducts, the result being that the cells of the terminal tubules seem to
spread out over the ends of the intermediate ducts in the form of cap-like
structures.

It was once thought that the islands of Langerhans were derived from the
mesodermal tissue. Recently it has been pretty clearly demonstrated that they
are derived from entoderm. In guinea-pig embryos of 5 to 6 mm., at a time
when the dorsal pancreas has merely begun its constriction from the gut, certain
cells in the mass appear darker and slightly larger than the others. They show
darker areas of cytoplasm around the nuclei, and later the darker areas extend
throughout the cells and the nuclei become larger and more vesicular.  When
lumina appear in the outgrowths or buds, these cells occupy a position on or near
the surface of the buds (Fig. 319, a). In further development they tend to sepa-
rate themselves from the buds and collect in clumps (Fig. 319, b). Capillaries
then penetrate the clumps and break them up into the trabeculz of cells char-
acteristic of theislands of Langerhans (Fig. 319, ¢). Studies on the development
of the islands in the human pancreas indicate a similar origin and mode of
development.

Anomalies.

One of the most striking anomalies of the organs of alimentation is found
in connection with a more general anomalous condition known as transposition
of the viscera (situs viscerum inversus). The transposition may be so complete
that the minor asymmetries normally present on the two sides are all repeated
in reverse order, the functions of the organs being unimpaired. As regards the
alimentary tract, this means that the position of the stomach is reversed in the
abdominal cavity; that the duodenum crosses from left to right; that the various
coils of the jejunum and ileum occupy positions opposite to the normal; that the
cecum and ascending colon are situated on the left side and the descending
colon on the right; and that the larger lobe of the liver lies on the left side. The
other visceral organs are transposed accordingly, the heart being inclined to-
ward the right side, the left lung consisting of three lobes and the right of two,
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the left kidney being lower than the right, etc.  Such cases are not uncommon,
two hundred being on record.

Various theories as to the causes of transposition of the organs have been
advanced. In the most plausible of these the anomalous condition is consid-
ered as due to the influence of the large veins in the embryo. It seems best,
therefore, to consider first the transposition of the heart (dextrocardia, referred
to on page 285).

After the two anlagen unite in the midventral line, the heart constitutes a
simple straight tube which lies in a longitudinal direction in the primitive peri-
cardial cavity, and which is joined caudally by the two omphalomesenteric
veins and cranially by the ventral aortic trunk (p. zz4). Normally the left
omphalomesenteric vein is the larger and pours a greater quantity of blood into
the heart tube than the right. 'This condition is regarded as the primary facter
in the deflection of the tube toward the right side (p. 226; also Fig. 196). If the
conditions were reversed, that is, if the right omphalomesenteric vein were the
larger and poured the greater quantity of blood into the heart tube, the pri-
mary bend of the latter would be toward the left side. Consequently the heart
would continue to develop in the transposed position and eventually come to
lie on the side opposite to the normal.

Although dextrocardia is very frequently associated with transposition of
the abdominal organs, it is not necessarily so, for there are cases of the latter in
which the heart occupies the normal position. Consequently it seems that
further influences must be present to account for transposition of the abdominal
organs when the thoracic organs are normal. A number of investigators have
emphasized the importance of the influence of the large venous trunks in the
abdominal region, especially on the position of the liver and stomach.

Primarily the omphalomesenteric veins pass cranially through the mesen-
tery. Later they form two loops or rings around the duodenum. Then the
leit half of the upper ring and the right half of the lower disappear, the common
venous trunk thus following a spiral course around the duodenum (p. 265; also
Fig. 239). This primary relation of the omphalomesenteric vein is retained in
the relation of the portal vein to the duodenum. The stomach lies to the left
of the portal vein.  After the allantoic (placental) circulation is established the
umbilical veins pass cranially in the lateral body walls. After the veins come
into connection with the liver, the right atrophies and the left increases in size
and becomes the single large umbilical vein of later stages (p. 264; also Fig. 240).
The right lobe of the liver becomes the larger.

If, as is maintained by some investigators, the usual position of the stomach
and liver is due to the persistence of the left venous trunks, a persistence of the
right venous trunks would afford a plausible explanation of the transposition of
these organs. It is not unreasonable to attribute also the transposition of the
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other abdominal organs directly or indirectly to the persistence of the right
venous trunks. Certainly a reversal in the position of the stomach would
cause a reversal in the position of the duodenum.

If these conditions are the real ones, the fact that the thoracic organs can be
transposed without a transposition of the abdominal organs, or vice versa,
is accounted for. The primary bend of the heart tube occurs at a very early
period, before the changes in the vessels in the region of the liver. Conse-
quently a reversal of the conditions of the omphalomesenteric at a very early
stage only would be likely to affect the heart. The principal changes in size
of the venous trunks in the abdominal region take place after their channels
havebeen broken upin the liver. In other words, the modifications in the veins
in the liver occur after the definite relations of the heart have been established,
Therefore the transposition of the abdominal organs may take place after the
heart has begun to develop normally.

THE MoutH.—Anomalies in the mouth region, due to defective fusion of
the processes that bound it, have been considered elsewhere (p. 216).

Anomalies of the fongue sometimes arise as the result of imperfect develop-
ment of one or more of its anlagen. Imperfect development of the tuberculum
impar results in total or partial lack of the anterior part. Defects in the root
are probably due to imperfect development of one or both of the paired anlagen
(p. 321). Malformations of the lower jaw (micrognathus, agnathus) are
usually accompanied by malformations of the tongue, both structures being
derived largely from the first pair of branchial arches.

THE PHARYNX.—The pharynx is the seat of cysts, fistule and diverticula
which have been considered in connection with the anomalies in the region of
the branchial arches and grooves (Chap. XIX).

The thyreoid gland is not infrequently the seat of certain anomalies that
arise as the result of abnormal development. Persistent portions of the thyreo-
glossal duct, the upper end of which is indicated by the foramen cecum linguz,
may give rise to cystic structures extending to the region of the hyoid bone.
Persistent portions of the duct may even give rise to accessory thyreoid (supra-
hyoid, prehyoid) glands (p. 333; also Fig. 298). Considerable variation also
exists in the isthmus and lateral lobes of the thyreoid, due to variation in the
manner of development of the medial anlage.

Impaired development of the #hymus gland sometimes leads to cysts which
come to lie in the anterior mediastinum.

TaE (EsorHacUs.—Very rarely the cesophagus is entirely lacking, being
represented by a mere cord of tissue. More frequently it is defective in certain
parts. The atresia may begin just below the pharynx or just above the stomach,
the intermediate portion being composed of a cord of fibrous tissue. Occasion-
ally the non-atretic portion opens into the trachea. Possibly this represents
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an imperfect separation between the primitive gut and the anlage of the
respiratory system (p. 362).

THE StomacH.—Occasionally the stomach is smaller than the normal. Tt
may even be a narrow tube resembling the other portions of the gut, owing to
lack of dilatation. Other congenital malformations, apart from transposition
(p- 355), are very rare.

THE INTESTINES.—One of the most common anomalies is the persistence of
the proximal end of the yolk stalk, forming Meckel's diverticulum (see p. 117).
Thhis usually is attached to the ileum about three feet from the cecum. In ex-
ceptional cases it retains its Jumen and, when the stump of the umbilical cord
disappears, forms a congenital umbilical fistula. Usually, however, the diver-
ticulum is shorter and ends blindly. Occasionally it becomes constricted from
the intestine and forms a cystic structure. (See also Chap. XIX.)

Congenital stenosis and atresia may occur in different regions of the intestine,
the duodenum being the most common site. Normally the lumen of the
duodenum becomes closed for a brief period during development (p. 330), and
congenital closure of the lumen may represent a persistence of the early em-
bryonic condition.

A conspicuous malformation is the persistence of the cloaca. The septum
which normally separates the latter structure into rectum and urogenital sinus
fails to develop, thus leaving a common cavity (see Figs. 361 and 362). In
addition to this the cloacal membrane may fail to rupture and the cloaca be-
come much distended. More often the septum develops in part, leaving only
a small opening between the rectum and urogenital sinus. After the latter
undergoes further development, the rectum comes to open into the urethra or
bladder, or into the vagina or uterus.

Atresia of the anns is not infrequently met with. The cleacal (or anal)
membrane fails to rupture and the rectum ends blindly. In other cases the
rectum opens into the urogenital sinus, as described in the preceding paragraph.
Occasionally the lumen of the rectum is closed—atresia recti—and the gut ends
blindly some distance from the surface, being connected with the anal region by
a cord of fibrous tissue.

Variations in the position of the intestinal loops, apart from transposition (p.
353), are of frequent occurrence. It is not customary to include these varia-
tions among malformations (see p. 340). The cecum (and appendix) and colon
present some striking variations. The ceecum may be situated high up in the
abdominal cavity, the ascending colon being absent. Or it may be situated at
any intermediate point between that and its usual position in the right iliac
fossa. These variations are due to different degrees of development of the
ascending colon (p. 341).

Tue Liver.—Congenital malformations of the liver are rare. The most
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frequent, apart from transposition, include anomalies in the size and number of
lobes. Accessory lobes may occur within the falciform ligament. One case
of lack of development of the gall bladder has been observed. Stenosis of the
bile passages is occasionally met with.

THE Pancreas.—Occasionally accessory glands are found in the intesti-
nal or gastric wall. These probably represent aberrant portions of the main
gland, and may give rise to cystic structures. Very recently, however, a
number of intestinal diverticula have been observed in certain mammalian
embryos and also in human embryos.* Although the history of these unusual
diverticula has not been traced, their presence may offer a clue to the origin of
accessory pancreatic structures. The ducts of the pancreas are subject to
distinct variations, which, however, are not usually considered as anomalies.
Not infrequently the duct of the dorsal anlage (duct of Santorini) persists and
opens directly into the duodenum. It may persist along with the duct of the
ventral anlage (duct of Wirsung), or the latter may disappear (p. 353; compare
Figs. 316 and 317).

PRACTICAL SUGGESTIONS.

The Primitive Gut.—The formation of the primitive gut can be studied in chick embryos
prepared according to the technic on page 385, under the head of the Ceelom and Commeon
Mesentery.

The Mouth and Pharynx.—The external appearance of the oral pit and the branchial
arches and grooves can be studied in very young pig embryos (6 mm. or less). The speci-
mens should be preserved in fole in 4 per cent. formalin, and for class purposes can be
mounted in glycerin jelly (see Appendix). Occasionally young human embryos (3 mm.
or less) are obtained, in which the branchial arches and grooves show clearly.

For the study of the internal structure, sections of course are necessary. Pig embryos
afford very good material and are easily obtained. The specimens may be fixed in Zenker's
or Bouin's fluid, cut in celloidin or in paraffin, and stained with hamatoxylin and eosin.
Usually it is advisable to cut serial sections. The stages given in the following paragraphs
are perhaps the most convenient for the study of the different organs.

The tongue can be seen in its earlier stages in sagittal sections of pig embryos of 12 to
18 mm. The development of the feeth can be followed in embryos of zo to 100 mm. The
most convenient way is to remove the jaws, fix for several days in Bouin's fluid, which
at the same time decalcifies, and cut sections transversely to the long axes of the jaws.
Very beautiful preparations can be obtained in this way. The anlagen of the salivary glands
can be seen in embryos of 15 mm. The anlagen of the thyreoid and Hiymus are very clearly
shown in embryos of 10 to 15 mm.

The @sophagus can be seen in any transverse section in the thoracic region of an embryo
of any stage after the formation of the primitive gut.

The Stomach and Intestine.—The development of these organs can be studied in transverse
sections of pig embryos of from 6 mm. up to any size that is not too large to section.  Zenker's
and Bouin's fluid are both mood fxatives. It is best to cut transverse serial sections,
although sections taken at intervals are very instructive. Hamatoxylin and eosin give a

¥ Lewis, Thyng,
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good differential stain. The later stages of development can be followed in very carefully
made gross dissections. Wax reconstructions of one or two of the earlier stages are useful.
These can be made in conjunction with reconstructions of the mesenteries (p. 38s).

The Liver and Pancreas.— Very young embryos (3 to 6 mm.) are necessary in studying
the primary evaginations. Transverse sections are taken just cranial to the umbilicus.
Later stages can be studied in specimens prepared according to the technic in the preceding
paragraph. In fact the same sets of specimens can be used in the study of the stomach,
omenta, duodenum, liver, and pancreas, since these structures lie so nearly in the same
transverse plane.

The histogenesis of any of the organs of alimentation can be studied after the technic
given above. Histological structure is well preserved by Bouin'’s fluid, but even better by
Flemming's fluid. The sections should be cut thin. H@matoxylin and eosin give a good
differential stain after fixation in Bouin’s fluid. After Flemming’s fluid Heidenhain’s hema-
toxylin should be used.
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CHAPTER. XIII.
THE DEVELOPMENT OF THE RESPIRATORY SYSTEM.

The anlage of the respiratory system appears in human embryos of about
3.2 mm. A hollow, linear evagination—the lung groove—develops on the
ventral side of the cesophageal portion of the primitive gut, extending caudally
a short distance from the region of the fourth inner branchial groove. It was
once thought that the evagination developed along practically the entire length
of the cesophagus anlage, but more recent researches seem to prove that it is
confined to the cephalic end. The lung groove soon becomes separated from
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Fic. 320.—Sagittal section of reconstruction of a human embryo of 5§ mm, His, Kollmann.
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the gut by a constriction which appears at the caudal end and gradually pro-
aresses forward.  Thus there is formed a tube which lies ventral to the gut and
which opens upon the floor of the latter at the boundary line between the
cesophagus and pharynx (Figs. 320 and 284).

From this simple tube the entire respiratory system develops. The
cephalic end gives rise to the larynx, the opening into the gut being the aditus
laryngis. The middle portion gives rise to the frachea. Two outgrowths from
the caudal end of the tube, which appear about the time of separation from the
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aesophagus, develop into the brenchi and their continuations—the lungs. The
epithelial lining of the system is of course derived from the entoderm. The
various kinds of connective tissue are derived from the mesoderm, since the
anlage grows into the mesodermal tissue of the ventral mesentery.

The Larynx.

The opening from the gut into the respiratory tube becomes surrounded by
a U-shaped elevation—the furcula—which lies in the floor of the pharynx with
its open end directed caudally. Toward the end of the first month each
side of the opening (aditus laryngis) becomes elevated, forming the arytenoid
ridge. From each of these a secondary elevation arises, forming the cunei-
Jorm ridge. The arytenoid ridges come so close together that they practically
close the opening except at its cephalic side (Fig. 321). Along with the develop-
ment of these ridges the apical portion of the furcula becomes a distinct trans-

Tubereulum impar
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- Arvepiglottic ridge
Arytencid ridge

Cuneiform ridge
Aditus laryngis

Cuneifarm ﬁt‘!g\c

Fi6. 321.—From a reconstruction of the larynx of a human embryo of 28 days,
Seen from above.  Kallins,

verse fold at the cephalic rim of the opening. This fold is the anlage of the
epigloftis. Laterally the epiglottic fold becomes continuous with the arytenoid
ridges, forming the aryepigloftic ridges (Fig. 321).

During the fourth month a groove-like depression appears on the medial
side of each arytenoid ridge, gradually becomes deeper, and leaves on each side
of it a fold or lip which bounds the opening. The external lips—those nearer
the pharynx—form the superior or false vocal cords; the internal lips form the
true vocal cords. At the same time the opening into the larynx, which was
closed by the arytenoid ridges, is reestablished. The depression between the
vocal cords on each side becomes still deeper to form the ventricle, and a further
outgrowth from the ventricle produces the eppendage of the ventricle (the laryn-

geal pouch).
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The mesodermal tissue external to the epithelium (entoderm) of the larynx
gives rise to the various kinds of connective tissue including the laryngeal
cartilages. By the end of the fourth week condensations appear in the mesen-
chymal tissue, which are the forerunners of the cartilages, but true cartilage
does not appear until the seventh week. The anlagen of the thyreoid cartilage

E-'.‘Ip, hr_

Fi6. 322.—From reconstructions of the mesenchymal condensations which represent the hyoid and
thyreoid cartilages in an embryo of 4o days. A, Ventral view; B, lateral view from right.
Kallius,

I'nf. hy., Inferior (greater) horn of hyoid; Sup, hy., superior (lesser) homn of hyvoid; Thyr., thyreoid.
The portions indicated by black lines represent chondrification centers.

are two mesenchymal plates, one on each side, which are bilaterally sym-
metrical and correspond to the lateral parts of the adult cartilage (Fig. 322, 4).
These plates gradually grow ventrally and unite and fuse in the midventral
line (Fig. 323). Twocentersof chondrificationappearin each plate (Fig. 322, 4)

«. . Pharynx
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Arytenocid cartilage

; ; et Musele
Copula

Fic. 323.—From a transverse section through the pharynx and larynx of a human
embryo of 48 mm, Nieolas.

and enlarge until the entire plate is converted into cartilage, the middle part
becoming elastic in character, the rest hyalin.

Originally the cephalic edge of each thyreoid plate is connected with the
inferior horn of the hyoid cartilage (Fig. 322, B). This connection is subse-
quently lost, but a remnant of the connecting cartilage persists as the friticeous
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cartilage in the lateral hyothyreoid ligament. The anlagen of the aryvienoid
cartilages develop in the arytenoid ridges as condensations of the mesenchyme,
which later are converted into true cartilage (Fig. 323). The apex and vocal
process of each arytenoid become elastic, the main body becomes hyalin.
The corniculate cartilages (cartilages of Santorini) are split off from the cephalic
ends of the arytenoids and are of the elastic variety. The ericoid cartilage,
like the others, is preceded by a condensation of mesenchyme. Chondrifica-
tion begins on each side and then progresses around dorsally and ventrally until
a complete hyalin ring is formed. From its developmental resemblance to the
tracheal rings, the cricoid is sometimes regarded as the most cephalic of that
series. The epiglottic cartilage develops in the epiglottic ridge as two sepa-
rate pieces which subsequently fuse. Itis of the elastic variety. The cuneiform
cartilages (cartilages of Wrisberg) are split off from the two pieces of the epi-
glottic, and are of the elastic type.

“Attempts have been made to determine which branchial arches are represented by the
laryngeal cartilages. It seems quite definitely settled that the thyreoid is derived in part, at
least, from the fourth arch. There is much doubt as regards the others, for there is great
difficulty in determining their derivation in the human embryo, since the arches disappear
at such an early stage. Furthermore, some of these cartilages may represent arches which
are present in lower forms but do not appear in the higher Mammals.

The larynx is situated much farther cranially in the feetus and in the new-
born child than in the adult. In a five months feetus it extends into the naso-
pharyngeal cavity, whence it migrates caudally to its adult position. The
laryngeal skeleton becomes ossified during postnatal life. Ossification begins
in the thyreoid and cricoid cartilages at the age of eighteen to twenty years,
and in the arytenoids a few years later. Three centers appear in the thyreoid
—one on each side near the inferior cornu and one in the medial line between
the two wings. In the cricoid, ossification begins near the upper border on
each side, in the arytenoids at the lower borders. Ossification usually begins
carlier and proceeds more rapidly in the male than in the female.

As an example of the explanation which Embryology offers of certain peculiarities of
structure in the adult, the case of the recurrent laryngeal nerve may be cited. The heart and
aortic arches are primarily situated in the cervical region. At that time a branch of the
vagus on each side, passes behind the fourth aortic arch to reach the larynx. As the
heart and arches recede into the thorax, the nerve is pulled caudally between its originand
termination, so that in the adult the left nerve bends around the arch of the sorta and the
right around the subclavian artery.

The Trachea.

The portion of the original tube between the larynx and the two caudal out-
growths which form the bronchi and lungs, develops into the trachea. It lies
ventral to the cesophagus and is surrounded by mesodermal tissue which is
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destined to give rise to the connective tissue, includng the cartilage, of the adult
trachea (Figs. 284 and 320). The development of the tracheal rings is very
similar to that of the laryngeal cartilages. During the eighth or ninth week con-
densations appear in the mesenchyme, which are later transformed into hyalin
cartilage. ‘The rings are not complete but remain open on the dorsal side. At
birth the trachea is collapsed, the ventral side being concave and the dorsal ends
of each ring being in contact.  After respiration begins it is dilated and becomes
more or less rigid. Ossification of the tracheal rings begins in the male at the
age of about forty years, in the female at about sixty. The glands of the
trachea represent evaginations from the epithelial linings.

The Lungs.

As has been stated (p. 362), the caudal end of the original tube evaginates
to form two hollow buds which are the beginnings of the two lungs (Fig. 324).
The evagination takes place soon after or even along with the separation of the
lung groove from the gut. The right bud soon gives rise to three secondary
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Fic. gz24.—Transverse section of a 14 mm. pig embryvo, at the level of the upper limb buds,
showing especially the two bronchi.

buds, the forerunners of the three lobes of the right lung. The left bud gives
rise to two secondary buds, the forerunners of the two lobes of the left lung
(Fig. 325). The primary buds may be said to represent the two brenchi arising
from the trachea, the five secondary buds to represent the bronchial rami
which extend into the five lobes of the lungs. Successive evaginations from
each of the five buds take place and form an extensive arborization for each
lobe (Figs. 3206 and 327).
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The manner in which the bronchial rami branch is not definitely known.
Some maintain that the branching is dichotomous, that is, each bud gives rise
to two equal buds and each of these to two others, and so on. In order to as-
sume the adult form, however, one of the buds places itself in line with the
preceding bud or bronchus while the other places itself as a lateral outgrowth.
Others hold that the growth is monopodial, that is, that the original bud grows
in a more or less direct line and the others develop as lateral outgrowths. When

Upper right lobe

Trachea

AMiddle right iobe Upper left lobe

Mezaderm
{mesenchyme)

Lower right lobe
Fic. 325.—Anlage of lungs of a human embrvo of 4.3 mm., Fis,

the evaginations that produce the bronchial rami are completed, each terminal
(respiratory) brenchus subdivides into three to six narrow tubules, the alveolar
ducts. The latter again branch into several wider compartments, the afria,
from which several air sacs are given off. The walls of the air sacs are evagi-
nated to form many closely set air cells which represent the ultimate branches
of the air passages of the lungs.

Trachen

Left bronchus

Right bronchus

—DBronchial ramus

Mesoderm
{mesenchyme)

Bronchial ramus

Fic. 326.—Anlage of lungs of a human embryo of 8 5 mm. His.

While there is a general tendency toward bilateral symmetry in the various
sets of bronchial rami, the lobes of the lungs are asymmetrical. This asym-
metry is indicated in the five secondary buds that arise from the two primary,
since three arise on the right side and only two on the left. The three on the
right represent the upper, middle and lower lobes of the right lung (Fig. 323).
The upper is known as the eparferial from the fact that its bronchus lies dorsal

24



368 TEXT-BOOE OF EMBRYOLOGY.,

to the pulmonary artery. No lobe develops on the left side corresponding to
the upper (eparterial) on the right. There is a possibility that it is absent in
order to allow the arch of the aorta to migrate caudally as it normally does
(see p. 247). One of the larger ventral bronchial rami of the left lung is ab-
sent, owing to the inclination of the heart toward the left side; but as a compensa-
tion the corresponding ramus of the right lung develops more extensively
and projects into the space between the pericardium and diaphragm as the
infracardiac ramus.

From the fact that the anlage of the respiratory system is enclosed within
the mesentery between the gut and the pericardial cavity, and that its caudal end
becomes enclosed within the dorsal edge of the septum transversum, it is obvious
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Fic, 327.—Anlage of lungs of a human embryo of 10.5 mm. His.

that the lungs will push their way into the dorsal parietal recesses or pleural
cavities (Figs. 328 and 333). 'The way in which the lungs and pleural cavities
enlarge and separate the pericardium from the body wall on each side and from
the diaphragm is described on page 378 (see Figs. 334and 3335). The mesoder-
mal tissue that surrounds the primary lung buds is in part pushed before the
numerous outgrowths and in part remains among them (Figs. 325, 326, 327).
The part around the lungs, with its covering of mesothelium, comes to form the
visceral layer of the plenra which closely invests the entire surface of the lungs
and dips down between the lobes. At the roots of the lungs it is continuous
with the parietal layer of the pleura lining the inner surface of the pleural cavi-
ties. The mesodermal tissue among the bronchi and their terminations gives
rise to the connective tissue that separates the lobes and lobules and invests all
the structures in the interior of the lungs. This connective tissue at first con-
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stitutes a large part of the lungs, but as development proceeds, the more
rapid growth of the respiratory parts results in the relatively small amount of
connective tissue characteristic of the adult lung.

Changes in the Lungs at Birth.—At birth the lungs undergo rapid and
remarkable changes in consequence of their assuming the respiratory function.
These changes affect their size, form, position, texture, weight, etc., and
furnish probably the only certain means of distinguishing between a still-born
child and one that has breathed. In the foetus at term the lungs are small,
possess rather sharp margins and lie in the dorsal part of the pleural cavities.

Ih 3
F o~

Diapheagm Lungs FPleural cavitics

Fig, 328.—Transverse section of a pig embryo of 35 mm., showing the developing lungs (bronchial
rami surrounded by mesoderm). The cesophagus is seen between the two lungs; above the
msophagus is the aorta. The dark mass in the lower part of the figure i3 the liver,
Photograph.

After respiration they enlarge. fill practically the entire pleural cavities and
naturally become more rounded at their margins. The introduction of air into
the air passages converts the compact, gland-like, feetal lung into a loose,
spongy tissue. The specific gravity is changed from 1.056 to 0.342. While
there is a gradual increase in the weight of the lungs during development, there
15 a very sudden increase at birth when the blood is freely admitted to them
through the pulmonary arteries. The weight of the lungs relative to that of
the body changes from about 1 to 7o before birth, to about 1 to 35 or 40 after
birth.
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Anomalies.

TaE LaryNX.—The larynx may be excessively large or unusually small.
Occasionally the epiglottic cartilage consists of two pieces, indicating a failure
of the two anlagen to fuse (p. 364). Similar defects may occur in the other
cartilages that are derived from more than one anlage. The ventricle on either
side may be abnormally large with an exaggerated appendage (laryngeal
pouch)j. This condition resembles that in the anthropoid apes.

Tue Tracuea.—The trachea is sometimes absent, in which case the bronchi
arise immediately below the larynx, indicating a failure on the part of the
original tube to elongate. The trachea may be abnormally short. Rarely
there is a direct communication between the trachea and cesophagus, probably
due to an incomplete separation of the lung groove from the gut (p. 362). The
cartilaginous rings may vary in number as a result of abnormal splittings and
fusions.

THE Luxes.—Rarely the eparterial bronchial ramus on the right side
arises as a branch of the trachea and not as a branch of the bronchus (p. 367).
This condition is normal in certain Mammals (ox, sheep). Rarely an eparterial
bronchial ramus is present on the left side, thus producing a third lobe for
the left lung. In some animals an eparterial ramus is normally present on
each side, the larger bronchial rami thus being bilaterally symmetrical. Varia-
tion in size and number of lobes is not infrequent. Supernumerary or acces-
sory lobes, formed either by evaginations from the original anlage or by in-
dependent evaginations from the gut, are met with in rare cases.

Occasionally some portion of either lung is defective. The bronchial bud
that would normally give rise to the lung tissue in that region fails to develop
properly, and the result is a number of rami, without the ultimate terminations,
surrounded by vascular tissue. The rami may remain normal or may become
dilated and form large bronchial cysts.

PRACTICAL SUGGESTIONS.

The anlage of the respiratory system can be seen in chick embryos about the beginning
of the third day of incubation, or in young mammalian embryos (pig embryos of 6-8 mm.).
Fix in Zenker's fluid or in Bouin's fluid, cut transverse sections in the cervical region and
stain with Weigert's hematoxylin and eosin. Time can be saved by staining tn fofe with
borax-carmin, but the differentiation is not so good. Either technic can be used in follow-
ing succeeding stages of development, so long as the embryos are not too large for con-
venience in cutting sections.  The structure and relations of the developing pleura can also
be seen in these sections. In fact it is possible to use the same sets of sections for the
study of the heart, pericardium, lungs and pleura.

When the embrvos are too large to section in lofo, remove the lungs and subject them
to the above technic. Very interesting comparisons can be made between sections of lung
tissue from a still-borm child and from one which has breathed, but died shortly after.
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CHAPTER XIV.

THE DEVELOPMENT OF THE CELOM (PERICARDIAL
PLEURAL AND PERITONEAL CAVITIES), THE
PERICARDIUM, PLEUROPERITONEUM,
DIAPHRAGM, AND MESENTERIES.

In the Chapter on the development of the germ layers, it is stated that the
peripheral part of the mesoderm splits into two layers, an outer or parietal, and
an inner or visceral (Fig. 81; see also p. 87). The parietal layer of mesoderm
and the ectoderm constitute the sematoplenre. The visceral layer and the
entoderm constitute the splanchnoplenre (Fig. 81). The cleft or cavity
that appears between the parietal and visceral layers is the cawlom or body
cavily and is lined with a layer of flattened mesodermal cells known as the
mesotheliton. It will be remembered that in the earlier stages of development a
portion of the embryonic disk becomes constricted off from the yolk sac to form
the simple cylindrical body (p. 141). Along each side of the axial portion of the
cerm disk, and also at its cephalic and caudal ends, the germ layers bend ven-
trally and then medially until they meet and fuse in the midventral line (p. 141).
In this way a part of the somatopleure forms the lateral and ventral portions of
the body wall (Fig. 141). At the same time the axial portion of the entoderm is
bent into a tube which is closed at both ends—the primitive gut—and is then
pinched off from the rest of the entoderm except at one point, where the cavity
of the gut remains in communication with the cavity of the yolk sac. The
splanchnic mesoderm adjacent to the entoderm on each side comes in contact
and fuses with the corresponding portion from the opposite side, thus forming
a sheet of tissue which encloses the primitive gut and also forms a partition be-
tween the two parts of the caelom.  This sheet of tissue is the common mesentery
and is attached to the dorsal and ventral body walls along the medial line.
The portion between the gut and the dorsal body wall is the dorsal mesentery,
the portion between the gut and the ventral body wall is the venfral meseniery.
Thus the gut is suspended in the common mesentery (Figs. 235 and 320).

When portions of the somatopleure and splanchnopleure are bent ventrally
the coelom between the portions is naturally carried with them. This part of
the coelom thus becomes enclosed within the cylindrical body and constitutes
the intracmbryonic or simply the embryonic cawlom (body cavity proper). The
part of the ccelom which, while the germ layers were still flat, was situated more
peripherally constitutes the extraembryonic ccelom or exocalom (extraembryonic
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body cavity). From the nature of the bending process, the embryonic ccelom
is divided into bilaterally symmetrical parts by the common mesentery (Fig.
235). These two simple cavities are the forerunners of all the serous cavities of
the body. The various partitions between the serous cavities, the walls of the
cavities and the mesenteries proper are all derived from the somatic and
splanchnic mesoderm with its covering of mesothelium.

While the foregoing would represent a typical case of early ceelom and
mesentery formation, there are certain modifications and peculiarities in the
higher Mammals and in man. In all cases the splitting of the mesoderm to
form the ceelom proceeds from the periphery of the germ disk toward the axial
portion (p. 8g). In the human embryo the bending ventrally and fusing of the
germ layers to form the cylindrical body begins in the anterior region of the
disk and is accomplished there before the splitting of the mesoderm is com-
pleted. The peripheral splitting has resulted in the formation of the exoccelom,
but at the time when the ventral fusion of the germ layers takes place, the split-
ting has not extended axially to a sufficient degree to form the intraembryonic
coelom. The latter, which appears later in this region, never communicates
laterally, therefore, with the exoccelom. Caudal to this region the ccelom is
formed as in the typical case. The more anterior part of the caelom on each
side is thus primarily a pocket-like cavity. It communicates with the rest of the
ceelom at about the level of the yolk stalk. In the region of the fore-gut, the
future cesophagus, no distinct mesentery is formed, but the fore-gut remains
broadly attached to the dorsal body wall. A ventral mesentery is lacking from
a point just cranial to the yolk stalk to the caudal end of the gut. There are
no ceelomic cavities in the branchial arches, the ceelom extending only to the
last branchial groove.

In very young human embryos the primitive segments contain small cavities.
These cavities soon disappear, being filled with cells from the surrounding
parts of the segments. Whether they represent isolated portions of the ceelom
is not certain. In the lower Vertebrates, the cavities of the primitive segments
regularly communicate with the ccelom, and in the sheep the cavities of the first
formed segments are continuous with the ccelom. In the head there is no
cavity analogous to the ceelom in the body. In but one human embryo have
any cavities in the head resembling those of the primitive segments been
observed (see p. 3o1).

The Pericardial Cavity, Pleural Cavities and Diaphragm.

The pericardial and pleural cavities and diaphragm are so closely related in
their development that they must be considered together. In the region just
caudal to the visceral arches, where the two anlagen of the heart appear, the
embryonic ceelom becomes dilated at a very early stage to form the primitive
pericardial cavity (parietal cavity of His). After the two anlagen of the heart
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unite to form a simple tubular structure (p. z22; also Fig. 104), the latter is
suspended in the cavity by a mesentery which consists of a dorsal and a ventral
part, a dorsal and a venfral mesocardinm. By these the cavity is at first divided
into two bilaterally symmetrically parts. The mesocardia soon disappear and
leave the heart attached only to the large vascular trunks which suspend it
in the single pericardial cavity. The early pericardial cavity is simply the
cephalic end of the embryonic ceelom and is therefore directly continuous with
the rest of the ccelom. As mentioned on p. 373 it does not, however, at any
time communicate laterally with the extraembryonic ceelom.

The communication between the pericardial cavity and the rest of the em-
bryonic ceelom is soon partly cut off by the development of a transverse fold
—the seplum transverswm. This septum is formed in close relation with the
omphalomesenteric veins. These vessels unite in the sinus venosus at the
caudal end of the heart, whence they diverge in the splanchnic mesoderm.

Fic. 329.—Transverse sections of a rabbit embryo, showing how the omphalomesenteric veins (wam)
push outward across the celom and fuse with the lateral body wall, forming the ductus
pleuro-pericardiacus (rp, rpd); am, amnion.  Raon,

They are thus embedded in the mesodermallayer of the splanchnopleure, and as
the latter closes in from either side to form the gut, the vessels form ridge-like
projections into the ceelom.  As the vessels increase in size, the ridges become
s0 large that the splanchnic mesoderm is pushed outward against the parietal
mesoderm and fuses with it (Fig. 329). Thus a partition is formed on each side,
which is attached on the one hand to the mesentery and on the other hand to the
ventral and lateral body walls, and which contains the omphalomesenteric veins.
It is obvious that these partitions, forming the septum transversum, close the
ventral part of the communication between the pericardial cavity and the rest of
the ccelom.  The dorsal part of the communication remains open on each side
of the mesentery as the ductus plewro-pericardiacus (dorsal parietal recess of His)
(Figs. 329 and 330).

As the heart develops it migrates caudally, and by corresponding migration
the pericardial cavity draws the ventral edge of the septum transversum farther
caudally, so that the cephalic surface of the latter faces ventrally and cranially.
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In other words theseptum comesto lie in an oblique cranio-caudal plane. The
pericardial cavity therefore comes tolie ventral to the ductus pleuro-pericardiaci.
The latter—one on each side of the mesentery—are two passages which com-

Ventral aortie trunk
Pericardial cavity
e Diosrsal mesecardinm

Sinus WENOELS

Lateral mesocardium :
= Duct of Cuvier

Pericardium
te. Left umbilical vein

Eepl.ur'ﬂ LrANSVErsum
Left omphalomes. vein

Liver o . -
— Dctus pleuro-pericardiacus

Ductus choledochus
Stomach

Yolk stalk Peritoneal cavity

Fic. 330.—From a model of the septum transversum, liver ete., of a human embryvo
of 3 mm, His, Kolfman,

municate on the one hand with the pericardial cavity and on the other hand with
the peritoneal cavity, while they themselves form the cavities into which the lungs
grow—the plewral cavities. (Compare Figs. 330, 331 and 332.)

Pharynx -«,\.

Diorsal mesocardium

e~ ___Ductus pleuro-
-l pericardiacus

. ] YB‘ Duct of Cuvier
j -
Y

Ductus pleuro-
pericardiacus

"=-._=~—"’@|5 Pernicardial cavity

Fi6. 331.—View (in perspective) of the pericardial cavity and ductus pleuro-pericardiaci
of a rabbit embryo of g dayvs, Rawn,

The pleural cavities also become separated from the pericardial cavity, ap-
parently through the agency of the ducts of Cuvier. The anterior and posterior
cardinal veins on each side unite to form the duct of Cuvier which then extends
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from the body wall through the dorsal free edge of the septum transversum to
join the sinus venosus (Fig. 330). This free edge is pushed farther and
farther into the ductus pleuro-pericardiacus (Fig. 331) until it meets and fuses

Fleural cavity

Lateral mesocardium
Fed

1 Dorsal mesocardium

i - Heart

Pericardial cavity =" i |

F1g, 332.—View (in perspective) of the pericardial and pleural cavities of a human embryo
of 7.5 mm, Kellmann,

The arrow points through the opening which forms the communication between the pleural
and peritoneal cavities, and which is eventually closed by the pleure-peritoneal membrane,

with the mesentery or posterior mediastinum. This process thus produces a
septum between each pleural cavity and the pericardial cavity.
The septum transversum early acquires still more complicated relations

Lung ,
Pleuro-peritonenl membrana

Mesentery
Pleuro-peritoneal membrane

Pleuro-peritoneal membrans

Mesentery of (Esophagus

inf. vena cava &
Inferior vena cava =
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F16. 333.—Ventral view (in perspective) of parts of the lungs, pleural cavities, peritoneal cavity,
and the plewro-peritoneal membranes in a rat embryo.  Ravn.

from the fact that the liver grows into its caudal part (Fig. 330). It may, for this
reason, be divided into a caudal part in which the liver is situated and which
furnishes the fibrous capsule (of Glisson) and the connective tissue of the liver,
and a cephalic part which may be called the primary diaphragm. These two
parts at first are not separate, the separation taking place secondarily. After
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the separation between the pericardial cavity and the pleural cavities, the latter
for a time remain in open communication with the rest of the ccelom or peritoneal
cavity. The lungs, as they develop, grow into the pleural cavities (Fig. 332)
until their tips finally touch the cephalic surface of the liver. At this point
folds grow from the lateral and dorsal body walls (Fig. 333) and unite ventrally
with the primary diaphragm and medially with the mesentery. These folds—
the plenvoperitoneal membranes—separate the pleural cavities from the perit-
oneal cavity and complete thediaphragm. Thusthediaphragm, from thestand-

Pl. cav.

Fic. 335.

Fic. 334.—Transverse section through the thoracic region of a rabbit embryoof 15days, Hochstelter.
Fic. 335 —Transverse section through the thoracic region of a cat embryo of 25 mm., Hoechstelter,

I.w ¢, Inferior vena cava; Inf.-c. L., infracardiae lobe of lung; L., lung; Oe.. asophagus; Pe. cov,,
pericardial cavity; Pl eov,, pleural cavity; PlL-p ., ple@to-pericardial membrane; Pu-h.r,
pulmo-hepatic recess.

point of development, consists of two parts: a ventral part which is the cephalic
portion of the original septum transversum, and a dorsal part which develops
later from the body wall and is the closing membrane between the peritoneal
and pleural cavities. The musculature of the diaphragm is considered in the
chapter on the muscular system (p. 300).

While the foregoing structuresare heing formed, decided changes take place
in their positions and relations. At first the heart lies far forward in the cervi-
cal region near the visceral arches. Laterit migrates caudally and the pericardial
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cavity comes to occupy much of the ventral part of the thorax, the pericardium
having extensive attachments to the ventral body wall and to the cephalic sur-
face of the primary diaphragm (Fig. 330). The diaphragm is much farther
forward than in the adult and is broadly attached to the cephalic surface of the
liver. The principal changes which bring about the adult conditions are the
arowth of the lungs, the separation of the diaphragm from the liver, and the

caudal migration of the diaphragm itself. With

the development of the lungs, the pleural cavities

Simid  the lateral body walls and likewise from the dia-

\ ; In so doing they split the pericardium away from
N

phragm (compare Figs. 334 and 335). Thus the

pericardial cavity comes to be confined more and

rr more closely to the medial ventral position. The
/ ' separation of the liver from the primary diaphragm
is caused by changes in the peritoneum which at
first covers the caudal, lateral and ventral. surfaces
of the liver. The cephalic surface of the liver, as

stated above, is covered by the primary diaphragm

/ % 2 itself. The peritoneum is reflected from the surface

& [ The T T g (e |y
i

of the liver on to the diaphragm, and at the line of

\ 5 reflection a groove appears on each side, extending

\ ’ from the midventral line around as far as the

attachment of the liver to the diaphragm. The

Fic, 336.—Diagram showing the grooves gradually grow deeper, the peritoneum

position of the diaphragm in el B ; B . k

Ruman embryos of difierent PUShing its way, as a flat sac, between the two

stages. Mall. structures, until the separation is almost complete.
The positions are those shown

in cmbryos of Mall's collection There is left, however, an area of attachment

fexcept KO, which is @ 10.2 hatween the liver and diaphragm, over which the
mm. embryo of the His collec- ; - . 3
tion); XIT beinganembryoof peritoneum is reflected, the ligamentum coronarium
2. 0 XVIIL, of 7 mm.; , A z g

¥IX of = mm.: IT of 7 mm,; Mepatis. In the medial line there is also left a
s a p ' .

X, of 17 mm.; XLIIL of 15 hrpad thin lamella which is attached to the dia-

mm,; VI, of 24 mm. The ; i
numerals on the right indicate  phragm, the liver and the ventral body wall. This
BCRIICI. is a remnant of the ventral mesentery and forms

the ligamentum suspensortum (falciforme) hepatis. In its free caudal edge
is embedded the ligamentum leres hepatis which is closely related to the
umbilical vein (see p. 265). The diaphragm itself, during its development,
migrates from a position in the cervical region, where the septum transversum
first appears, to its final position opposite the last thoracic vertebre. During
the migration the plane of direction also changes several times, as may be
seen in Fig. 336.

I e necessarily enlarge and push their way ventrally.
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The Pericardium and Pleura.—Since the pericardial cavity represents a
portion of the original ceelom, the lining of the cavity must be a derivative of
either the parietal or the visceral layer of mesoderm orof both. The common
mesentery in which the heart develops is derived from the visceral layer. Con-
sequently the epicardium is a derivative of the visceral mesoderm (Fig. 194).
The pericardium is derived from three regions of mesoderm. The greater
part is derived from the parietal mesoderm, since the body wall which is com-
posed of parietal mesoderm is also primarily the wall of the pericardial cavity.
A small dorsal portion is probably derived from the mesoderm at the root of the
dorsal mesocardium (Fig. 194). The septum transversum primarily forms
the caudal wall of the pericardial cavity, and, since the septum is a derivative
of the visceral layer, the caudal wall is derived from this layer. The three
portions are, of course, continuous.

The lungs first appear in the common mesentery as an evagination from the
primitive gut (Fig. 320, p. 362). As they develop further they grow into the
pleural cavities, pushing a part of the mesentery before them. This part of
the mesentery thus invests the lungs and forms the visceral layer of the pleura
which is therefore a derivative of the visceral mesoderm. The parietal layer of
the pleura is a derivative of the parietal mesoderm, since the wall of the pleural
cavity is primarily the body wall.

The lining of all these cavities iz at first composed of mesothelium and
mesenchyme. The latter is transformed into the delicate connective tissue of
the serous membranes, and the mesothelium becomes the mesothelium of
the membranes.

The Omentum and Mesentery.

From the septum transversum (or diaphragm) to the anus the gut is sus-
pended in the ceelom (or abdominal cavity) by means of the dorsal mesentery.
This is attached to the dorsal body wall along the medial line and lies in the
medial sagittal plane (Fig. 301; compare with Fig. 235). Onthe ventral side of
the gut a mesentery is lacking from the anus to a point just cranial to the yolk
stalk (p. 373). There is, however, a small ventral mesentery extending a short
distance caudally from the septum transversum. On account of its relation to
the stomach this is known as the venfral mesogastrium (Fig. 3o1). These two
sheets of tissue, the dorsal and ventral mesenteries, are destined to give rise to
the omenta and mesenteries of the adult. Owing to the enormous elongation of
the gut and its extensive coiling in the abdominal cavity, the primary mesen-
teries are twisted and thrown into many folds which enclose certain pockets or
bursee. Furthermore, certain parts of the gut which are originally free and
movable become attached to other parts and to the body walls through fusions
of certain parts of the mesentery with one another and with the body walls.
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The Greater Omentum and Omental Bursa.—A small part of the gut
caudal to the diaphragm iz destined to become the stomach, and the portion of
the mesentery which attaches it to the dorsal body wall iz known as the dorsal
mesogasirinum (Fig. 301).  The latter is inserted along the greater curvature of
the stomach and lies in the medial sagittal plane so long as the stomach lies in
this plane. When the stomach turns so that its long axis lies in a transverse
direction and its greater curvature is directed caudally (p. 337), the dorsal
mesogastrium changes its position accordingly. From its attachment along the
dorsal body wall it bends to the left and then ventrally to its attachmentalong
the greater curvature of the stomach. Thus a sort of sac is formed dorsal to
the stomach (Figs. 337 and 338). This sac is really a part of the abdominal or

1.-|""" ar MENLUITL
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Bile duct Duodenurry et r
o ™ Omentum
Prusdenum {Aeater :
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Rectum
Rectum
Fic. 337 Fic. 338.

Fiz. 337 —Diagram of the gastrointestinal tract and its mesenteries
at an early stage. Ventral view. Herfwip.

1z, 338.—8Same at a later stage, Hertfwig,

The arrow points into the bursa omentalis,

peritoneal cavity and opens toward the right side. The ventral wall is formed
by the stomach, the dorsal and caudal walls by the mesogastrium. The cavity
of the sac is the omental bursa (bursa omentalis); the mesogastrium forms the
greater omentum (omentum majus). Theopening from the bursa into the general
peritoneal cavity is the epiploic foramen (foramen of Winslow). (Fig. 314.)
From the third month on, the greater omentum becomes larger and gradually
extends toward the ventral abdominal wall, over the transverse eolon, and then
caudally between the body wall and the small intestine (Figs. 339 and 340).
The portion between the body wall and intestine encloses merely a flat cavity
continuous with the larger cavity dorsal to the stomach. From the fourth
month on, the omentum fuses with certain other structures and becomes less
free. The dorsal lamella fuses with the dorsal body wall on the left side and
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with the transverse mesocolon and transverse colon (Fig. 341). During the
first or second year after birth the two lamelle fuse with each other caudal
to the transverse colon to form the greater omentum of adult anatomy.

Diaphragm...-

Liver.. .
Lesser omentum.

Pancreas-. .

Burza omentalis-..

Stomach----J-F----- 4

Gireater omentum- --- 4
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Mesentery of
small intestine
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L. oment. ]

L. oment. "= 1T (h.-g. Hg.)
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: Fug. 340, Fis. 341.

Fies. 330, 340 and 341.—Diagrams showing stages in the development of the bursa omentalis, the
greater omentum, and the fusion of the latter with the transverse mesocolon,  Diagrams
represent sagittal sections.  For explanation of lettering in Figs, 340 and 341 sce Fig, 330.

The Lesser Omentum.—It has already been noted that the liver grows into
the caudal portion of the septum transversum (p. 376). Since the ventral
mesentery in the abdominal region, or the ventral mesogastrium, is primarily
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directly continuous with the septum transversum, it is later attached to the
liver. In other words it passes between the liver and the lesser curvature of the
stomach and also extends along the duodenal portion of the gut for a short
distance (Fig. 3o01). As the stomach turns to the left the ventral mesentery is
also drawn toward the left and comes to lie almost at right angles to the sagittal
plane of the body, forming the lesser omentum (omentum minus) or the hepato-
gastric and hepatoduodenal ligamenis of the adult (Figs. 341 and 342).

The Mesenteries.—So long as the intestine is a straight tube, the dorsal
mesentery lies in the medial sagittal plane, its dorsal attachment being practi-
cally of the same length as its ventral (intestinal) attachment. As development
proceeds, the intestine elongates much more rapidly than the abdominal walls,
and the intestinal attachment of the mesentery elongates accordingly. When
the portion of the intestine to which the yolk stalk is attached grows out into the
proximal end of the umbilical cord (p. 339), the corresponding portion of the
mesentery is drawn out with it (Fig. jor). When the intestine returns to the
abdominal cavity and forms the primary loop, with the ceecum to the right side
(p. 340), its mesenteric attachment is carried out of the medial sagittal plane.
This results in a funnel-shaped twisting of the mesentery (Figs. 337 and 338).
The portion of the mesentery which forms the funnel is destined to become the
mesentery of the jejunum, ileum, and ascending and transverse colon, and is
attached to the dorsal body wall at the apexof the funnel (Fig. 337, 338, 342).
This condition is reached about the middle of the fourth month.

Up to this time the mesentery and intestine are freely movable, that is, they
have formed no secondary attachments. From this time on, as the intestine
continues to elongate and forms loops and coils, the mesentery is thrown into
folds, and certain parts of it fuse with other parts and with the body wall.
Thus certain parts of the intestine become less free or less movable within the
abdominal cavity.

The duodenum changes from the original longitudinal position to a more
nearly transverse position and, with its mesentery—the mesodnwodenum—ifuses
with the dorsal body wall, thus becoming firmly fixed. Since the mesoduode-
num fuses with the body wall, the duodenum has no mesentery in the adult.
The pancreas, which is primarily enclosed within the mesoduodenum, also
becomes firmly attached to the dorsal body wall (compare Figs. 330 and 340).

The mesentery of the transverse colon, or the fransverse mesocolon, which
lies across the body ventral to the duodenum (Figs. 338 and 342), fuses with the
ventral surface of the latter and with the peritoneum of the dorsal body wall.
In this way the dorsal attachment of the transverse mesocolon is changed from
its original sagittal direction to a transverse direction (Figs. 340 and 341). The
mesocolon itself forms a transverse partition which divides the peritoneal cavity
into two parts, an upper (or cranial) which contains the stomach and liver, and
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a lower (or caudal) which contains the rest of the digestive tube except the
duodenum. The mesentery of the duodenum and pancreas changes from a
serous membrane into subserous connective tissue, and these two organs as-
sume the retroperitoneal position characteristic of the adult (Fig. 330).

The mesentery of the descending colon, or the descending mesocolon, lies in
the left side of the abdominal cavity, in contact with the peritoneum of the body
wall (see Fig. 342). It usually fuses with the peritoneum, and the descending
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Fic. 34:,—f}a5|min|:-s:inal tract and mesenteries in a human embryo.  The arrow
points into the bursa omentalis, Kolimann,

colon thus becomes fixed. After the ascending colon is formed, the ascending
mesocolon usually fuses with the peritoneum on the right side (see Fig. 342). In
a large percentage (possibly 25 per cent.) of individuals, the fusion between the
peritoneum and the ascending and descending mesocolon is incomplete or
wanting.

The sigmoid mesocolen bends to the left to reach the sigmoid colon, but
forms no secondary attachments. It is continuous with the mesorectuwm which
maintains its original sagittal position. A sheet of tissue—the mesoappendiz—
continuous with and resembling the mesentery, is attached to the ceecum and
vermiform appendix (Fig. 342). It probably represents a drawn out portion of

25
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the original common mesentery, since the cacum and appendix together are
formed as an evagination from the primitive gut.

Normally the mesentery of the small intestine forms no secondary attach-
ments, but is thrown into a number of folds which correspond to the coils of the
intestine.

The secondary attachments of the greater omentum and the fusion of the
two lamellz have been described earlier in this chapter (p. 380). The mesen-
teries of the urogenital organs are considered in connection with the develop-
ment of those organs (Chapter XV).

The Peritoneum.—The thin layer of tissue—composed of delicate fibrous
connective tissue and mesothelium—which lines the abdominal cavity and is re-
flected over the various omenta, mesenteries and visceral organs, is derived
wholly from the mesoderm. ‘The lining of the ceelom is composed of mesothe-
lium and mesenchyme. The latter gives rise to the connective tissue of the
serous membranes, and the mesothelial layer becomes the mesothelium of these
membranes.

Anomalies.

TuE PERICARDIUM.—Anomalous conditions of the pericardium are usually,
although not necessarily, associated with anomalies of the heart. They may
also be associated with defects in the diaphragm. Displacement of the heart
(ectopia cordis) is accompanied by displacement of the pericardium. The
heart sometimes protrudes through the thoracic wall, and, as a rule, in such cases
is covered by the protruding pericardium. In extensive cleft of the thoracic
wall (thoracoschisis, Chap. XIX) the pericardium may be ruptured.

THE DiapHRAGM.—The most common malformation of the diaphragm is a
defect in its dorsal part, occurring much more frequently on the left than on the
right side. The defect may affect but a small portion or may be extensive, the
peritoneum being directly continuous with the parietal layer of the pleura.
Such defects are due to the imperfect development of the pleuro-peritoneal mem-
brane which normally grows from the dorso-lateral part of the body wall and
fuses with the edge of the primary diaphragm, thus separating the pleural and
and peritoneal cavities (p. 377). The most conspicuous result of defects in the
dorsal part of the diaphragm is diaphragmatic hernia, in which parts of the
stomach, liver, spleen and intestine project into the pleural cavity, either free or
enclosed in a peritoneal sac. Defects in the ventral part of the diaphragm, due
to imperfect development of portions of the septum transversum, are not
common.

THE MESENTERIES AND OMENTA.—Extensive malformations of the mesen-
teries apparently do not occur without extensive malformations of the digestive
tract. One of the most striking anomalous conditions is a retained embryonic
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simplicity of the mesentery, concurrent with corresponding simplicity in the
Ioops and coils of the intestine. In this anomaly the intestine has failed to
arrive at its usual complicated condition and the mesentery has not undergone
the usual processes of folding and fusion (p. 382 ef seq.). Minor variations in
the mesenteries and omenta are probably due largely to imperfect fusion of
certain parts with one another and with the body wall. It is not uncommon to
find the ascending or descending colon, or both, more or less free and mov-
able. This condition is due to imperfect fusion of the mesocolon with the body
wall (p. 383). If the greater omentum is wheolly or partially divided into sheets
of tissue, the two primary lamelle have failed to fuse completely (p. 381).
This divided condition is normal in many Mammals.

PRACTICAL SUGGESTIONS.

The Calom and Common Mesentery.—Chick embryos afford excellent material for the
study of the formation of the caelom and common mesentery.  Use successive stages during
the latter part of the first day and during the second day of incubation. Remove the
embryo from the egg, being careful to keep it as nearly as possible in the natural position,
fix in Flemming's or in Zenker's fluid, cut transversely in paraffin and stain with Heidenhain’s
h#matoxylin. Time can be saved by staining in fofe in borax carmin, but the differentia-
tion is not so clear. The various stages in the development of the ccelom and mesentery
are well shown. If serial sections are cut, one can often trace the successive stages in one
embryo by examining sections in succession through the series, for the bending of the germ
layers begins in the head region and gradually progresses toward the tail.

The Primitive Pericardial Cavity—The dilatation of the ceelom in the cervical region to
form the primitive pericardial cavity can be seen in transverse sections of chick embryos of
the latter part of the first day of incubation. Prepare the specimens as directed in the pre-
ceding paragraph. The specimens prepared for the study of the ceelom and mesentery
will serve this purpose if sections from the cervical region are selected.

The Septum Transversum.—The carly stages of the septum can be seen in sections of
chick embryos of the second day of incubation, prepared as directed above. It is best to cut
serial sections. By tracing the omphalomesenteric veins, the ridges formed by the veins
can be seen projecting into the ceelom.  If later stages are examined, the ridges will be seen
to extend across the ceelom and to fuse with the ventro-lateral part of the body wall. The
ridges form the anlage of the septum.

Later Stages.—The study of the later stages becomes more difficult as the structures
increase in complexity. Chick or mammalian embryos in different stages are fixed in
Zznker's fluid or Bouin’s fluid, sectioned transversely in paraffin, and stained with Weigert's
hamatoxylin and eosin. It is best to cut serial sections, and time can be saved by staining
i# loto with borax-carmin if the embryos are not too large (not more than 1o mm.).

While much can be learned by examining a series of sections, it is advisable to recon-
struct from serial sections (see Appendix) the developing organs in one or two stages.
The models thus obtained are extremely useful in understanding the relations of the
structures,

After the embryo has attained a considerable size, very careful gross dissections will often
prove instructive,
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CHAPTER XV.
THE DEVELOPMENT OF THE UROGENITAL SYSTEM.

No other system in the body presents such peculiarities of development as
the urogenital system. In the first place, it is exceedingly complicated on ac-
count of its many parts. Itis derived from both mesoderm (mesothelium and
mesenchyme) and entoderm. The urinary portion develops into a great com-
plex of ducts for the carrying off of waste products. The genital portion in
both sexes becomes highly specialized for the production and carrying off
of the sexual elements. In the second place, instead of one set of urinary organs
developing and persisting, three sets develop at different stages. The first
set (the pronephroi) disappears in part, but leaves certain structures which are
used, so to speak, in the development of thesecond. Thesecond set (the meso-
nephroi) disappears for the most part, leaving, however, some portions which
are taken up in the development of the genital organs and other portions which
persist as rudimentary structures in the adult. The third set (the metanephroi
or kidneys) develops in part from the second and in part is of independent
origin. These conditions afford one of the most striking examples of the repe-
tition of the phylogenetic history by the ontogenetic, or, in other words, of von
Baer’s law that an individual, in its development, has a tendency to repeat its
ancestral history; for the first and second sets of urinary organs in the human
embryo represent systems that are permanent in the lower Vertebrates. Inthe
third place, the ducts of the genital organs are not homologous in the two sexes.
In the male the ducts (deferent duct, duct of the epididymis, efferent ductules)
are derived from the second set of urinary organs; in the female they (the
oviducts) are derived from other ducts which develop in the second set of
urinary organs, but which are not functionally a part of the latter.

THE PRONEPHROS.

The pronephros, with the pronephric duct, is the first of the urinary organs
to appear. In embryos of 2=3 mm. there are two pronephric tubules on each
side, situated at the level of the heart. Although their mode of origin has not
been observed in the human embryo, it is probable, judging from observations
on lower Vertebrates, that they arise as evaginations of the mesothelium. The
part of the mesothelium involved is that adjacent to the intermediate cell mass
(Fig. 343). (The intermediate cell mass is the portion of the mesoderm interven-
ing between the primitive segments and the unsegmented parietal and visceral
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layers; p. 84.) The more cephalic of the two tubules becomes hollow and
opens into the ceelom; the more caudal is merely a solid cord of cells. Neither
tubule forms any connection with the pronephric duct. At each side of the root
of the mesentery a small elevation, which projects into the ccelom, probably
represents a rudimentary glomerulus. A glomerulus in the lower Vertebrates,
where the pronephros develops to a much greater degree than in Mammals,
contains tortuous vessels derived from branches of the aorta (Fig. 344).
The mesonephros (p. 38¢), beginning to develop almost as soon as the pro-
nephros and in the same relative position, forms a ridge which projects into the
ccelom.  The pronephric tubules thus become embedded in the mesonephric
ridge.

The pronephiric duct begins to develop about the same time as the tubules.
It appears as a longitudinal ridge on the outer =ide of the intermediate cell mass
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at the level of the heart and projects into the space between the mesoderm and
ectoderm. The ridge is at first solid but soon acquires a lumen, and gradually
extends to the caudal end of the embryo where it bends medially to open into
the gut. The origin of the caudal portion of the duct is a matter of dispute.
It comes in contact and fuses with the ectoderm, but whether in the higher ani-
mals the fusion is secondary or signifies a derivation from the ectoderm has
not been determined.  When first formed, the entire duct lies on the outer side
of the intermediate cell mass, but later becomes embedded in the mesonephric
ridge (p. zg1).

The pronephric tubules are but transient structures and have no functional
significance in man and the higher Vertebrates. The ducts, however, remain
and become the ducts of the second set of urinary organs, the mesonephroi.

The significance of the pronephros can be understood only by reference to the conditions
in the lower amimals,  In the latter the ]JI’L'I-T!L"II]HJH :quuiru.i a r-.*]atEv-.'I].' i1ij..’.1“'r 'ilt';;l‘t"l': of de-
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velopment than in the higher forms. The tubules are segmentally arranged and are present
in many segments of the body. They open at their outer ends into the ducts, and at their
inner ends into the caelom through ciliated funnel-shaped mouths or nephrostomes.  Little
masses of mesoderm, containing tortuous vessels derived from branches of the aorta, form
glomeruli which project into the ceelom. Waste products are removed from the blood
through the agency of the glomeruli and are collected in the caelom. They are then taken up
by the pronephric tubules and carried away by the ducts. In some of the Round Worms
there is not even a longitudinal duct, but the tubules open directly on the outer surface of
the body, In the lowest Fishes all the tubules on each side open into a longitudinal duct
which opens into the cloaca. In these lower forms of animal life the pronephroi constitute
the permanent urinary apparatus. In the ascending scale the mesonephroi appear (higher

Fic. 344.—Diagram of the pronephric system in an amphibian.  Boarner,
Ceel,, Ceelom; Clam., plomerulus; containing ramifications of a branch of the aorta;
Neh., notochord; Pron. {, pronephric iubule.

Fishes, Amphibia) and assume the function of carrying off waste products. The prone-
phroi also develop, but to a lesser degree.  Still higher in the scale (Reptiles, Birds, Mam-
mals) the kidneys (metanephroi) appear and the mesonephroi lose their functional sig-
nificance. But even in the very highest Mammals the pronephroi appear, in a very rudimen-
tary form, in each individual in the earliest embryonic stages, thus repeating the ancestral
history.

THE MESONEFPHROS.

The mesonephroi, which constitute the second set of urinary organs, appear
in embryos of 2.6-3.0 mm., immediately following the pronephroi. They be-
gin to develop just caudal to the pronephric tubules and in the same relative
position as the latter, that is, in the intermediate cell mass. Condensations®
appear in the mesenchyme and become more or less tortuous. At their inner
ends they form secondary connections with the mesothelium and at their outer
ends they join the pronephric duct which now becomes the mesonephric (or
Wolffian) duct. The cells acquire an epithelial character, lumina appear,
and the tortuous mesenchymal condensations thus become true fubules. Their
connections with the mesothelium soon disappear (Fig. 345).

*The term * condensation " is here used to mean increased density of tissue due mainly to
proliferation of cells,
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After the tubules are formed, other condensations of the mesenchyme appear
near their inner ends. A branch from the aorta enters each condensation and
breaks up into a number of smaller vessels which ramify inside, the entire
structure thus becoming a glomerulus. Each glomerulus pushes against the
corresponding tubule, the latter becoming flattened and then growing around
the glomerulus. In this way the glomerulus becomes surrounded by two layers
of epithelium, except at the point where the vessels enter, and the whole structure
—the Malpighian corpuscle—resembles very closely a renal corpuscle of the adult
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showing the developing mesonephros,  Bonnet,

kidney. Waste products are removed from the blood through the agency of
the glomeruli and are carried to the ducts by the mesonephric tubules (Fig. 345).

The tubules themselves increase in length and become much coiled. Sec-
ondary and tertiary tubules also develop and become branches of the primary.
Whether these develop from condensations of the mesenchyme or as buds from
the primary tubules has not been determined. Each tubule consists of two
parts—(1) a dilated part around the glomerulus, composed of large flat cells
and forming Bowman's capsule, and (2) a narrower coiled part leading from
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the glomerulus to the duct and composed of smaller cuboidal cells (Fig. 345).
The primary mesonephric tubules are arranged segmentally, one appearing
in each segment as far back as the pelvic region. Thus the intermediate cell
mass may be considered as a series of nephrofomes, corresponding to the
sclerotomes and myotomes. The segmental character is soon lost, however,
owing to the inequality of growth between the mesonephros and the other seg-
mental structures, and to the development of the secondary and tertiary tubules.

As stated above, the first mesonephric tubules appear immediately caudal to
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the pronephros. From this point their formation gradually progresses in a
caudal direction as far as the pelvic region. By the further development of the
primary and by the addition of the secondary and tertiary tubules and the
glomeruli, the mesonephros as a whole increases in size and forms a large
structure which projects into the ceelom on each side of the body, forming the
so-called mesonephric or Wolffian ridge. 1t reaches the height of its develop-
ment in the human embryo about the fifth or sixth week, at which time it ex-
tends from the region of the heart to the pelvic region (Fig. 346). FEach organ
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is attached to the dorsal body wall by a distinct mesentery which, at its cephalic
end, also sends off a band to the diaphragm—the diaphragmatic ligament of
the mesonephros. The peritoneum is reflected over the surface of the meso-
nephros, and on the ventro-medial side the mesothelium becomes thickened to
form the genital ridge (p. 407; Figs. 314 and 346). The mesonephric ducts are
embedded in the lateral parts of the organs and extend throughout practically
their entire length. Since the ducts are identical with the pronephric ducts,
they open at first into the caudal end of the gut, or cloaca (p. 388; Fig. 360).
At a little later period, when the urogenital sinus is formed, they open at the
junction of the latter with the bladder (Fig. 363). Still later they open into the
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in the male (sce table). HKollmann,

sinus itself (p. 403). A description of their further development is best deferred
to the section on the male genital organs, since they become the genital ducts
(p- 420). )
The mesonephroi function as urinary organs during the period of their
existence in the embryos of all higher Vertebrates.  Excretory products are con-
veved directly to the tubules by means of the glomeruli instead of being de-
posited in the ceelom and then taken up by the tubules, as is the case in.funi:-
tional pronephroi (p. 38g). The main excretory ducts are the same as in the
pronephroi. Aside from the vessels in the glomeruli the mesonephrol areex-
ceedingly vascular organs.  Large and small branches of the posterior cardinal
veins ramify among the tubules (Figs. 314 and 232). The blood undergoes



THE DEVELOPMENT OF THE TROGENITAL SYSTEM. 393

purifying processes in its close contact with the tubules and is returned to the
heart by the posterior cardinals, or, after the cephalic ends of the latter atrophy,
by the subcardinals and the inferior vena cava (see p. 258; also Fig. 232, B).
There is thus present a true renal portal system, similar to the hepatic portal
system.

Although the mesonephroi become large functional organs during the earlier
stages of development, they atrophy and disappear for the most part, coinci-
dently with the appearance and development of the kidneys. The degeneration
begins during the sixth or seventh week and goes on rapidly until, by the end of
the fourth month, little remains but the ducts and a few tubules. The degenera-

Fia, 348 —Diagram representing certain persistent portions of the mesonephros
in the female (see table).

Epe. L, Longitudinal duct of the epodéphoron; Epo. L, transverse ductules of the eposphoren: O, £ a.,
; ostium abdominale tubas; hd,, oviduct; X represents a small duct which, if present, leads
from the epobphoron to one of the fimbrize of the oviduct,

tive processes consist of (1) an ingrowth of connective tissue among the tubules,
(2) atrophy of the epithelium of the tubules, and (3) atrophy of the glomeruli.

#The portions which remain differ in the two sexes, and since the remnants
are taken up in the formation of the male and female genital organs it seems
best to discuss them more fully under those heads (pp. 417, 420). Theaccom-
panying table, ho