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The publiication of the tenth edition of this book takes place at a historic juncture.

The book, first published in 1976, went through nine editions undet the patronage of
“MACMILLAN" (under different names). For reasons best known to them this publisher
decided to stop publlication of the book in 2013.1 am grateful to them for giving this book the
status of a classic of mediical publishing in India.

Through an agreement between Macmillan Publishets India Ltd and Jlaypee Brothers,
Medical Publishers Pvt. Ltd, the book has been taken over by the latter. That is how it happens
that the tenth edition of the book appears undet the bannet of JAYPEE BROTHERS, Medical
Publishers Pvt. Ltd.

The change of publishet does not mean any dilution of the standatds either of content or
of production values. I am sure that the enthusiasm and drive of the new publlisher will carry
the book to much greater heights than before, and that the book will remain a householld word
for generations to come.

Because of my long association with Me. JIP. Vij (Group Chairmanm)), I have full confidence
in him. Mr. Ankit Vij (Managing Director) brings fresh ideas and a great deal of vigour and
enthusiasm to the venture. I am grateful to them for all theiir help and suppott. I am much
obliged to Dr Sakshi Arora (Chief Development Editor) for highly meticulous editing of the text
and for improving the book in various other ways,

Dr. G.P. Pal has been associated with the book for a few editions till the ninth. He has made
useful contributions and brought new vigous to the book and 1 thank him.,

I am grateful to the very large body of teachets and students who have given me imvaluable
moral support and encouragemenit. This book could not have been what it is without their
blessings.

I must end this preface on a personal note. 1 will soon enter my eighty fifth year and |
certainlly do not hope to produce another edition of any book. My overalll experience of many
years of book writing has been one of great satisfaction and happiness. The happiness has
come fram the respect, bordeting on devotion, that students have showered on me. I look on
them as a very big family of children and grand children. My blessings to each one of them.

House No. 52, Sector 1, Rohtak 124001 INDERBIR SINGH
Phone: 01262-272375

e-mail: eyejeheedG@gredil eom
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This book on human embnyology has been written keeping in mind the requiremenis of
undergraduatte mediical students. The subject of embryology has traditionally been studied
from imported textbooks of anatomy or of embnyollogy. Experience has shown that the
treatment of the subject in most of these books is way above the head of the average medical
student in India. The difficulty hasincreased firaim year to year asthere hasbeen, and cantimues
to be, progressive deterioration in the standards of the teaching of English in our schools
and colleges. The combination of unfamiliar sophiistications of language and of an involved
techniical subject, has very often left the student bewildered.

In this book care has been taken to ensute that the text provides all the information
necessary for an intelligent understandiing of the essentiial features of the development of
various organs and tissues of the human body. At the same time, several innovations have
been used to make the subject easy to understand.

Firstly, the language has been kept simplle. Care has been taken not to compress too many
facts into an involved sentence. New words are clearly explained.

Secondly, simultaneous references to the development of more than one structute have
been avoided as far as possible. While this has necessitated some repetition, it is hoped that
this has removed one of the greatest factors leading to confusion in the study of this subject.

Thirdly, almost every step in development has been shown in asimplle, easy to understand,
illustration. To avoid confusion, only structures relevant to the discussion are shown. As far as
possible, the drawings have been oriented as in adullt anatomy to facilitate comprehension.

Fourthlly, the chapters have been arranged so that all structures referred to at a particular
stage have already been adequaitelly imtroduced.

In an effort of this kind it is inevitable that some errors of omission, and of commission,
are liable to creep in. To obviate as many of these as possible a number of eminent @anatomists
were requested to read through the text. Their suggestions have greatly added to the accuracy
and usefulness of this book. Neverthelless, scope for further improvement remains, and the
author would welcome suggestions to this end both from teachets and from students.

Roltakic INDERBIR SINGH
Januaryy 1976
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Some Prediminary
Considerations

HIGHLIGHTS

Emmibryology is the study of the development of an individual before biirth.

During the first two months we call the developing individual an embrye. After that we call it afetus.
The testis is the male sex organ or male gonad. The ovary is the female sex organ or gonad. They
produce gametes.

Male gametes produced by the testis are called spermattozom. The process is called sppemnmatogenesis.
Female gametes produced by the ovary are called ova. The process is called oogenesis.
Spermatogemesis and oogenesis are together called gametogenesis.

Fertilization takes place when one spemmatozoon enters an ovum. The fused ovum and spenm fiomm
the zygote.

Characters of parents are transmitted to offspring through codes borne on strands of DNA. Genes
are made of such strands of DNA. They are located on chromosomes.

A typical cell contains 46 chromasomes (= diploid! mumber).

A gamete contains 23 chromasomes (= hapiidédimumber).

The diploid number of chromasomes is restored as a result of fiertilization.

Multiplication of cells takes place by cell division. The usual method of cell division, seen in most
tissues, is called mitosis. Daughter cells resulting from a mitotic division are similar to the parent cell,
and have the same number of chromasomes (46).

A special kind of cell division takes place in the testis and ovary for formation of gametes. Iit is czllied
meiosis. The gametes resulting from meiosis have the haploid number of chromasomes (23). The
various gametes formed do not have the same genetic content.



2

Spermatogenesis and
Oogenesis

HIGHLIGHTS

A spermatozoon has a head, aneck, amiddle piece and a principal piece or tail (Fiig. 2.1).

Stages of spermatogeresiis are summarized in Fig. 2.5.

Spermatozoa are derived from rounded spermattitts. The process of conversion of a spermatid to a
spermatozoon is called spermiogenesis (Fig. 2.6).

Stages of oogenesis are summarized in Fig. 2.8.

An ovarian folficle is a rounded structure that contains adeveloping ovum sumrounded by follicular
cells. The follicle has a cavity filled with fluid (Fig. 2.12).

Ovarian follicles have a cellular covering called the theca interna. The cells of the theca imterna
produce oestrogens (Fig. 2.13).

The follicle gradually increases in size and finally bursts and expels the ovum. This process of
shedding of the ovum is called owwlation.

The corpus luteam is formed by enlargement and transformation of follicular cells, after-stihedding
of the ovum (Fig. 2.16). The corpus luteum secretes progesterone, which is essential for maintenance
of pregnancy.

Www.Ebook777.com



http://www.ebook777.com

The Menstirual Cycle

HIGHLIGHTS

The term menstruall cyde is @pplied to cydiical dhanges that eoour im the emdoemetrium every momt.
The most obvious feature is a monthly flow of blood (menstruation).

The menstrual cycle is divided into the following phases: postmenstruail, proliferattive, secretory,
menstrual (Fig. 3.3).

The menstrual cycle is also divided into the follicular phase (in which changes are produced mainly
by oestrogens), and the luteall phase (in which effects of progesterone predomiinate). Both phases
are of roughly equal duration.

&l The main changes in the endometrium are (@) increase in thickmess, (b) growth of uterine glands,
(c) changes in epithelial cells lining the glands and (d) increase in thickmess and fluid content of the
endometrial stroma (Figs. 3.4, 3.5).

Just before onset of menstruatiom, the blood supply to superficial parts of the endometrium is cut off
(Fig. 3.6). This part iis shed offf and there iis blleeding.

The menstrual cycle is influenced by oestrogems, by progesterone, by the follicle stimulating
hormone (FSH) and by the Luteinizing hormone (LH).



Formation of
Germ Layers

HIGHLIGHTS

Fertilization of the ovum takes place in the ampulla of the uterine. The fertilized ovum is a large cell.
It undergoes a series of divisions (clevage).

When there are 16 cells the ovum is called a morula. It has an inner cell mass covered by an outer
layer of cells, the trophoblast.

Fluid partially separates the inner cell mass from trophoblast. The morula now becomes a blasttocyst.
The cells of the inner cell mass multipy, and are reamanged to form an embryemwic disc having two
layers. These layers are the epiblast and the hypobikast. Later, the epiblast differentiates into three
germ layers, the ectoderm (outer), the endoderm (inner), the mesoderm (middie). Cells of the
hypobilast become flattened and line the yolk sac.

A cavity appears on the ectodermal side of the disc. This is the amnioitic cavity. Another cawilty
appears on the endodermal side. This is the yolk sac.

At first the walls of the amniotic cavity and yolk sac are in contact with trophobllast. They are soon
separated from the latter by extraanibyyonic mesoderm.

A cavity, the extraemibmyonic coelom appears and splits the extraembryonic mesoderm into a
somatoplauiic layer (in contact with trophaiidkast) and a splanchnopilesric layer (in contact with yolk
sac).

The trophobliast and underlying smmatopleuric mesoderm form a membrane called the cheroin.
The cells forming the wall of the amniotic cavity form the ammnion.

The amniotic cavity isnow attached to trophoblast by some mesoderm into which the extraamibryonic
coelom has not extended. This mesoderm forms the connecting stalk.

If we view the embryonic disc from the ectodermal side we see that near one edge it has a rounded
area called the prochowdisd! plate. Here ectoderm and endoderm are not separated by mesoderm.
An elevation, the primiifive streak, is also seen on the embryonic disc. A line drawn through the
prochordal plate and the primitive streak divides the embryomic disc into right and left halves.

Cells multiplying in the primitive streak move into the interval between ectoderm and emdodernn
and form the mesoderm (third germ layer).

Caudal to the primitive disc we see a round area called the cloacalmenibease. It is made up only of
ectoderm and endoderm.
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Further Developmentt of
Embryonic Disc

HIGHLIGHTS

The cranial end of the primitive streak enlarges to form the primiitire knot (Fig. 5.1).

Cells of the primitive knot multiply and pass cranially to form a rod-like structure reaching up to the
prochordal plate. This is the natwdnordal process.

The notochordal process undergoes changes that convert it first into a canal and then into a plate,
and finally back into a rod-like structure. This is the motochord.

Most of the notochord disappears. Remnants remain as the nucleus pulposus of each imtervertebral
disc.

A wide strip of ectoderm overlying the notochord becomes thickened and forms the neural plate
(Fig. 5.4C) from which the brain and spinal cord develop.

Intra-enbyyonic mesoderm shows three subdivisions (Fig. 5.4D). The mesoderm next to the middle
line is called the paraniitil mesoderm. It undergoes segmentation to form somites. The mesoderm
in the lateral part of the embryoniic disc is called the laterai! plate mesoderm. A cavity called the
intra-@nibyyondic coelom appears in it and splits the mesoderm into a somatoplleuiic layer (in
contact with ectoderm) and a splanchnoplewric layer (in contact with endoderm) (Fig. 5.5D). A
strip of mesoderm between the lateral plate mesoderm and the paraxial mesoderm is called the
intermedlinite mesoderm.

The intra-embryomic coelom later forms the pericardial, pleural and peritoneal cavities.

The embryonic disc, which is at first flat, undergoes folding at the cranial and caudal ends. These are
the head and tail folds (Fig. 5.7). Lateral folds also appear. As a result of these foldss, the endoderm is
converted into a tube, the gut. It is divisible into foregut, midgut and hindgut.

After formation of the head fold the gut is closed cranially by the prochordal plate, which is mow
called the buccopharyngeii! memibvanre. Caudally, the gut is closed by the cloacal memibeanze. The
umbilicall cord develops from the connecting stalk. It contains the right and left umbiliical arteries,
the left umbilical vein, and remnants of the vitello-intestimal duct and yolk sac. The ground sutbstance
of the umbilical cord is made up of Whartanis jelly derived from mesoderm. The cord is covered by
amnion.

The alamtoic divertivailum arises from the yolk sac before formation of the gut (Fig. 5.10). After
formation of the tail fold, it is seen as a diverticulum of the hindgut.

The pericardiini! cavity is derived from part of the intra-embryonic coelom that lies cranial to the
prochordal plate (Fig. 5.11)) Tihe diewed tpimg Heentt |ies wemttrall to the cavitty ((g. 5 12). After fornmetiam
of the head fold the pericardial cavity lies ventral to the foregut; and the developing heart is dorsal
to the pericardial cavity (Fig. 5.13).

The septum tramsversum is made of intra-embryomic mesoderm that lies cranial to the pericardial
cavity (Figs 5.11, 5.12). After formation of the head fold, it lies caudal to the pericardium and heart
(Fig. 5.13). The liver and the diaphragm develop in relation to the septum transversum.



The Placenta
Fetal Membranes
Twinning

HIGHLIGHTS

A developing embryo gets attached to the uterine endometrium. This is called implantation.

In human beings the embryo gets buried in the substance of the endometrium, This type of
implantation is called imfenstitialfimplantation.

After implantation the endometrium is called the decidua.

Thep/acentaisformed partly from embryonic structures and pairtly from thedtesidua. It iis tesponsible
for transport of nutrients and oxygen to the fetus, and for removal of waste products.

The essemtial elements of the placenta are charionic villi. The villi are sumounded by maternal bliood.
Fetal blood circulates through capillaries in villi.

The maternal blood and the fetal blood are sejparated by a weny thiin placental membrane (@r brnniier).
All substances passing from mother to fetus (and vice versa) traverse this membrane.

The fetal tissue that takes part in forming the placenta is charion. it consists of trophoblast (@ne layer
of cells) resting on extra-embryoniic mesoderm.

Praliferation of cells of the trophoblast leads to formation of two llayers: cytotrophobibast, which
is cellular and syncytiotropthabbsst, which is a syncytium (cytoplasm with nuclei, but no cell
boundizrikes).

The first-formed villi are called primamy villi. They consist of a central core of cytotrophoblast covered
by symaytiiotrophobilast.

Secondary villi have three layers. From inside out these are extra~embryonic nmesodermn,
cytotrophaotikzst and symaytiotrophoblast.

In tertiany villi, blood capillaries are formed in the extra-embryonic mMmesodenm.

Villi are sumrounded by an intervillous space that contains maternal blood. As the placenta enlarges,
septa grow into the intervillous space dividing the placenta into lobes.The fully formed placenta Is
about six inches in diameter and about 500 g in weight.

The placenta is normally attached to the upper part of the body of the uterus. A placenta aftached
lower down is called placenta praeviia. It can cause problems during child birth.

The embryo is sumounded by three large cavities. These are the amniotic cavity, the etra-emibryonic
coelom, and the uterine cavity. Emlargement of the amniotic cavity obliterates the extra~ambryonic
coelom, leading to fusion of amnion and chorion. Further enlargement of amniotic cavity obliterates
the uterine cavity. Fused amnion and chorion (called memitwanees) bulge into the cervical canal
(during child birth) and help to dilate it.
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Formation of Tissues
of the Body

HIGHLIGHTS

Epithefia may originate from ectoderm, endoderm or mesoderm.
Epithelia lining external surfaces of the body, and terminal parts of passages opening to the outside
are derived from ectoderm.
Epithelium lining the gut, and of organs that develop as diverticula of the gut, is endodermal in
origin.
Epithelium lining most of the urogewitd/ tract is derived from mesoderm. In some parts, it is
endodermal in origin.
Mesenchyme is made up of cells that can give rise to cartilage, bone, muscle, blood and connective
tissues.
Blood cells are derived from mesenchyme in bone marrow, liver, and spleen. Lymphocytes are
formed mainly in lymphoid tissues.
Most bones are formed by endochondlral ossification, in which a cartilaginous model is first
formed and is later replaced by bone. Some bones are formed by direct ossification of membrane
(intramemibeavouss ossification).
An area where ossification starts is called a centre of ossification. In the case of long bones the
shaft (or diaphysis) is formed by extension of ossification from the primmarsy centre of ossification.
Secondary centres (of variable number) appear for bone ends. The part of bone ossified from a
secondary centre is called an epiipthysis.
In growing bone the diaphysis and epipihysis are separated by the epiphyseal plaite (which is made
up of cartilage). Growth in length of a bone takes place mainly at the epiphyseal plate.

&l The portion of diaphysis adjoining the epiphyseal plate is called the metaphysis.
Somites undergo division into three parts. These are: (a) the dermattonee which forms the dermis
of the skin; (b) myotome which forms skeletal muscle; and (c) sclerotome which helps to form the
vertebral column and ribs.
Skeletal muscle is derived partly from somites and partly from mesenchyme of the region.
Most smooth muscle is formed from mesenchyme related to viscera, and blood vessels,
Cardiac muscle is formed from mesoderm related to the developing heart.
Neurons and many neurogllia! cells are formed in the neural tube. The myelin sheaths of peripheral
nerves are derived from Schwann cells, while in the central nervous system they are derived from

oligodenditoxytes.



The Skin and Its
Appendages

HIGHLIGHTS!

The epidermis is derived from surface edttoderm.
The dermis is formed by mesenchyme derived from dermatomes of somites.

Nails develop from ectoderm at the tip of each digit. LLatter, this ectoderm migrates to the dorsal
aspect.

Hair are derived from surface ectoderm which is modified to form hair follicles.
Sebaceous glandis (ectoderm) arise as diverticula from hair follicles.
Sweat glands develop as downgrowths from the epidermis that are later camalised.

Mammagy glands arise from swrface ectoderm. They are formed allong & milk line extending firom
axilla to the inguinal region.
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The Pharyngeal Arches

HIGHLIGHTS!

Pharyngeal arches are rod-like thickenings of mesoderm present in the wall of the foregut.

At first there are six arches. The fifth arch disappears and only five remain,

The ventral ends of the arches of the right and left sides meet in the middle line in the floor of the
pharynx.

In the interval between any two arches, the endoderm (lining the pharynx) is pushed outwardis to
form a series of pouches, These are called endodermal, or pharyngeal, pouches.

Opposite each pouch the surface ectoderm dips inwards as an ectodermal cleft,

Each pharyngeal arch contains a skeletal element (cantilage that may later form bone), striated
muscle supplied By the Rerve of the areh; and an arierial areh:

The cartilage of the first areh (Mecksts cartilags) gives srigin te the incus and mallevs (of middle ).
The cartilage of the second arch forms the stapes; the styleid process and part of the Rysid bene.
The cartilage of the third areh farms the greater part of the hysid Bene:

The cartilages of the faurth and sixih arehes give rise te the cartiages of the karynx.

’Fhs N ef the Bharyngssi arehes are as follows: First areh = mandibuwiar; seesnd areh = fagial;
hird arch = glossopharyngeal; fourth arch = superior laryngeal; fifth arch = recurrent laryngeal. The

muscles supplied by these nerves are derived from the mesoderm of the arch concerned.

The external acoustic meatus develops from the first ectodermal cleft.

The first endodermal pouch (and part of second) give off a diverticulum called the tubotympanic
recess. The middle ear and the awditory tube develop from the tubotymjpanic recess.

The palatine tonsil arises from the second pouch,

The inferior parathyroid gland and the thymus are derived from the third pouch.

The superior parathyroid gland is derived from the fourth pouch.

The thyroid gland develops mainly from the thyrogjiessal duct. This duct is formed as a median
diverticulum arising from the floor of the pharynx (at the foramen caecum).



The Skeleton

HIGHLIGHTS|

The vertebral column is derived from the sdierotomes of somites. Exch sdierotome divides into three
parts: cranial, middle and caudal.

A vertebra is formed by fusion of the caudal part of one sdiemotome and the cranial part of the mext
sclerotome. It is, therefore, intersegmental in position.

The middle part of the sdieratome forms an intervertebral disc, which is therefore sagmental in
position.

The stemum is formed by fusion of right and left sternal bars.

The skull develops from mesenchyme around the developing brain. Same skull bones are formed in
membrane (e.g. parietal); some partly in membrane and partly in cartilage (e.g. sphenoid); and a few
entirely in cartilage (e.g. ethmoid).

The mandible is formed in membrane from the mesenchyme of the mandibular process.

Limbs are first seen as outgrowths (limb buds) from the side wall of the embryo. Ezch bud grows and
gets subdivided to form parts of the limb.

Limb bones develop from mesenchyme of the limb buds. Joints are formed in intervals letween
bone ends.
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Faoce, Nose and Palate

HIGHLIGHTS!

The stomatodfzreum (future mouth) is a depression bounded cranially by a bulging produced by the
brain, and caudally by a bulging produced by the pericardial cavity.

Three promiimamces appear around the stomatodaeum. These are the fromtomszsal process (above),
and the right and left mandibular arches (first pharyngeal arches) (Fig. 11.3A).

The mandibular arch divides into a maxilkryy process amd amandibular processs(fity.11138).

The right and left mandibullar processes meet in the midline and fuse (Fig. 11.4A). They form the
lower lip and lower jaw.

The upper lip is formed by fusion of the frontomasal process with the right and left maxiilary
processes. Fazillure to fuse completely leads to various forms of harelip.

The cheeks are formed by fusion of (the posterior parts of) the maxillary and mandibular processes.
The nose is derived from the frontomasal process.

The nasal cavity is formed as follows. An ectodermal thickening, the nasal placode, appears over the
frontomasal process (Eig. 11,4A). The placode gets depressed below the surface to form the nasal pit
(Fig: 11:4B). The masal pits enlarge teo form the nasal cavity.

Paranasail sinuses appear asautigrowths ficm tie sl ety

The palate is formed by fusion of three components. These are the right and left palatal processes
(arising from the maxillary process); and the primitive palate (derived from the frontomasal process)
(Fig. 11.19). Deficiency in fusion leads to various forms of cleft paikate (Fig. 11.20).



Alimenttary System—I:
Mouth, Pharynx and
Related Structures

HIGHLIGHTS!

The oral cavity is derived partly from the stomatodaeum (ectoderm), and partly from the foregut
(endoderm). These two are separated by the buccopharyngeal membrane which later disappears
(Fig. 12.1).

Teeth are formed in reliztion to the dental lamina (Fiig. 12.2). An enlargement of the lzmina is formed
for each tooth. It is called the enamz/ organ (Fig. 12.6).

Ameloblasts (derived from ectoderm) form the enamel. Odontobilasts (derived from nmesoderm)
form dentimeTHze puilp is formed by mesenchyme that invaginates into the enamel organ (Fig. 12.6E).

Three swellings appear in the floor of the pharynx, in relation to the first pharyngeal arch. These
are the right and left linguail swellings, and a median swelling the tubercuilum impar (Fig. 12.11).
Another median swelling is formed iin relatiion to the third and fourth arches.This isthe Hypabnamohial
eminence.

The anteriar two-thitd of the tongu is formed from the lingual swellings and the tuberculum impar.
The posterior one-thixd of the tongwe is formed by the cranial part of the hypobranchial eminence.
Salivary glandss develop as outgrowths of buccal epitthelium.

The palatiree tonsil develops in relation to the second pharyngeal pouch.

The pharynx is derived from the foregut.
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Alimenttaty Systemn—II:
Gastrointestinal Tract

HIGHILIGHTS

Endoderm, which is at first in the form of a flat sheet, is converted into a tube by formation of head,
tail and lateral folds of the embryonic disc. This tube iis the gut.

The gut consists of foregutt, midguit and hindguit. The midgut is at first in wide communication with
the yolk sac (Fig. 13.1). Later it becomes tulbuikar. Part of it forms a loop that is divisible into prexarterial
and postaniteiid/ segments (Fig. 13.2).

The most caudal part of the hindgut is the cloaca. It is partitioned to form the primiitive rectum
(dorsal) and the primitive urogemital sinus (Eig. 13.4).

The oesaphagus is derived from the foregut.

The stomaeh is derived from the foregut (Fig. 13.12).

Duodenum: The superior part and the upper half of the descending part, is derived from the foregut.
The rest of the duodenum develops from the midgut.

The jigjiumum and ilewrm are derived from the prearterial segment of the midgut lloop.

The postarterial segment of the midgut loop gives off a caecal bud. The caecum and appendix are
formed by enlargement of this bud.

The aseending selon develeps from the postartenial segment of the midgut leep.

After its formatien the gut undergess retatian. As a result the caecum and ascending celen come
to lie on the right side; and the jejunum and ileum lie mainly in the left half of the abdomiimal cavity.



The Liver and Biliary Apparatus,
The Pancreas and Spleen;

The Respiiratory System;

The Body Cavities and Diaphragm

HIGHLIGHTS

The liver and biliary passages (@ndoderm) are derived from the hepatic bud. This bud arises firom
the gut at the junction of foregut and midgut.

The pancreas (@ndoderm) develops from two buds, dorsal and ventral, that arise from the gut near
the junction of foregut and midgut. Most of the pancreas is formed from the dorsal bud. The ventral
bud forms part of the head of the pancreas.

The spleen (mesoderm) develops in the dorsal mesogastiium.

The respiratony system develops from a median diverticulum of the foregut (endoderm). At its
caudal end the diverticulum divides into right and left lung budss.

The larymx and trachea develop from the part of the respiratory diverticulum cranial to its division.
The lung buds undergo repeated division to establish the bronchial tree and alveoli of the lungs.
The peritoneal, pericardial and pleural cavities develop from the intra-embryonic coelom. This
coelom at first consists of right and left halves that are connected, across the middie line, cranial to
the prochordal plate.

The pericardia! cavity is derived from the median midline part of the intra-embryonic coelom,. After
formation of the head fold this cavity comes to lie ventral to the foregut.

The peritomex! cavity is derived from the right and left limbs of the intra-embryonic coelom. The two
limbs unite to form a single cavity after formation of lateral folds of the embryoniic disc.

The pleural cavities are formed from right and left pericardio-peritoneal canals that connect
the pericardial and peritoneal cavities. Each canal is invaginated by the corresponding lung bud.
Emlargement of the bud leads to great enlargement of the canal, and formation of the pleural cavity.

The diaplwaigm develops in relation to the septum transversum. it receives contributioms from the
pleuro-peritomeal memiranes, the body wall and the mesenteries of the oesophagus.
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Cardiiovascular System

HIGHILIGHTS)

The heart develops from splanchnopleuric mesoderm related to that part of the iintra-embryonic
coelom that forms the pericardial cavity. This mesoderm is the cardiogenic area.

Two endothellizi/ heart tubes (right and left) appear and fuse to form one tube. This tube has a
venous end, and an arterial end (Fig. 15.1,,15.2).

A series of dilatations appear on this tube (Fig. 15.3). These are (1) bulbus cordis, (2) ventricle,
(3) atriium, and (4) sinus venosus..

Further subdivisions are named as follows (Fiig. 15.3). The bulbus cordis consists of & proximal one-
third (which is dilated), a middle one-third called the conus, andl adiistizl| ame-tihiirdl azl | kedi tihe truncus
arteriosis. The narrow part connecting atrium and ventricle is the atriiosentiicudar canal. The sinus
venosus has right and left horns.

The right and left atria of the heart are formed by partition of the primitive atrium. This pantiition
is formed by the septum primmum and the septum secundum (Fig. 75.6). A valvular passage, the
foramen ovale, is present between these two septa. It allows flow of blood from right atrium to left
atrium,

The dilated proximal one-third of the bulbus cordis, the conus, and the primitive ventricle unite to
form one chamber. This is partitioned to form right and left ventriidies. This partition is made up of the
following. (1) Intevwenitiicuiar septum that grows upwards from the floor of the primitive ventricle,
(2) a bulbar septum that dividies the conus into two parts. (3) The gap left between these two s filled
by proliferation of atrioventricular cushions that are formed in the atrioventricullar canal (Fig. 15.11).
The truncus arteriosus iis continuous with the aortiic sac (Fig. 15.27). This sac has right and left horns.
Ezch horn is continuous with six pharyruged! (or aoritiv) arch arteries. These arteries join the dorsal
aorta (right or left). The first, second and fifth arch arteries disappear. The caudal parts of the right
and left dorsal aortae fuse to form one median vessel (Fig. 15.28).

The ascending aorta and pulmonasy trunk are formed from the truncus arteriosus (Fig. 15.28B).
The arch of the aorta is formed by the aortic sac, its left horn, and the left fourth arch artery
(Fig. 15.29A).

The descending aorta is formed partly from the left dorsal aorta, and partly from the fused median
vessel (Fig. 15.29B).

The brachiocephallic artery is formed from the right horn of the aortic sac (Fig. 15.29C)

The common carotid artery is derived from part of the third arch artery (Fiig. 15.30B).

The pulmonasy artery iis derived from the sixth arch artery (Fig. 15.3183).

The arteriies to the gut are formed from ventral splanchnic branches of the dorsal aorta (Fig. 15.36).



Urogenital System

HIGHLLIGHTS

The urogemittai/ system is derived from the intesm=tiinée mesoderm, and the primiifive urogenital
sinus (UGS) which is a part of the cloaca.

The primitive UGS dividies into the vesicourethral canal and the definitive UGS ([Fig. 16.3).

The vesicourethral canal divides into the urinany bladdier and the primiitive wrethra.

The definitive UGS has a pelviic part and a phallic part.

The kidneys develop from two sources. The excretory tubulles (nephroms) are derived from the
metansphros (= lowest part of nephrogeniic cord which is derived from intermediate mesoderm).

The collecting part is formed by ramification of the ureteviiz bud (which arises from the mesonephric
duct).

The ureter arises from the ureteric bud.

The urinany bladder is derived from the cranial part of the vesicourethral canal (endoderm). The
epithelium of the trigene is derived from absorbed mesenephric ducts.

Fhe female urethra is derived from the primitive urethra and the pelvic part of the UGS.

in the male, the prostatic urethra corresponds to the female urethra, The memibranaus urethra
is derived from the pelvic part of UGS and the peniile uretiwa from the phallic part of the UGS, The
terminal part is ectodermal.

The prostate is formed by buds arising from the caudal part of the vesicourethral canal and the
pelvic part of the UGS.

The uterine tubes are derived from parameesoregphiic ducts ((mesoderm).

The uterus is formed from the uterovaginal eanal (fused right and left paramesenephiic duets).
Externall geniwlira are formed fram swellings that appear areund the uregenital memprane:
G6nads (testis and avary) are derived fram eaelemic spithelitm cavering the Rephragenic eard: Bva

and spermatozoa arise from primoRirkl gevm eells that arise in the regien ef the yelk sae. The testis
is formed in the lumbar region, and later descend to the sawwtum.

The duct system of the testis is derived from mesonephric tubulles and from the mesonephric duct.
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The Nervous System

HIGHLIGHTS!

Extioderm overlying the notochord becomes thickened to form the neurail plate.

Neural plate is converted to neural groove, and then to neural tube.

Neural tube has an enlarged cranial part that forms the brain, and anarrow caudal part that lhecomes
the spinal cord.

The cranial part of meural tube shows three dilatations: prosencephalom, mesencephalon, and
rhombemepiribon. The prosencephalon divides into diencephalon and telencephalon. The
rhombencephalon divides into metemcepihaifon and myelemcephalon.

The telencephalon forms most of the cerebral hemisphere including the corpus stiriatum. The Aateral
ventriicfe is the cavity of the telencephalon.

The diencephalon forms the thalamus, hypotihallonuss and related structures. Its cavity is the third
ventriicle.

The mesencephalon forms the midbrain. lits cavity forms the cerebral aqueduct.

The metencephalon forms the pons. It also forms the carebellum.

The myelencephalon forms the medulNa oblongata. The fourth ventricle is the cavity of the
rhombencephalom.

The neural crest is made up of cells that lie along the lateral edges of the meural plate. lts most
important derivatives are cells of sensory gangliin, parasympabketic gangllim and of sympathetic
ganglia. It also forms the cells of the adremal/ medulllns and Schwann cells that form sheaths for
peripheral nerve fibres.

The wall of the neural tube at first has a single layer of cells. They multiply and form three layers,
ependymai/ manitle and margimd/. Neurons develop in the mantle layer.

The mantle layer divides into a ventral part, the basal lamiina, and a dorsal part, the alar iamina.
These are separated by a groove, the sulcus limitans.

In the spinal cord the alar lamina forms the posterior grey column, and the hasal lamina forms the
ventvall grey column. The marginal layer becomes white matter.

In the medulla, pons and midbrain, efferent cranial nerve nuclei develop in the basal lamina and
afferent nuclei in the alar lamina.

The alar lamina of the mylencephalon also forms the olivary nuclei (which migrate ventrally), and
the pontine nuclei which migrate into the pons. The cerebelfum is derived from the alar lamina of
the metencephalon.

The alar lamina of the mesencephalon forms the colliculi, the red nucleus and the substantia nigra.



Hypophysis Cerebri,
Pineal, Adrenal

HIGHLIGHTS

.1 The pars anterior and intermedia of the hypophysis cerebri develop from Rafthke's pouch. The pars
nervasa develops from a downgrowth arising from the floor of the third ventricle.

21 The pineal gland develops as a diverticulum from the roof of the third ventricle (diemeephalon).

c] The adrenal cortex is derived from coelomic epithelium. The cells of the adrenal medulla are
derived from the neural crest.
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The Eye and Ear

HIGHLIGHTS!

The retina is formed from the optic vesicle, am eutgnewtih off tihe prossmcepindion. Tive eptiic wesde
is converted into the optic cup.

The lens of the eye is derived from a thickened area of surface ectoderm, the lens placode. The
placode is converted into the lens vesicle which comes to lie in the optic cup.

Other coats of the eyeball are derived from mesoderm surrounding the optic vesicle. The epithelium
covering the superficial surface of the cerneq is derived frem surface ectederm.

The eyelids are formed by reduplication of surface ectoderm abeve and below the cornea.

The lacrimal sac and naselacrimal duct are derived fiom ectoderm buried in the maseroptic furmow.

The membranaus labyrinth (internal ear) is derived from a thickening of surface ectoderm calied
the otic placodie. The placode is converted into the otic vesicle and then to different parts of the

labyrinth.

The bony labyrimth is formed from mesenchyme suifounding the membraneus lpyrinth.

The middlie ear and auditary tube develop from the tube-tympanmic recess (from first and second
pharyngeal pouches).

The malllesss and incus are derived from Meckel's cartilage. The stapes is derived from the cartilage
of the second pharyngeal arch.

The extermal/ acoustic meatus is derived from the first ectodermal cleft, The auricle is formed from
swellings that appear around the cleft.
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primitive costall, 145

Arnold Chiari deformity, 346
Arrector pili, 122
Artery

ascending cervical, 262
axillary, 263
axis, 263
brachiiall, 263
brachiocepteliic, 254-5
common, 136, 255, 257
externall, 261, 264-5
internal, 255
cervieal, deep, 262
ceeliae, 185, 187
derselaierall, 260
interien, 263
SHperidT, 2@5_ 263
epigasttic, SUREKief,
inteteesial, 139, 358, 263
IRIErBssEaYS, aNteriy, 363
Iqteral, 260
lrmiBar, 143, 260
masiliary, 251
mesenietic
inferior, 181, 185, 189,
260, 265
superiion, 180,181, 185,
189, 190-1, 198-9
oesophageall, 260
of limbs, 263
palmar arch, deep, 263
pharyngeall arch, 251, 257,
263
pulmomeany, 229, 255
radiall, 263
somatic intersegmenital, 260
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