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Preface to the Tenth Edition

The publication of the tenth edition of this book takes place at a historic juncoare.

The book, first published in 1976, went through nine editions under the patronage of
MACMILLAN" (under different names). For reasons best known to them this publisher
decided 1o stop publication of the book in 2013, 1 am grateful 1o them for giving this book the
status of a classic of medical publishing in India.

Through an agreement between Maemillan Publishers India Ltd and Jaypee Brothers,
Medical Publishers Pyt Ltd, the book has been taken over by the latter. That is how it happens
that the tenth edition of the book appears under the banner of JAYPEE BROTHERS, Medical
Publishers Pet. Lud,

The change of publisher does not mean any dilution of the standards either of content or
of production values. T am sure that the enthusiasm and drive of the new publisher will carry
the book to much greater heights than before, and that the book will remain a household word
for Bet weralions to come,

Because of my long association with Mr. LP. Vij (Group Chairman), I have full confidence
in him. Mr. Ankit Vij [Managing Director) brings fresh ideas and a great deal of vigour and
enthusiasm o the venture. | am grateful o them for all their help and support. | am much
abliged wo Dr Sakshi Arora (Chiel Development Editor) for highly meticulous editing of the text
and for improving the boaok 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 vigour to the book and 1 thank him.

I am grateful to the very large body of teachers and students who have given me invaluable
maoral support and encouragement. 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 |
certainly do not hope to produce another edition of any book. My overall experience of many
vears of book writing has been one of great satisfaction and happiness. The happiness has
come from the respect, bordering on devotion, that students have showered on me. [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: eyelee29@pmail.comnt



Preface to the First Edition

This book on human embryology has been written keeping in mind the requirements of
undergraduate medical students. The subject of embryelogy has traditionally been studied
from imported exthooks of anatomy or of embryology. Experience has shown that the
rreatment of the subject in most of these hooks is way above the head of the average medical
studentin India, The difficulty has increased from year to year as there has been, and continues
io be, progressive deterioration in the standards of the teaching of English in our schools
and colleges, The combination of unfamiliar sophistications of language and of an involved
rechnical subject, has very often left the student bewildered.

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

Firstly, the language has been kept simple. 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 structure have
heen avoided as far as possible. While this has necessitated some repetition, it is hoped that
this has removed one of the greatest factors leading 1o confusion in the study of this subject.

Thirdly, almost every step in development has been shown in a simple, easy to understand,
illustration. To avoid confusion, only structures relevant to the discussion are shown. As [ar as
possible, the drawings have been orlented as in adult anatomy to facilitate comprehension.

Fourthly, the chapters have been arranged so that all structures referred to at a particular
stage have already been adequately introduced.

In an effort of this kind it is inevitable that some errors of omission, and of commission,
are liahle 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, Nevertheless, scope for further improvement remains, and the
author would welcome suggestions to this end both from teachers and from students.

Rakak INDERBIR SINGH
January 1976
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Chapter 1

Some Preliminary
Considerations

HIGHL]E.HT:E.' 5 ===

Embryology is the study of the development of an individual before birth,

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

Pale gametes produced by the testis are called spermatozoa, The process is called spermatogenesis.
Female gametes produced by the owvary are called owva. The process is called cogenesis.
Spermatogenesis and cogenesis are together called gametogenesis.

Fertilization takes place when one spermatozoon enters an ovum. The fused ovem and sperm farm
the zygote.

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

A typical cell contains 46 chromosomes (= diploid number).

A gamote contains 23 chromosomes (= haploid number).

The diploid number of chromosames is restored as a result of fertilization,

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

A special kind of cell division takes place in the testis and cvary for formation of gametes. It is called
mefosis. The gametes resulting from meicsis have the haploid number of chromosomes (23] The
various gametes formed do not have the same genetic content.




Human Embryology
WHAT IS EMBRYOLOGY?

Every individual spends the first nine months (266 days or 38 weeks to be exaet) of its life
within the womb (uterus) ofits mother. During this period, it develops from a small one-celled
structure to an organism having billions of cells. Numerous tissues and organs are formed aned
come to lunction in perfect harmony. The most spectacular of these changes ocour in the first
two months; the unborn baby acquires its main organs and just begins to be recognizable as
human. During these nvo months, we call the developing individual an embryo. From the
third month until birth we call it a fefns,

Embrvology is the study of the formation and development of the embrya (or fetus) from
the moment of its inception up to the ime when it is born as an infant.

Human development is a continuous process that does not stop at birth. It continues after
hirth for increase in the size of the body, eruption of teeth, etc. Development before birth is
called prenatal development, and that after birth is called poestnatal developnient. In this
bBook, we will study prenatal development only.

Why a Medical Student Should Study Embryoclogy

2 This subject tells us how a single. cell (the lertilized ovum) develops into a newhom,
conlaining numerous tissues and organs.

2 This knowledge helps usto understand many complicated facis of adult anatomy.

=2 Embryology helps us understand why some children are born with organs that are
ebnormal. Appreciation of the factors responsible [or maldevelopment assists us in
preventing. or treating, such abnormalities.

o Cells forming tissues in the embryo are called steme cells. These cells are capable of treating
certain diseases in postnatal life.

GONADS AND GAMETES

The cells thar carry out the special function of reproduction are called gametes. The
development of a new individual begins at the movement when one male gamete (sperm or
spermatozoen) meets and fuses with one female gamete (ovum or eecyle). The process of
fussion of male and female gametes is called fertifization, The fused ovum and spermatozoon
form the zygefe, The zygote later develops into an embryo and then into a fetus.

The male sex cells (spermatozoa) are produced in the male gonads (1esies) while the
female sex cells (ova) are produced in female gonads (ovaries). The formation of spermatozoa
i testis is called spermatogenesis, while the lormation of ova in the ovary is called sogenesis.
The vwo are collectively referred o as gametogenesis.

To undersiand the siructure of the gametes and (o study how they are formed, it is
necessary o first review some facts reparding chromosomes and cell di
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SOME FACTS ABOUT CHROMOSOMES

Haploid and Diploid Chromosomes

The number of chromosomes in each cell is fixed for a given species and in human beings, it
is forty-six. This is referred to as the diplaid (or double) number. However, in spermatozoa
and ova, the number of chromosomes is only half the dipleid number, ie., twenty-three.
This 15 called the haploid (or half) number. After fertilization, the resulting zygote has 23
chromosomes from the sperm (or father), and 23 from the ovum (or mother). The diploid
number is thus restored.

Autosomes and Sex Chromosomes

Ihe forty-six chromosomes in each cell can be divided into forty-four antosomes and two sex
chromozomes. The sex chromosomes may be oftwo Kinds, X or'Y. In a man, there are forty-four
autgsomes, one X-chromosome and one Y-chromosome; while in a woman, there are forty-
four antosomes and two X-chromosomes in each cell (Fig. 1.1). When we study the forty-four
autosomes, we find that they really consist of twenty-two pairs, the two chromosomes forming
a palr being exactly alike (hromeologeus chromaosemes). In a woman, the two X-chromosomes
form another such pair; in-a man this pair is represented by one X- and one Y-chromosome.
One chromosome of each pair is derived from the mother and the other from the father.

MAN

AUTOSOMES = 44
X-CHROMOSOME = 1
¥-CHROMOSOME =1
=46

AUTOSOMES = 44
X- CHROMOSOME = 2
Y-CHROMOSOME =0
= 46

44 + XY 44 + XX

WOMAN

Fig. 1.1: Mumber of chromosomes in the sormatic cefls of a man and of a woman.
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Chromosome Structure

In a resting cell, chromosomes are not visible under a light

microscope, as their chromatin material is highly dispersed. =Ll
However, during cell division, the chromatin network in the Emnﬂaw+
nucleus becomes condensed into a number of chromosomes, consificlon
‘The appearance of a typical chromosome is illustrated in i f:;':n:':g—n
Fig. 1.2. It is made up of two rod shaped structures or

chromarids placed more or less parallel 1o each other. The cenliomers =
chromatids are united to each other at a light staining area

called the centromere (or kinetochore). Each chromatid has af :;gﬁm::g—
two arms, one on either side of the centromere. Individual

chromosomes differ from one another in woral length, in

the relative length of the two arms and in various other

characieristics; these differences enable us o identify each {
chromosome individually. Classification of chromosomes in
this way is called karyotyping. Karyotyping makes it possible  Fig. 1.2: Diagram to show the
for us to detect abnormalities in chromosome number orin  parts of a typical chromosome.
individual chromosomes.

Significance of Chromosomes

The entire human body develaps from the fertilized ovam. 1t is. therefore, obvious that the
fertilized ovum contains all the information necessary for lormation of the numerous tissues
and organs of the body, and for their orderly assembly and function. Each cell of the body
inherits from the fermilized ovam, all the directions that are necessary for it to carry out its
funciions throughout life. This tremendous volume of information §s stored within the
chromosomes of each cell.

Each chromosome bears on itself a very large number of structures called genes. Genes
are made up of a nucleic acid called deoxyribronucleic acid (or DNA) and all information is
stored in the molecules of this substance. Genes are involved in synthesis of proteins.

Proteins are most important constituents of our body. They make up the greater part of
each celland of intercellular substances. Enzymes, hormones and antibodies are also proteins.
The nature and functions of a cell depend on the proteins synthesized by it. It is, therefore, not
surprising that ene cell differs from another because of the differences in the proteins that
constitute it

We now know that genes control the development and functioning of cells, by determining
what types of proteins will be synthesized within them. Thus genes play an important role in
the development of tissues and organs of an individual. Traits (characters) of an individual are
determined by genes carried on his (or her) chromosomes, As we have seen half of these are
inherited from the father and half from mother.

We have seen above that chromosomes are made up predominantly of a nucleic acid called
deaxyribonucleic acid (or DNA), and all information is stored in molecules of this substance,
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When the need arises, this information is used to direct the activities of the cell by synthesizing
appropriate proteins. To understand how this becomes possible, we must consider the
structure of DNA in some detail.

Basic Structure of DMA

DMNA in a chromosome is in the form of very fine fibres. Each fibre consists of two strands that
are twisted spirally to form what is called a double helix. The two strands are linked o each
other at régular intervals.

Each strand of the DNA fibre consists of a chain of nucleotides. Each nucleotide consisis
of a sugar, deoxvribose, a molecule of phosphate and a base (Fig. 1.3). The phosphate of one
nucleotide is linked to the sugar of the next nucleotide (Fig. 1.4). The base that is attached to
the sugar molecule may be adenine, guanine cylosine or thymine. The two strands of a DNA
fibre are joined together by the linkage of a base on one strand with a base on the apposite
strand (Fig. 1.5).

This linkage is peculiar in that adenine on one strand is always linked 1o thyming on
the other strand, while cytosine is always linked to guanine. Thus, the two strands are
complementary and the arrangement of bases
on one strand can be predicted from the other,

The order in which these four bases are
arranged along the length of a strand of DNA {Dgfxl;gﬁabrn,sﬂ Base l
determines the nature of the protein that can be
synthesized under its influence. Every protein is
made up of a series of amino acids; the nawre FhﬂEF'hﬂlﬂ-'D

of the protein depending upon the amino acids

present, and the sequence in which they are  fig, 1.3: Composition of a nucleotide, The base
arranged. Amino acids may be obtained from  may be adenine, cytosine, guanine or thymine,

=]

=]

L

Fig. 1.4: Linkage of nuclectides 1o form one strand Fig. 1.5: Linkage of two chains of nucleotides o
of a DNA molacule. form part of a DMA molecule,
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food ormay be synthesized within the cell. Under the influence of DNA, these amino acids are
linked mogether in a particular sequence (o form proteins.

Further Details of DNA Strifctire

In the preceding paragraphs the structure of DNA has been described in the simplest possible

terms. We will now consider some degails.

g  The smruciure of the sugar deoxyribose is
shown in Fig. 1.6. Note that there are five
carbon atoms and also note how they are
numbered.

o MNextobserve; in Fig. 1.7, that C-3 of one sugar
molecule islinked to C-5 of the next molecule
through a phosphate linkage (P). It follows
that each strand of DMA has a 5 end and a
3 end.

o MNext observe that although the two chains
forming DA are similar, they are arranged
in opposite directions. In Fig. 1.7 the 5" end of

S5CH,OH

|/ \I
u\'

ac_"f,:
OH H

Fig. 1.6: Diagram to show the structure of
deaxyribose, Note the numbering of
carbon atoms.

5 &nd

L

anjﬁas&

Base | Base

3 end

Bose

Baza

Fend

5 end

Fig. 1.7: Diagram to show how nucleotides are linked to form a chain of DNA,
The asymmetric placing of bonds gives a helical shape to the chain.




Chapler 1= Some Prafimimnarny Considorations

the left chain, and the 3° end of the right chain lie at the upper end of the figure. The two
chains of nucleotides are, therefore, said to be antiparallel.

O The C-1 carbon of deoxyribose gives antachment to a base. This base is attached to a base
of the opposite chain as already described.

o The reason why adenine on one strand is always linked to thymine on the other strand is
that the structure of these two molecules is complementary and hydrogen bonds are easily
formed between them. The same is true for cytosine and guanine,

Ribonucleic Acid (RNA)

In addition to DNA, cells contain another important nucleic acid called ribonucleic acid or
RNA. The structure of a molecule of RNA corresponds fairly closely to that of one strand of a
DA molecute, with the following important differences.

o RNA contains the sugar ribose instead of deoxyribose.

4 Inmstead of the base thymine, it contains uracil,

RMA is present both in the nucleus and in the cytoplasm of a cell. v is present in three
main forms, namely messenger RNA (mRNA), fransfer RNA (IRNA) and ribosormal RNA.
Messenger BRNA acts as an intermediary between the DNA of the chromosome and the amino
actds present in the cytoplasm and plays a vital role in the synthesis of proteins from amino
acicds.,

Synthesis of Protein

We have seen that @ protein is made up of amino acids that are linked together ina definite
sequence, This sequence is determined by the order in which the bases are arranged in a
strand of DMNA. Each amino acid is represented in the DNA molecule by a sequence of three
bases (triplet code). It has been mentioned earlier that there are four bases in all in DNA,
namely adenine, cytosine, thymine and guanine. These are like letters in a word. They can be
arranged in various combinations so that as many as sixty four code *words' can be formed
from these four bases. There are only about twenty amino acids that have to be coded for so
that each amino acid has more than one code. The code for a complete polypeptide chain is
formed when the codes for its constituent amino acids are arranged in proper sequence. That
part af the DNA molecule that bears the code for a complete polypeptide chain constines a
siructural gene o1 cistron.
At this stage, itmust be emphasized that a ehromosome is very long and thread-like. Only
short lengths of the fibre are involved in protein synthesis at a particular time.
The main steps in the synthesis of a protein may now be summarized as follows.
0 The two strands of a DMNA fibre separate from each other (over the area bearing a particular
cistron ) so that the ends of the bases that were linked to the opposite strand are now free.
o Amolecule sfmessenger RNA issynthesized usingone DNA strand asa guide (or template),
in such a way that ene guanine base is formed opposite each eyvtosine base of the DNA
strand, eytosine is formed opposite guanine, adenine is formed opposite thymine, and
uracil is formed opposite adenine. In this way, the code for the sequence in which amino
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acids are to be linked is passed on from DNA of the chiromosome to messenger RNA. This
process is called franscriprion. That part of the messenger RNA strand that bears the code
for one amino acid is called a coden.

2 This molecule of messenger RMA now separates from the DNA stirand and moves from the
nuclens to the evtoplasm (passing through a nuclear pore).

a  Inthe cytoplasm. the messenger RNA becomes attached to a ribosome.

2 As mentioned earlier, the cytoplasm also contains another form of RNA called transfer

RNA. In fact, there are about twenty different types of transfer RNA each corresponding
1o one amino acid. On one side, ransfer RNA becomes anached to an amino acid. On
the other side, it bears a code of three bases (anticodon) that are complementary (o the
bases coding for its amino acid on messenger RNA. Under the influence of the ribosome
several uniis of transfer RNA, along with their amino acids, become arranged along side
the strand of messenger RNA in the sequence determined by the code on messenger RNA.
This process is called franslation.

The amino acids now become linked 1o each other 1o form a polypeptde chain, From the
ahave, it will be clear that the amino acids are linked up exactly in the order in which
their codes are arranged on messenger RNA, which in turn, is based on the code on the
DA molecule (but also see below). Chains of amino acids formed in this way constitute
polvpeptide chains. Proteins are formed by union of polypeptide chains.

Ihe flow of information from DMA o RNA and finally to protein has been described as the

central dogma of molecular biology”

Duplication of C

rnomosomes

One of the most remarkable properties
3 s EE m T
|_-1 L._!n||1.m:_|-|:1u.~. is that .-he_ are able 1o i} e e Stand il
duplicate themselves. From the fore- o
going discussion on the struciure of
chromosomes it is clear that duplication T &
af chromosomes, Involves the duplication c o
(or replication) of DNA. This takes place as AT
follows {Fig. 1.8): AT A
a  The two strands of the DNA molecule c G L L
oty T G © Mew strands G C
10 be duplicated unwind and separate synthesized
from each other so that their bases are using eriginal
freg T A sirands as T A
. 2 — lamplales —= || C G
a A new strand is now synihesized E ? A U
opposite each original strand of DNA

in such a way that adenine is formed
opposite thymine, guanine is formed
apposite  cytosine, and vice versa,

This new strand becomes linked to the original strand of DNA (o fonm a new molecule. As
the same process has taken place in relation 1o each of the two original strands, we now

Fig. 1.8: Scheme to show how a DNA molecule
is duplicated,
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have two complete molecules of DMA. It will be noted that each molecule has one strand
that belonged 1o the original molecule and one strand that is new. lbwill also be noted that
the two molecules formed are identical to the original molecule.

Structure of Fully Formed Chromosomes

Each chromosome consists of two parallel rod-like elements that are called chromatids
(Fig. 1.9). The two chromatids are joined to each other at a narrow area that is light staining
and is called the centromere (or kinetochore). In
this region, the chromatin of each chromatid is most
highly coiled and, therefore, appears to be thinnest
The chromatids appear to the ‘constricied’ here
and this region is called the primary constriction.
Typically, the centromere is not midway between the
wo ends of the chromatids, but somewhat towards
one end. As a result, each chromatid can be said to
have along arm and a shortarm. Such chromosomes
are described as being sulometacentric (when the
two arms are only slightly different in length); or
as acrocentric (when the difference is marked)
{Fig. 1.10).

METACENTRIC
CHROMOSOME

The bwo arms are
of squal length

SUBMETACEMNTRIC
CHROMOSOME

Cne arm is somewhat

2 ——x K o

shorter than (he olher
- Satellite
'|r yd — Secondary ACROCENTRIC
1| constriction CHROMOSOME
t.
3 .::: < One am s much
i Centrosame (red) shorter than the other
]
.? = Primary consiriction
I
I
I TELECENTRIC
Leng | = Chromatid CHROMOSOME
am _
| Each chromatid has
! only one arm. The
: centromere is al one
8 aend of tha chromosome
Fig. 1.9: Diagram toshow the terms applied Fig. 1.10: Momenclature used for
vo same parts of a typical chromeosome. Note different types of chromosomes, based on
that this chromosome is subimetacentric. differences in lengths of the two arms of

each chromatid,
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In some chromosomes, the two arms are of equal length: such chromosomes are described
as mefacentrfe. Finally, in some chromosomes the centromere may lie at one end: such a
chromosome is described as feloceniric.

Differences in the tomal length of chromosomes, and in the position of the centromere are
important factors in distinguishing individual chromosomes from each other. Additional help
inidentification is obtained by the presence in some chromosomes of secondary constrictions.
Such constrictions lie near one end of the chromatid. The part of the chromatid "distal’ to the
constriction may appear to be a rounded body almost separate from the rest of the chromatic:
such regions are called sarellite bodies. (Secondary constrictions are concerned with the
formation of nucleoli and are, therefore, called nucleolar arganizing centres). Considerable
help in identification of individual chromosomes is also obtained by the use of special staining
procedures by which each chromatid can be seen 1o consist of 2 number of dark and light
stzining ransverse bands:

We have noted that chromosomes are distinguishable only during mitosis. In the

interphase (benween successive mitoses) the chromosomes elongate and assume the form of
long threads, These threads are called chrromonemata (Singular = chromonema).

Karyotyping

Lising the criieria described above, it is now possible to identify each chromosome individually
o map out the chromosomes of an individual, This procedure is called karyotyping, For
this purpose a sample of biood from the individual is put into a suitable medium in which
can multiply. After a few hours, a drug (colchicin, colcemide) that arrests cell
i chromosomes are most distinet, is added to the medium. The dividing
cells are then treated with hypotonie saline so that they swell up. This facilitates the proper

preading out of chromosomes. A suspension containing the dividing cells is spread out on
a slide and suitably stained. Cells in-which the chromosomes are well spread out (without
overlap) are photographed, The photographs are cut out and the chromosomes arranged in
proper sequence. In this way, a map of chromoesomes is obtained, and abnormalities in their

tumber or form can be identified. In many cases, specific chromosemal abnormalities can be
carrelated with specific diseases.

ind

IWVIEION 3t 3 8
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CELL DIVISION

Multiplication of cells takes place by division of pre-existing cells. Such multiplication
constitutes an essential feature of embryonic development. Cell multiplication is equally
necessary after the birth of the individual for growth and for replacement of dead cells. We
have seen that chromosomes within the nuclei of cells carry genetic information that controls
the development and functioning of various cells and tissues; and, therefore, of the body as a
whole. When a cell divides, itis essential that the entire genetic information within it be passed
on to both the daughter cells resulting from the division. In other words, the daughter cells
must have chromosomes identical in number (and in gem:llc content) 1o those in the muther
cell. This type of cell division is called mitosis.

A different kind of cell division called meiosis occurs during the formation of the pametes.,
This consists of two successive divisions called the first and second meiotic divisions. The
cells resulting from these divisions (L.e., gametes) differ from other cells of the body in thar—
@ The number of chromosomes is reduced o hall the normal number, and
o The genetic information in the various gametes produced is not identical.

MITOSIS

Many cells of the body have a limited span of functional activity, at the end of which they
undergo division into two daughter cells. The daughter cells in wrn have their own span of
activity, followed by another division. The period during which the cell is actively dividing is
the phase of mitosis. The period berween two successive divisions is called the interphase.

Mitosis is conventionally divided into a number of stages called prophase, ﬁ:ei‘npll&.re,
anaphase and telophase. The sequence of events of the mitotic cycle is best understood
starting with a cell in telophase. At this stage each chromosome consists of a single chromatid
(Fig. 1.11G). With the progress of telophase, the chromatin of the chromoseme Uncoils
and clongates and the chromosome can no longer be identified as such. However, it is
believed to retain its identity during the interphase (which follows telophase). This is shown
diagrammuatically in Fig. 1.11A.

During a specific period of the interphase, the DNA content of the chromosome is
duplicated so that another chromatid identical to the original one is formed; the chromosome
is now made up of two chromatids (Fig. 1.11B). When mitosis begins (i.e., during prophase),
the chromatin of the chromosome becomes gradually more and more coiled so thar the
chromosome becomes recognizable as a thread-like structure that gradually acquires a rod-
like appearance (Fig. 1.11C). Towards the end of prophase, the two chromatids constituting the
chromosome become distinet (Fig. 1.11D) and the chromosome now has the typical structure
illustrared in Fig. 1.2

While these changes are occurring in chromosomes, a number of other events are also
taking place. The two centrioles separate and move o opposite poles of the cell. They produce
a number of microtubules that pass from one centriole to the other and form a spindle.
Meanwhile the nuclear membrane breaks down and nucleoli disappear (Fig, 1.11D). With the

1"
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A B

% T LATE INTERPHASE

EARLY INTERPHASE
Chroinosomas are in the chromasome has udar-
foem of extended threads -

= ¥
-
TELOPHASE

Kuckear mambeanes form,
Contnoles dvide
Chromoscmes gradually
fengithen and bacgme ndistingt

EARLY PROPHASE

ChIomos0mas Now Smn
distincily. Ceniricles
move apan

1
| F
| fa
| N ey
I N
i S
I 3
LATE PROPHASE
MAS Nuglear membrane disappears
META Spince fonms.
Centromeres splif o that each it
chromatd bacomes an independen Chromosomes arranged o
chromosome. Cne chicrmosoma of aquatad and amached o
| edch par moves (o cithar pole T 5 redn

Fig. 1.71: Scheme to show the main steps of mitass.

formation of the spindle, chromosomes move to a position midway between the two centrioles
(i.e., at the equator of the cell) where each chromosome becomes attached to microtubules of
the spindle by its centromere. This stage is re Fi:rred to as metaphase (Fig. 1.11E).

In the anaphase, the centromere of each chromosome splits longitudinally into two so
thatthe chromatids now become independent chromosomes. At this stage, the cell can be said
to comtain forty-six pairs of chromosomes. One chromosome of each such pair now moves
along the spindle to either pole of the cell [Fig. 1.11F),
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This is followed by telophase in which the two daughter nuclei are formed by appearance
of nuclear membranes. Chromosomes gradually elongate and become indistinet. Nucleoli

reappear. The centriole is duplicated

at this stage or in early interphase

(Fig. 1.11G).
The division of the nucleus is
accompanied by  the division of

A

1. Chromosomes
become visible. Each
chromosome s made

y up of two chromatids
the cytoplasm. In this process, the {But these canncl be
organelles are presumably duplicated miacta otiteepedalied )

and cach daughter cell comes to have a
full complement of them.

MEIOSIS

As already stated, meiosis consists of two
successive divisions called the first and
second meiotic divisions. During the
interphase preceding the first division,
duplication of the DMNA content of
chromosomes takes place as in mitosis.
As a result, another chromarid identical
1o the original one is formed. Thus, each
chromosome is now made up of two
chromatids.

First Meiotic Division

The prophaseof the first meiotic division
is prolonged and is usually divided into
a number of stages as follows:

2 Leptotene:
The chromosomes become
visible (as in mitosis). Although
each chromosome consists  of
two chromatids, these cannot
be distinguished at this stage
(Fig. 1.12A).

a Lygotene:

2. Two homologous
ChIoMOBOMEs Conme
o lie side by sida
larming a bivalent,

3. Four chromatids.
are now distnct and
form a tetrad.

4. The two ‘cantral'
chromatids become
coded on each ather
so thal they cross at

& number of places.
Only cne such crossing
i5 shawn

5. The chromosomes
noaw separate, The
‘caniral’ chromatids

; ‘break’ at the poims af
have seen that the [orty-six crossing and unite
chromosomes in each cell consist with the opposite
chromatbid.

of twenty-three pairs (the X and Y
chromosomes of a male being taken
as a pair). The two chromosomes

Fig. 1.12: Stagesinthe prophase of the
first melotic division.
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of each pair come to lie parallel to each other, and are closely apposed. This pairing
of chromosomes is also referred (o as synapsis or conjugation. The two chromosomes

together constimte a bivalent (Fig, 1.12B).

O Pachytene:

The two chromatids of each chromosome become distinct. The bivalent now has
four chromatids in it and is called a tefrad. There are two central and two peripheral
chromatids, one from each chromosome (Fig. 1,12C). An important event now takes
place. The two central chromatids (one belonging 1o each chromosome of the bivalent)

become coiled over each other so that
they cross ata number of points. This is
called crossing over.
For sake of simplicity only one such
crossing s shown in Fig. 1.12D. At
the siie: where the chromatids cross,
they become adbherent; the points of
adherence are called chiasmalia,
3 Diplotene:
Ihe mwo chromosomes of a bivalent
ow ITy 10 move apart. As théy do'so,
hromatids involved in crossing
at the points of crossing
t become attached
chromatid. This resulis

(52

e of genetic  material
1ese chromatids. A study of
f : will show that each of the
four chromatids of the tetrad now has

a distinctive genetic content.

The metaphase follows. As in mitosis
the forty-six chromosomes become
attached o the spindle at the equator, the
mwio chromosomes of a pair being close to
each other (Fig. 1.134).

Ihe anaphase differs from that in
mitosis in that there is no splitting of the
centromeres. One entire chromosome of
each pair moves to each pole of the spindle
(Fig. 1.13B). The resulting daughter cells,
therefore, have twenty-three chromo-
somes, each made up of wo chromatids

(Fig. 1.13C).

METAPHASE
The nectear mambrane disappears. Spindle forms

and chromosomaes ane attached 1o i by thedr
CENFOmMErss.

ANAPHASE

One entife chromosame of the palr moves 1o either
pole. Hole that the centromeres do not divide.

c @@

TELOPHASE
Hote that the chromosomes in each cell have been
reduced 1o the haploid number

Fig. 1.13: Metaphase (A}, anaphase (B), and
telophase (C) of the first melotic division,




telophase in which two daughter m
nuclei are formed. The division of the

nucleus is followed by division of the

cytoplasm.

Second Meiotic Division

The first melotic division is followed by

a short interphase. This differs from

the usual interphase in that there is no
duplication af DNA. Such duplication

Chapter 1 - Some FPreliminary Considerations

The anaphase is followed by the

Fig. 1.14: Daughter cells resulting from the second

is unnecessary as chromosomes of meiotic division. These are not alike because of the
cells resulting from the first division crossing-over during the first meiotic division.
already possess two chromatids each

(Fig. 1.13C).

The second meiotic division is similar to mitosis, However, because of the crossing over

thar has oceurred during the first division, the daughter cells are not identical in genetic
content (Fig. 1.14).

Significance of Meiosis

|

In this kind of cell division, there is reduction of the number of chromosomes from diploid
to haploid. At the time of fertilization, the diploid number (46) is restored. This provides
consistency of chromosome number from generation to generation,

As stated earlier, the forty-six chromosomes of a cell consist of twenty-three pairs, one
chromosome of each pair being derived from the mother and one from the father. During
the first meiotic division, the chromosomes derived from the father and those derived
from the mother are distributed between the daughter cells entirely at random.

‘This, along with the phenomenon of crossing over, results in thorough shuffling of the
genetic material so that the cells produced as a result of various meiotic divisions (i.e., ova
or spermatozea) all have a distinctive genetic content,

A third step in this process of genetic shuffling takes place at fertilization when there is a
combination of randomly selected spermatozoa and ova. It is, therefore, not surprising
that no two persons (except identical twins) are alike.

|| ANOTE ON CHRONOLOGY OF EMBRYOLOGICAL EVENTS

In an earkier section, it has been emphasized that one of the main objectives of the study of
embryology, by medical students, is (o understand the causation of congenital anomalies. In this
connection, it has been observed that if a growing embryao is exposed to cerlain agents (chemical
or physical), abnormalities in development can resull. Such agents are called teratogens.

15
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The list of known teratogens keeps increasing. It has also been observed thal some panicular
OIGANS are mast sensitive to teralogens whan they are passing through crtical phases in hair
development. This pariod of greatest suscepiibility to teratogens differs from argan to organ.

The imporance of having a knowledge of the timing of embryological evenlts, thus, becomes
obvicus. In the early stages of development, the age of an embryo is reckoned in days. Later,
when events are less dramalic, age can be exprassed in weeks or months. However, the exact
age of an embryo 5 nol always known. An estimate can be made by observing the size of
the embryo (expressed as C.R. length), or some other leature like the number of somiles. In
mest textbooks of embryology, there are numercus references to the timing of embryonic events
{most commonly in terms of C.H. lenglh). The disadvantage of doing so is thal il adds yel one
more complication to the understanding of an already inlricale subject. Because of this reason
referances to the limetable of development have been kept to the minimum inthe main text of this
book. However, a limatable of events is added al the end of chapters wharever relevant,




Chapter 2

Spermatogenesis and
Oogenesis

'HIGHLIGHTS

A spermateroon has a head, a neck, a middle piece and a principal piece or tail (Fig. 2.1).

Stages of spermatogenesis are summarized in Fig, 2.5,

Spermatozoa are derived from rounded spermetids. The process of conversion of a spermatid ta 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 a developing ovum surrounded 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 intemna
produce oestrogens (Fig. 2.13).

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

The corpus luteum is formed by enlargement and transformation of follicular cells, after-shedding
of the ovum (Fig. 2.16), The corpus luteum secretes progesterone, which is essential for maintenance
of pregnancy.
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In this chapter, we shall first sudy the struciure of a mature
spermatozoon {male sex cell) before considering its formation
in the testis.

STRUCTURE OF A MATURE SPERMATOZOON

A spermatozoon is a highly specialized, free swimming,
actively motile cell. The spermatozoon has a head, a neck, a
middle piece and a principal piece ot tail (Fig. 2.1). An axial
Jilament passes through the middle piece and extends into
the tail. The spermatozoon measures about 60 um in length.

The Head

he head of the human spermatozoon is piriform in shape
and measures 4 um in length. 1t is derived from the nucleus,
which consists of 23 highly condensed chromosomes. The
head is covered by a cap-like structure called the acrosome

Fig. 2.1: Partsofa
SpErmatozoon.

|alen called the acrosomic caj or gfﬂfﬁr 1’.';1:)!”5}. The acrosome CONiains eNZymes that ]'IEI]'!I in
penetration of the spermatozoon into the ovum during fertilization (see Chapter 4).

"~ Golgi npparatus foms —
5 A% e Borolomic cap b : "h-_.___q___h
™ Mueleus forms Head B —
Pt ma %

FMitochondna form ihe

i
| shealh of the Middia pieco r"'“'

. 4 Provdmal cenbriole comes

; to e in the nack
)

1 | Distal centrole becomes
| nng shaped and forms
] the Annulus i,
!_Aml THamant grows
! out from the cenlricle.
| It is present in middia
pigce and tail

- HEAD

1 MECK

[ MIDDLE PIECE

PRINCIPAL PIECE |
This is about !
len limes as kong

as middle piece

Fig.2.2: Parts of a spermatozocn and their derivation. According to some authorities, the distal centriole

forms the basal body, not the annulus.
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The Neck
The neck is narrow: it contains a funnel-shaped basal body and a spherical centriole, The

basal bady is also called the connecting piece because it helps 1o establish an intimate union
between the head and the remainder of the spermatozoon.

The Axial Filament

The axial filament begins
just behind the centriole. It
passes through the middie
piece and most of the tail. At
the point where the middle
piece joins the tail, the axial
filament passes through a
ring-like siructure called the
enieniredpes. The part of the axial
filament, which lies in the
middie piece, is surrounded
by a spiral sheath made up
of mitochondria,

The axial flamem is
really composed of several

Plasma mambrane

fibrils arranged as illustrated
in Fig. 2.3. There is a pair of
central  Abrils, surrounded

Fig. 2.3;: Transverse section across the principal piece (tail) of a
; spermatozoon to show the arrangement of fibrils.
by nine pairs  (doublets)

arranged in a circle around the central pair. The whaole system of fibrils is kept in position by
a series of coverings. Immediately outside the fibrils, there is a fibrous sheath. In the region of
the middle piece, the fibrous sheath is surrounded by spirally arranged mitochondria. Finally,
the entire spermatozoon is enclosed in a plasma membrane.

Further Details

0 The chromatin in the head of the spermatozoon is extremely condensed, This makes the
hiead highly resistant to various physical stresses. The chemical basis for condensation is
the replacement of histones by protamines.

o The basal body is made up of nine segmented rod-like structures. On s proximal side
(Le. towards the head of the spermatozoon), the basal body has a convex articular
surface which fits into a depression (implantation fossa) in the head.

o Inaddition to the doublets, the axial filament contains nine coarser petal-shaped fibrils,
one such fibril lying just outside each doubler.
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SPERMATOGENESIS

In the male, the formation of gametes (spermatozoa) takes place only during the reproductive
period, which begins ar the age of puberty (12 1o 16 years) and continues even into old age.
Spermatozoea are formed in the wall af the seminiferous tubules of the testes. Ifwe look at one
of these tbules under a microscope, we find that there are many cells of different sizes and
shapes (Fig. 2.4). Most of these represent stages in the formation of spermatozoa, but some
{called Sertoli cells) have only a supporting function.

The various cell-stages in

spermatogenesis are as follows o :-D. 5.8 . = o

{the number of chiromosomes s0.80e 8 S ‘?

at each stage is given in _*',},",;",g’ < oL “mg g:"ém

brackers) (Fig. 2.5); ;; " " o j‘ﬂ::u:"-f:f s

a The spermatogonia (fype A) # 5” ";". : A Sl :c"'ﬂ‘*: :J
or germ cells (44 + X + ¥) ;:‘ ! o, a po'-' D:J{q ‘; \_‘;‘-‘Ju n;r'
divide mitotically, 1o give 'IS_ ‘e vo® :-hu_,'ﬁ ‘“r e
rise (0 more spermatogonia e 0o ST~ e
of wpe A, and also to he .:,‘ ﬂ‘ﬁ .C.F-:*:: :‘r .r‘l e S
spermatogonia of wpe: B - "‘ l.'i: uﬁﬁ:*‘nagf:oat:-n‘:;‘::’
[Fig.2.5). “ :,; ‘-;Euu:aowd :*:uq:

3 The spermatogonia (rype B) o > L] ::I ::u;:u :?.#‘
(44 + X 4+ Y) enlarge, or z‘:‘;q‘.__ “&. ﬁla;::- T ; ot
pndergo mitosis, 1o form _'_E--!}‘B'Ba"; ~ Bma® S0 :
primary spermatocyies. et o &R - -

2 The primary spermato-
cytes (44 = X + ¥) now Fig. 2.4: Microscopic structure of a seminiferous tubule,

divide so that each of them
furms two secondary spermatocytes, This is the first meiotic division: it reduces the number
of chromoesomes to hall, ;
= Each secondary spermatocyte has 22 + X or 22 + Y chromosomes. It divides to form two
spermatids. This is the second meiotic division and this time there is no reduction in
L"II!IT:IIH&HITH.!‘]Il.IIT!hE'[. = e
2 EBach spermatid (22 + X or 22 4 Y) gradually changes it shape to become a spermatozoon.
This process of translormation of a circular spermatid to a spermatozoon is called
spermiogenesis,

Spermiogenesis

The process by which a spermatid becomes a spermatozoon is called Aperiiogenesis
lor spermateleasis) (Figs. 2.2, 26). The spermatid is a more or less circular cell containing
a nueleus, Golgl apparatus, centriole and mitochondria. All these components take part in

Torming the spermatozoon. The nucleus forms the head. The Golgi apparatus is transformed
into the acrosomic cap.




y Chapter 2 — Spermatogenasis and Qogenesis

SPERMATOGOMIUM —_—z

TYFE A
SPERMATOGOMNIUM

TYPE B

FRIMARY
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division

:
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into

|
-

SPERMATOZOA

|

Fig. 2.5: Stages in spermatogendesis. Note the number of chromosomes at each stage.

The centriole divides into two parts thatare at first close together: the axial filamentappears
to grow out of them. One centriole becomes spherical and comes to lie in the neck. r‘n.l:mrﬂmg"
“io some workers, the other centriole forms the basal body, but according to some others it
forms the annulus. The part of the axial filament between the neck and the annulus, becomes
surrounded by mitochondria, and together with them forms the middle piece, The remaining
part of the axial flament elongates to form the prineipal piece or tail. Most of the cytoplasm of
the spermatid is shed, but the cell membrane persisis as a covering for the spermatozoon

i : . S 21
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Flg. 2.6: Stages in spermiogenesis. Also see Fig. 2.2,

Ihe process of spermatogenesis, iIncluding spermiogenesis, requires about two months for
its completion.

Maturation and Capacitation of Spermatozoa

When first formed in seminiferous tubules, spermatozoa are immature. They are non-motile
and incapable of fertilizing an ovum, A current of fluid in seminiferous tbules carries
spermatozes from the testis o the epididymis. Here they are stored and undergo maturation.
As spermatozoa pass through the epididymis they undergo a process of maturation. Changes
1ake place in glycoproteins of the plasma membrane covering the sperm head. Spermatozoa
acquire some motility after maturation, but become fully motile only after ejaculation when
they get mixed with secretions of the prostate gland and seminal vesicles.

Spermatozoa acguire the ability (e fenilize an ovum only after they have been in the female
genital tract for some time, This final step in their mawration is called cepacitation. In the
process of capacitation, the glveoprotein coat and seminal proteins lying over the surface of the
spermatozoon are aliered. Spermatozoa usually undergo capacitation in the uterus or uterine
tube, under theinfluence of subsimnces secreted by the female genital iract. Whenaspermatozoon
comes in contact with the zona pellucida, changes take place in the membranes over the
acrosome and enable release of lysosomal enzymes. This is called the acrosome reaction. Some
enzymes help in digesting the zona pellucida and in penetration of the spermatozoa through it.
Changes in the properties of the zona pellucida constitute the zona reaction.
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Difference between Spermatogenesis and Spermiogenesis

Spermatogenesis is the complete process of formation of a spermatozoon from a
spermatogonium. It includes the first and second meiotic division and spermiogenesis. On
the other hand, spermiogenesis is the process of transformation of a rounded spermatid into
il !i]ll'.‘l] NALOFEOON.

OOGENMESIS

The female gonad is the ovary. It has an outer part called the cortex and an inner part, the
medulla (Fig. 2.7.). The cortex contains many large round cells called oogonia. All the cogonia_

1o be used throughout the life of a woman are produced at a ".Et:.' early stage I[puﬁmhiy before

hirth] and do not multiply thereafter.

Fig. 2.7: Panoramic view of the structure of an ovary.

Owva are derived from oogonia as shown in Fig. 2.8. Note how similar the process is to
spermatogenesis. However, there are important differences as well.

Differences between Spermatogenesis and Oogenesis

o Observe that whereas one primary spermatocyte gm_-. r|$|." ta four spermatozoa, one
prlnmry oocyle Eurms :ml}- one nmm.
e

S =
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44
QOGOMIUM | "
X+Y
enlarges I
o form

PRIMARY 2

QOCYTE
l\\‘:f__o—"'

First
iotic
1 Ex?ilgon (;;J;b

SECOMDARY First
“TO0CYTE | 224X polar body
SEQN e
meiotic *
| division (224X )
Second

Fig. Z.B: Stages in cogenesis. Compare each stage with the corresponding onein Fig. 2.5,
o When the primary spermatocyie divides, its cvtoplasm is equally distributed between the
two secondary spermatocytes lormed. However, when the primary oocyte divides, almaost
all its cyioplasm goes to the daughter cell, which forms the secondary oocyte, The other
daughrer cell (first polar body], receives half the chromosomes of the primary oocyte,

but almost no cvtoplasm. The first polar body s, therefore, formed merely to get rid of
unwanted chromosomes.

Further Details

I the late fetal period primary cogonia enlarge to form primary oocytes.

Atthe time of birth all primary oocytes are in the prophase of first melotic division. Their
number is about 40,000,

The primary oocyies remain in prophase and do not complete their first meiotic division
until they begin o mawre and are ready o ovalate.

The reproductive period of a female is between 1210 50 years of age, With each menstrual

eyele, a few primary oocyies (about 5 1o 30) begin 1o matre and complete the first
meiotic division shortly before ovulation,

24
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The first meiotic division of a primary cocyte produces two unequal daughter cells.
Each daughter cell has the haploid number of chromesomes (23). The large cell, which
receives most of the cytoplasm, is called the secondary eocyte, and the smaller cell is
known as the first polar body.

The secondary cocyte immediately enters the second meiotic cell division. Ovulation
takes place while the cocyte is in metaphase. The secondary eocyte remains arrested in
metaphase (ill fertilization oceurs.

‘The second meiotic division is complered only i fertilization oceurs. This division results
in two unequal daughter cells. The smaller daughter cellis called the second polar body.
The first polar body may also divide during the second meifotic division.

If fertilization does not occur, the secondary oocyte fails to complete the second meiotic
division and degenerates about 24 hours after ovulation.

I each menstrual eyele; 5 to 20 primary oocvtes start matucing, but only one of them
reaches maturity and is ovulated. The remaining degenerate. =
During the entire reproductive life of a female, only around 400ova are discharged (ot
of 40,000 primary oocytes available). gl e

Formation of Ovarian Follicles

We have seen that ova develop from oogonia present in the cortex of the ovary. The oogonia are
surrounded by other cells that form the stroma, These stromal cells form ararian or (‘rﬂn_ﬁm{
Jollicles that surround ova and protect them. The stages in the formation of a follicle are as

follows:

=

Some cells of the stroma become
flattened and surround  an aocyle
(Fig. 2.9). These flattened cells ultimately
form  the ovarian follicle and are,
therefore, called follicular cells. '
The Mattened follicular cells become
columnar (Fig. 2.10). Fallicles |,|p" 1o

lhtjs stage of development are calli:ff Fig. 2.9: Early stages in the formation of
primordial follicles. ovarian follicles.

A homogencous membrane, the zona

pellicieda, appears between the follicular
cells and the oocyte (Fig. 2.10).

The follicular cells proliferate to form
several  layers. ‘These constitute the
membrana granulosa (Fig. 2.11). The,
cells may now be called granulosa mﬂs
A cavity (or murmm] appears within

230 Zona pellucida

== Follicular colls
become columnar

Basemen! membrana

the membrana granulosa. With s

appearance, a follicle is formed (follicle = Fig.2.10: Early stages in the formatian of
small sac) (Fig. 2.12). ovarian follicles,
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ju ]

The cavity of the follicle
rapidly increases in slze.
As a resull. the wall of the
follicle (formed by the
granulosa cells) becomes
relatively thin. The ancyie
now lies eccentrically in
the Tollicle. surrounded
by seme granulosa cells
that are given the name
cumlis oopharicus
lor cumlus  ovaricus).
The cells that awach it 1o
the wall of the follicle are
given the name discus
profigeris (Fig. 2.13)

As the follicle expands, the
stromal cells surrounding
the membrana granulosa
become condensed o
form a cowering -called
the theca interna {theca
= cover), The cells of the
thecalntemnalater secrefe a
hormone called oestrogen;
and theyvare then called the
cells of the thecal glad
(Fig. 2.13).

Cutside the theca Inlerna
some fibrous tssue becomes
condensed 1o form another
covering for the follicle called
the theca externa (Fig. 2.13).
The ovarian follicle is now
Fully formed.

Ovulation

The shedding of the ovum

from  the

ovary  is  called

ovulation. ‘The ovarian follicle
is at first very small compared
to the thickness of the corex

of  the

ovary (Fig. 2.14A)

Foflicular calls farm
mambrana granulosa

Cocyin

Ve B Zona pallecida

— Follicular cavily

Fig.2.12: Formation of follicular cavity.

i Theca externa

e Thega interna

Membrana
granubosa

= Cumulus cophosicus
T Qocyle

2 R e Zona pollucida

almn prohigarss

Fig. 2.13: Fully formed ovarian follicle,
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Epithelial lining =] Telli
Stroma and theca LBl o

Eollicla Decame very thin hw Clvum

PP

Fig. 2.14: Relationship of a growing ovarian follicle to the ovary.

As it enlarges, it becomes so big that it not only reaches the surface of the ovary, but also forms
a bulging in this situation. Ultimately, the follicle ruptures and the ovum is shed from the ovary
(Fig. 2.14D).

Just before ovulation the follicle may have a diameter of 15 mm. The stroma and theca
on this side of the follicle become very thin. An avascular area (stigma) a;ipen.ré over the most
convex point of the follicle. At the same time, the cells of the cumulus oophoricus become
loosened by accumulation of intercellular Muid between them.

‘The following factors may lead 1o ovulation:

2 Ovulation occurs due to high concentration of LH (Luteinizing Hormones) in blood just
before ovulation (see Chapter 3). :

< A high concenmration of LH leads w increase activity of the enzyme collagenease, which
in turn digests the collagen fibres surrounding the follicle.

3 Increase in concentration of ﬂm'ﬂgfﬁ"ﬂhﬂ Gﬂlisfs Cﬂl“fﬂ.ﬂ{lﬂn of Smﬂﬂ'[h muS-'CIB in
the wall of the ova LY. Z=s

a The increased pressure of fluid in the follicular cavity is also a significant factor for
ovulation (o occur.

2 However, the enzymatic digestion of tl'u. follicular wall seems to be the main factor
responsible for :nqliatmn,

-

Structure of the Ovum

The ovumm that is shed from the ovary is not fully mature. It is really a secondary oocyte that is
undergoing division to shed off the second polar body (Fig. 2.8).

Atthis stage, the ovum has the appearance illustrated in Fig. 2.15. Note thatitis surrounded
by the zona pellucida, Some cells of the corona radiata can be seen stickmg to the outside of
“the zona pellucida. No nucleus is seen, as the nuclear membrane has dissolved for the second
meintic division. A spindle is, however, present. Between the cell membrane (or vitelline
membrane) and the zona pellucida, a distinet perivitelline space is seen, The first polar body
lies in this space. Mote that the ovum is a very large cell and measures more than 100 pm in
diameter. In contrast, most other cells of the body me'nsulre less than 10 o [One pm is one
thousandth of a millimetre).
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First polar body
e

s
Spindie lor second
maiotic dvision akf"*f

B Vitelhus

Perivitaling ="
T (Cyioplasm)

Fig. 2.15: Structure of ovum at the time of ovulation,

Fate of the Ovum

Let us see what happens 1o the ovum that is shed from the ovary. You already know that the
ovary is closelv embraced by the Ambriated end of the uterine tube. Therefore, the ovum Is
easily carried into the tube partly by the follicular fluid discharged from the follicle and partly
by the activity of ciliated cells lining the ube. The ovam slowly travels through the tube towards
the uterus, taking three to four days to do so. If sexual intercourse takes place at about this time,
the spermatoyoa deposited in the vagina swim into the uterus and into the uterine mbe. One
of these spermatozoa may lertilize the ovam. If this happens, the fertilized ovum begins to
develop Into an embryo. It travels to the uterus and gets implanted in its wall. On the other
hand, if the ovum (secondary oocyie) is not fertilized it dies in 12 to 24 hours. It passes through
the uterus into the vagina and is discharged. -

Corpus Luteum

The corpus luteum is an important structure, It mainly secretes a hurmm_'le progesterone, but
secreles some ogstrogen also. The corpus luteum is derived from the ovarian follicle, after the
latter has ruptured to shed the ovum, as follows (Fig. 2.16):

U % @

Granulosa cells in Wl af lulﬁclla collapses Colls hyperrophy
weall of follicle and becomes foldad 1o form conpus hileum

Fig. 2.16: Stages in the formation of the corpus luteum.
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Small calls in wall of
fallicle soon after its ruplure
Lulein pigment

Conswderably enlarged
cells of corpus uleum

Fig. 2.17: Transformation of follicular cells [A), to luteal cells (B),

2 When the follicle ruptures, its wall collapses and becomes lolded.

4 At this stage, the follicular cells are small and rounded (Fig. 2:17A). They now rapidly
enlarge. As they increase in size, their walls press against those of neighbouring cells so
that the cells acquire a polyhedral shape (Fig. 2.17B]). Their cytoplasm hecnme*. E‘!Lecl
with a yellow pigment called lutein, They are now called luteal cells, The presence of this
vellow pigment gives the structure a yellow colour and that is wh!.r it is called the corpus
luteum (= yellow body). Some cells of the theca interna also enlarge and contribute to the
COTEILS ke,

2 Wehave seen that the corpus luteum secretes progesterone. This secretion has to be poured
into the blood like secretions of endocrine glands. All endocrine glands are richly supplied
with blood vessels for this purpose. The ovarian follicle itself has no blood vessels, but
the surrounding theca interna is full of them. When the corpus luteum is forming, blood
vessels form the theca interna invade ivand provide it with a rich supply of bload.

The subsequent fate of the corpus luteum depends on whether the ovum is fertilized or
not.

9 If the ovum is not fertilized, the corpus luteum persists for about 14 days. During this
period it secretes progesterone. [t remains relatively small and is called the corpus [uteum

of menstruation. Atthe end of its functional life, it debum_m'lr:sand forms a mass of fibrous

tissue called the corpus albicans (= white bud.}r} (Fig. 2.18).

o Tithe ovum is fertilized and pregnancy resulis, the corpus luteum persists for three o four
maonths. This is larger than the corpus luteum of menstruation, and is called the corpus
et af pregrancy.

The corpus lutewum of pregnancy may occupy one-third to half the total volume of the
ovary. The progesterone secreted by it is essential for the maintenance of pregnancy in thie first
few months. After the fourth month, the corpus luteum is no longer needed, as the placenta
begins o secrele progesterone, Degqn.rdtmn of the corpus luteum in the earlv months of
pregnancy is prevented by chorionic gonadotropin (RCG) secreted by the trophoblast cells of
the developing embryo.

The series of changes that begin with the formation ol an ovarian follicle and end with the
degeneration of the corpus luteum con stitutewhat is called an ovarian cyele. An ovarian cycle
Tias an average duration of 28 days, with ovulation occurring ar mid-cycleie., on the 14th day.
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Fate of Ovarian Follicles

We have seen that in each ovarian cycle, one follicle reaches maturity, sheds an ovam, and
becomes a corpus lutewm, At the same time, several other follicles also begin to develop,
but do not reéach maturity (Fig. 2.18). 1t is interesting 1o note that, contrary to what one might
expect, these follicles do not persist Into the next ovarian cycle, but undergo degeneration. The
ovum and granulosa cells of each follicle disappear. The cells of the theca interna, however,
proliferate to form the ieterstitial glands, also called the corpora atretica (singular = corjpaus
atreticum), These glands are believed to secrete oestrogens. After a period of activity, cach
gland becomes & mass of scar tissue indistinguishable from the corpus albicans formed from

the corpus luteum.

Primardial follicles

2ing follicle matues
ang shads an ovum

Tha ruptured foilicie
becomes & corpus
(T

Corpus lubeum !
degenarales and
becomes & corpus
aifetarns

Fallicies that do not
rupture degenerate;

the cvum and granulosa
cells disappear

The cells of theca inlarna
persisl as the ‘Tnlersiitial
gland *

Interstitial gland
degenarates and

bacomes a corpus albicans

Fig. 2.18: Fate of ovarian follicles.
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Ovarian Cycle and Hormones

The changes taking place during the ovarian cycle are greatly influenced by certain hormones
produced by the hypophysis cerebri (see Chapter 3). The hormones produced by the theea
interna and by the corpus luteum in turn influence other parts of the female reproductive
system (notably the uterus), resulting in a cyecle of changes referred to as the wferine or
menstrual cycle.

Reproductive Period

In an individual, the formation of gametes takes place only during the reproductive period
which begins at the age of puberty (10 to 14 years). In women it ends between the ages of 45
and 50 years, but in men it may continue till the age of 60 years or more.

Viability of Gametes

An ovum usually degenerates 24 hours after ovulation. However, at the most it may survive for
rwo days. Similarly, sperms usually degenerate 48 hours after ejaculation, but may survive up
1o four days in female genital tract.

able 2.1 Differences between Male and Female Gametes

| Fomale Gamete (ovum)

Sperm is small but Inngl [a;m-‘u! 60 pm in length Ovum is @ massive cell about 120 pm in diameter.

and abtout 2 pm in width). i ==

.It is haghly modile. . It is immotile,

There is very lillle cytoplasm. This gives it high The oocyte contains a large amount of cytoplasm.

rmeodility.

Shape is adapted for motility. Shape adapted 1o provide ample storage of
nutrition far the embryo formed after fedilization.

Spermatozoa ara of two chromosomal typas All ova have (22+X) chromosomes.

(22+x) and (Z2+Y)
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Abnormalities in Fermation of Gametes
Abnormalities of Form

Spermatozoa may be too large (giant) or too small {dwarf). The head, body or 1all may be duplicated.
The ovum may have an unusually large nuelews or two nuclel Two oocytes may be seen in one follicle.
Chromosomal Abnormalities

The gametes may be abnormal in chromosomal content as follows:

=

During the first meiotic division, the two chromosomes of a pair, instead of separating ar anaphase,
may both go to the same pale. (This is called non-disjunction.) The resulting gamete then has 24
chromosomes instead of the normal 23 (Fig. 2.19). Non-disjunction can alsc take place inthe second
meiotic division (Flig. 2.20).

At fertilization by this gamete, the zygote will, therefore, have 47 chromosomes; there being three
identical chromosomes instead of one of the normal pairs, This is called trisomy, Depending upon
the particular chromossmies invelved, various abnormalities are produced.

Trisomy of chromosome 21 results in a condition called mongolism or Down’s syndrome. In this
condition the child has a broad face, obliquely placed palpebral fssures. epicanthus, a furrowed

lescen lipy and brosd hands with a single transverse crease, Usually, the patients are mentally retarded
and have anomalies of the heart.

The presence of an extra X or ¥ chromosome can give rise 1o vanous syndromes associated with
abnormal genital development, mental retardation and abnormal growth. Some of these are:
KEX (abrormnal female) XXY (Klinefelters syndrome: abnormal malel: XYY (abnormal malel. In
fiinefelter's symdrome, the subject is a male (because of the presence of a ¥ chromosome). However,
the tesies are poarly developed leading to sterility and gynaecomastia;

Fatlents with XXX chromosomes show bwo masses of sex chromatin in their cells and are sometimes
referred to as'super females: However, there is nothing super’ about them. In fact, their bodies show
poor sexual development (ie. they are infantilel, and menstreation is scanty, Mental retardation is
usual,

When both chromesemes of a pair go to one gamete (as described above), the other gamete
resulting from the division has enly 22 chromosomes (instead of the normal 23); and at fertilization,
the zygote has only 45 chromosomes. Hence one pair is represented by a single chromosome, This
iz calied monosomy (Fig. 2.19).

The best known example of this is a female with only one X chromosome (Turner's syndrome). In this
syndrome, the subject is always female (because of absence of a ¥ chromosome). There is agenesis of
ovarnes. Assoclated deformities Include mental retardation, skeletal abnormalities, and folds of skin
on the sides of the neck (webbed neck).

Such anomalies may affect more than one pair of chromosomes, Alternatively, one pair may be
represented by more than three chromosomes. When this happens with the sex chromosomes,
Individials with the constitution XXXY, XXXXY, XXYY, or XXXX may be produced.

Sometimes, a gamete may have the diploid number of chromosomes so that the zygote will have

46 + 23 (i.e, 69) chromosomes. This is called triploidy. Higher multiples of 23 may also be seen. Such
fetuses are generally bom dead.
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Fig. 2.19: Effects of non-disjunction during the
first meiotic division.
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Fig. 2.20: Effects of non-disjunction during the
second meiotic division.
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Clinical Correlation contd...

0O Abnormalities in the proceds of erossing over can result in a number of chremosomal abnormalities
as follows:

2 Part of a chromosome may get attached to a chromosome of a different pair (translocation).

o Partofa chromosome may be lost (deletion).

2 Thetwo chromosomes of a pair may break at unequal distances. When each piece joins the
opposite chromosome, one chromosome s longer than normal and some of the genes are
duplicated. The other chromosome will be shorter than normal, some genes being missing.

o A plece separating from: a chromosome may get inverted before joining the opposite
chromaosome (inversion). Although the same genes are present, their sequence is disturbed.

3 We have seen that during cell division, the centremere splits longitudinally so thar each chromatid
becomes & separate chromosome. Sometimes, the centromere splits transversely producing two
dissimilar chromosomes. One chromosome is made up of the short arms of both chromatics, while
the cther is made up of the long arms. These are called isochromosomes.

Chiomosomal errors of the type described above may also oocur during segmentation ol the ovun.
| This resulis in a fetus having a mixture of cells with normal and abnormal chromosomes. This is called
mesaicism, Such individuals may also show various abnormalities.

| Gene Abnormalities (Gene Mutations)
Genes are responsibie for normal embryological development. A change in the structure of a gene may
occur &t the time of gametogenesis. This may give rise to birth defects. The change in the structure or
- function of a gene is called gene mutation. At present, many birth defects are known which are caused
by gene mutation,
A more detailed account of abnormalities of gametes, of interest to postgraduate students, is given
on the accompanying C0.




Chapter 3
The Menstrual Cycle

HIGHLIGHTS x - - e

The term menstrual eycle is applied to cyclical changes that occur in the endometrium every maonth.
The most cbvious feature is a monthly flow of blood (menstruation).
The menstrual eycle is divided into the following phases: postmenstrual, proliferative, secretory,
menstrual (Fig. 3.3).
The menstrual cycle is also divided into the follicular phase (in which changes are produced mainky
by cestrogens), and the luteal phase (in which effects of progesterone predominate]. Both phases
are of roughly equal duration,

| The main changes in the endometrium are (a) increase in thickness, (b) growth of uterine glands,
(€} changes in epithelial cells lining the glands and (d) increase in thickness and fiuid content of the
endometrial stroma (Figs. 3.4, 3.5).

I Just before onset of menstruation, the blood supply to superficial parts of the endometrium is cut off
{Fig. 3.6, This part is shed off and there is bleeding.

| The menstrual cycle is influenced by oestrogens, by progesterone, by the follicke stimulating
hormone (F5H]} and by the Luteinizing hormone (LH):
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The period of 2 woman's life in which she can bear children iz called the reproductive period.
The most olwious feature of this period is a monthly Now of blood from the uterus that is
referred o as menstruation (or menses). The onset of menstruation (reenarche) Eﬂki?_PlaE_?,l
about 12 years of age, Menstruation ceases to occur at about 45 years of age, and this s referred
[0 45 Menopanuse. e
The monthly menstruation is the external manifestation of a series of cyelic changes
taking place in the werus. These changes constitute the menstrual cycle. Simultaneously,
cyelic changes also take place in the ovaries, and these constitute the ovarian cycle. The most.

important event in the ovarian cyele is evulation (Chapter 2).

Period of Pernod of
bleading blespding

Diayd One Menstrual Gycle

Flg. 3.1: Diagram illustrating the definition of & menstrual cycle,

To understand the menstrual cyvcle itis necessary to know the structure of the uterus. The
wall of the uterus is made up of three layers,
1. The outermost layver or perfmetrinm is made up of peritoneum,
2. The main thickness of the wall is made up of smooth muscle. This is the myometrim.
3

The innermost layer (eorresponding to mucous membrane) is called the e endamelriun. It
Is this layer which undergoes changes during the menstrual cycle. =

The constitwents of the endometrinm ave as follows (Fig. 3.2):

2 The epithelivm lining the surface of the endometrium.

Lining epithelium

=Ty
|

—Utering gland
Spiral anary

Endometnem — Siroma

Straighd artory

¥
i
Kyometnum Artonial ploxus

Fig. 3.2: Components of the uierine endometrium, These undergo changes
durirg each menstrual cycle.
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a ‘The SLroma fills the interval between surface epithelium and myometrinm. It contains
nuUmerous -il.rnph.-: tubular B_]'-'I_Tld.b (uterine glands).

a  The arteries that supply the endometrium tend (o run vertically owards the surface. Some
of these run x.;nraliyand supply the whole Ihmknur.s of the endometrium, while others that
remain slnlglu 'm.- mul’ ned to lhE bas1l png.

PHASES OF THE MENSTRUAL CYCLE

The menstrual evele is usually divided into the following phases, on the basis of changes taking
place in the uterine endometrium (Fig. 3.3):
1. Post-mensirial
2. Proliferative
3. Secrotory or pre-menstrival
4. Menstraal
The changes during the post- |111:n~.lru.|| phase and during most of the proliferative phase
take place under the action ul m:-a.lm;.,ms.producﬁl l:w the <Ievelopmg follicles in the OVATY.
Hence this period is referred 1o a5 ||1:*fn!.’lru!ar Jrlrcse of the menstrual L‘.'Ll.E‘ The follicular
phase constitutes the first half of the menstrual cycle. Following ovulation, the corpus luteum
is formed and starts secreting progesterone. During the second half of the menstrual cycle; this
hormone (along with oestrogens) produces striking changes in the_endometrium. As these
1."I1'=L|.1|_..,1.‘-i take place under the influence of the corpus luteuwnm, this halbof the menstrual cyele is
called the luteal phase. Just before the onset of the next bleeding, there is lowering of levels of
bath progeste rone and oestrogens, and it is believed that this ‘withdrawal” leads 1o the onsetof
menstrual bleeding.
The division of the menstrual cyele into the phases mentioned above is, however, arhitrary.
The changes are really continuous and may be summarized as follows:

S0 AR W
=

Cyele beging
hg n

2
-
ﬁ (o] | E
& 26 |1 J E
= 25 || 12 2

Conpus lubeum___—=
§ begins to 24 "J 13 %

deganarale

Fig. 3.3: Fhases of the menstrual cycle.
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o  The endometrium progre-

ssively increases in thick-
ness  (Fig. 3.4). In the
postmenstrual phase it is
0.5 to 1 mm thick; in the
profiferative  phase it is
2 to 3 mm thick; and inthe
secretony phase its thick-
ness reaches 5o 7 mm.

g The uterine glands grow

in length. A first they are
straight (Fig. 34A), b
gradually become convo-
luted (Fig. 3.4B). Because
of these convolutions,
glands  acguire a
waw-oothed” appearance
when seen-in longitdinal

the

section: The glands also increase in diameter (Fig. 3.4C). The most basal parts of uterine
glands, however, remain tubular and do notundergo these changes.

2 The epithelium lining the glands is at first cuboidal (Fig. 3.5A). During the proliferative
stage it becomes columnar (Fig: 3.5B). Glycogen accumulates in the basal portion of the
epithelial cell, pushing the nucleus nearer the lumen (Fig. 3.5C). During the secretory
phase the apical part of the cell is shed off as part of the secretion. The cell again becomes

Froliferatve
& ']E'"
e I
Post-menstrual Ei 14
E T
Ei W i
M
of R
A B

Secretory

57 mm
N

C

Fig. 3.4: Uterine glands at various phases of the menstrual cycle

cubical, but the edge rowards the lumen becomes irregular (Fig. 3.5D).

A

Fost-manstrua

Proligratvg Secratory

Fig. 3.5: Changes in the epithelium of uterine glands during a menstrual cycle.

O During the post-mensirual phase, the cells of the stroma are uniformly distributed and
are compactly arranged (Fig 3.2). As the endometriom increases in thickness (during
the proliferative phase), the superficial part of the stroma remains compact, but the part
surrounding the bodies of the uterine glands becomes spongy. The deepest part of the
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A Liming epitheium |
e 0
5C o
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i
- TS laopors
=5 ang shed ol
Lining epithekum is
refosmed by prolitaration
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Fig. 3.6: Shedding off, and regeneration, of uterine endometrium, during a menstrual cycle.
5C = stratum compactum; 55 = stratum spongiosum; 5B = stratum basale,

stroma also remains compact. The stroma can, therefore, be divided into the following
three layers (Fig. 3.6A).
3 Sfrafum comygracium
o Stratuwm spongiosim
¥ Stratum basale
During the secretory phase, these layers become beuer defined. The endometrium
becomes soft and oedematous, because of the fluid secreted by the uterine glands.
The arteries of the endometrium are small to begin with. They grow in length during the
proliferative phasc. During the secretory phase, the arteries supplying the ﬂgﬂﬂmﬂ
two-thirds of the endometrium become very hortuous, a nm‘! are called splral arteries. The
arteries to the basal third of the endometrium | [whtth ‘does not participate in the changes
associated with The menstrual cycle) remain stra Lg__ and short.

—
Towards the end of the secretory phase the endometrium is thick, soft, and richly supplied

with blood. The secretory activity of the uterine glands not only makes the endometrium soft,
buit also provides nutrition o the embrye. These changes are, therefore, an obvious preparation
for providing a suitable environment for the fertilized ovum, when it reaches the uterus. In
the absence of pregnancy, however, these measures are abortive: the superficial parts of
the thickened endometrium (stratm compactum and stratum spongiosum) are shed off
(Fig. 3.61), and this is accompanied by menstrual bleeding.

with shreds of endomertrium flows out through the vagina, At the end of menstruation, the
ot B

Menstrual bleeding causes the endometrium to be shed off bit by bit, and the blood along
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endometrium that remains is only 0.5 mm thick. It consists of the stratum basale along with
ihe basal portions of the uterine glands (Fig. 3.6B). The epithelium of these glands rapidly
proliferates and reforms the lining epithelium (Fig. 3.6C).

The endometrial changes associated with the menstrual cycle are confined 1o the body of
the wterus. The cervical mucosa is not affected,

The mechanism for onset of menstrual bleeding is as follows. A few hours before the
onset of menstrual bleeding the spiral arteries ger constricted so that blood supply to
superficial pars of the endometriuim is cut off. This ischaemia leads o degeneration of the
endometrium and also damages the walls of the blood vessels themselves. Subsequently
when the arterles relax and blood again flows into the endometrium, it leaks out through
the damaged blood vessels, This leaking blood is responsible for gradual shedding of
endomerrium.

Time of Ovulation in Relation to Menstruation

in a 28-day menstrual cycle, ovulation takes place at about the middle of the cycle
(Fig. 2.3). The period between ovulation and the sext menstrual bleeding is constant at about
14 days, but the ime of ovulation does not have a constant relationship with the preceding
mensiruation. This is so because the length of the menstrual evele may vary from month o
month in @n individual. Henece, it is difficult 1o predict the date of the next ovulation from the
diate of menstruation unless the woman has very regular menstrual periods.
There are many methods of finding out the exact time of ovulation, but the one commonly:
used is the temperature method. Inthis technique, the woman's temperature is recorded every.
morming. When these temperatures are plotted on a graph, we get a curve like that shown in
Fig. 3.7, The temperature is low during actual menstruation. Subsequently it rises. At about
the middle of the cyvele, there is a sudden fall in temperare followed Dy a rise. This rise is
believed to indicate that ovulation has occurred. —

| OVULATION

Fig. 3.7: Graph showing the morning temperature of a woman, on various days of the menstrual eycle,
Thereis a fall in temperature at about the time of ovulation, followed by a rise.
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CunicaL CORRELATION

Importance of Determining the Time of Ovulation and “Safe Period"”
A. Where pregnancy is not desired

After ovulation, the ovum is viable (i.e. it can be fertilized) for not more than hwo days. Spermatozoa
intraduced into the vagina die within four days, Therefare, fertilization can eccur only if intercourse
takes place during a period between four days before ovulation to two days after cvulation. The
remaining days have been regarded as safe perfod as far as prévention of pregnancy is concerned. This
forms the basis of the so-called rhythm-method of family planning.

B, Where pregnancy is desired

Enowiledge regarding the time of owulaticon is also of importance in cases of sterility (difficulty in having

children), where the couple can be advised 1o have intercourse during the days most favourable for
CONCeplion.

Correlation between Ovarian and Uterine Cycles

The ovarian and uterine cycles run parallel to each other. Both are of 28 days duration.
The uterine cycle is dependent on ovarian cy cle. The uterine endometrium shows cyclic

changes, which are dependent on the hormones secreted by developing ovarian follicles
and corpus lutewm of the ovary.

e e N : _\-\\l

" . 7 Vi ¢

e UE) @'
OVARIAN | |88 ‘-.. - \_ﬁ"(/ @

CYCLE T -

Devaloping Mature Corpus

Owulation Degonarating
filliclas folkcle lestguim mrpus et
pavs [o 4 14 18 28
FOLLICULAR PHASE | LUTEAL PHASE
Mensireal Postimenstmeal &
phase prodiferative phase Setylony phass

UTERINE

Fig. 3.8: Diagram showing correlation between ovarian and uterine cycles,
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HORMONAL CONTROL OF OVARIAN AND UTERINE CYCLES

These cveles are under the control of various hormones, which can be briefly summarized as
follows (Fig. 3.9):

The hypothalamus acts as a major centre for the control of reproduction. It secretes
the genadotrapin-releasing harmones (GuRH), which in turn controls the secretion of
gonadotrophic hormones from the anterior pituitary gland (adenohypophysis).

There are wo gonadotrophic hormones. They are the follicte stimulating hormone (FSH)
and the nteinizing hormone (LH). o

In the first half of the menstrual cycle the GnRH acts on the anterior pituitary to release
F5H. The FSH acts on the ovary and stimulates the formation and maturation of ovarian
follicles (Fig. 3.9). i

The maturing ovarian follicles now start secreting oestrogens. The repair and proliferation
of endomerium takes place under the influence of oestrogens. The endometrial stroma

HYPOTHALAMUS
produces releasing factors
| ADENOHYPOPHYSIS
produces
F3SH LH
> \'\
il v v \
Formation & rr|.n1.urillon Ovulation Formation of
ol evarian follicles corpus luteum
OVARY
!
Cestrogen
| Progesterone
| Arcduced procuced
[
L
Ropair & Proliferative phase Secratory phase
ENDOMETRILUM

Fig. 3.9: Hormanal control af ovarlan and uterine cycles.
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progressively thickens, the glands in it elongate and the spiral arteries begin to grow towards
the surface epithelium.

The level of oestrogen rises to a peak about two days before ovalation.

This leads to sudden increase in the level of LH secreted by the anterior pituitary
(LH surge}about 24 to 36 hours before ovalation (Fig. 3.10).

The LH surge leads to ovulation; and the Graafian follicle is transformed to the corpus
lutewum. : = s

The LH stimulates the secretion of progesterone by the corpus luteum. Though the
secretion IZ][ ]:Ju|._{1_'1i1:~mm: F]]‘L‘tl.(]l"i.":il:l.‘ﬁ. SOIMIE {H.'.‘ili’t‘}g{!l'l 15 i!]ﬁih }IIU[![IEL‘{I.-:EIE L'nrnhi.nr_-d
action of cestrogen and progesterone stimulates the endometrial glands to secrete glycogen-
rich mucoid material (Fig. 3.9). T

t 18 ! 5 8 7 B 9 10111212 9 15 1817 18 19 30 N 22 23 M 25 28 2T 28
OESTROGEN é
Concanirata MaxiEmum * g
ey dinys B ore ovulation 5

PROGESTERONE

Livvel mcraas

% 10 mEXIrmu e
secrelony phase under influence of LH

J

LH s
Surge occus 36 10 24 howrs Iy
baforg cvulation f l\_\
g N\
- ul e o

Fig. 3.10: Concentration of the harmones FSH, LH, cestragen and progesterone during a normal
menstrual cycle, Ovulation ocours because of a LH surge just before ovulation,
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If fertilization does not oceur, the granulosa cells produce the protein Inhl'b-l'u, which: aﬂs
on the anterior pituitary and infibits the secretion of gonadotrophins. Thisleads to regxessn:m
of the corpus lutenm.

Due to the regression of the corpus luteum there is a fall in the blood level of cestrogen
and progesterone, The withdrawal of these hormones causes the endometrium to regress. and
triggers the onset ol menstruation.

If fertilization occurs, the corpus luteum does not regress. [t continues o secrete

progesierone and oestrogen. The secretory phase of endometrium continues and menstruation
does not occur

Cunicar CorpeLaTion

| Use of Hormones for Contraception

| Crulation inawoeman {and by corollary, pregnancy) can be prevented by administration of contraceptive
pills. The most important Ingredients of such pills are progestins (in the form of synthetic compounds),
Better results are obtained when a small amount of oestrogen is also given,
| I the most commaon variety of pill (distributed by gevernment agencies in India), the progestin
is norethisterane acetate {1 mal and the oestrogen is in the form of oestradiof (50yg). The pills are
distributed in packets, each packet containing 28 pills out of which 21 pills contain these hormones,
and 7 pills do not (for use in the last 7 days), The use of pills is started 5 days after onset of menstruation.
Theyare taken continuoushy without any break as long as contraception i desired, Normal menstruation
oeouss during the 7 days in which piils without hormones are being taken. If the pills are taken regularly
there is a regular menstrual eyele of 28 days duration.

Presence of progesterone in the pre-ovulatony phase prevents occurrence of evulation. This is
because the progesterone in the pill prevents the secretion of FSH and LH by the pituitary. This interferes
with the maturation of follictes, and ovulation, )

stoppage of pills reduces levels of these hormones in blood, It is this withdrawal that leads to

menstrual Bleeding. Such pills have almost 100 per cent success In suppressing maturation of follicles
and ovulation.
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Formation of
Germ Layers

HIGHLIGHTS

F |
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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 blastocyst.

The cells of the inner cell mass multipy, and are rearranged to form an embryonic disc having two

layers, These layers are the epiblast and the hypoblast. Later, the epiblast differentiates into three

germ layers, the ectoderm (outer), the endoderm (inner), the mesoderm (middie). Cells of the

hypobiast become fattened and line the yolk sac,

A cavity appears on the ectodermal side of the disc. This is the amniotic cavity, Anather cavity

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 trophoblast. They are soon

separated from the later by extraembryonic mesoderm.

A cavity, the extraembryenic coelom appears and splits the extraembryenic mesoderm into a

somatopleuric layer (in contact with tropheblast) and a splanchnopleuric layer (in contact with yolk

sac).

The trophoblast and underlying somatopleuric mesoderm form a membrane called the choroin.

The cells forming the wall of the amniotic cavity form the amnion.

The amniotic cavity is now attached to trophobl ast by some mesadenm intowhich the extraembryonic

coelom has not extended, This mesoderm forms the connecting stalk.

If we view the embryonic disc from the ectedermal side we see that near one edge it has a rounded

area called the prachordal plate. Here ectoderm and endoderm are not separated by mesoderm.

An elevation, the primitive streak, is also seen on the embryonic disc. A line drawn through the

prochordal plate and the primitive streak divides the embryenic disc into right and left halves.

Cells multiplying in the primitive streak move into the Interval between ectoderm and endoderm

and form the mesoderm (third germlayer).

Caudal to the primitive disc we see a round area called the cloacal membrane. It s made up only of
m. Yy

ectoderm and endoder hf ot [:
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FERTILIZATION

In Chaprer 2, we have seen that while the ovarian follicle is growing, the oogonium within it
undergoss maturation. The oogonium enlarges to form a primary oocyte. The primary oocyte
undergoes the first meiotic division to shed off the first polar body and becomes a secondary
oocyie [(Fig. 4.3A). At the time of ovulation, the second meiotic division is in progress and a
spindle has formed for separation of the second polar body (Fig. 4.3B). Atthis stage, the ‘ovum’
enters the infundibulum of the uterine tube and passes into the ampulla (Fig. 4.1).

Ampaulla (6 cm)
Isthmus (3 cm) p-u

Utarine pan {1 em)

Fartilization
1akes place hare

L Fimbgia

Carvical canal

\agina

Fig. 4.1: Fath taken by the sperm (red), and avum (blue), for fertilization.

Fertilization of the ovum occurs in the ampulla of the uterine tube. Qun of a few hundred
capacitated sperms, which surround the ovum, only one plerces the zoma pellucida and enters
the ovum. As soon as the spermatozoon eénters the ovam, the second meiotic division (which
was 50 far incomplete) is completed, and the second polar body is extruded. The nucleus
of the ovum becomes the female pronuclens. The head of the spermatozoon (which it will
be remembered is formed from the nucleus) separates from the middle piece and tail, and
transforms itsell into the male pronuclecs. Soon thereafter, the pronuclei lose their nuclear
membranes, The 23 chromosomes of the female pronueleus and 23 of the male pronucleus get
mixed up and form 23 pairs. These 46 chromosomes undergo changes like those in a typical
mitotic division leading to the formation of an embryo having two cells (Fig. 4.4). Note thar,
strictly speaking, there is no one-cell stage of the embryo.

‘The middle piéce and the tail soon separate from the head of the sperm and degenerate.

Some details on the biochemical changes occurring during fertilization are worth noting
and are as follows:

3 The glyeoprotein of the zona pellucida is responsible for induction of the acrosomal
reaction (Chapter 2). The release of acrosomal enzymes helps the sperm to penetrate
the zona.

o When a spermatozoon comes in contact with the oocyte, plasma membranes of the
wo cells fuse. This, probably occurs al receptor sifes that are specific for a species.
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,! Cells of :
| corona radiata The ococyle completes ils
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Fig. 4.2: 5tages in penetration of a spermatozoon into an ovum.

Both the head and tail of the spermatezoon (excluding the plasma membrane] enter the

cytoplasm of the ovum.

o Alterations taking place in the plasma membrane ol the oocyte, and inthe zona pellucicda,

ensure that ne other spermatozoon can enter the oocyte,

g The zona pellucida is altered due to release of lysosomal enzymes by the plasma

membrane of the cocyte, This process is called the zona reaction.
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Zona pellucida
Secondary oocyte before cvulation,
._L Secondany ootyie The second medotic division has
net yet begun. The first polar body
Eletpotar body is seen in the pervileting space.
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maiotic divisicn The spindle of the second meswbic
drvision is sean.
— First polar body The fiest polar body Is dividing
inba e,

_ Mucleus of
U ORI

Secondary cocyte al fertilization.
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— \itelling membrang
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Femala pronucieus ;
{Fram nEcIaus of pvum) | Secondary cocyle after fertilization.
The nead of the sperm has been
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il liedasorles SN For chromosome behaviour See
Fig. 4.4

Fig. 4.3: Some stagesin the maturation of the ovum; (A) Ovum just before ovulation, [B) Ovum at the
tirme of ovulation. (Ch Owvum at the time of fertilization. (D) Ovum just afver fertilization.

O Assoonasaspernmatozoon enters the ovum the latter finishes iis second meiotic division
and the second polar body is lormed.

Entry of the sperm leads 1o metabolic changes within the ovum that facilitate its
development into an embryo,

o
2 Each chromosorme in the male and female pronuclei is made up of only one chromatid.
Replication of DNA rakes place to form a second chromatid in each chromosome. In the
cell division that follows, each chromeosome splits into two (as in mitosis). Meanwhile a
spindle has formed and one chiromosome of each pair moves to each end of the spindle.
This leads 1o formation of two cells, each having forty six chromosomes (Fig, 4.4).
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From what has been said above, it will be Male pronucleus

clear that as a result of fertilization:

o the diploid chromosome number | A
(46 ) is resiored;

2 determination of sex takes place; ReIale progiieus
and

2 the fertilized ovum begins to divide
into several cells (e it undergoes Al
cleavage), B 23 23 Each chromosome

2 2 ) - 23 23 duplicates tgell

o The impartant points (o note at this stago '\W

are that:

> the wwo daughter cells are still
surrounded by the zona pellucida; E::réga;a'?mgm"

3 each daughter cell is much smaller | o chromasomes—ona of
than the ovum. ﬁﬂl‘?ﬂ?;ﬁmmmn

2 As subsequent divisions occur, the and the other lrom the ovum

cells become smaller and smaller

until they acquire the size of most Fvg 4.4: Behaviour of chromosomes during ferti-

lization. The female pronucleus has 224X chromo-

somes. The male pronucleus may have 22+X or 22+Y
chromosomes.

cells of the hody.,

TEST TUBE BABIES

The so-called test tube babies are produced by the technique of in vitro fertilization (In vitro
- putside the body, as against in pire = within the body). This technique is being increasingly
used in couples who are not able to achieve fertilization in the normal way.

Gonadotropins are administered to the woman to stimulate growth ef follicles in the ovary.
Just before ovulation, the ovum is removed (using an aspirator) and is placed in a suitable
medium. Spermatozoa are added to the medium. Fertilization and early development of the
embryo take place in this medium. The process is carefully monitored, and when the embryo
is at the #-cell stage it is put inside the uterus. Successiul implantation takes place in about 20
per cent of such trials.

‘The reasons for using the technique can be as follows:
0 The number of spermatozoa may be inadequate {Llsu’l.ll} about 2-5 ml of SEINEn is
jrculated. Each millilitre contains about 100 million spermatozoa. If the mum of

}.p:n-nnam.rm is less than 20 million per mlL, tl'l.E'lE.' miay be dll’f-:'ull.\- in ferrilization).
o ‘There may be inadequate mmullt'_-, of spermatozon.
0 ‘There may be obstruction of the uterine ibe.

o There may be absence of ovulation.
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SEX DETERMINATION

We know that all ova contain 22 + X chromosomes. However, we have seen that spennamzq}ﬁ
are of two fypes, Hall of them have 22 + X chromosomes and the other half of them have
22 + ¥ chromosomes. We speak of these as 'X-bearing! or 'Y-bearing; spermatozoa. An ovum
can be ferilized by either type of spermatozoon. If the sperm is X-bearing, the zygote has
44 £ X = X chromosomes and the offspring is a girl, If the sperm is Y-bearing the zygote has =~
44 + X + ¥ chromosames and the ofispring is a boy. i
Thus the sex of a child is 'determined’ a1 the time of lertilization. It will now be clear thal

ane chromosome of each of the 23 pairs is derived from the mother and the other [rom the
father,

CLEAVAGE
The two cells formed as described

i - i Langer call
above undergo aseries ol divisions. diveiies Tirst
One cell divides first so that we AT,

have s "3-cell’ stage of the embryo

(Fig. 4.58) followed by a ‘4-cell’ ,- "'H
stage (Fig. 4.5C), a "S-cell’ stage, I & \
st S [ A
eic. This process of subdivision ;T | ;
of the ovum into smaller cells is ‘Ir == I':-‘j ¥
called cleqrage.
As  cleavage proceeds. the ‘\--..n.,_, hote that the
g e g . soells = romn peflucida
oy I.H'I:!L.'I}.T]'Eb 1o have 16 LL“_}-. Irnow A persists and B
Inoks like a mulberry and is called surrounds

the maoruda (Fig. 450} Iv is still
surrounded by the zona pellucida.
If we cut a section across the
marila, we see thatit consists of an
inmer cell mass that is completely
surrounded by an outer layer of
cells. The cells of the outer laver
will later give rise 1o a structure
called the trophoblast (Fig. 4.64).
The inner cell mass gives

Fig. 4.5: Some stages in segmentation of the fertilized ovum.
(&) Two cell stage. (B) Three cell stage. (C) Four cell stage.

rise 1o the embrvo proper and (D) Morula,
is, therefore, also called the
embryablast. The cells of the rophoblast help 1o provide nutrition to the embryo. r

Some Muid now passes into the morula from the uterine cavity, and partially separates the cells
of the inner cell mass from those of the wophoblast (Fig: 4.68). As the quantity of fluid increases,
the morula acquires the shape of a cyst. The cells of the rophoblast become flattened, and the
inner cell mass gets attached 1o the inner side of the trophoblast on one side only (Fig. 4.60).
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Fig. 4.6: Formation of blastocyst.

The morula has now become a blastocyst. ‘The cavity of the blastocyst is the blastocoele.
That side of the blastocyst to which the inner cell mass is atached is called the embryonic aor
aninal pale, while the opposite side is the abembryonic pale.

Function of the Zona Pellucida

‘The trophoblast has the property of being able to stick 1o the uterine (or other) epithelivm and
its cells have the capacity 1o eat up other cells. They can, therefore, invade and burrow into
tissues with which they come in contact. As the embryo travels down the uterine tube, and the
uppermost part of the uterine cavity, it is prevented from ‘sticking’ to the epithelium by the
zona pellucida. During this time, it receives nutrition, partly from the substances stored within
the ovum (e.g. volk), and partly by diffusion from uterine secretions. By the time a blastocyst
is formed, it is necessary for the embryo to acquire additional sources of nutrition, This is
achieved when the blastocyst ‘sticks’ to the uterine endometrium, and gets implanted in i
Howewver, before this can happen, it is necessary for the zona pellucida to disappear. The zona
pellucida disappears soon alter the morula reaches the uterine lumen. Thus, the function of
the zona pellucida is to prevent ||111:..|TJ1-1-t_.'|_Imn of the blastocyst at an abnormal site.

o Theglycoprotein of the zona pellucida is responsible for induction of the acrosomal reaction.

The release of acrosomal enzymes (acrosin) helps the sperm to penetrate the zona.

o The zona pellucida allows only a sperm of the same species to fertilize the oocyte. Sperms
of other species cannot pass through the zona pellucida,

0 The zona pellucida is responsible for the zona reaction that prevents any additional
spermatozoa (rom entering the fertilized ovum (zygote).

0 Thezona pelliucida holds the blastomeres of the early embryo together.

The developing embryo is genetically different from the mother This may evoke
immunological reactions if embryonic and maternal tissues come in contact. Presence of zona
pellucida (which lacks histocompatibility antigens), acts as a barrier that separates maternal
tissues from the embrya. Alter the disappearance of zona pellucidavaricusimmunosuppressive
eviokines and proteins are produced by the implanting embryo. This blocks the recognition of
the embryo as a tissue foreign to the mother

%
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FORMATION OF GERM LAYERS

Asthe blasioeyst develops further, it gives rise notonly to the tissues and organs of the embryo
bt also to a number of structures that support the embryo and helpit to acquire nutrition. At
Thisis called the embryonic disc{also called embryonic area, erhr!.rﬂni-t.:.;@arar germdisc).

The three layers that constitute this embryonic disc are: =

1. Endoderm (endo = inside)
2, Ectoderm (ecto = ouiside)
3. Mesoderm (meso = in the middle)

These are the three germ layers. All tissues of the bady are derived from one or more of
these lavers. Much of the student’s study of embryology concerns itsell with learning from
which of these germ layers particular tissues and organs develop. In the lurther development
of the blastocvst thar we will now consider, it is very important to have a clear conception ofthe
formation of germ layers and of their fate,

We have seen that the blastocyst is a spherical eyst lined by Natened wrophoblastic cells,
and that inside it there is a mass of cells, the inner cell mass, anached eccentrically 1o the
rophoblast.

Further changes are as {follows:

Inner cell mass

3 Some cells of the inner cell
mass  differenifate (i.e. they

Ectoderm

become different from others)
into Hamened celis, that come
o lime its Tree surface (lower
in Flg. 4.vA). This layer is the
Ivpoblast.

Endodanm
i Trophobiast

o The remaining cells of the inner -
cell mass become columnar
[Fig. 4.78). These cells form the Amniogenic cels
epiblast. The embryo is now in
the form of a dise having two Amniclic cavity
layers.

2 A space appears between
the epiblast (below) and the
trophoblast (above). This is the
amniofic cavity (Fig. 4.7C),
filled by ammiotic fluid, or
liguor amnlil. The roof of this
cavity is formed by amnio-
genic cells derived from the

trophoblasy, while its floor is  Fig. 4.7: Differentiation of endoderm and ectoderm, and the
farmed by the epiblast. fermation of the amniotic cavity and the yolk sac.

Cawity
ol
biasiocyst

c D
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Flattened cells arising from the hypoblast (or, according to some, from trophoblast),
sprr_:ui and line the inside of the hlaqtnc:,r-.tuc cavity. (This lining of fattened cells is called
Heuser's membrane). In this way, a cavity, lined on all sides by cells of endodermal origin,
is formed. This cavity is called the primary yolk sac (Fig. 4.70).

The cells of the l_]_1_1;llhnh{dﬂ pive origin to a mass of cells E‘-i!“ELl the extra-embryonic
mesoderm (or primary mesaderm). These l:elis come to lic between the tmphnb1ast and.
the flattened endodermal cells lining the volk sac, thus separating them from each other.
These cells also separate the wall of the amniotic cavity from the trophoblast (Fig. 4.8A).
This mesoderm is ealled ‘exira-embryonic’ because it lies outside :!m eml.'rr:.rmm_ dise. It
does not give rise 1o any tissues of 1Iw—t,-lﬁﬁ_u itsell,

Small cavities appear in the u.\ﬂmaemhr}m:m mesaderm. Gradually, these join together
to form larger spaces and, ultimately, one large cavity is formed. This cavity is called the
extra-embryonic coclom (Fig. 4.88] (also called the chorionic cavity). With its formation,
the extra-embryonic mesoderm is split into two layers. The part lining the inside of the
trophoblast, and the outside ol the amniotic cavity, is called the parietal or somatopleuric
extra-embryonic nesoderm. (Itis also referred to as the chorionic plate). The part lining
the outside of the yolk sac is called the visceral or splanchnopleuric extra-embryonic
nresoderm (Fig. 4.818). : =% =
From Fig. 4.88 it is clearly seen that the extra-embryonic coelom does not extend into
that part of the extra-embryonic mesoderm which attaches the wall of the amniotic cavity
i the rophoblast, The developing embryo, along with the amniotic cavity and the yolk
sac, s now suspended in the extra-embryonic coelom, and is anached to the wall of the

Amniolic cawnly

Fulure conmecling
stalk

AaING Canaty Embrg.-cunu: dise
N> __.'

Splanchnoplauric

and
Extra-embryonic  Primary yols Sac
mesodarm Somatopleuric:
Gt - SN Onkc
meSoaenm
A Exlra-embryonic coslom B

Fig. 4.8: Formation of extraembryonic mesoderm and extraembryonic coelom.
rote carefully, the composition of the amnion, and of the chorion,
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blasiocyst (i.e. trophoblast) only by this unsplit part of the extra-embryonic mesoderm:
This mesoderm forms a siruciure called the connecting stealk.

a  Formation of Chorion and Ampion: AL this stage, two very imporiant membranes are.
formed. One is formed by the parietal extra-embryonic mesoderm (on the inside) and
the overlving trophaoblast (on the outside); this is called the chorion (Fig. 4.88). The other
is the amnion which is constituted by amniogenic cells forming the wall of the amniotic
cavity (excluding the ectodermal floor). ‘These cells are derived from the trophoblast. We
have already seen that the amnion is covered by the parietal extra-embryonic mesoderm,
and that the connecting stalk is attached o it

The chorion and amnion play an important role in child birth (parturition) and we will
refer to them apain.

2 With the appearance of the extra-embryonic mesoderm, and later of the extracmbryonic
coelom. the volk sac becomes much smaller than before and is now called the secordary
Yyolk sae. This alteration in size is accompanied by a change in the nature ofthe lining -:ellqs_.j_
They are no longer flatened but become cubical (Fig. 4.8B). ]

= At this stage, the embryo proper is a circular dise composed of two layers of cells: the
upper laver (towards amniotic cavity ) is the epiblast, the cells ol which are columnar. while
thie lower faver (towards volk sac) is the hypoblast, made up of cubical cells. There is no
indication yvet of a head or il end of the embryonic dise (Fig. 4.9).

2 However wesoon seethat avone circularareanearthe margin ofthe disc, thec |.|_I:|i|_::|.l cellsol
the endoderm become columnar. This areais called the prm:.lmrdn:fpf_;rl'e_,:l:h-e nppra-ar'ance 5
al the prochordal plate determines the central axis of the embryo (i.e. cnables us to divide

itinto right and left halves), and also enables us 1o distinguish its future head and tail ends
(Fig. 4.10).

Head and
X
>, Endodermal
Ermbirenie cellg here become
A disc sten in A columnar
Suriaco wiow
| Contral aks
¥ i now apparent
Tail ana
Caolumnar ectodarm
i Hoad and Tail end
B B
i '_l_'
Cubizal gndoderm Prochardal plate
Fig. 4.9: Embryonic dise before appearance Fig. 4.10: Embryonic disc after
of & central axis. 'B'represents a section along establishment of a central axis. "B° represents

the axis XY shown in A" a section aleng the central axis.
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Prochordal plate A
K L
Primilive sireak
{Eciodermal cells Mesodermal celis spread
proliferate hene) :ﬁ;‘?ﬁ?:g‘;ﬁ
4 ) Rrimilive slreak
7 Eclodarm
=—Mesoderm
Endaderm
Fig. 4.11: Appearance of primitive streak. Fig. 4.12: Formaticn of intraembryonic
(B) Is-a section along axis XY shown in (A) mesoderm. (B) is a section along

axis KL in {A).

Soon after the formation of the prochordal plate, some of the epiblast cells lying along

the central axis, near the tail end of the disc, he-gm {15] pmhfcr"l.te nnd f:}rm an elevation

that bulges into the amniotic cavity. This elevation is c-.lllml. the pl'lmrfrve;{ir_e&“._

{Figs. 4.11A, B), The primitive streak is at first a rounded or oval swelling, but with

elongation of the embryonic disc it becomes a linear structure lying in the central axis of

the dise.

The cells that proliferate in the region of the primitive streak pass mde“.'ws, pushin!,

themselves between the epiblast and ]wpub]as[ (Fig. 4.12). 7

= These cells form the intra- em[:rj.rﬂﬂfc mesoderm (or secondary mesoderm).

= Some cells arising from the primitive sireak displace the hypoblast and form the layer
that is now known as endoderm. Thus both endoderm and mesoderm are derived
rm.m the epiblast. == = =
The lcmnlmnh s cells of the epiblast now form the ectodern.

2 Inthis way we now have a disc made up of three layers. These layers are the ectoderm
(outer), endoderm (inner) and mesoderm {middie).

o The process of formation of the primitive streak, of endoderm, and of the intra-

embryonic mesoderm fby the streak), is referred to as gastrulation. +
The intra- c::xhrynnlc mesoderm spreads I:hmughﬂul the disc except in the region of the
prochordal plate. Note that the mesoderm extends cranial to the prochordal plate, and
here mesoderm from the two sides becomes continuous across the midline (Fig. 4.13). In
the region of the prochordal plate, the ectoderm and endoderm remain in contact. Inlater
development, the ectoderm and endoderm mostly persist as a lining epithelium. On the
ather hand, the bulk of the tissues of the body is formed predominantly from mesaderm.
As there is no mesoderm in the prochordal plate, this region remains relatively thin, and
later forms the bucco-pharyngeal membrane.
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a The primitive streak
gradually  elongates,
along the central axis
of the embrvonic disc.
The disc also elongates
and becames pear-
shaped (Fig. 4.13).

a We have seen that
when the embryonic
disc is frst formed, it
is suspended (along
with amniotic cavity
and volk sac) from
the trophoblast by
the connecting stalk
(Figs. 4.8, 4.14)
begin with,

To

Prochordal plate

Developing nolachord

Intra-ambnyonc
masoderm

Primulrvie siraak —

Cloacal mamirang

Intra-embryonic
mgsndanm passin

Extra-embryonic
inlo connecting ;.I,a.IE / %

mescdanm in
connecting stalk

Fig. 4.13: Spread of intra-embryonic mesoderm. Mote that the

mesoderm comes 1o lie between ectoderm and endoderm in all parts

of the embryonic disc except at (1) the prochordal plate; (2) the cloacal
membrane, and {3} the region of the notochord.

thee connecting stalk is very broad compared to the size of the embryo. As
smbrvonic disc enlurges in size, and also elongates, the connecting stalk becomes
vely small, and its atachment becomes confined 1o the region of the tail end of the

eu.lrrg.m.h disc (Fig. 4.14). Some inmaembryonic mesoderm arising from the primitive

siTen

s

s hackw: md 5 |mo the connecting 5t.||||c U‘Jh& 4,13, 4.14). Asit dqe:. su, il: ]enw:s an__

Jerm doesnot aepamlethem,'l This region is, therefore, similar to the pmchmda!plﬂtﬁ.

and forms the cloacal membrane (Fig. 4.13).
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Fig. 4.14: Diagram showing the attachment of the connecting stalk to the caudal end of the embryonic
disc, Note the cells of the intra-embryonic mesoderm passing into the connecting stalk.
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CiLinicaL CORRELATION

Use of Stem Cells in the Treatment of Diseases

By mow readers must have realized that the cells of inner cell mass have the potential to differentiate
inta three different germ layers (ectoderm, endoderm and mesaderm). Allthe cells; tissues and organs
of the body are formed from these three layers. Because of this the celis of the inner cell mass are called
embryonic stem cells. These stem cells can be maintained and propagated in an undifferentiated state,
in culture, in laboratories. If these cells are exposed to certain specific growth factors, in culture, the
stemn cells can form various types of adult cells e.q. neurons, muscle cells, blood cells, and cartilage
cells, These cells are therefore said to be plevripotent. It has been observed that when these stem
cells are introduced into the living tissues of a persan, the local environment helps these stem cells
o differentiate Into cells similar to those of the tissue in which they are placed. This technique has
tremendous potential for reatment of varous diseases. Some of these are Parkinson's disease,
Alzheimer disease, diabetes, myocardial infarction, blood diseases, severe burns, osteoporosis, spinal
cord Injury, to name but a few,. However, in this procedure, the complication of immune rejection is
alweays present as the genetic constitution of stem cell is different from that of patient, To overcome
this problem sclentists are working on “therapeutic stem cell cloning® In this procedure the nucleus of
patient cell is introduced in the embryonic stem cell. These cells are then allowed to grow in any tissue
of the patient. As the tissues arising from the stem cells are mow genetically identical to those of the
patlent rejection is avoided,

Although the embryonic stem cells are most suitable for therapeutic purpeses, stem cells can also be
isolated from some adult tissues e.g., bone marrow, brain and skeletal muscle, However, adult stem cells
are difficult to culture inlaboratories and have less potential to differentiate in adult Gssues,

Az human embrycs are needed for stem cell research, some authorities object to it on ethical

grounds. The main objections are that it is against nature and it treats the embryo with disrespect.

' TIME TABLE OF EVENTS DESCRIBED IN THIS CHAPTER

Development of the embryo from ferilization up to the formation of the bilaminar disc is descrbed
as the pre-organcgenesis period as no organs are as yet recognizable. These events take
place in the firs! 14 days of pregnancy. Anomalies produced by teratogens acting during this
period wsually result in death of the embryo. These ancmalies are, therefore. seldom seen in
babies reaching full term.

Establishment of the primitive streak and formation of intra-embryonic mesoderm mark the onsel
of gastrulation. Gasirulation begins in the third week and most of it will ba considerad in the next
chapter. The third week marks the beginning of what is termed the embryonic period (3rd to Sth
weok). Most congenital anomalies are produced by teralogens acting during this period.

The time table of some events described in this chapter is as follows,

(Agein Days | Developmental Events

2 Embryo is al two cell stage:

3 porula is formed

4 Blastocyst is formed

8 Bilaminar disc is formed

14 Prochordal plate and primitive streak is seen

16 Intra-embryonic mesoderm is formed [ disc is now three layered.
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Further Development of
Embryonic Disc

HIGHLIGHTS

end of the primitive streak enlarges to form the primitive knot (Fig. 5.).
srimithve knot multiply and pass cranially to form a rod-like structure reaching up 1o the
. This is the nnTntﬁurdﬂFproress

il prescess undergoes changes that convert it first into a canal and then into a plate,
into a rod-like strocture. This 1s the notachord.

chord dizappears. Remnanis remain as the noclews pulposus of each intervertebral

derm overlying the notochord becomes thickened and forms the neural plate

ke thie brain and spinal cord develop.

a- "mi:-'_'r'a 1ie mesoderm shows three subdivisions (Fig. 5400 The mesoderm next to the middle

- colled the paraxiol mesoderm. [t undergoes segmentation to form somites. The mesoderm

In the lateral part of the embrycnic disc is called the lateral plate mesoderm. A cavity called the

infra- r;'m-‘.'lr].rnmc cealom appears in it and splits the mesederm Into a somatoplewric layer (in
tact with ectoderm) and a splanchnopleuric layer (in contact with endoderm) (Fig. 5.50). A

trip of mesoderm between the lateral plate mesoderm and the paraxial mesoderm is called the

m:errrremme mesaderm,

The intra-embryanic coelem later forms the pericardial, pleural and peritoneal cavities.

The embryonic disc, wiich 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 folds, the endodermiis

converied into a tube, the gut. It is divisible into foregur, midget and hindgut.

After formation of the head fold the gut is closed cranially by the prochordal plave, which is now

called the buccopharyngeal membrane. Caudally, the gut is closed by the cloacal membrane. The

umbilical cord develops from the connecting stalk. It contains the right and left umbilical arteries,

the left umbilical vein, and remnants of the vitello-intestinal duct and yolk sac. The ground substance

of the umbilical cord is made up of Wharton's jelly derived from mesoderm. The cord is covered by
ammnion.

The allantoie diverticulum 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 pericardial cavity is derived from part of the intra-embryonic coslom that lies cranial to the
prochondal plate (Fig. 5.11), The developing heart lies ventral to the cavity (Fig. 5.12). After formation
of the head fold the pericardial cavity lies ventral to the foregut: and the developing heart is dorsal
1o the pericardial cavity (Fig, 5.13).

The septum transversum 15 made of intra-embryonic mesoderm that lies cranial o the pericardial
cavity (Figs 5.11, 5.12). After formation of the head fold, it lies caudal to the pericardium and heart

1’Fig 5.13) The liver and Ihedlaphta:;mde-.-elnp in mLatu:.n 1o the septum transversum,
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FORMATION OF THE NOTOCHORD

The notochord is a midline structure that develops in the region lying between the cranial end

of the primitive streak and the caudal end of the prochordal plate (Figs 4.12, 5.1, 5.2). During its

development, the notochord passes through several stages that are as follows;

o The cranial end of the primitive streak becomes thickened. This thickened part of the
streak is called the primitive kaot, primitive node or Henson's node (Figs 5.1A, 5.2A).

o A depression appears in the centre of the primitive knot. This dt;iressiun is called the

Ilastopore (Figs 5.8, 5.28).

o Cells in the primitive knot multiply and pass cranially in the middle line, between the
ectoderm and endoderm, reaching up to the caudal margin of the prochordal plate. These
cells form a selid cord called the notochordal process or head process (Figs 5.1C, 5.2C, 5.3A).

K Proainonial plale

\\,. Frimitive knol
o f.-.

+——il— Primalive streak

Cloacal membrang

Blasicpone
[depression
over
Primalive Knot)

Motochordal
PIOCBES

C

Fig. 5.1: Formation of primitive knot (A},
blastopore (B) and notochordal process (C). Note
that the notochordal process is deep to ectoderm
and that its position is shown diagrammatically.
Between the cranial end of the notochordal process
and the prochordal plate there s a collection of
cells lying next to endoderm, This collection of
cells is the prechaordal plate (not drawn)

Prechordal  Pomabve  Primitive

plake ket slraak
i | |
A - - I :
Cloacal membrane
Blastopore

B

@

D

Fig. 5.2: Sections through the embryonic disc
along the axis KL shown in Fig. 5.14 to ilustrate the
formation of the primitive knot (&), blastopore (B),

natochordal process (C) and notochordal canal (D).

stages A, B and C correspond to those of Fig. 5.1,
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The cells of this process A D
undergo several stages. of .
rearrangement  (Figs 5.1, | (R TTTH SLNRARRRRARRRTRARERE]

of a solid rod called the
natochord. Piolochiardal plocess
\
As the embryo enlarges, |'"@embronc
the notochord elongales
considerably and lies in the B E
midline. in the position o be
later cocupied by the vertebral
column. However, the notochord
does not give rise 1o the vertebral
column. Most of it disappears,
tut parts of iy persistin the region

5.2} ending in the formation . $ 2 q-;;g;ccf-‘lgm
f- :LTI‘.".:'.-R'{" LI LLTEL)

E
ol each intervertebral disc as the a
: 18ER A
mu‘h.‘m. ]‘ﬂl!pﬂs_ru. =
Some details of the process Exrrrtieed ornoo croomer Frerreren
f lormation of the nowchord
are as follows: G
a aAfter the formation of the R T
blastopore, its caviny extends il
intothe notochordal process, e T B

and converts it into a tube

called _lihr_- m;-_:g::hordni Fig. 5.3: Transverse sections through the embryonic disc (along
canal [ Figs 520 5.38). the axis XY shown in Fig. 5.1C) to illustrate stages in the formation
3 The ceils forming the floor of the notochord.

of the notochordal canal

Cralemitove nolochord

become intercalated in (f.e. become mixed up with) the cells of the endoderm (Fig. 5.3C).
The cells lorming the floor of the notochordal canal now separate the canal from the cavity
of the volk sac.

‘The flaor of the notochordal canal begins to break down. At first, there are small openings
formed in i, bt gradually the whole canal comes 1o communicate with the yolk sac
(Fig-5.30}. The notoechordal canal also communicates with the amniotic cavity through the

blastopare. Thus, at this stage, the amniotic cavity :md the yolk sac are in m:nmummtmn
with each other,

Gradually the walls of the canal become Nattened so that instead of a rounded cmml we.
have a flat plate of cells called the notochordal plate (Fig. 5.3E),

However, this process of flattening is svon reversed and the notechordal plate again
becomes curved, 1o assume the shape of a tube (Figs 5.3F G). Pmllf-eratmn of cells of
this twbe converts it inte a solid rod of cells. This rod is the definitive (e, I‘nnlly I'urmcd']l
natachord. 1t gets completely separated from the endoderm. T

]



Chapter 5 — Further Davelopment of Ermbryonic Disc
‘The notochord is present in all animals that belong to the phylum Chordata. In some af

them, e.g. Amphioxus, it persists into adultlife and forms the central axis of the body. In others,
including man, it appears in the embryo but only small remnants of it remain in the adulr.

FORMATION OF THE NEURAL TUBE

The details of the formation of the neural tube will be studied later. For the time being. it may

be noted that:

g Thenewral tube gives rise to the brain and the spinal cord.

a2 The neural tube is formed om the ectoderm overlyving the notochord and, therefore,
extends from the prochordal plate to the primitive knot (Fig. 5.4C).

2 ‘The neural tube is soon divisible inte: (a) a cranial enlarged part that forms the brain, and
(b} a caudal mbular part that forms the spinal cord.

g In early embryos, the developing brain forms a large conspicuous mass, on the dorsal
aspect, The process of formation of the neural tebe is referred 1o as newrulation,

Prochorcksl plate
Lataral plaie / [
miasoderm = ! ";{:Eéirm Meural plate
- £ -~ -
b 4
A P AN C
I|l I
x i Y M
-
i
Intarmadiale Nodochord
masoderm ™
Primifive slroak Cloacal
membrana
Paraxial mesodemm Maural plate
Extra-embeyonic
Ectoderm Latl. plale mesoderm Lal plate mescdarm l mmrm
| A
B BN ¢ S
HERTEEATE.] R N TR E N LR S =
Somile Intammediale mesodenm
Endodarnm Inbrrmediabe No
tochond
Molochord  mupSodenm

Fig. 5.4: Subdivisions of intra-embryonic mescderm. B and ‘0¥ are transverse sections across axes Xy
{in A} and MN (in C} respectively. Note that the notochord and mesodenm are deep to the ectoderm.
Their position is shown diagrammatically.
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SUBDIVISIONS OF INTRA-EMBRYONIC MESODERM

We have seen that the imtra-embryonic mesoderm is formed by proliferation of cells in the
primitive streak and that it separates the ectoderm and the endoderm, except in the following
regions: {a) prochordal plate (B) cloacal membrane, and (c) in the midline candal to the
prochordal plate, as this place is occupied by the notochord.

Cranial 1o the prochordal plate, the mesoderm of the two sides meets in the midling
(Fig. 4.12). At the edges of the embryonic disc, the intra-embryonic mesoderm is continuous
with the extra-embryonic mesoderm {Fig. 540). The intra-embryonic mesoderm now
becomes subdivided into three parts (Fig. 5.4);

A. The mesoderm, on either side of the notochord, becomes thick and is called |h¢pnrﬂ.ﬂﬂf
mesacdermm,

B. More laterally, the mesoderm forms a thinner layer called the lateral plate mesoderm.

C. Beoween these two, there (5 a longitudinal strip called the intermediate mesodern.

Some Details about the Paraxial Mesoderm

2 Al first, the cells of the paraxial mesoderm are homogenously ar ranged. Later, the
mesodenn gers segmented.

< Ihe segments are of two categories, somitomeres and somites:

o Semitemereslie inthe region of the head. They are rounded structures. There are seven of
them. They fonm the bones and muscles of the head and jaw.

- Sontites are cubical and more distincily segmented. The most cranial somites are formed
in the occipital region. New somites are progressively formed caudal to them. Ultimately
there are about 44 pairs of somites (4 occipital, 8 cervical, 12 thoracic, 5 lumbar, 5 sacral
and 8 1o 10 coccygeal ).

2 Occipital somites form muscles of the tongue. Somites form the axial skelewon, skeletal
muscle and part of skin. The fate of somites is described in Chapter 7.

FORMATION OF THE INTRA-EMBRYONIC COELOM

While the paraxial mesoderm is undergoing segmentation, to form the somites, changes are
also cecurring in the lateral plate mesodern. Small cavities appear in it. These coalesce (come
together) 1o form one large cavity, called the infra-embryonic coelom. The cavity has the
shape of a horseshoe (Figs 5.5A, C). There are two halves of the cavity (one on either side of the
midline] which are joined together cranial 1o the prochordal plate. At first, this is a closed cavity
(Fig. 5.5A) but soon it comes to communicate with the extra-embryanic coelom (Fig. 5.5C). With
the fonmation of the intra-embryvonic coelom, the lateral plate mesoderm splits into:
1. Samatoplenric or prarietal, intra-embryonic mesoderm that is in contact with ectoderm.
2. Splanchueplevric, or visceral, intra-embryonic mesodernm that s in contact with
endoderm (Figs 5.5B, D).
The intra-embryonic coelom gives rise 1o pericardial, pleural, and peritoneal cavities. Their
development will be considered later, For the time being, note that the pericardium is formed
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Fig. 5.5: Intra-embryonic coelom. (B) and (D) are sections across axes XY in (A) and () respectively.
[E} shows the refationship between the intra-embryonic and the extra-embryonic coeloms,

from that part of the intra-embryonic coelom that lies, in the midline, eranial 1o the prochordal
plate. The heart is lormed in the splanchnopleuric mesoderm forming the floor of this partofthe
coelom (Fig. 5.6). This is, therefore, called the cardiogenic area (also called cardiogenic plate,

heart-forming plate). Cranial 1o
the cardiogenic area (i.e. at the
cranial edge of the embryonic
disc) the somatopleuric and
splanchnopleuric mesoderm
are continuous with each other.
The mesoderm here does not
et split, as the intra-embryonic
coelom has not extended into
it. This unsplit mesoderm forms
a structure called the sepfrum
transverswm (Fig. 5.6).

: Somatoplagric
AMNIOLIC Cavity intra-embryonic
Ectogenn Prochordal disc | mesodanm
Intra-embryonic
coatonm

Fustura septum

-ﬁ& transversum
Splanchnoplounc

I intra-amboponic
Yolk sac MESodEmm

Fig. 5.6: Midline secticn through cranial end of the embryanic
disc to shaw the relationship of the pericardial cavity to
other structures.
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YOLK SAC AND FOLDING OF EMERYO

The early history of the yolk sae has been traced in Chapter 4 (Figs 4.6, 4.7). We have seen
that the primary yolk sac is bounded above by cubical endoderm of the embryonic disc and
elsewhere by Nanened cells lining the inside of the blastocystic cavity. With the formation of
the extra-embryonic mesoderm, and later the extra-embryonic coelom, the yolk sac becomes
much smaller; it comes o be lined all round by cubical cells; and ivis then called the secondary
yolk sacThe changes that now take place will be best understood by a careful study of Fig. 5.7,
Note the following:

a

-

64

There is progressive increase in the size of the embryonic disc.

The head and 1ail ends of the disc (X, Y), however, remain relatively close together. Hence,
the increased length of the dise causes it 1o bulge upwards into the amniotic cavity.

With furither enlargement, the embryoenie dise becomes [olded on itself, at the head and
tail ends. These are called the head and tail foleds.

With the formation of the head and tail folds, parts of the yolk sac become enclosed within
the embryvo. 1 this way, & fwbe lined by endoderm is formed in the embryo. This is the
primitive gut, from which most of the gastrointestinal tract is derived. At first, the gut isin

d the foregut, the pant caudal 1o the communication is called the hindgus; while
vening part is called the reddgnt (Fig. 5.7E). The communication with the yalk sac
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Fig. 5.7: Formation of head and 1ail folds and establishment of the gut,
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becomes progressively narrower. As a result of these changes, the yolk sac becomes small and
inconspicuous, and is now wermed the definitive yolk sac (also called the rmbilical vesicle).
The narrow channel connecting it to the gut is called the vitello-intestinal duct (also called
vitelline duct; yolk stalk or omphalomesenteric duct). This duct becomes elongated and
eventually disappears.

2 As the head and tail folds are forming, similar folds are also formed on each side. These
are the lateral folds. As aresult, the embryo comes to be enclosed all around by ectoderm
except in the region through which the vitello-intestinal duct passes. Here, there is a
circular apermire which may now be called the wmbilical opening.

3 As the embryvonic disc folds on itsell, the amniotic cavity expands greatly, and comes to
surround the embryo on all sides. In this way, the embryvoe now floats in the amniotic Auid,
which fills the cavity,

CONMECTING STALK

While discussing the formation of the extra-embryonic coelom, we have seen that with the
formation of this cavity, the embryo (along with the amniotic cavity and yolk sac) remains
attached 1o the trophoblast only by extra-embryvonic mesoderm into which the coelom does
not extend (Figs 5.8A, C). This extra-embryonic mesoderm forms the connecting stalk. We
shall see later that the trophoblast, and the tissues of the uterus, together form an important
argan, the placenta, which provides the growing embryo with nutrition and with oxygen. It also
removes waste products from the embryo. The importance of the connecting stalk is obvious
when we see that this is the only connecting link berween the embryo and the placenta.

Asthe embryo grows, the area ofattachment of the connecting stalk teit becomes relatively
smaller. Gradually this attachment is seen only near the caudal end of the embryonic disc
| Figs 5.80, E}. With the formation of the tail fold, the attachment of the connecting stalk moves
{with the tail end of the embryvonic disc) to the ventral aspect of the embryo. It is now attached
in the region of the umbilical opening (Fig. 5.8E).

By now, blood vessels have developed in the embryo, and also in the placenta. These sets
of blood vessels are in communication by means of arteries and veins passing through the
connecting stalk, At fi rst, there are two arteries and two veins in the connecting stalk, but later
the right vein disappears (the left vein is ‘left’).

It is clear from Fig. 5.8F that. at this stage, the amnion has a circular atachment o the
margins of the umbilical opening and forms a wide tube in which the following lie:

g Vitello-intestinal duct and remnants of the yolk sac.

g Mesoderm (exira-embryonic) of the connecting stalk. This mesoderm gets converted into
a gelatinous substance called Wharton's jelly. Tt protects blood vessels in the umbilical
cord,

o Blood vessels that pass from the embryo to placenta.

o  Asmall part of the extra-embryonic coelom.
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This tube of amnion, and the structures
within it, constitute the wmbilical cored
(Fig, 5.4). This cord progressively increases
in length to allow free movement of the
embryo within the amniotic cavity. At the
time of hirth of the child (i.e, at full term),
the umbilical cord is about hall a metre
long. and about 2 cm in diameter. It shows

Amnion

Umbilical wein

Remnants of
witgloeinbestinal dust

Remnanis of alaniois

: - - Lkmbilical
marked torsion, which is probably due to A B
letal movements. An umbilical cord that ) "

is either too short or too long can cause Fig. 5.9: Section through umbilical'cord,

problems during delivery of the fetus.

ALLANTOIC DIVERTICULUM

Before the formation of the tail fold, a small endodermal diverticulum called the
allantoic diverficelum arises from the yolk sac near the caudal end of the embryonic
disc (Fig. 5.10A). This divermticulum grows into the mesoderm of the connecting stalk.
After the formation of the tail fold, part of this diverticulum is absorbed into the
hindgut. It now passes from the ventral side of the hindgut inte the connecting stalk
[Fig. 5.10B). We will refer to it again while considering the development of the urinary bladder.

Alanioss diverticulum Hindgut
Amniolic L8 --...“.
cavity I \ Amnictic cavity
| S,
L~ _\__.__.-_,
Yolk sac _
b g L
Exlranfﬂbrrun!c/ N
colom Mesodermol 0 I |
A connecting stalk I N B

Fig. 5.10: Allanteic diverticulum, and its relationship to the connecting stalk,

EFFECT OF HEAD AND TAIL FOLDS
ON POSITIONS OF OTHER STRUCTURES

Just before the formation of the head and tail folds, the structures in the embryonic disc are
oriented, as shown in Fig. 5.11. A median (midline) section across the disc, at this stage, is
shown in Fig. 5.12. From the cranial to the caudal side, the structures seen in the midline are

1. the septum transversum,

2. the developing pericardial cavity and the heart,

3. the prochordal plate,
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4. the neural plate,
5. the primitive streak, and
6. the cloacal membrane.

Mote that the primitive sireak is
now inconspicucus. After folding,
the relatve positions of these
structures change to that shown in
Figs 5.13 and 5.14. The important
paints to note here are as follows:

2 With the formation of the head
fold, the developing pericardial
cavity .comes to. lie on the
ventral side of the embrvo,
ventral to'the foregur. The heart,
which was developing In the
gplanchnopleuric - mesoderm
in the floor of the pericardial

;-.
Fulure Sepbum 1ransm&um |

Fulure Pericardial cavity |
Prechordal plate i

Neural plate
IPm'nini‘l af |
niragmbryonic
coalom

-

Soamite

Frimitive sireak

“—L Gloacal membrane

cavity [Fig. 5.12), now lies in the
roof of the cavity (Fig. 5.13). The
pericardium  enlarges rapidly,

Fig. 5.11: Embryonic disc showing the neural plate and
related structures.

endd forms a conspicuous bulging on the ventral side of the embryo (Fig. 5.14).

Ihe seprum ransversum, which was the most cranial structure in the embryenic disc

{Fig. 5.11), now lies caudal 1o the heart (Fig- 5.13). At a later stage in development, the
diaphragm and liver develop in relation 1o the sepium transversum.

Amnioticcanty
Neural plate

Prochordal plata
Sepium
transversum

Pericardal
=

Heart tube

Molochord

| Primitivir streak

Cloacal

membrane

Fig. 5.12: Embryonic disc and related structures just before the formation of the head and tall folds,
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Fig. 5.13: Formation of head and 1ail folds. Also see Fig, 5,14,

The region of the prochordal plate now lorms the buccopharyngeal or oral membrane,
which closes the foregut cranially, When this membrane breaks down, the [oregut
communicates with the exterior.

The most cranial struciure ol the embryo is now the enlarged cranial partof the neural tube,
which later forms the brain (Fig: 5.13). This enlarges enormously (Fig, 5.14). There are now
two hig bulgings on the ventral aspect of the embryo. Cranially, there is the developing
brain, and a little below it there is the bulging perieardium (Fig. 5.14). In between these
twa, there is a depression called the stomatadaenm or stomadaeum, the floor of which is
formed by the buccopharyngeal membrane.

Amniclic cavity
E K e Nelochord
Bucco- | <
pharyngeal ——= -—f Primitive
FrEmGaAne \\ sireak
Heart tube /
I pericardial
e Ciloacal membrane
Seplum trafEversum Allanioic diverticulum

Fig. 5.14: Later stage in the formation of the head and tail folds, Mote the changing relationships of
septum transversum, pericardium, buccopharyngeal membrane, cloacal membrane and allantois.
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2 Towards the tail end of the embryo, the primitive streak is now an inconspicuous structure,
that gradually disappears. The distal end of the hindgutis closed by the cloacal membrane.
At first, this is directed caudally (Fig, 5.13), but later it comes to face ventrally (Fig. 5.14).
We have traced the development of the embryo to a stage when the rudiments of the

nervous system, the heart and the gut have been formed. We are now in a position to trace the

development of individual organ svstems in detail. Before we do this, however, we must study
the development of the placenta.

Some Additional Points of Interest

a3 In later life, remmants of the primitive streak may give rise to peculiar tumours that h
contain tssues derived from all three germ lavers. These tumours are seen in the sacral
region and are called sacrococeygeal tumours.

o Experimenis have shown that the formation of the neural tube is induced by the
notachond.

2 Somitomeres are nol confined 1o the region of somites. In the head region, eranial to
somites; somitomeres give origin to some mesenchyme,

o Wharton's jelly s rich in proteoglvcans.

TIMETABLE OF EVENTS DESCRIBED IN THIS CHAPTER

15 Primilive sireak appears. Definiive yolk sac is !-urme;.

1T Motochordal process appears. Hear Wwhe is seen in cardiagenic area.
Allantoic diverticulum is seen.

18 Intra-embryonic mesoderm i being formed.
Cennecling stalk can be distingulshed,

21 HMeural groove is seen. Head fold beging to form.

23 Closure of the neural lube is sean,
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The Placenta
Fetal Membranes
Twinning

IGHLIGHTS =

A develaping embryo gets attached 1o 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 interstitial implantation,

After implantation the endometrium is called the decidua.

The placentais formed partly from embryonic structures and partly from the decidua. Itis responsible
for transport of nutrients and oxygen to the fetus, and for removal of waste products,

The essential elements of the placenta are chorionic villi, The villi are surreunded by maternal blaod,
Fetal blood circulates through capillaries in villi.

The maternal blood and the fetal blood are separated by a very thin placental membrane (or barrier).
All substances passing from mother 1o fetus (and vice versa) traverse this membrane,

The fetal rissue that takes partin forming the placenta is cherfom, It consists of trophoblast (one layer
of cells) resting an extra-embryonic mesaderm,

Proliferation of cells of the wrophoblast leads to formation of two layers: cytotrophoblast, which
is cellular and syncytiotrophoblast, which is a syncytium (cytoplasm with nuclei, but no cell
boundaries).

The first-formed villi are called primary villi. They consist of a central core of cytotrophobiast covered
by syncytiotrophoblast.

Secondary villi have three lavers, From inside out these are extra-embryonic mesoderm,
cytotrophoblast and syncytiotrophoblast,

In tertiary villi, blood capillaries are formed in the extra-embryonic mesederm.

Villi are surrcunded 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 tothe upper part of the body of the uterus, A placenta attached
lawer down is called placenta praevia. it can cause problems during child birth,

The embryo is surrounded by three large cavities. These are the amniotic cavity, the extra-embryonic
coelom, and the uterine cavity, Enlargement of the amniotic cavity obliterates the extra-embryonic
coelom, leading to fusion of amnion and chorion. Further enlargement of amniotic cavity obliterates
the uterine cavity. Fused amnion and charion (called membranes) bulge Into the cervical canal
{during child birth) and help to dilate it.
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FORMATION OF PLACENTA

IMPLANTATION

After the ovum is shed fromthe ovary, it ravels through
the uterine tube towards the uterus. I fertilization
occurs, segmentation of the ovum begins. By the fime
the fertilized 'ovum’ reaches the uterus, it has already
become a morula. The morula is still surrounded by
the zona pellucida, which prevemis It from ‘sticking’

o the wall of the uterine tube. The cells lining the
surface of the morula, constiite the traphoblast. The
trophoblast has the property of amaching itzelf 1o, and

Fig. 6.1: Relationship of blastocyst to

uterine endometrium.

invading, any tissue it comes in contact with. Once the zona pellucida disappears, the cells
of the trophobiast stick to the uierine endometrium. This is called fmplantation (Fig. G.1). In
humans, implantation begins on the Gth day afier fertilization. The trophoblast of the human

L

higstocyst invades the endometrium of the uterus: The blastocyst burrows deeperand deeper
into the uterine mucosa till the whole of it comes tolie within the thickness of the endometrinm

[ Fig. 6.2). This s called inferstitial implantation (Fig. 6.3).

The process of implantation is aided by prowealytic enzymes produced by the tropho-
blasi The utering mucosa also aids the process. The trophoblastic cells that are
situated over the inner cell mass, start penetrating the epithelium of the endometrium:

_ Trephoblast
_ Uiering
epithelium
A
Shiema
[Decidha)
LUtering
epithelsum
relarmed
S Fibrin deposil
y, Cytirophoblazt
c St =
ynoiotrophobivst -

Fig. 6.2: Stages inimplantation of blastocyst.
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Myometrium

Decadun basalis
Chorion

Decidea capsularnis

; J_f Dwrcidua parietahs

— UHaring cavily

Fig. 6.3: Manner of implanation of & fetus in the human uterus, This type of implantation is described as
interstitial. Various other types of implantation are seen in other mammals.

Implantation results due 1o the mutual interaction between trophoblastic cells and endo-
meetrium. This interaction is mediated by receptors present on uterine epithelium and by
the secretion of L-sefectin and infegrins by trophoblastic cells.

DECIDUA

After the implantation of the embryo, the uterine endometrium is called the decidua. When
the morula reaches the uterus, the endometrium is in the secretory phase. After implantation,
the features of the endometrium, which are seen during the secretory phase of the menstrual
cycle, are maintained and intensified. The swromal cells enlarge, become vacuolated, and
store glycogen and lipids. This change in the stromal cells is called the decidual reaction.
The portion of the decidua where the placenta is to be formed (i.e. deep o the developing
blastocyst) is called the decldua
bosalis (Fig. 6.4). The part of
the decidua that separates the
embryo from the uterine lumen
iz called the decidua capsularis,
while the part lining the rest of the
uterine eavity is called the decidun
parictalis. The decidua basalis
consisis predominantly of large
decidual cells that contain large
amounts of lipids and glycogen
(that presumably provide a source
of nutrition for the embryo). The

Dacidua
parietalis

Extraembiryonic
coatom

Utarine lumen
Myometrium

decidua basalis is also referred to

asthe decidual plate, and is firmly Fig. 6.4: Subdivisions of decidua.
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united to the chorion. At the end of pregnancy. the decidua is shed off, along with the placenta
and membranes. It is this shedding off which gives the decidua its name {¢.f. deciduous trees).

FORMATION OF CHORIONIC VILLI

The essential functional elements of | | =% v F F

. e
the placenta are very small finger- [ - . .

. .

like processes or villi. These villi are . .

[ ! Villus
suffounded by maternal blood, In [= \ . =
the substance of the villi, there are | el Capillary carrying
capiilaries through which fetal blood \ . ftal biocd
circulates. Exchanges between the \ SR~ 'I'“'Bft;?"m apaca

R imiry
maternal and feal circulations ke . E-:‘Mmm?:lmd
place through the tssues. lorming s A
the walls of the willi (Fig. 55). The = T Blood vessels in
el ——— = e

villl are formed as offshoots from — e —— mesodant
the s of the wophoblast

Fig. 6.5: Scheme 1o show that fetal blood circulating
through capillaries of villi is in close relation to matarnal
underlving  extra-embrvonic blood in the intervillous space,

e, constitutes the chorlon,

As. the trophoblast, along with

.
=

the ii mrising from it, are called ‘ S e
chorianic villi. "_\

The chorionic «illi are: first A Charionie il
formed all ever the wophoblast and A \

grow into the surrounding decidua
(Fig. 6.6A). The villi related (o the
decidua capsularis are transitory.
After some time. they degenerate.
‘This part of the chorion becomes
smooth and is called the chorion
laerae. In conrrast, the villl that -~ Chorion rondosum
grow into the decidua hasalis
undergo considerable development.
Along with the tissues of the decidua
basalis, thesevilli form a disc-shaped
mass which is called the placenta
(Fig. 6.6B). The part of the chorion
thar helps w form the placenia is
called the chorion fromdosum.
The essential features of the for-
ﬁf:?;;ﬂ;ﬁn;f xj:l;:;zjif::::‘:: Fig_,ﬁ.ﬁr: Two stages in -he_rnrma:i:m of charienic villi. Note
2 I*  their refationship to the decidua. In (B} note that the villi gver
of a single layer of cells (Fig. 6.7A). the decidua capsularis have disappeared,

J Docidua capsularis

" LHering lumean




Chaptar 6 — The Placenta, Fetal Membraries, Twinning

1 — Dacidua

A AN o i Errtae ] —Trophoblast
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Fl'g. 6.7: Early stages in formation of chononic villi; (A) Cytotrophobilast in contact with decidua;
(B} Syncytiotrophoblast formed:; (C) Lacunae appear in syncytiotrophoblast: (D) The lacunae enlarge.

As these cells multiply, two distinet layers are formed (Fig. 5.7B). The cells that are nearest to the
decidua (i.e. the most superficial cells) lose their cell boundaries. Thus, one continuous sheet
of eytoplasm containing many nuclel is formed. Such a tissue is called a syneytium. Hence,
this layer of the trophoblast is called the syneytiotrophoblast or plasmodiotraplhoblast. Deep
to the syneytium, the cells of the rophoblast retain their cell walls and form the second layer
called the cytotrophobiast (also called Langhan’s layer). The cytotrophoblast resis on extra-
embryvonic mesoderm. All these elements (syneytium, cytotrophoblast and mesoderm) take
part in forming chorionic villi.
The following three stages in formation of chorionic villi are seen:
1. Primary willi consist of a central core of cytowophoblast covered by a layer of
syncytiotrophoblast. Adjoining villi are separated by an intervillous space.
2, Secondary villi show three layers: outer syneytiotrophoblast, an intermediate layer of
cytotrophoblast, and an inner layer af extra-embryonic mesoderm.
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Fig. 6.8: Formatlon of chorionic villi. The trabeculae are now regularly arranged.
1B b5 @ transverse section across (A) in the plane XY,

3. Tertiary pilli are like secondary villi except that there are blood capillaries in the
mesoderm.

Details of the process of villus formation are as follows:

2 The synevtlomophoblast grows rapidly and becomes thick. Small cavities [called
lacunael} appear in this layer (Fig. 6.7C). Gradually, the lacunae increase in size. AU
firsy they are irregularly arranged (Fig. 6:7D), but gradually, they come to lie radially
{Figs 6.8A, 5.9) around the blastocyst. The lacunae are separated from ene another by
partitionsofsyncyiium, which arecalled rrabecuiae. The lacunae gradually communicate:

with each other, so thal eveniually one large space is formed. Each trabeculus is now
surrounded all around by this lacunar space (Fig. 6.88),

Syncyliolraphoblast
T conlainéng radially
arrandgid iraleculpe

Dugidua capsularks

76 Fig. 6.9: Figure showing radial arrangement of trabeculae and lacunae arcund the blastocyst,
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sEen in A loim ong
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filled with maternal blood

Fig. 6.10: Uterine blood vessels in the decidua open into the lacunar space and fill it
with maternal blood. (B] is a transverse section through trabeculae.
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Fig. 5.11: Cells of cytotrophablast grow into the syncytiotraphoblast of each trabeculus.
The trabeculae are now called primary villi.
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Fig. 6.12: Extra-embrycnic

Cintroohoblast missoderm grows into the

e e . cytotrophoblastic core of each
Exlraembieyonic primary villis, converting itinto a
masadem

secondary villus.

4 The syncyiowrophoblast (in which these changes are occurring) grows into the

endometrivm. As the endometrium is eroded, some of its blood vessels are opened up,
and blood from them fills the lacunar space {Fig. 6.10).
Each irabeculus is, initially, made up eniirely of syncytiotrophoblast (Fig. 6.10). Now the
cells of the cviotrophoblast begin to multiply and grow into each trabeculus (Fig. 6.11A).
The trabeculus thus comes o have a central core of cytotrophoblast covered by an outer
laver of syncytium. It is surrounded by maternal blood, filling the lacunar space. The
trabeculus is now called a primary villus (Fig. 6.11) and the lacunar space is now called
the imtervillous space.
Extra-embryonic mesoderm invades the centre of each primary villus {Fig. 6.12A).
The villus now has a core of mesoderm (Fig. 6.12B) covered by cytotrophoblast and by
syneytium. This structure is called a secondary villus.
Soon thereafter, blood vessels can be seen in the mesoderm forming the core of each
villus. With their appearance, the villus is fully formed and is called a tertiary villus
(Fig. 5.13). The blood vessels of the villus establish connections with the circulatory
system of the embryo. Fetal blood now cireulates through the villi, while maternal blood
circulates through the intervillous space,
From Figs 6.11A, 6.12A and 6.134, it will be seen that the cytotrophoblast, that grows

into the rabeculus (or villus) does no penetrate the entire thickness of syncytium and,
therefore, does not come in contact with the decidua,
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Fig. 6.13: Blood capillaries invade the extra-embryonic mesaderm of sach secondary villus
thus converting itinte a tertiary villus.
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Fig. 6.14: Formation of cytotrophoblastic shell. Note that after formation of this shell g
syncytiotrophoblast Is no lenger in contact with maternal tissyes,
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Fig. 8.15: Arrangement of anchoring
willi, and of intervillous spaces within
the placenta. Note the subdivisions of
each anchoring villus.

ster stage, however, the cytotrophoblast emerges through the syncytium of each
& cells of the cvintrophoblast now spread out 1o form a layer that completely
e syneyiium from the decidua. This layer of cells is called the cytotrophoblastic

shell [Fig, 6.14). The cells of this shell multiply rapidly and the placentaincreases in size.

The villi that are first formed (as described above) are atached on the fetal side (Fig. 6.15)
to the embryvonic mesoderm and on the maternal side to the cyiotrophoblastic shell. They are,
therefore, called anchoring villi. Each anchoring villus consists of a stem (fruncus chorii);
this divides into a number of branches (rami chorii) which in tum divide into finer branches
| ramudi chorii). The ramuli are attached to the cvtotrophoblastic shell, The anchoring villi give
off numerous branches that grow into the intervillous space as free villi (Fig. 6.16). New villi

Anchonng or
stpm vilus

Intarnilbous
SpaEcg

- __T\' N
=

i

BO Fig. 8.16: Free villi arising from an anchaoring villus

also sprout from the chorionic side
of the intervillous space. Ultimately,
almost  the whole  intervillous
space becomes filled with villi. As
a result, the surface area available
for exchanges between maternal
and feral circulations becomes
ENormous.

These, newly formed, villi ax first
consistonlyofsynovtiotrophoblase,
They are subsequently invaded by
c:,.'l.mm];lmhtﬂﬂ. mesoderm, and
blood vessels, and pass through
the stages of primary, secondary
and tertiary wvilli, as described
above.
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Flg. 8.17: Structure of a fully formed placenta. Each lobe (labelled cotyledon) contains a number of
anchering villl, but enly one is shown here for the sake of simplicity.

FURTHER DEVELOPMENT OF THE PLACENTA

e placenta now becomes subdivided into a number of lobes, by septa that grow into the
intervillous space from the maternal side (Fig. 6.17). Each such lobe of the placenta is often
called a meaternal cotyledon. If the placenta is viewed from the maternal side, the bases of
ihe septa are seen as grooves {Fig. 6.18) while the cotyledons appear as convex areas bounded
Iy the grooves. The nomber of lobes generally varies between 15 and 20, Each lobe contains
a number of anchoring villi and their
branches. One such villus and its
branches constitute a fetal cotyledon.
Ihe fully formed placenta has 60-100
such fetal cotvledons. The placenta
now forms a compact mass and is disc-
shaped (Figs 6.17, G.18).

At full rerm (9 months after onset
of pregnancy), the placenta has a
diameter of 6 to 8 inches and weighs
about 5000@. After the birth of the child,
the placenta is shed off along with the
decidua. The maternal surface (formed
by the decidual plate) is rough and is
subdivided into cotyledons, The fetal
surface (chorionic plae) is lined by

amnion. It is smooth and is not divided

into cotyledons. The umbilical cord is Fig. 6.18: Placenta, after shadding,

2 fi h
attached o this surlace. vievaed from the maternal aspect,
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PLACENTAL MEMERANE

In the placenta, matemal blood
circulates through the intervillous
space and fetal blood circulates
through blood vessels in the villi.
The maternal and fetal blood do A
not mix with each other. They are
separated by a membrane, made up
of the lavers of the wall of the villus
(Fig. 6.194). These (from the fetal
side)are as follows:
1. the endothelivm 'of fetal blood
vessels, and Its basement mem-
brane

2. surrounding m

psoderm (conn-

ective tssue),

3. cyiotrophoblast, and (15 base- i
ment membrane,

4. syncytiorophoblast l

e LAYERS OF ]
"""« PLACENTAL BARRIER

— = in arly pregnancy

| e o) B | g = Syncylicirophoblast
- Cytotrophablast
[ Mesoderm
| I_-] l " Endothelium of
| B S | | 5 |
i, s || fetal blood vesaal
- « = — Malesnal blood
T * i later pregnancy’
D=t \ | ——— Syncyliotrophoblast
r‘] —— Endothelium of
L= , fetal blood vessel
| [~
| ?H“ Fetal blood
i _"f:_."J g

These struciires constitute the
placental membrane or barrier.
All imerchanges of corgen, nutrition

Fig. 5.19: Diagrams of placental barrier: (A) in early part.of

pregnancy, and (B) in later part.

andwaste products take place through this membrane.

The total area of this membrane varies from 4 to 14 square meires, It is interesting o note

that this is equal to the total absorptive arca of the adult intestinal tract. As in the gut, the
efiective absorptive area is greatly increased by the presence of numerous microvilli on the
surface of the syncyvtiotrophoblast.

In the later pant of pregnancy, the efficiency of the membrane is increased, by
disappearance of the cvtotrophoblastic laver from most willi, and by considerable thinning
of the connective tissue (Fig 6.198). This membrane, which is at first 0.025 mm thick; is
reduced to 0,002 mm. However, towards the end of pregnancy, a fibrinoid deposit appears
on the membrane, and this reduces its efficiency.

Functions of Placenta

2 The placenta enables the transport of oxygen, water, electrolytes and nutrition (in the form
of carbohydrates, lipids, polypeptides, amino acids and vitamins) from maternal 1o fetal
blood. A full term fews takes up about 25 ml of oxygen per minute from maternal blood,
Even a short interruption of oxygen supply is fatal for the fets.

It alsa provides for excretion of carbon dioxide, urea and other waste products produced
by the fetus into the maternal blood.
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a Maternal antibodies (Ig(, Docidival plala
gammaglabulins or Immuno-
globuling) reaching the fetus
through the placenia give the
fetus immunity against some Matgrmal __ .
infections (e diphtheria | 2552
and measles),

0 The placenita g&cts as a SOPAUM ——
barrier and prevents many
bacteria and other harmiul
substances from |'euc"|ti|1}=,1i1|:r

fetus. However, most viruses Chorionic

[including paliomyelitis, pilate -

measles and  rubella) and =

some bacteria can pass across Umnibsilical cacel

it. Drugs taken by the mother Fig. 6.20: Scheme to show how matemnal blood
may also enter the [etal circulates through the placenta. Villi are not
circulation and can produce drawn for the sake of simplicity.

congenital  malformations.

As a rule, maternal hormones do not reach the fetus. However, synthetic progesting and
synthetic sestrogens (e.g. diethylstilbestrol) easily cross the placenta and can have adverse
effects on the fetus (including carcinoma in later life).

2 While permitting the exchange of several substances between the maternal and fetal
blood, it keeps these blood streams separate, thereby preventing antigenic reactions
berween them,.

a4 The placenta synthesizes several hormones. These are probably produced in the
syncytiotrophoblast.

Progesterone secreted by the placenta is essential for maintenance of pregnancy after the
fourth menth (when the corpus luteum degenerates).

Destrogens (mainly estriol) produced by the placenta reach maternal blood and promote
uterine growth and development of the mammary gland.

CuinicaL CORRELATION

Human chorionic gonadetrepin (hCG) produced by the placenta is similar in its actions to the
luteinizing hormone of the hypophysis cerebri. Gonadotropins are excreted through matérnal uringe
where thelr presence is used as a 1est to detect apregnancy in its early stages.

Somatomammaotropin (hCS) has an anti-insulin effect on the mother, This leads to increased plasma
levels of glucese and aming acids in the maternal cireulation. Injthis way itingreases availability of these
materials for the fetus. It also enhances glucese utilization by the fetus.

Circulation of Blood through the Placenta

Blood flow through lacunar spaces in the syncytiotrophoblast begins as early as the 9th day of
pregnancy, Thereafter, the maternal blood in the intervillous spaces is constantly in circulation,
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Clinical Correlation contd...

Blood enters the intervillous space through maternal arteries that open into the space, The pressure of
blood drives it right up to the chorionic plate. Blood from the intervillous spaces is drained by veins that -
also open Into the Same Spaces,

in the fully farmed placenta, the intervillous spaces contain about 150 mi of blood that is replaced in
15 vo 20 seconds (Le. three to four times per minutel.

NORMAL SITE OF IMPLANTATION OF THE OVUM

The wterus can be divided into an upper part, consisting
of the fundus and the greater part of the body, and a
lower part, consisting of the lower part of the body and
the cervix. These are called the upper uterine segment,
and the lower uterine segment, respectively. It is the
upper merine segment that enlarges during pregnancy.

[he placent

normaily attached only o the upper

uierine segment (1 21

ig. B,

Fig. 6.21: Upper and lower
uterine segments and their nofimal
relationship to the placenta,

Abnormal Sites of Implantation of the Ovum

| ‘Abnormalimplantation within the Uterus

The attachment of the placenta may extend partially, or completely. into the lower uterine segment.
This condition s called placenta praewia. It causes difficulty during childbirth and may cause severe
bleeding, Varlous degrees of placenta praevia may be recognized, as given below:

2 First degree: The attachment of the placenta extends into the lower uterine segment, but does not
1 reach the intermal os (Fig. 6.22A),

= Secand degree: The margin of the placenta reaches the internal os, but does not cover it (Fig. 6.22B)
o Third degree: The edge of the placenta covers the internal os, but when the os dilates during
chitdbirth, the placenta no longer cocludes it (Fig. 6.22C).

Fourth degree: The placenta completely covers the internal os, and cccludes the os even after it has.
difated [Fig. 6.220).

Implantation Outside the Uterus

When the ovum gets implanted at any site outside the uterus, this is called an ectopic pregnancy. This

may be as follows:

2 Tubal pregnancy: The blastocyst gets implanted in the uterine tube. Such a pregnancy canmnob go
on 1o full term, and may result in rupture of the wbe. After rupture, the blastocyst may acquire a
secondary implantation in the sbdominal cavity (Fig. 6.23), giving rise to an abdominal pregnancy,

< Interstitial tubal implantation: The blastocyst may get implanted in the part of the utering tube
passing through the uterine wall.

< Implantation in the ovary: Fenilization and implantation miay ccur while the ovum s still in the
ovary,

a
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Fig. 6.22: Types of placenta prasvia.

Other Anomalies of Placenta

Instead of being shaped like a disc, the placenta may be:

g
o
=

Iricliscoidal, when it consists of two discs (Fig, 6.24A)

labed, when itis divided into lobes (Fig. 6.24R);

diffuse, when chorionic villi persist all round the blastocyst: the placenta is thin and does
nof assume the shape of a dise (Fig. 6.24C); i

placenta succenturiata, when a small part of the placenta is separated from the rest of it
(Fig. 6.24D);

Fig. 6,23: Abnormal sites of implantation: (1) Normal site, (2) Placenta praevia, (3) Interstitial tubal
implantation, {4) Tubal implantation, (5) Abdominal implantation, (8) Ovarlan implantation,
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roid ol dacidua

'V b
{ﬂ_. / \ Fig. 5.28: Ancmalies of placenta:
| -t = (&) Bidiscoidal, (B) Lobed. (C) Diffuse,
F

(D) Placenta succenturiata, (E) Fenestrated
placenta; (F) Circumvallate placenta,

E

3 fenestrated, when there is a hole inthe disc (Fip. 6:24E); and

2 circumvallate, when the peripheral edge of the placenia is covered by a circular fold of
decidua {Fig. 6.24F).
The umbilical cord Is normally auached to the placenta near the centre (Fig. B.25M).

However, this anachment may be:

J  marginal, when the cord is anached at the margin of the placenta (Fig. 6.258) (this type of
placenta is called Battledore placental; or

a2 furcate, when blood vessels divide before reaching the placenta (Fig. 6.25C).

4  When blood vessels are auached w amnion, where they ramify before reaching the
placenta (Fig. 6.250), the condition is referred 1o as velamentous insertion.

A B

l\{::’/\cz::ﬁﬂ

Flg. 6.25; Variations in attachment of umbilical cord to placenta: [A) Mormal, (B) Marginal,
{Ch Furcate, (D) Velamentous insertion.
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’“"'““"5“ Amniotic cavily
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Fig. 6.26: Relationship of amniotic cavity, extra-embryonic coelem and uterine cavity.
For description see text.

FETAL MEMBRANES

MUTUAL RELATIONSHIP OF AMNIOTIC CAVITY, EXTRA-EMBRYONIC
COELOM AND UTERINE CAVITY

We have so far considered the fetal membranes (amnion and chorion), and the placenia,
mainly in relation to the fetus, Let us now see their relationships to the uterine cavity. These
are important, as they help us to understand some aspecis of the process of childbirth. The
changing relationships will be best understood by Arst reviewing Figs 4.6, 4.7 and 4.13 and then
by studying Figs 6.26 to 6,28,

In Fig. 6.26 we see three cavities, namely, the uterine cavity, the extra-embryonic coelom,
and the amniotic cavity. The outer wall of the extra-embryonic coelom is formed by chorion
and the inner wall by amnion.
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Fig. 6.27: Relationship of amnictic cavity and uerine cavity after obliteration of
the extra-embryonic coelom.

As the amniotic cavity enlarges, the extra-embryonic coelom becomes smaller and
smaller. It is eventually obliterated, by fusion of amnion and chorion. The fused chorion and
ammnion form the amniochorionic membrare. From Fig. 5.27 itwill be seen that the wall of the
amniotic cavity is now formed by (1) amnion, (i) chorion, and (iii) decidua capsularis, all three
being fused 1o one another.,

Further expansion of the amniotic cavity occurs at the expense of the utering cavity.
Gradually, the decidua eapsularis fuses with the decidua parietalis, and the uerine cavity
is also oblherated (Fig. 6.28). Sill, further expansion of the amniotic cavity is achieved by
enlargement of the uterus. Enlargement of the amniotie cavity is accompanied by an increase
in the amount of amniotic Muwid.

Ar the time of pararition (childbirth), the fused amnion and chorion (amniochorionic
membrane) (along with the greatly thinned out decidua capsularis), constitute what are ealled

gg ‘he membranes. As the uterine muscle contracts, increased pressure in the amniotic Muid
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Decidua capsularis Dacidua parielalis
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decidua panatals iz over ihe intemal o5

Fig. 6.28: Amniotic cavity after obliteration of the extra-embryonic coelom and uterine cavity.

causes these membranes to bulge into the cervical canal. This bulging helps to dilate this canal.
The bulging membranes can be felt through the vagina and are referred to as the bag ofwaters.
Ultimately the membranes rapture. Amniotic fluid Nows out into the vagina. After the child is
delivered, the placenta and the membranes, along with all parts of the decidua, separate from
the wall of the uterus and are expelled from it

AMNIOTIC FLUID

Amniotic fluid provides support for the delicate tissues of the growing embryo or fetus. It
allows free movement and protects the fetus from external injury. It also avolds adhesion of
the fetus to amnion, As pregnancy advances, the quantity el this fluid increases, till avfull term
it is about one litre.

The condition in which there is too much amniotic Muid (over 1500 ml) is called
hyedramnios; and when the fuid is woo litle ivis called eligamnios. Both conditions can cause
abnormalities in the fetus, They can also cause difficulties during childbirth.
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There is constant exchange of water between the ammiotic fluid and maternal blood, the
water heing completely replaced every three hours. Some time in the fifth month the fetus
begins to swallow amnjotic fluid. This fluid is absorbed (through the gut) into fetal blood and
is transferred through the placenta 1o maternal blood. When the fetal kidneys start working
the fetus passes urine into the amniotic Muid. This does not cause harm because fetal urineg is
made up maostly ofwater (metabolic wastes being removed from blood by the placenta and'not
through the kidneys).

In some cases, hydrammnios is associated with atresia of the cesophagus, which prevents

swallowing of amniotic Muid by the fetus, Oligamnios is sometimes associated with renal
agenesis, a5 no urine is added tothe amniotic Maid,

_ TWINNING _

Whenamotlier givies hirth (o two infants at the snme time, they are called twins. Three (riplets),
four (quadruplers) or even more infanis are sometimes born simultaneously. Twins can be

produced i

2 Two ova may be shed simultaneously from the ovary. Each of them may be fertilized
and may develop in the usual manner. This resulls in nwing that are called dizygotic or
Sraternal fivins. As each of them develops from a separate ovum, they have independent
genetic constitutions. These twins, therefore, need not be of the same sex, nor do they
resemble each other any more than children of the same parents that are born separately.
Each fetus has Iis own/ chorionic and amniotic'sacs (Fig. 6.294).

I'wing can also arise from a single fertilized ovum. These are called maonozygefic or
maternal twwins. The genetic constittion of the nwo twins s exactly the same. Hence they
are of the same sex. They are also exactly alike in appearance.
Monozygotic twins are produced in one of the following wayvs:
3 The cells formed in the first few divisions of the zygote are rotipotent, i.e. each cell is
capable of developing into a complete embryo. The two cells formed by the first division
miay separate and develop independently. In such a case, the fetuses will have separale
chorionic and amniotic sacs, as in dizyvgotic twins.

The embrye may develop normally up 1w the siage of the morula, However, when the
blasiocyst is formed, two inner cell masses form within it and each develops into a
complete fetus. In this case the two fetuses have a common chorionic sac but each lies In
un independent amniotic cavity (Fig, 6.298),

Lastly, the inner cell mass may splitinto two; or iwo embiryonic axes may be established in
one inner cell mass. By this we mean that two separate embrvonic discs are formed within
i1, each with its own prochordal plate and primitive streak. In this case the two fetuses
share a cormmon chorion aswell as a common amniotic cavity (Fig. 6.29C).

n those 1.l‘|'5.till'lfl1.35| where the [eises share a common chorion, there is one placenta
1o which two umbilical cords are atached, Where the chorionic sacs are separate, wo
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Fig. 6.29: (&) Dizygotic twins, Each twin has its own chorion and amnicen. (B and (C) Monozygotic twins.
The chorion is common. The amnion can be common or separate.

independent placentae are formed. Such placentae may secondarily fuse with each other,
bust normally there are no anastomoses between the vessels of the two placentae. Rarely, the
placentae can fuse and there may be mixing of blood of the two fetuses, In that case the blood
of each fetus may contain two types of erythrocytes. The condition is known as erythrocyte
MmMasaicism,

Multiple births may oceur by subdivision of one zygote into more than two parts, by the
simultaneous fertilization of more than two ova, or by a comhbination of both these factors
(Figs 5.30, 6.31).

Incomplete separation of monozygotic twins results in the birth of two infants that are
joined together in some part of the body. In some cases, it is possible to separate them by

aperation, but most of them are born dead. These are called conjained twins or Siamese
frerlnis.
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o

Fig. 6.30:. Derhvation ol triplets (A} from one ovum; and (B) from two ova.

Fig. 6.31: Two ways in which quadruplets may be derived from two ova.

Mot infrequently, the two twins do not undergo equal development, possibly as a result
of unequal blood supply. The underdevelaped fetus may possess no heart of its own and may
depend upon the other fetus for its blood supply. Sometimes, it may be represented by just a
mass attached 1o the other fetus, or may even be embedded within its body,

a2
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‘The incidence of twinning differs in different races and in different countries. Twins occur
in one o wo per cent of pregnancies and about 70 per cent of them are dizygotic,

Iﬂh‘IE‘I’HHLE OF SOME EVENTS DESCRIBED IN THIS CHAPTER

B At

Sth day Lacunas appear I the syncytium,

11th day Embrya gets completely implanted in the endomaetrium.
13h day Primary villl ara formad.

16 day Secondary and leriary villi are seen.

2nd manth illi are seen all around the trophoblast.

4th month A dalinilive placanta is formead.

Full larm Placenta is shed about half an hour after birth of the baby.
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Chapter 7

Formation of Tissues
of the Body

HIGHLIGHTS
Epithella may orlainate from ectoderm, endoderm armescdenm.
thelia lining external surfaces of the body, and terminal parts of passages opening to the outside

OO

(= Y

Mesen :‘h}'m xis

made up of calls that can give rise to cartilage, bone, muscle, blood and connective

Tisfues
Blood cells are dérived from mesenchyme in bone marrow, liver, and spleen. Lymphocytes are
formed malnly in lymphoid tissues.

Mast bones are formed by endochondral essification, in which a cartilaginous model is first
formead and is later replaced by bone. Some bones are formed by direct ossification of membrane
lintramembranous ossification).

A Bres where ossification starts is called a centre of ossification. In the case of long bones the
shaft (or diaphysis) s formed by extension of ossification from the primary centre of assification.
Secondary centres {of variable number) appear for bone ends. The part of bone ossified from a
secondary centre is called an epiphysis.

In growing bone the diaphysis and epiphysis are separated by the epiphyseal plate (which is made
up of cartilage). Growth in length of a bone takes place mainly at the epiphyseal plate.

The portion of diaphysis adjoining the epiphyseal plate is called the metaphysis.

Somites undergo division into three parts. These are: (a) the dermateme which forms the dermis
of the skin; (b) myotome which forms skeletal muscle; and (¢} sclerotame which helps to form the
vertebral column and ribs.

Skeletal muscle s derived partly from somites and partly from mesenchyme of the reglon,

Most smeoth muscle is formed from mesenchyme related to viscera, and blood vessels,

Cardiac muscle is formed from mesoderm related 1o the developing hearr,

Neurons and many neuroglial cells are formed in the newral tube, Th

& myelin sheaths of peripheral
nerves are derived from Schwann cells, while in the central nervaus #ystem they are deriu&j from
oligodendrocytes.

A——

—
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The human body is made up of many types of tissue. These are known as basic tissues of the
baody. They are as [ollows:

a2 Epithelial tissue - Epithelium consists of cells arranged in the form of continuous sheets.
Epithelia line the external and internal surfaces of the body and of body cavities.

a  Connective tissue - Connective tissue proper includes loose connective tissue, dense
connective tissue and adipose tissue. Blood, cartilage and bone are special connective
tissues.

o Muscular tissue - This is of three tvpes: striated, cardiac and smooth.

a  Nervous tissue - This tissue consists of neurons (nerve cells), nerve cell processes (axons
and dendrites) and cells of neuroglia.

In the present chapter we shall study the formation of these basic lissues.

EPITHELIA

An epithelium may be derived from ectoderm, endoderm or mesoderm. In general, ectoderm
gives rise 1o epithelia covering the external surfaces of the body; and some surfaces near the
exterior. Endoderm gives origin to the epithelium of most of the gut; and of structures arising
as diverticula from the gut (e.g. the liver and pancreas). Mesoderm gives origin to the epithelial
lining of the greater part of the urogenital tract.

Some Epithelia Derived from Ectoderm

o4
-

Epithelium of skin, hair follicles, sweat glands, sebaceous glands, and mammary glands.
Epithelium over cornea and conjunctiva, external acoustic meatus and outer surface of
tympanic membrane,

Epithelium of some parts of the mouth, lower part of anal canal, terminal part of male
urethra, parts of female external genitalia.

Some Epithelia Derived from Endoderm

Y

| R =

Epithelium of the entire gut except part of the mouth and anal canal (lined by ectoderm).
Epithelium of auditery tube and middle ear.

Epithelium of respiratory tract.

Epithelium over part of urinary bladder, urethra and vagina,

Same Epithelia Derived from Mesoderm

i = N R

Tubules of kidneys, ureter, trigone of urinary bladder.

Uterine tubes, uterus, part of vagina.

Testis and its duct system.

Endothelium lining the heart, blood vessels and lymphatics.

Mesothelium lining the pericardial, peritmm_nl and pi_eu;‘at cavities; and cavities of joints,

95



Humarn Embryclogy

GLANDS

Almaost all glands, both exocrine and endocrine, develop as diverticula from epithelial surfaces
(Fig. 7.1A). The gland may be derived from elements formed by branching of one diverticu lum
{e.g. parotid) or may be formed from several diverticula (e.g. lacrimal gland, prostate). The
opening of the duct (or duets) is usually situated at the site of the original outgrowth. In the
case of endocrine glands (e.g. thyreid, anterior part of hypophysis cerebri) the gland loses all
contact with the epithelial surface from which it takes origin.

The diverticula are generally solid 1o begin with (Figs. 7.14A, B) and are canalised latez
(Fig. 7.1C), The proximal parts of the diverticula form the duct system. The distal parts of the
diverticula form the secretory elements (Fig. 7.10).

Depending on the epithelium from which they take origin, glands may be ectodermal
(e.g. sweal glands, mammary glands), endodermal (eg. pancreas, liver), mesodermal

(e.g. adrenal cortex), or of mixed origin (e.g. prozwate).
A B
Sohd downgrowth rom epithelum
- B Eaee e
.'_ < ""--_:.. —
_:’In' T, T -"_z"
G S on 2 Py D
S Va0 :a_:\{i
<3 =) \
._"'.-" ~, ;.-"E;_&]
Canaksation of ducts Formation of acini from terminal
parts of ducts
Fig. 7-1: 5tagesin the development of a typical gland.
MESENCHYME
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We have seen above that a small proportion of mesodermal cells give rise 10 epithelia. The
remaining cells, that make up the bulk of mesoderm, get converted into a loose tissue called
mesenchyme (Fig. 7.2). Mesenchymal cells have the ability o form miany different kinds of
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cells that in tm give rise to various
tssues (Fig. 7.3). Chondroblasts arising 'Eﬂ} @
from mesenchymal cells form cartilage, s

osteollasts  [orm  bone,  myelilasts i'@

form muscle, while lymphoblests and
haemocytoblasts form various cells ol -\ﬂﬁ @
blood, Mesenchymal cells also give rise to

endethelial cells from which blood vessels @

and the primitve heart mbes are formed.
However, after all these tissues have been o% @
formed many mesenchymal cells are: still ‘ﬁ'

left and they give rise 1o cells of various
types of connective tissue.

Fig. 7.2: Mesenchymal cells. Note the delicate
CONNECTIVE TISSUE cytoplasmic processes joining the cells to one another.

Asthe name suggests, connective tissue serves as a connecting system binding, supporting and
strengthening all other body tissues together. Connective tissue consists of three components
i.e, cells, filires and ground substance. The fibres and ground substance are synthesized by the
cells aof the connective tissue.

Farmation of Loose Connective Tissue

At the site of formation of loose connective tissue the mesenchymal cells get converted into
fibroblasis. Fibroblasts secrete the ground substance and synthesize the collagen, reticular
and elastic fibres. Some mesenchymal cells present in the developing connective tissue also
get converted into histiocytes, mast cells, plasma cells and fat cells (Fig. 7.3).

FORMATION OF ELOOD

Blood is a specialized fluid connective tissue, which acts as a major transport system within
the body. The formation of the cells of blood begins very early in embryonic life (before
somites have appeared) and continues throughout life. Blood formation is specially rapid in
the embryo to provide for increase in blood volume with the growth of the embryo.

Inthe third week of embryonic life, formation of blood vessels and blood cellsis first seen in
the wall of the yolk sac, around the allanteic diverticulum and in the connecting stalk. In these
siiuations, clusters of mesodermal cells aggregate to form bleod islands. These mesodermal
cells are then converted to precursor cells Um::mangiabm:rs] that give rise to blood vessels
and blood cells (Fig. 7.4). Cells, which are present in the centre of the blood island, form the
precursors of all blood cells (haematapaietic stem cells). Cells at the periphery of the island
form the precursors of blood vessels (angloblasis).

Blood cells arising in the blood islands of the yolksac are temporary, They are soon replaced

These stem cells first form colonies in the liver.

by permanent stem eells, which arise frem the mesoderm surrounding the developing aorti.
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Fig.7.3: Derivatives of mesenchymal cells,
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In the late embryonic

period the formation of blood S:EH@I cr;l;lnmg 1ha
starts in the liver, which G et _— secenda
remains an important site of : "““ﬂ"“‘“ = ._'_._...-—nsgfummm%nc -

blood cell formation till the A
sixth month of intraaterine
lifie, -

LIRS [_{'? : Mesodermal cells
forming blood island

Almost near the middle
of prenatal life, definitive
hematopoietic  stem  cells
from the liver migrate 1o

- [y - (= Epithehum lining
| 1 Tare o e
o nTE the yoik sac
colonise the bome marrow. i ﬂnnn-nunuﬂ'ﬂ i

Al the time of the birth, blood At e A

formnation o hatade ks B P ol Mesodermal cells of
ormailon is mainly in the 7 reife) . '8 ———bilood island become
bone marrow. Here totipotent i :ﬁ@ ) 'ﬁy ] hasmangiobiasts

haemal stem cells pive rise w
te  pleuripotent  lymphoid
stem cells and pleuripotent

haemal stem cells (Fig. 7.5)

p ; ; Tatands o, ol
Ihese siem cells form calony ; ’“‘Tﬂ unn““u.unﬂ“““

Jorming units (CFU). Cells - Endolhelial calls
of one particular colony c ({jﬂ .
forming unit are committed - q -y

to  differentiate only into

one line of blood r_'u-lls. ie., H-‘H""""'--—-_____.—--""""rﬂ'

ervthrocyies, megakarvocyte
: : ERAXATYDCYIE, Fig. 7.4: Formation of blood cefls and blood vessel from
granulocytes, monocyles, a blood island.

macrophages and lympho-
cytes (Fig. 7.5). In the case of erythrocytes stem cells divide so mpidly that they scem to burst.
They are therefore called burst forning units (BFU). Their daughter cells then form colony
forming units.

In the adult, main sites of blood formation are bone marrow, lymph nodes, thymus and
spleen.

As stated above, the precursors of the various types of blood cells are generally regarded as
being of mesodermal in origin, However, hlood forming cells differentiating in relation to the
wall of the yolk sac and probably in the liver, may be endodermal in origin.

FORMATION OF CARTILAGE

Canilage is formed from mesenchyme. At a site where cartilage is to be formed, mesenchymal
cells become closely packed. This is called a mesenchymal condensation. The mesenclhymal cells
then become rounded and get converted into cartilage forming cells or chondroblasts (Fig. 7.3).
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Fig.7.5: Scheme thowing the terms applied to precursors of varlous blood cells. CFU = Colony Forming

Unit. BFU = Burst Forming Unit. Note the other abbreviations used for other precursor cells.

Under the influence of chondroblasts, the intereellular substance of cartilage is laid down,
Some chondroblasts get imprisoned within the substance of this developing cartilage and
are called chondrocytes. Some fibres also develop in the intercellular substance, In hyaline
cartilage, collagen fibres are present, but are not seen casily, In fibrocartilage, collagen fibres

are numerous and very obvious. In some situations, the intercellular substance is permeated
by elastic fibres, forming elastic cartilage,




Mesenchymal cells surrounding
the surface of the developing cartilage
form a fbrous membrane, the peri-
choudritm,

BONE

To understand the formation of bone,
itls necessary for students 1o know its
normal structure, Thiscan be read up

from the author's Textbook of Fluman
Histology. Some [eaiures are shown
in Figs. 7.6 10 7.8,

Cefls of Bone

Three main vpes of cells are present

in bone,

a  (Osteocytes are cells that are seen
in mature bone,

3 (Osieoblasts are bone I’urming
cells. These cells are, therefore,
seen  wherever bone is being
laid down. They have abundant
basophilic cytoplasm and are
arranged in regular rows, looking
very much like an epithelial lining
{Fig. 7.9).

3 Osteoclasis are, on the other
hand, responsible for bone
removal. They are large multi-
nucleated eells and are seen
in regions where bone is being
absorbed (Fig. 7.9).

Formation of Bone

Al bawre is of mesodermal origin. The
process of bone formation is called
assification. In most parts of the
embryo, bone formation is preceded
by the formation of a cartilaginons
madel that closely resembles the
bone 1o be formed. This cartilage is

Chapter ¥ — Formation of Tissues of the Bady

The unil of bene structure is called a Iamelius

EBone acquwes thicknoss by slacking ol
fameliae over one another

Bebtwean adpining lameilae there are spaces
called lacunag. Thess spaces are occupied by
cilis of bone (osleocylas)

Fig. 7.6: Scheme o show that bone is made up of lamellae,

Osteocyte Canaliculi
in lacuns

Lamellus

S _aEn OB

Capi#laries in bona marrow

Fig. 7.7: Osteccytes placed amongst lamellae of bone.

101



102

1 Bony trabeculus

S L Manrow cavity

S Hawversian canal

Haversian system

-.\

11' m

Fig. 7.8: (A) Structure of spongy bone. (B) Structure of compact bone.

subsequently replaced by (not converted into) bone, This kind of bone formation is called
endachondral assifieation. Bones formed in this way are, therefore, called cartilage bones. In
some situations (e.g. the vault of the skull), formation of bone is not preceded by formation of
a canilaginous model. Instead, bone is laid down directly in a fibrous membrane. This is called

fntramembranous ossification and these bones are called membrane bones. These include
thie bones of the vault of the skull, the mandible and the clavicle.
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Osteoblasis
laying down bone

Cisleoclasts
| removing bong

Fig. 7.9: Relationship of asteablasts and ostecclasts to developing bone.

Endochondral Ossification

The essential steps in the formation of bone by endochondral ossification are as follows:

O At the site where the bone is to be formed, the mesenchymal cells become closely packed
to form a mesenchymal condensation (Figs. 7.10 A, B).

o Some mesenchymal cells become chondroblasts and lay down hyaline cartilage
(Fig. 7.10C). Mesenchymal cells on the surface of the cartilage form a membrane called
the perichondrium. This membrane is vaseular and contains osteogenic cells.

4 The cells of the cartilage are at first small and irregularly arranged. However, in the area
where bone formation is to begin, the cells enlarge considerably (Fig. 7.10D).

o The intercellular substance between the enlarged cartilage cells becomes calcified, under
the influence of an engyme called alkaline phosphatase, which is secreted by the cartilage
cells, The nutrition to the cells is thus cut off and they die, leaving hehind empty spaces
called primary areolae (Figs. 7.11 A, B).

Fig. 7.10: Endochondral essification: Formation of cartilaginous model.
P = Perichandrium; ECC = Enlarged cartilage cells,
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a Some blood wvessels of the

perichondrium {which may
be called periostesim as soon
as bone is formed) now invade
the calcified ecantilaginous
malrix. They are accompanied
by osteogenic cells. This mass
of vessels and cells is called |4
the periosteal bied. It onis
gway much of the calcified
matrix forming the walls of
the primary areplae, and
thus creates large cavities
called secondary arcolae
(Fig- 7.11 C).

o The walls of the secondary
areolae are formed by thin
layers of calcified matrix that B
have noi been dissolved.
The osteogenic cells become
osteoblasis  and  arrange
themselves along the surfaces
of these bars, or plates, of
caltified carilaginous matrix
(Fig. 7:12 A).

a  These osteoblasts now lay
down a laver of ossein fibrils | @
embedded in a gelatinous
intercellular matrix  [(7.12B).
This material is called osteoid,
It is calcified and a lamellis of
bone is formed (Fig. 7.12 C).

The psteoblasis now lay down another layer of osteold over the first lamellus., This is also
calcified. Thus two lamellae of bone are formed. Some osteoblasts that get caught between
the lamellae form esteocytes. As more lamellae are latd down, bony trabeculae are formed
(Fig. 7.12 D).

The caleified marrix of cartilage only acts as a support for the developing trabeculae and is
not itself converted into bone.

Calcilved matiix

e

Dying cartitage cell

Secondary areolus

Bar of calcilied malrix

Fig. 7.11: Endochondral ossification: Formation of primary
and secondary areclae.

At this stage the ossifving canilage shows a central area (1 in Fig. 7.13A) where bone has
been formed. As we move away from this area we see;

2 aregion where the cartilaginous matrix has been caleified and surrounds dead, and dyving,
cartilage cells (2 in Fig. 7.13A);
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Carlilaga has
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Fig. 7.12: Endochondral ossification: Stages in the Fig. 7.13: Schemeto show how a bone
formation of bony lamellae,

grows in length.

a  azone of hypertrophied cartilage cells, in an uncalcified matrix (3 in figure 7.13A); and
o noermal carilage (4 in figure 7.13A) in which there is considerable mitotic activity.

If we see the same cartilage a little latter (Fig. 7.13B), we find that ossification has now
extended inte zone 2, and simultaneously the matrix in zone 3 has become calcified. The
deeper cells of zone 4 have meanwhile hypertrophied, while the more superficial ones have
multiplied 1o form zone 5. In this way, formation of new cartilage keeps pace with the loss due

to replacement by bone, The total effect is that the ossilying cartilage progressively increases in
shee,
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Development of a Typical Long Bone

We may now consider how a long bone develops.

=]

=]

A mesenchymal condensation is seen in the limb-bud in the region where the bone is ta
be formed (Figs. 7.144A, B,

Thiz mesenchymal condensatlon 5 converied into a cantilaginous model. This model
closal E"u' resembles the bone to be formed. |. 5 coverod |:;|'|| peng_hgndr]_un] EF'E‘ o 'I_-Ilc} that
has a superficial fibrous laver zper layer that has osteogenic cells.

Endochondral ossification starts in a small area of the shaft as described above, This area
’;

it a de

is called the primary centre of essification {Fig. 7.15),
1 [
!
I =—— Carilaginous model
| A
A : J _ [Primary centre
|I | of casificateon
| | \
| [ | "~ Periosteal collar
| E— |
.
i’,’f Mesenchymal
B v condensation Candaginous model
| 5 " has grown larger
Fs ;
o '.‘ Bone formation has
B 8 sxtended towards the
&S ends from primary centre
Cartilage formed Penosteal collar
by convession of has also elongaled
rmesanchymal cells S
. to canilage cells.
c | |
] I.
~ Perichondrium \
| \ ~ ;l
_J."' -

Fig. 7.14: Formation of a typical bong bone:
Establishment of cartilaginous model.

Fig. 7.15: Formation of a typical long bone:
Primary centre of ossification and periosteal
collar,
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Gradually, bone formation extends from the primary centre towards the ends of the hak
This is aceompanied by enlargement of the cartilaginous model (Fig. 7.15).

Soon after the appearance of the primary centre, and onset of endochondral ossification
in it, the perichondrium (which may now be called periostenm) becomes active, The
osteogenic cells in its deeper layer lay down bone on the surface of the cartilaginous
model by inframembranons ossification. This periosieal bone completely surrounds
the cartilaginous shalt and is, therelore, called the periosteal collar (Fig. 7.15). It is first
formed only around the region of the primary centre but rapidly extends towards the
ends of the eartilaginous model. The periosteal collar acts as a splint, and gives strength
1o the cartilaginous model, at the site where it is weakened by the formation of secondary
arenlae, We shall see that most of the shaft of the bone is derived from this periosteal collar
ind 1s, therefore, intramembranous in origin,

At about the time of birth, the developing bone consists of a part called the diaphysis
{or shaft) (that is bony, and has been formed by extension of the primary centre of
ossification); and ends that are cartilaginous (Fig. 7.16A). Av varying times after birth,
secondary centres of endochondral ossification appear in the cartilages forming the ends
al the bone (Fig. 7.168). These centres enlarge until the ends become bony (Fig. 7.16C).
More than one secondary centre of ossification may appear at either end. The portion of
hane formed from one secondary centre is called an epiphysis.

Articular

Secondary cariilage

| cenre - . '
St " Bony apiphysis

e Caartilaginous

Diaphysis —»

Marrow
cavity

1

—I}— Cartilaginous

b= epiphysis
Secondary
cenirg
A B

Fig. 7.16: Formation of a typical long bone: Secondary centras of ossification
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Fora considerable time afier birth, the bone of the diaphysiz and the bone of the epiphysis
are separated by a plate of cartilage called the epiphyseal cartilage, or epiphyseal plate. This
is formed by cartilage into which ossification has not extended either from the diaphysis or
from the epiphysis. We shall see thar this plate plays a vital role in growth of the bone.

Growth of a Long Bone

A growing bone increases both in length and in thickness.

We have seen that the periostewm lays down a laver of bone around the shaft of the
cartfileginous model, This periosieal collar gradually extends over the whole length of the
diapiysis, As more layers of bone arelaid down over it, the periosteal bone becomes thicker
and thicker. However, it i ther necessary nor desirable for it to become too thick. Hence,
asteoclasis come 1o ling the internal surface of the shaft and remove bone lrom this aspect!
ide the shaft itis removed from the inside. The shaft thus grows in
the same time, j15 wall does not become too thick (Fig. 7.17). The osteoclasts
sheculae lying In the centre of the bone that were formed by endochondral
ossification. Tn this way, a marrow cavily Is formed.

As the shafi increases in diamerer, there is o cormesponding increase in:the size of the
marmow cavity. This cavity also extends towards the ends of the diaphysis but does not reach

As bone is lald down ou

diamuete
sisn reraove the t

= Porioateal bone

Endoctmndral bone

B Layer 2 deposited

Endigchondral bonoe
ramdined 1o [grm
manmew cavity

Layer 1 removad

Layer 2

Layer 3 depasited

Fig. 7.17: Formation of a typical long bone: Increase in thickness, Note that the shaft is ultimately made
up almast entirely of periosteal bone formed by the process of intramembranous essification.
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the epiphyseal plate. Gradually,
most of the bone formed [(rom Srir
the primary centre (i.e. of epichysis
endochondral origin} is removed, T
ar - r i 1
except near the .ends, so that the Ristingzcns
wall of the shafi is made up purely )
=
of periosteal bone formed by the <
w ; , : o Zone of
process  of  intramembranous =y Grolifaraiing
ossification i cells
To understand how a bone =
=5 g o
grows in length, we will now have a = cone of
i 7 w
closer look at the epiphyseal plate. f::l‘:&m
ui."l.!-l'l'.. g on t]'l!" i!l']'.'iHHL"IE'IL"['I:.
of lts cells, three zones can  be Mata-
recognized (Fig. 7.18). pimysas Zane of
= 1 - - oasification
I. af* resting  cartilage:
Here, the cells are small and 3.
irregularly arranged. E v
2, Zone of proliferating carti- = Hoy ()\\- " Endachandral
lnge: Here, the cells are larger %
and are undergoing repeated
mitosizs. As they multiply, they ' o
' — _— | ne
come to be arranged in parallel 2 fronies

columns, separated by bars of

imercellular matrix.

3. Zone of calcification: Here, the cells
become still larger and the matrix
becomes calcified.

Mext o the zone of calcification, there
isazone where cartilage cells are dead and
the calcified matrix is being replaced by
bone. Growth in length of the bone takes
place by continuous transformation of the
epiphyseal cartilage to bone (Figs. 7.18,
7.19} in this zone (i.e. on the diaphyseal
surface of the epiphyseal cartlage).
At the same time, the thickness of the
epiphyseal cartilage is maintained by
active multiplication of cells in the zone of
proliferation. When the bone has attained
its full length, cells in the epiphyseal
cartilage stop proliferating, The process of
ossification, however, continues to extend

Fig. 7.18: Structure of epiphyseal cartilage,

Size after
same growth
) Bone has grown
Inilial size by this length
Bonea of
- Formed by
epiphysis g §
ol cartilage
Epiphyseal This part of
plale cartilage has
bacome bone
Bone of
daphysis

Fig. 7.19: Growth in length of bone at
epiphyseal cartilage.
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into it until the whele ol the epiphyseal plate is converted into bone. The bone of the diaphysis
and epiphysis then becomes continuous. This is called frsion af epipliysis.

Metaphysis

The portion of diaphysis adjoining the epiphyseal plate is called the metaphysis. [t is a region
of active bone formation and, for this reason, it is highly vascular. The metaphysis does not
have a marrow cavity. Numerous muscles and ligaments are usually attached to the bone in
this region. Even after bone growth has ceased, the caleium-wurnover flunction of bone is most
active in the metaphyvsis, which acts a5 a storehouse of calcium. This region is frequently the
site ofinfection.

Interstitial and Appositional Growth

Tissues grow by nvo methods. In some of them, growth 1akes place by multiplication of cells
[or by increase in intercellular material) throughout the substance of the tissue. This is called
interstitial growth. As a result. the tissue expands equally in all directions and its shape is
mainiained. Cartilage (and most other tissues) grow in this way.

O the other hand, bone grows only by deposition of more bone on its surface; or-at its
ends. This is called appasitional growwif,

Remodelling

gen above that wien a tissue grows by interstitial growth it 1s easy for it 70 maintain
However this s not true of bone which can grow only by apposition. This will be
.20 In this figure the brown line represents the shape of a bone end: The green
e same bane end afier it has grown for some timee, It will be clear that some
riginai bone have to disappear if proper shape is to be maintained. This process
wanied bone is called remodelling:

][ | Early outhne
i ol bone end
Anea ol bone that .'} |I
noeds 10 be removed
o masntan shapa
ol bone end

Later outling
of bong end

\\!

Fig. 7.20: Remodelling of bone ends during growth.
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The trabeculae of spongy bone and the Haversian systems of compact bone are so arranged
that they are best fitted 1o bear the siresses imposed on them. This arrangement can change
with change in stresses acting on the bone. This process is often called internal remodelling.

Anemalies of Bone Formation

Bone and cartilage formation may sometimes be abnormal as a result of various genetic and
environmental factors. The anamalies may be localised to a particular part of the skeleton, or may be
generalised, Anomalies of individual parts of the skeleton are considered in Chapter 10.5ome anomalies
that affect the skeleton as a whole are as Follows:

O Disorderly and excessive proliferation of cartilage cells in the epiphyseal plate, or the failune of
normally formed cartilage to be replaced by bone, leads to the formation of irregular masses of
cartllage within the metaphysis. This is called dyschondroplasia or enchendromatosis.

0 Abnormal masses of bone may be formed in the region of the metaphysis and may protrude from
the bone, Such a protrusion is called an exestosis, and the condition is called multiple exostoses or
diaphyseal aclasis. This condition may be a result of interference with the process of remodelling
of bone ends.

J Calcification of bone may be defective (osteogenesis imperfecta) and may result in multiple
fractures,

o Parts of bone may be replaced by fibrous tissue (Abrous displasia).

O Bomes may show increased density or osteosclerosis. One disease characterised by increased bone
density is known as asteopetrosis, or marble bone disease.

0 In the condition called achondroplasia, there is insufficlent, or disorderly, formation of bone in the
region of the epiphyseal cartilage. This interferes with growth of lang bones. The individual does not
grow in height and becomes a dwarf, A similar condition inwhich the limbs are of normal length, but
inwhich the vertebral column remains short, is called chondro-osteo-dystrophy.

O Anoraleus bane formation may be confined to membrane bones. One such condition is eleido-
cranial dysostosis in which the clavicle is absent and there are deformities of the skull, On the other
hand, anomalies like achondroplasia and exostoses are confined to cartilage bones.

2 Generalised underdevelopment (dwarfism), or overdevelopment (gigantism) of bone may be
present. Sometimes all bones of one half of the body are affected (asymmetric development).
Overdevelopment or underdevelopment may be localised. e.g. to a digit, or to alimb.

FORMATION OF MUSCLE

Skeletal muscle may be derived from somites, from somitomeres and from lateral plate
mesoderm. At these sites, there are cells that are precursors of musele. These cells divide
repeatedly and fnally differentiate into myoblasts. Myoblasts synthesise the proteins actin and
miyosin. Several myoblasts fuse with each other to form multinucleated tube like elements that
are called myotubes. Within these myotubes molecules of actin, myosin and other contractile
proteins unite to form myofibrils. These fibrils are arranged in a definite orientation. Progressive
aggregation of fibrils within the myowbe pushes nuclei to the periphery. A muscle fibre is thus
formed.

Satellite cells present around muscle fibres can help in growth of fibres.
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Fate of Somites

We have seen that the paraxial mesoderm becomes segmented to form a number of somites,
that lie on either side of the developing neural tube. A cross section through a somite shows
that it is a triangular structure and has a cavity (Fig. 7.21A). The somite is divisible into three
parts.

1. The ventromedial part is called the scleretome. The cells of the sclerotome migrate
medially. They surround the neural ube and give rise 1o the vertebral column and ribs
(Figs. 7.21B, C).

2. The lateral part is called the dermatome. The eells of this part also migrate, and come to
line the deep surface of the ectoderm covering the entire body. These cells give rise to the
dermis of the skin and to subcutaneous tissue.

Houral luba
Sorlpca seiodom
- A ﬁ:'%;‘. H
/H N ﬁ B —— Dermatoma
A58 ) e \1 A
S0, :_-_'_._,--"’-'-’J e = e M!’ﬂm
Selerotoms
:,.,J_ cl‘. :c:edm!.arrrn I'IEE{;_‘ME
madially and surraund tho
o % DETI‘!‘_IHMM
B

Epidarmis denved
Cells of tha denmalomsa from surace ectodarm
migrate lo the surlace
and farm the demis

of tha sxin //
Epimarg il @

innervated by
dorsal ramus
Hypomarns \J’arﬂra’l
innervabed by —= i ramus

ventral ramus i)
Cells denvad from thie C
sclarglome torm the

mesenchymal basis of vertebrae

Fig. 7.21: (A} Somites lying on either side of the neural tube, Mote subdivisions of somite, (B] The cells of

the scierotome have migrated medially and now surround the neural tube, The myotome is innervated by

nerves growing out of the neural tube, (C) The cells of the dermatome have migrated to form the dermis
112 of the skin.
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Recently, ithas been held that the dermatome only forms dermis on the back of the head

and trunk, and thar dermis elsewhere is derived from lateral plate mesoderm.

3. The intermediate part is the myotome. [t gives rise to striated muscle as described in the
fullowing section.

In the cervical, thoracic, lumbar and sacral regions one spinal nerve innervates each
myoiome, The number of somites formed in these regions, therefore, corresponds to the
number of spinal nerves. In the coceygeal region, the somites exceed the number of spinal
nervies but many of them subsequently degenerate.

The first cervical somite is not the most cranial somite to be formed. Cranial toit, there are:
3 the occipital somites (four to five) which give rise to muscles of the tongue and are

supplied by the hypoglossal nerve.

2 the pre-pccipital (or pre-otic) somites (somitomeres), supplied by the third, fourth and
sixth cranial nerves.

Development of Striated Muscle

striated muscle is derived lrom somites and also from mesenchyme of the region.

We have seen that each myotome establishes contact with one segmental nerve. Hence,
iheoretically, the embryological derivation of a muscle should be indicated by its nerve supply.
in this basis, it would be presumed that all the musculature of the body walls and limbs is
derived from the myotomes and has subsequently migrated to these regions. Such migration
ol myotomes can be seen in embryos of some lower animals, but not in the human embryo. In
man, the myotomes appear to give origin only to the musculature of the trunk, in whole orin
part. The oceipital myotomes are believed to give rise to the musculature of the tongue, while
the extrinsic muscles of the eveball are regarded as derivatives of the prenccipital myvotomes.

Soon after its formation, each myotome, in the neck and trunk, separates into a dorsal
part (epimere) which gives rise to the muscles supplied by the dorsal primary ramus of the
spinal nerve, and a ventral part (fiypomere), which gives origin to the muscles supplied by the
ventral ramus (Fig. 7.21C). The epimeres give origin to the muscles of the back (extensors of the
vertebral column), while the hypomeres give origin to the muscles of the body wall and limbs.

Some cells from the ventrolateral region of the dermao-myotomes migrate into the parietal
laver of lateral plate mesoderm where they form muscles of limbs, and anterolateral muscles
of the neck and abdomen.

Smooth Muscle

Almost all smooth muscle is formed from mesenchyme. Smooth muscle in the walls of viscera
(&g, the stomach) is formed from splanchnopleuric mesoderm in relation to them.

However, the muscles of the iris (sphincter and dilator pupillae) and myoepithelial cells of
the sweat glands are derived from ectoderm.

Cardiac Muscle

This is derived from splanchnopleuric mesoderm in relation to the developing heart tubes and
pericardium.
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NERVOUS TISSUE

Nervous tissue cansists of cells, fibres and blood vessels. Two different categories of cells
are found in the nervous tissues i.e., neurons and neuroglial cells. The neurons are cells that
generate and conduct nerve impulses, while the neuroglial cells are supporting structures.
Neurons have many processes ( axons and dendrites). These processes colleet to form nerves.
Blood vessels of the nervous tissue are not derived from the neural mbe but enter it from
surrounding mesoderm.

Formation of Neurons and Meuroglial Cells

The neurons and many nearoglial cells are formed in the neural wbe,

The neural wbe is at first lined by a single layer of cells, (Fig. 7.22A). These prolilerate
to form several layvers (Fig. 7.22B). Nearest the lumen of the wbe is the matriv cell layer
(also called primitive ependymal or germinal layer). The cells of this layer give rise to nerve
cells, to neuroglial cells. and alse 10 more germinal cells. Mext comes the mantle layer in
which are seen the developing nerve cells, and neuroglial cells. The outermost layer, termed
the marginal zone, containg no nerve cells. 1t consists of a reticulum formed by protoplasmic

| e Germinal layar

| T £
| o o Mantla layer ;
<y ] - e Larpral wall I( %

Ca.'lty Marginad Ia-‘u;u- S

-

Merwe coll
[nauronj

Fig. 7.22: Layers of the neural tube. Although the germinal (neurcepithelial] layer is shown
a5 a simple epithelium, it is really pseudostrathed
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processes of developing neuroglial cells (spongioblasts). It provides a framework inwo which
the processes of nerve cells developing in the mantle layer can grow.
The stages in the formation of a nerve cell are as follows:

a2

One of the germinal cells passes from the germinal layer to the mantle laver and becomes
an apolar newrollast (Fig. 7.23A),

I'wo processes develop and convert the apolar neuroblast to a bipolar neuroblast
(Fig. 7.23B).

O of the processes of the neuroblast disappears, and it can now be called an unipolar
neuroblast (Fig. 7.22C).

[hie process of the cell (which does not disappear) now elongates, and on the side opposite
1o it numerous smaller processes form. At this stage, the cell is called a mnltipolar
nenrobiast (Fig. 7.2310).

[he main process of the multipolar neuroblast now grows into the marginal layer, and
becomes the axor of the nerve cell (Fig. 7.22B). The axon can grow to a considerable
length, It may eithar remain within the central nervous system, or may grow out of it as
un efferent nerve fibre of a peripheral nerve. Atits destination, it establishes connections,
vither with the cell badies and dendrites of other neurons, or with an effector organ

[e.z. muscle).

‘The smaller processes of the neuroblast are the dendrites. These ramify and establish
connections with other nerve cells,

At first the cvtoplasm of the nerve cell is homogeneous. Later Nissl's granules make their
appearance, Alier their formation, neurons lose the ability to divide,

N ‘é?

Multipakas

meurobiast

@ | o
E /_// mruroblast

o

Linidpodar
@ ~ neuroblast

Fig. 7.23: Stagesin formation of a typical neuroblast.
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Derivation of Nerva Calls (neurons) and Neurogllal Gell

From noural tube From noural crest From mesenchymal cells
Neurons Schwann cells Micraglia

Fibrous asirocyles Dorsal n. rool ganghon cells Dligodendroglia (7)
Protoplasmic astrocytes Cells of other sensory ganglia

Oligodendroglia (7) Neurons in sympathetic ganglia

Ependymal cells

Fig. 7.24: Various types of cells are derived from neurcepithelium,

Neuroglial cells are also formed from germinal cells of the ependymal layer (Fig. 7.24).
These celis (glioblasis) migrate 1o the mantle and marginal zones as medulloblasis (also called
spongiohlasts), which differentiate either into astroliasis, and subsequently into asfrocyies,
or into eligedendroblasis and then into oligodendrocytes, There is a third type of neuroglial
cell called microglia. This type does not develop from the cells of the neural tube, butmigrates
into it along with blood vessels. These cells are believed o be of mesodermal origin.

We have seen above that the ependymal (or neuroepithelial) cells give rise both 1o
neurobiasis and 1o nevrogliz. However, these two cell types are not lormed simultaneously. The
neuroblasts are formed first. Neuroglial cells are formed afier the differentiation of neuroblasts
is completed.,

Formation of myelin sheath

Nerve fibres, which remain within the brain and spinal cord, receive support from, and are

ensheathed by, neuroglial cells. However, the nerve fibres, which leave the central nervous

svstem 1o become constituents of peripheral nerves, acquire a special sheath called the
nenrolemma. This sheath is derived from some cells of the neural crest that are called

Schwann cells. At a later stage of development, alarge number of nerve fibres, both inside and

ouiside the central nervous system, develop another sheath between the neurolemma and the

axon. This is called the myelin sheath. The myelin sheaths of peripheral nerves are derived
from the same Sehwann cells that form the neurolemma. In the central nervous system itsell,
however, there are no Schwann cells and the myelin sheath is formed by neuroglial cells called
oligodendrocyies.

The relationship of an axoen 1w a Schwann cell is illustrated in Fig. 7.25. Note the following
porinis:

a  Each axon invaginates the evtoplasm of a Schwann cell and thus comes to be cump‘te:eiy
surrounded by it (Figs. 7.254, B). Along the line of invagination, the cell membrane of
the Schwann cell becomes drawn in 1o form a double lavered mesentery-like membrane
called the mesaxon (Fig. 7.25C).

2 Inihe case of myelinated nerve fibres, the mesaxon elongates and becomes spirally wound
around the axon (Figs. 7.251, E). Some faty substances are deposited between adjacent
layers of the mesason and, together with it, form the myelin sheath,
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Axon lying near
Sd'lwayll'l:gcan
S .
Axon invaginales
the Schwann cell
O
A
B

Mesaxon formed by further
myagination by the axon

Mesaxon elongates
and begins (o wind =
round the axon

D

== pMesaxon makes several
turns around the axon.
Lipids are deposiled
between the layers

of mesaxon. The myelin
sheath is thus formed.

& thin layer of Schwann
call cytoplasm peissls
as the neurdemma

Fig. 7.25: Invagination of Schwann cell by an axon and formation of myelin sheath. (&) Axon lies near

Schwann cell, (B) Axon invaginating Schwann cell. (C) Mesaxaon formed (by two layers of cell membrane).

(B Mesaxon elongates. (E) Several layers of mesaxon spiral around the axen to form the basis of the myelin
sheath, Lipkds are deposited betwieen layers of the mesaxon.

O In the case of unmyelinated fibres there is no elongation of the mesaxon. Several

unmyelinated fibres may invaginate the same Schwann cell (Fig. 7.26).

Nerve fibres in different parts of the brain, and spinal cord, become myelinated at different
stages of development, The process begins during the fourth month of intra-uterine life, but
is not completed until the child is two to three years old. Nerve fibres become fully functional
only after they have acquired their myelin sheaths.

The blood vessels of the brain, and their surrounding connective tissue, are not derived
from the neural wibe, These are mesodermal in origin and invade the developing brain and
spinal cord from the surrounding mesoderm.
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The Skin and Its
Appendages

HIGHLIGHTS

The epldermis is derived from surface ectoderm.
e dermis is formed by mesenchyme derived from dermatomes of somites.
Nails develop from ectoderm at the tip of each digit. Later, this ectoderm migrates to the dorsal
iISpech
Hair are derived from: surface ectoderm which is modified 1o form hair follicles.
Sebaerous glands (ectoderm) arise as diverticula from hair follicles.
Sweat glands develop as downgrowths from the epidermis that are later canalised.
fMammary glands arise from surface ectederm. They are formed along a milk line extending from
axilla to the inguinal region.
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Fig. B.2: Stagesinthe development of the epidermis.

MNAILS

The nails develop from the surface ectoderm. The ectoderm at the tip of each digit becomes
thickened to form a primary nail field. Subsequently, this thickening migrates from the tip of

the digit onte its dorsal aspect.

The eells in the most proximal part of the nail field proliferate to form the roor of the nail.
Here the cells of the germinal layer multiply to form a thick layer of cells called the germinal
matrix. As the cells in this marrix multiply, they are transformed into the nail substance which

corresponds to the stratum lueidum of the skin (Fig. 8.3).

The migration of the primary nail fields from the tips of the digits to their dorsal aspect
explains why the skin of the dorsal aspect of the terminal part of the digits is supplied by nerves

of the ventral aspect.
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Downgrowth
from epidermis

Mesanchymal
condensalion
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Bud for
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Fig. B.4: Development of a hair follicle.

Duct
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" | fer sweal gland
Colled
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Fig. 8.5; Development of a sweat gland.
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m =1
Anomalies of Skin and its Appendages

2 Albinism: Absence of pigment in skin, hair and eves occurs because melanocytes are unable 1o
synihesize melanin. in this autosomal recessive genetic condition, skin is de-pigmented all over the
body.This should be distingulshed from vitiligo which is not congenital. In vitiligo the absence of

pigment is patchy. In the affected areas, there is degeneration of already existing melanocytes. It is
an auto-immune disease,

3 Aplesia: The skin may fail to develop In certain regions.

3 Dysplasia: The skin may be abnormal in structure, Mumercus varieties of dysplasia are described,
There may be congenital growths of the skin. Dysplasia may be part of maldevelopment of various
eciodermal derivatives including hair, teeth, sweat glands and sebaceous glands.

2 Hair may be absent over the scalp (congenital alapecia), The eyebrows and eyelashes may also be
absent, Absence of halr in any part of the body is called atrichia, while overgrowth of hair [s called

hypertrichosis
| = Anenychia: Malls may be absent. Occasionally they may show over development.
MAMMARY GLANDS

In some animals {e.g. bitches), a series of mammary glands are present on either side of the
midline, on the ventral surface of the runk. These are situated along a line that extends from
the axilla to the inguinal region. In the
human embryo, the ectoderm becomes
thickened along this line 1o form
gy f | - manmmary ridges or lines (Fig. 8.6).

o — Most of this line soon disappears. Each

4 : o mammary gland develops from a part of

| W i this line that overlies the pectoral region.
b /| In the region where the mammary

| L . ® g gland is to form, a thickened mass
\ K / of epidermal cells is seen projecting

\ : into the dermis (Fig. 8.7A), From this
."5 / thickened mass, sixteen 1o twenty solid

| [ outgrowths arise, and grow into the

N surrounding dermis (Figs. 8.7B, C).

\ / \ The thickened mass of epidermis (and

\ | \ the outgrowths), are now canalised

v i \ (Fig. 8.7D). The secretory elements of

I\ \i - the gland are formed by proliferation of

the terminal parts of the catgrowths. The
proximal end of each ougrowth forms
Fig. 8.6: The mammary line passing from the axilla 1o one lactiferons duct. The ducts at first

thie inguinal region, open intoa pit formed by cavitation of
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Fig. 8.7: Stages in the development of the mammary gland,

the original epithelial thickening. However, the growth of underlying mesoderm progressively
pushes the wall of this pit outwards, until it becomes elevated above the surface and forms the
ripple(Fig. 8.7E). The mammary gland remains rudimentary in the male. In females, the duces
and secretory elements undergo extensive development during puberty and pregnancy.

HICAL CORRELATION

Developmental Anomalies of the Mammary Glands

0 Amastia: The gland may be absent on one or both sides.

2 Athelia: The nipple may be absent.

O Polythelia and polymastie: Supernumerary nipples may be preésent anywhere along the milk line.
They may remain rudimentary (polythelia) of may form accessory mammary glands (polymastia).

2 Accessory breasts may be found away from the milk line. They have been observed in the neck,
cheeks, femoral triangle and vulva.

3 Inverted or crater nipple: The nipple may fail to ferm resulting in lactiferous ducts opening into a pit.
This causes difficulty in suckling.

O The gland may be abnermally small (micremastial or abnormally large (macromastia).

O Gynaecomastia: The male breast may enlarge as in the normal female and may even secrete milk,
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lTI'MEH’tBLE OF SOME EVENTS MENTIONED IN THIS GHAPTER

Age Developmental Events

Tih weak Mammary line is established

Bth week Melanoblasts start appearing

15t to 3rd month Cells of neural crest migrate fo skin

2nd month Surlace ectoderm is single laverad

2nd 1o:4th month Surface ectoderm becomes mulliple layarad
3rd to -ﬁ:h_l:n_mm Dermal papllitae are formed

126



Chapter 9
The Pharyngeal Arches

HIGHLIGHTS

Pharyngeal arches are rod-like thickenings of mesoderm present in the wall of the foregut.
ALTirst there are sl arches, The fifth arch disappears and only five remain.

Ihe wentral ends of the arches of the right and left sides meet in the middie line in the floor of the
sharyn.

n the interval between any two arches, the endoderm (lining the pharynx) is pushed outwards 1o

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

Each pharyngeal arch contains a skeletal element {cartilage that may later form bone), striated
muscle supplied by the nerve of the arch, and an arterial arch.

The cartilage of the first arch (Meckel’s cartilage) gives origin to the incus and malleus (of middle ear).
The cartilage of the second arch forms the stapes, the styloid process and part of the hyoid bone.
Ihe cartilage of the third arch forms the greater part of the hyoid bone.

The cartilages of the fourth and sixth arches give rise to the cartilages of the larynx.

Ihe nerves of the pharyngeal arches are as follows: First arch = mandibular; second arch = facial;
third 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 auditory tube develop from the tubotympanic 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 thyroglossal duct. This duct is formed as a median
diverticulum arising from the fioor of the pharynx (at the foramen caecum).
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INTRODUCTION

The formation of the foregur has been considered in Chapter 5. Reference to Fig, 5.14 will
show thar after the establishment of the head fold, the foregut is bounded ventrally by the
pericardium, and dorsallv by the developing brain. Cranially, it is at first separated from the
stomatodaeum by the buccopharyngeal membrane. When this membrane breaks down, the
foregut opens to the exterior through the stomatodaeum.

At this siage, the head is represented by the bulging caused by the developing brain
(Fig. 5.14), while the pericardium may be considered as oceupyving the region of the future
thorax. The two are separated by the stomatodacum which is the future mouth. 1t iz, thus,
apparent that a neck is not yet present.

The neck is formed by the elongation of the region between the stomatodaeum and the

pericardium. This is achieved, pardy, by a 'descent’ of the developing heart. However, this
elongation is due

| i Praryngeal mrehos
1 i
f
.I
LY
| Siomatodasum
| - <
fTaibud 5 4 il
* Hendlimt
¢ b
n ’ . ~" " Forhmb
Panmncaria! bulns -
i = bud
Paricardial
| bulge

Fig. 9.1: Lateral views of embryos showing the formation of pharyngeal arches between stomatodasum
and the pericardial bulge.

A coronal section through the foregut (the part destined to form the pharynx), before the
appearance of the pharyngeal arches, is shown in Fig, 9.2A. At this stage, the endodermal wall
of the foregut is separated from the surface ectoderm by a layer of mesoderm. Soon, thereafter,
the mesoderm comes 1o be arranged in the form of six bars that run dorso-ventrally in the side
wall of the foregut. Each of these ‘bars’ grows ventrally in the floor of the developing pharynx
and fuses with the corresponding ‘bar’ of the opposite side to form a pharyngeal or branchial
arch. Inthe interval between any two adjoining arches, the endoderm extends outwards in the

form of a pouch (endodermal or pharyngeal powch) 1o meet the ectoderm which dips into
this interval as an ectodermal clefi (Fig. 9.21).
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Buccopharyngeal
membrang
Ectoderm (Blue)
Primitive phanmnx
darived from Endoderm {rad)
farggut
Measoderm (graan)
| A

Buccophanyngeal mambrang
digappears

fui anch : J
2nd arch
| Aned @rch —'.—

Ath arch
(3th arch disappears
soon alter formation)

Gth arch

Fig. 9.2: Coronal sections through cranial part of foregur. (A) Before, and
(B) After formation of pharyngeal arches.

The first arch is also called the mandibular arch; and the second, the hyeid arch. The
third, fourth and sixth arches do not have special names. ‘The fifth arch disappears soon alter
its formation, so that only five arches remain.

The following structures are formed in the mesoderm of each arch (Fig. 9.3):
0 A skeletal element: This is cartilaginous to begin with. [t may remain cartilaginous, may
develop into bone, or may disappear.
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O Striated muscle: This muscle
is supplied by the nerve
of the arch (see below).
In later development, this
musculature may, or may
not, retain its anachment
to the skeleial elements
derived from the arch. It may
subdivide 1o form a number
of distinet muscles. which
may migraie away from the
pharmgeal region. When they

do 50, however. they carny Miincis
their nerve with them and B \\\
embryological  origin s '-
can thus be determined from Ectodam _—-‘\‘L Endoderm
their nerve supply.
0 A e bl arche enraliio Fig. 9.3: Structures to be seen in a pharyngeal arch.

the foregut, an arery called the ventral aorta develops. Dorsal o the foregut, another
artery called the dorsal aorta, is formed. A series of arterial arches (@ortic arches)
connect the ventral and dorsal aortae, One such arterial arch lies in each pharyngeal arch:
In & subsequent development, the arrangement of these arteries is greatly modified. The
fate of the arterial arches is considered in Chapier 15.

Each pharyngeal arch is supplied by a nerve. In addition to supplying the skeletal muscle

of the archy, it supplies sensory branches 1o the overlying ectoderm, and endoderm (Fig. 9.3).
In same lower animals, each arch is supplied by two nerves { Fig, 9.4). The nerve of the arch
itsell runs along the cranial border of the arch. This is called the post-trematic nerve of the
arch (trema = trench ). Each arch also receives a branch from the nerve of the succeeding arch.
This runs along the candal border of the arch, and is called the pre-trematic nerve of the arch.

In the human embryo, however, a double innervation is 1o be seen only in the first pharyngeal
arch.

1anch || =— B —— =— Merve |
) {
s = \ Pra-trematic branch
= == .
2nd arch U | Miereg 1
"\ Pogt-trematic branch
= - = Morv Il
Jedt arch J_ |

Fig.9.4: Arrangement of nerves supplying the pharyngeal arches
in some lower animals,
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DERIVATIVES OF THE SKELETAL ELEMENTS

2 The cartilage of the first arch is called Meckel's cartilage (Fig. 9.5). The incus and malleus
{of the middle ear) are derlved from its dorsal end. The ventral part of the cartilage is
surrounded by the developing mandible, and is absorbed. The part of the cartilage
extending from the region of the middle ear to the mandible disappears, but its sheath
[perichondrium) forms the anderior liganent of the malleus and the sphenomandibular
ligament.

Spime o sphenod
LY

Slapis
\'x_ éﬁfj Malkeus

__ Stylowd process

)
H Sphenomanddbular
L —" ligament

G:-|rl||.;|-:‘;<,:- al
hirst anch

_ Lingula

Stylohyoid
ligament

Caritage of
second anch

From carifage \

ol thard arch

Hemnants ol
Meckel's carilage
wilhin mandibla

— (Greater comu

__—— Lessar cormu

From carilages of - Thyroid canilage
fourth and sixth arches

Cricoid cartilage

Fig. 9.5: Fate of the cartilages of the pharyngeal arches. The left half of the figure shows an
earlier stage of development. The derivatives of the first arch are shown in red, second arch
im green, third arch in orange, and fourth Afth and sixth arches in blue,
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Mesenchvmeof the first arch is also responsible for formation of bones of the face including
the maxilla, the mandible, the zvpomatic bone, the palatine bone and part of the temporal
bone.

2 The cartilage of the second arch forms the following:

> Siapes.

a2 Swloid process.

3 Snvlohyoid ligament (from sheath).

2 Smaller (lesser) cornu of hvoid bone,

2 Superior part of body of hyoid bone.
(Note that all structures listed start with 'S°).

The following structures are formed from the cantilage of the third arch:

3. Greater cornu of hyoid bone.

> Lower part of the body of hyoid bone.

a2 The cartilages of the lanmy are derbved from the fourth and sixth arches with a possible
contribution fram the fifth arch, but their exact derivation is controversial.

MERVES AND MUSCLES OF THE ARCHES

All the museles derived from a pharyngeal arch are supplied by the nerve of the arch and
can, therefore, be identified by their nerve supply. The nerves of the arches and the muscles
supplied by them are given in the Table 9.1.

We have already seen that these perves not only supply muscles, but also innervate
the parts of skin and mucous membrane derived from the arches. Some of the nerves
(e.g. glossopharymgeal) have only a small motor component and are predominantly sensory.
As stated above, the first-arch has a double nerve supply. The mandibular nerve is the post-
trematic nerve of the first arch, while the chorda tympani (branch of facial nerve)is the pre-
trematic nerve. This double innervation is reflected in the nerve supply of the anterior two-
thirds of the tangue that are derived from the veniral part of the first arch.

Some recent investigations suggest that mesenchyme giving rise o muscles of the
pharyngeal arches is derived from paraxial mesoderm cranial 1o the occipltal somites
(i.e. from the region of the preoccipital somites); and that its organisation is influenced

=1 Merves of pharyngeal arches and muscles supplied by them

First Mandibular Madial and laleral plerygoids, Mazseter, Tempaoralis, Mylohyoid,
Anterior belly of digasiric, Tensor tympani, Tensor palats,
Second.  Facial Facial Museles, Occipitofrontalis, Platysma, Stylohyoid, Pasterior

belly of digastric, Stapedius, Auricular muscles.
Third Glosso-pharyngeal Stylopharyngeus
Fourth  Superior laryngaal Muscles of larynx and pharynz
Fifth Recurrent laryngeal

132



Chapler 8 — The Pharyngeal Arches

Table 8.2 Muscles derived from somitomeres and somites

w telSomites | Muscles Darived
Somilomaral and 2 Muscles supplied by cculomotor nerve

Somadomene: 3 Supenar obligue muscle supplied by trochiear nerve

Somalomere 4 Muscles of first pharyngeal arch supplied by mandibular nerve
Somalomerns 5 Lateral reclus muscle supplied by abducent nerve

Somilomare & Mus=cles of lhe second pharyngeal arch supplied by tha facial nerve
Somslomans T Stylopharyngeus (from 3rd arch) supplied by glossopharyngeal nerve

Oecipital somiles1 and 2 Laryngeal muscles {from dih io Bth arches) supplied by the vagus nerve
Oetipital somites 3 to 5 tMuscies ol tongue supplied by hypoglossal nensae

by nevral crest cells, Although paraxial mesoderm here does not form typical somites, it
shows partal segmentation inle seven masses of mesenchyme called semitomeres. The
structures derived from the seven somitomeres and from five occipital somites that follow

then, have been described as given in Table 8.2.

If we accept this view of the origin of branchial musculature, there would be no significant
meason to distinguish between it and muscle derived from somites.

FATE OF ECTODERMAL CLEFTS

After the formation of the pharvngeal arches, the region of the neck is marked on the outside by
a series of grooves, or ectodermal clefis. The dorsal part of the first cleft (between the first and
second arches) develops into the epithelial lining of the external acoustic meatus. The pinna
[or auricle] is formed from a series of swellings or hillocks, that arise on the first and second
arches, where they adjoin the first cleft (for the development of pinna refer to Chapter 19). The
veniral part of this cleft is obliterated.

The second arch
grows much faster than
the succeeding arches
and comes (o overhang
them (Fig. 9.6). The

First arch

Cenical sinus
space  between  the lying deepto
overhanging  second Apsstn
arch and the third,
fourth and sixth arches
is called the cervical
simus.  Subsequently,
the lower overhanging
border of the second Fig. 9.6: Cervical sinus. The left haif of the figure shows

arch fuses with tissues an earlier stage than the right half,
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caudal 1o the arches. The side of the neck (which was thus far marked by the ectodermal clefis)
now becomes smooth. The cavity of the cervical sinus (which is lined by ectoderm) normally
gets obliterated. Part of it may persist and give rise 1o swellings that lie in the neck, along the
anterior border of the stemocleidomastoid. These are called branchial eyses, and are most
commonly located just below the angle of the mandible. If such a cyst opens onto the surface,
it becomes a branchial sinus. Rarely, a cervical sinus may open into the lumen ofthe pharynx
in the region of the tonsil.

FATE OF ENDODERMAL POUCHES

The endodermal pouches 1ake part in the formation of several important organs (Fig. 9.7).
These are listed below,

First Pouch

= Iisventral part is obliterated by formation of the tengue.
o s dorsal part receives a contribution from the dorsal pant of the second pouch, and these
rwo ogether form a diverticulum that grows towards the region: of the developing ear.

.
Tubotympanic recess
- Tonsil

Parathyroid 1|

Fig. 9.7: Scheme to show the fate of the pharyngeal pouches (numbered 1 to 4),
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This diverticulum is called the tubo-tympanic recess. The proximal part of this recess
gives rise (o the auditory (pharyngotympanic) tube, and the distal part 1o the middle
ear carity, including the fympranic antrum.

Second Pouch

g The epithelium of the ventral part of this pouch contributes to the formation of the fonsil.
a  The dorsal part takes part in the formation of the tubotympanic recess.

Third Pouch

This gives rise 10 the inferior parathyroid glands, and the thymus,

Fourth Pouch

Thisgives arigin o the seperior parathyroid glands, and may contribute to the thyroid gland.

Fifth or Ultimobranchial Pouch

A fifth pouch is seen for a brief period during development. In some species it gives rise
to the nitimobranchial body. [ts fate in man is controversial. It is generally believed 1o be
incorporaied into the fourth pouch, the two together forming the candal plharyngeal complex.
The superior parathyroid glands arise from this complex. The complex probably also gives
origin 1o the parafollicular cells of the thyroid gland.

DEVELOPMENT OF THE THYMUS

The thyiins develops from the endoderm af the third pharyngeal pouch (which also gives
rise 1o the inferior parathyroid glands).

Early in development, this pouch is eut off, both from the pharyngeal wall and from
the surface ectoderm. After separation from the inferior parathyroid rudiment, each thymic
rudiment has a thinner cranial part and a broader caudal part. The thinner portion forms the
cervical part of the thymus. The breader parts, of the two sides, enter the thorax and become
united to each other by connective tissue.

The endodermal cells of the thymus are invaded by vascular mesoderm which contains
numerous lymphoblasts. This invading mesenchyme partially breaks up the thymic tissue into
isolated masses, and thus gives the organ its lobulated appearance,

Fragmentation of the cervical part of the thymus may give rise to accessory thymic tissue.
Such tissue, present in relation 1o the superior parathyroid glands, is believed 1o arise from the
[ourth pouch.

The thymus is relatively large at birth. It continues (o increase in weight till puberty.
Thereafier, it gradually undergoes atrophy.
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DEVELOPMENT OF PARATHYROID GLANDS

Parathyroid glands are derived as follows:
a  The inferior parathyroid glands develop from endoderm of the third pharyngeal pouch

{parathyroid 111},

o The superior parathyroid glands develop from endoderm of the fourth pharyngeal
pouch (parathvroid 1V).

As the third pouch also gives originto the thymus, thisorgan is closely related to parathyroid
1. When the thyvmus descends towards the thorax, parathyroid 111 is carried caudally along
with it for some distance. Meanwhile, parathyroid IV is prevented from descending caudally,
because of the close relationship of the fourth pouch to the developing thyroid gland. As a
resull, parathyvroid 1 becomes caudal 1o parathyroid IV, Hence, the parathyroid glands derivied
from the fourth pouch become the superior parathyroid glands and those derived from the
third pouch become the inferior parathyroid glands (Fig. 9.8).

In keeping with their developmenial history, the superior parathyroid glands are relatively
constant in position, bur the inferior parathyroid glands may descend into the lower part of
the neck or even into the anterior mediastinum, Alternatively, they may remain at their site of
origin-and are then seen near the bifurcation of the common carotid artery.

Parativyro |

X ’.n'
Fourth powch {

et
s

Paratmyprosd IV

Fig. 9.8: Derivation of superior and inferior parathyroid glands. Note that the relative position of
parathyroid IEand IV is reversed during development.

DEVELOPMENT OF THE THYROID GLAND

The thyroid gland develops mainly from the thyroglossal duct. Parafollicular cells are derived
from the caudal pharyngeal complex (derived from the fourth and fifth pharyngeal pouches).
Afier the formation of the pharyngeal arches, the floor of the pharynx has the appearance
shown in Fig. 9.9, The medial ends of the two mandibular arches are separated by a midline
swelling called the reberculum impar. Immediately behind the whereulum, the epithelium of
the Moor of the I}ha rvIx shows a ||:|'i{;l;|;_r[|;i“1; in the middie line [I‘!'H. 9.10A) This region is soorn
depressed below the surface to form a diverticulum called the thyroglossal duct (Fig. 9.108).
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The site of arigin of the diverticulum is now seen as a depression called the foramen
caecn. The diverticulum grows down in the midline into the neck. lis tip soon bifurcares
[Fig. 9.10C). Proliferation of the cells of this bifid end gives rise to the two lobes of the thyroid
gland.

The developing thyroid comes inte intimate relationship with the caudal pharyngeal
complex and fuses with it (Fig. 9.1002). Cells arising from this complex are believed 1o give
origin ta the parafollicular cells of the thyrold which may represent the ultimobranchial body
of lowwer animals,

! Tubsareulum impar
i

1l swellng
| — -
| Fustarch - | ___C::) Q
| i
| 1
| Second ach - _i e Foramen Caccum
| : {Bue dot)
Thiird areh — = | — Hypebranchial
\ eminance

—a 1'
Fourth arch — bt

Fifihy arch has
disappeansd AI r/ Trachaal groove

Sixth anch

Fig. 9.9: Floor of the pharynx showing the foramen cascum from
whare the thyroglossal duct arises.

Sie of loramen caecum

A ey Dol
B ”_
lassal
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Lataral thyroid (7)
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Hi hyrogloss sl D
Bifid lower end

Fig. 9.10: 5tagesin the development of the thyrold gland.
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Anomalies of the Thyroid Gland

A. Anomalies of Shape

O The pyramidal fobe is present so often that it is regarded as a normal structure. It may arise from the
isthmus (Fig. 2.11A) or from one of the lobes (Fig, 9.1 18, CL. It may have no connection with the rest of
the thyroid, and may be divided into two or more parts (Fig. 2.1 10}, In extent, it may vary from a short
stump (Fig, %.114) 1o a process reaching the hyoid bone (Fig. 9.11C).

2 The isthmus may be, absant (Fig. 9.124).

2 One of the lobes of the gland may be very small (Fig. 9.1 28}, or absent (Fig. 9.12C).

| 7 Hyoldbone
| Levator glandutas
\ thyroidea

! e Pyramidal lobe
B e Lataral loba

ST S e ldhmus

Fig.9.12: Anomalies of the thyroid gland. The parts of the gland shown in dotted outline are missing.
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Clinical Correlation contd...

B. Anomalies of Position (Fig. 9.13)

O Lingual thyroid: The thyroid may lie under the mucosa of the dorsum of the tongue and may form a
swelling that may cause difficulty in swallowing.

Intra-lingueal thyraid: The thyroid may be embedded in the muscular substance of the tongue,
Supraliyoid thyroid: The gland may lic in the midline of the neck, above the hyoid bone.

Infralyoid thyroid: The gland may lie below the hyoid bone, but above its normal position.
Intratheraeie thyrald: The entire gland, or part of it, may He in the thorax.

Mote that when thyroid tissue is present in the anomalous positions described abowe, an additional
thyrokd may or may not be present at the normal site.

oo o0

C. Ectopic Thyraid Tissue
small masses of thyroid tissue may be present atabnormal sites.

Thyrold tissue has been observed in the laryny, trachea, cesophagus, pons, pleura, pericardium and
ovaries, Masses of ectopic thyrald tissue have been described in relation to the deep cervical lymph
nodes (lateral aberrant thyroids) but these are now believed to represent metastases in the lymph
nodes from & carcinoma of the thyreid gland,

D, Remnants of the Thyreglossal Duct
These remnants may persist and lead to the formation of:
2 Thyroglossal cysts, that may occur anywhere along the course of the duct, They may acquire
secandary openings on the surface of the neck to form fistulae.
d Thyroglassal fistula opening at the foramen cagcum.
3 Carcinoma of the thyroglossal duct.
In the surgical removal of thyroglossal cysts and fistulae, itis important to remove all remnants of the
thyroglossal duct. In this connection, it has to be remembered that the duct is intimately related to the
hyoid bone (Fig, 9.13).

Tangue Lingual thyroid

Intralingual hyrosd

Suprahyosd thyroid

infrahyoid thyrold

Thyroid cartilage /’B.. Cricoid
Path of thyroglossal duct \ akings
: - Fig. 9.13: Path of thyroglossal duct. Note
Mormal
ST POMTRA, 5 ST ,-J\ that thyroid tissue may come to lie anywhere
along the course of this duct.
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. TIMETABLE OF SOME EVENTS MENTIOMED IN THIS CHAPTER

dth week (22nd day) Appearance of 151 and 2nd arches

Sth week (25th day) Four arches are seen. Thyroid, parathyroid and thymus start forming
Tih week Thyroid gland reaches its definitive position;




Chapter ]_0

The Skeleton

- The vertebiral column [s derived from the sclerotomes of somites, Each sclerotome divides into three
parts: cranial, middle and caudal.

J Avertebra is formed by fusion of the caudal part of one sclerotome and the cranial part of the next
scleratome, IUis, therefore, intersegmental in position.

d The middie part of the sclerctome forms an intervertebral disc, which is therefore segmental in
pesition.

L The stermum is formed By fusion of right and left sternal bars.

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

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

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

O Limb bones develop from mesenchyme of the limb buds. Joints are formed in intervals batween

bone ends.
e !
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‘The process of bone formation has been considered in Chapter 7. We have seen thatall bone is
of mesodermal origin, and that bones can be classified as cantilage bones or membrane bones,
on the basis of their mode of ossification.

o Most bones of the axial skeleton are derived from sclerotomes of somites (paraxial
mesoderm).

2 Bones of the shoulder and hip girdle, and of the limbs, arise from lateral plate mesoderm.
a  Some bones of the face and skull are derivatives of the neural crest.

THEVERTEBRAL COLUMN

The vertebral column is formed from the sclerotomes of the somites.

Thecellsofeach SE‘IE'FUIDI'I_'IE getconverted S
into loose mesenchyme. This mesenchyme ;
migrates  medially and surrounds the Ilr'_‘“-\_\\ f
notochord (Fig. 10.1). The mesenchyme then b B
extends backwards on eftherside of the neural b
tibe and surrounds it (Fig. 10.2). Extensions r"*'}“"'ﬂ"ﬁ::'; ’x‘.
of this mesenchyme also ake place laterally sclproloma
in the position 1o be subsequently occupied

by the transverse processes, and ventrally in  Fig-10.1: Formation of mesenchymal basis of the
the body wall, in the position to be occupied body of a vertelira from & sclerotame.
by the ribs.

For some time the mesenchyme Mieganchymal basis
derived from each somite can be seen oA Iiethat on
as a distinct segmem (Fig. 10.3A). The
mesenchymal cells of each segment are at ;
first uniformly distributed. However, the cells S
soon become condensed in a region that §
runs iransversely across: the middle of the | Mesanchymal basis
segment. This condensed reglon is called the (L e
perichordal disc. Above and below It there { !
are less condensed pans (Fig. 10.3B). The ”;ﬁ"ﬂ:‘;f’bgﬁ,,“
mesenchymal basis of the boely (or centrim) Fig. 102 Formation of merenchymial basls of the
of e.lrh vertebra is formed by fusion of the g Ae;ramth S e e
adjoining, less condensed pans of wo

segments (Fig. 10.3B). The perichordal disc becomes the infervertebral disc,

The newral arch, the transverse processes and the costal elements are formed in the
same way as the body, The interspinous and intertransverse ligaments are formed in the
same manner as the intervenebral disc,

The notochord disappears in the region of the vertebral bodies. In the region of the

interveriebral discs, the notochord becomes expanded and forms the nucleus pulposus
(Fig. 10.3C),
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Fig. 10.3: (A} Mesenchyme derived from somites is seen in the form of segmenss. (B) Each segment has a

central condensed part, and cranial and caudal less condensed parts. {C) A vertebra is formed by fusion of

adjoining uncondensed parts of two somites. Hence it is an intersegmental structure. Each intervertebral
dise 15 derived from the condensed part of one somite. Hence it is segmental in position,

From the above account we may note that:

a  The vertebra is an intersegorental structure made up from portions of two somites. The
intervertebral disc is formed at the centre of the somite.

O The ransverse processes and ribs are also intersegmental. They separate the muscles
derived from two adjoining myatomes.

2 Spinal nerves are segmental siructures. They, therefore, emerge from between the two
adjacent vertebrae and lie between two adjacent ribs.

2 The blood vessels supplying structures derived from the myotome (e.g. intercostal vessels)
are intersegmental like the vertebrae. Therefore, the intercostal and lumbar arteries lie
opposite the vertebral bodies.

The mesenchymal basis of the veriebra is converted into cartilage by the appearance
of several centres of chondrification. Three primary centres of ossification appear in the
cartilaginous model for each vertebra; one for each neural arch and one for the greater part
of the body (centrum). At birth the centrum and the two halves of the neural arch are joined
by cartilage (Fig. 10.4A). These are termed newrocentral joints. Note that the posterolateral
parts of the vertebral body are formed from the neural arch (Fig, 10.4B). After the centrum
and neural arch have fused, the junction between the two is indicated by the neurocentral
fine.
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Fart of veriobral
Tommid by newral arc

Centnum B
Meurocentral line

Fig- 10.4: [A) A vertebea at birth consisting of three separate pieces of bone: a centrum and twe neural
arches. (B) Diagram to show the neuracentral line which is the line along which body and
newral arch have fused.
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Fig. 10.5: Spina bifida produced by non-fusion

of the two halves of the neural arch,
CumcaL CorRELATION

Congenital Anomalies of Vertebral Column
-

One or more verlebrae may be absent, the caudal vertebrae being more commanly affected.
Absence of the coccyx alone, or of the sacrum and coccys, may be seen.

Additional vertebrae may be present. The sacrum may show six segments,

Fartof  veriebra may be missing. Various anomalies result, depending on the part that is absent.

2 The two hakves of the neural arch may fail to fuse in the midline. This condition is called spina
bifida (Fig. 10.5). The gap between the neural arches may not be obvious (spina bifida ecculta),
or may be large enough for meninges and neural elements 1o bulge out ef it (see meningocoele
and meningomyelocoela),

Spina bifida in a fetus can be recognized by ultrascund examination. Examination of amniotic
fluid shows increased levels of alpha-fetoproteins (AFP) in a case with spina bifida.

=
a
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Clinical Correlation contd...

2 The vertebral body may ossify from two primary centres which soon fuse. One of these parts
may fall o develap, resulting in only half of the body being present. This is called hemivertebra,
It is usually associated with absence of the corresponding rib,

3 The two halves of the vertebral body may be formed normally but may fail 1o fuse. The vertebral
body then consists of two hemivertebrae. Sometimes the gap between the two halves is large
encugh for meninges and nerves to bulge forward between them (anterior spina bifida).

Q' Twoor more vertebrae that are normally separate may be fused to each other. Such fusion may occur
in the cervical region (Klippel-Feil syndrome). The atlas vertebra may be fused to the occipital bone
{occipitalization of atlas). The ffth lumbar vertebra may be partially or completely fused to the
sacrum (sacralisation of Sth lumbar vertebra).

O Parts of the vertebral column that are normally fused 1o each other may be separate. The first sacral
vertehsa may be separate lom the rest of the sacrum (lumbarisation of the first sacral vertebra).
The odontold process may be separate from the rest of the axis vertebra.

o The articular facets may be abnormal in orientation, or may be deficient. When there is deficiency
of botn the inferior articular processes of the ffth [ubar vertebra, the body of the vertebra may slip
forwards over the sacrum, This is called spondylolisthesis.

O The vertebral canal may be divided into two lateral halves by a projecting shelf of bone, which splits
the spinal cord longitudinally into two halves (diastematomylia).

O Cusification of the vertebral bodies may be defective thus reducing the total length of the spine.
This can lead 1o the formation of dwarls who have a short trunk but have limbs of normal length
{ehondro-osteo-dystrophy),

O A peculiar lumour arising fram cells of the primitive knot may be seen attached to the lower end
of the spine. Various tissues may be seen in it. Such a growth is called a socrococcygeal teratoma.

Ancmalies of the vertebrae are of practical importance in that

3 They may cause deformities of the spine. The spine may be bent on itself (congenital scoliosis).
Deformities of cervical vertebrae may lead to tilting of the head to one side and its rotation to
the opposite side ([congenital torticolis). This deformity may be secondary to a contracture of
the sternocleidomastoid muscle.

3 The spinal nerves, or even the spinal cord, may be implicated. They may be subjected 1o
abnormal pressure leading to paralysis.

3 Theyare frequently the cause of backache,

THE RIBS

The ribs are derived from ventral extensions of the sclerotomic mesenchyme that forms the
vertebral arches. These extensions are present not only in the thoracie region but also in the
cervical, lumbar and sacral regions. They lie ventral to the mesenchymal basis of the transverse
processes with which they are continuous.

In the thoracic region, the entire extension (called the primitive costal arch) undergoes
chondrification, and subsequent ossification, to form the ribs. However, some mesenchyme
between it and the developing transverse process does not undergo chondrification: it
becomes loose and forms the costotransverse joint. In the cervical, lumbar and sacral regions,
chondrification and ossification of the costal arch is confined to the region in immediate
relationship to the transverse process. The bone formed from the arch is fused to the transverse
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Fig. 10.6: Relative contribution
1o vertebrae by the centrum, the
neural arch and the costal element
in different regions. Mote that
a small part of the body of the
wertebra is derived from the newral
arch.

process and is referred (o as the costal element of the process. The contributions made by the
costal element 1o the cervical, lumbar and sacral vertebrae are shown in Fig. 10.6.

THE STERNUM

The stermnum is formed by fusion of two sternal bars, or plates, that develep on either side of
the midline. Mesenchyvmal condensations forming at these sites become cartilaginous in the
seventh week of intrauterine life. Lateraily, the sternal bars are continuous with ribs. The fusion
of the two sternal bars first ocours at their cranial end (manubrium) and proceeds caudally

{Flgs.10.7B, C),
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Fig. 10.7: Development of the
sternum. (&) Sternal bars formed
on each side of the middle line.
(B] The sternal bars begin 1o fuse
with each ather at the cranial end.
(€} Fusion progresses caudally,
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The manubrium and the body of the sternum are ossified, separately, The xiphoid process

ossifies only late in life.

CunicaL CORRELATION

Anomalies of the Sternum and Ribs

3 Some ribs that are normally present may be missing. Unilateral absence of a rib is often associated
with hemivaertebra,

3 Accessory ribs may be present. Such a rib may be attached to the seventh cervical vertebra (cervical
rils), or 1o the first lumbar vertebra (lumbar rib),

O When the fuslon of the two sternal bars is faulty, the body of the sternum shows a partial oF even
& complete midline cleft. Minor degrees of non-fusion may result in a:bifid xiphoid process or in
midlkne foramina. Tiansvers ts may also-ocour,

O Inthe condition called funr est, the lower part of the sternum and the attached ribs are drawn

ards into the thorax. The primary defect is that the central tendon of the diaphragm is abnermally
short

3 The upper part of the stermum [and related costal cartilages) may project forwards (pigeon breast).

THE SKULL

The skull is developed from mesenchyme surrounding the developing brain. This mesenchyme
comes into close relationship with the following structures that also contribute 1o the

development of the skull;

4 Cranial w the first cervical somite there are four occipifal somites. The mesenchyme
arising from the sclerotomes of these somites helps 1o form part of the base of the skull in

the region of the occipital bone.

2 The developing internal ear (otic vesicle), and the region of the developing nose, are
surrounded by mesenchymal condensations called the otie, and nasal, capsules
respectively. These capsules also take part in forming the mesenchymal basis of the skull,

2 The first branchial arch is closely related wo the developing skull. It soon shows two
subdivisions, called the mandibular and maxillary processes. Some bones of the skull

aree formed in the mesoderm of these processes.

Some bones of the skull are formed in membrane, some in cartilage, and some partly in

membrane and partly in cartilage, as listed below.

Bones that are Completely Formed in Membrane

a  The frontal and parietal bones are formed in relation o mesenchyme covering the

developing brain.

a2 The maxilla (excluding the premaxilla), zygomatic and palatine bones, and part of the
temporal bones, are formed by intramembranous ossification of the mesenchyme of the

maxillary process.

a9 The nasel, lacrimal and vomer bones are ossified in the membrane covering the nasal

capsule.
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Bones that are Completely Formed in Cartilage

The ethimoid bone and the inferior nasal concha are derived from the cartilage of the nasal

capsule. The septal and alar cartilages of the nose represent parts of the capsule that do not
undergo nssification.

Bones that are Partly Formed in Cartilage and Partly in Membrane

a

a2

A

o
= |

Occipital: The interparietal part (lving above the superior nuchal lines) is formed in

membrane; the rést of the bone is formed by endochondral ossification.

Sphenoid: The lateral pan of the greater wing, and the pterygoid laminae, are formex in

membrane; the rest is cartilage bone.

Temporal: The squamous and tympanic parts are formed in membrane. The petreus and

mastold parts are formed by ossification of the cartilage of the otic capsule. The styloid
process is derived from the cartilage of the second branchial arch.

Mandible: Most of the bone is formed in membrane in the mesenchyme of the mandibular
process. Theveniral pan of Meckel's cartilage geis embedded in the bone. The condylar and
coronoid processes are ossified from secondary cartilages that appear in these situations.
The development of the hyold bone has been described in Chapler 9.

nomalies of the Skull

The greater part of the vault of the skull is missingin cases of anencephaly,

Thie skull may shawvarious types of deformity. Inonesyndrome, defarmities of the skull are associated
with absence of the clavicle (cleidocraniol dysostosis). Fremature union of the sagittal suture gives
fise 1o a boat-shaped skull (scophocephaly). Early union of the coronal suture results in a pointed
skull laerocephaly). Asymmetriczl union of sutures results in a twisted skull (plagiocephaly). When
the brain fails 1o grow the skull rermains smail (microcephaly).

The bones of the vault of the skull may be widely separated by expansion of the cranial cavity in
congenital hydrocephalus.

In-a rare congenital condition called Hond-Schuller-Christlan disease, large defects are sean in the

skull bones. The primary defect Is in the reticuloendothelial system; the changes in the bones are
secondany.

The occipital bone may be fused 1o the atlas vertebra.

Several genetic disorders of cranio-facial development have been described, One syndrome caused
by under development of the first branchial arch is mandibulo-facial dysostosis.

FORMATION OF THE LIMBS

The bones of the limbs, including the bones of the shoulder and pelvic girdles, are formed from
mesenchyme of the limb buds. With the exception of the clavicle (which is a membrane bone),
they are all formed by endochondral ossification.

‘The b buds are, paddle-shaped, outgrowths that arise from the side-wall of the embryo

at the beginning of the second month of intrawerine life (Fig. 10.8). Each bud is a mass of
148 mesenchyme covered by ectoderm.
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Pharyngaal archas

Fig. 10.8: Embryo showing limb buds.

Ihe mezsenchyme of limb buds is derived from (the parietal layer of) the lateral plate
mesoderm, This mesenchyme gives rise to bones, connective tissue and some blood vessels.
The muscles of the limbs are derived from myotomes of somites which migrate in to the limbs.

Al the tip of each limb bud, the ectoderm is thickened to form the apical ectodermal
ridge (AER), This ridge has an inducing effect on underlying mesenchyme causing it to
remain endifferentiated and to proliferate. Areas away frem the apical ridge undergo
differentiation into eartilage, musele, ete.

Sometimes two AER are formed on a limb bud. This results in formation of a super-
numerary limb,

The forelimbr buds appear a little earlier than the hinelinm buds. As each forelimb bud
grows, it becomes subdivided by constrictions into arm, forearm and hand. The hand itsell
zo0n shows outlines of the digits. The interd igital areas show cell death because of which the
digits separate from each other (Fig. 10.9). Similar changes occur in the hindlimb.

While the limb buds are growing, the mesenchymal cells in the buds form cartilaginous
models, which subsequently ossify 1o form the bones of the limb.

.‘Hand T

Argas of
call death

Fig. 10.9: Stages in differentiaticn of the forelimb bud, 149
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The limb buds are at first directed forward
and laterally from the body of the embryo
- Forelimb | (Fig. 10.10). Each bud has a preaxial (or

o cranial) border and a postaxial border
(Fig. 10.11). The thumb and great toe are
formed on the preaxial border.

The radius is the preaxial bone of the
forearm. In a later development, the
forelimb is adducted to the side of the body
(Fig- 10.11). The eriginal ventral surface
forms the anterior surface of the arm,
forearm and hand. In the case of the lower
limb, the tibia is the preaxial bone of the
leg. Adduction of this limb is accompanied
by medial rotation with the result that the
great toe and tibia come to lie on the medial
gide. The original ventral surface of the limb
is represented by the inguinal region, the

medial side of the lower part of the thigh. the popliteal surface of the knee, the back of the leg
and the sole of the foor.

imb bud is derived from the part of the body wall belonging to segments C4, C5,
.7, OB, T and T2. Itis, therefore, innervated by the corresponding spinal nerves. The hind

mb biad

1is formed apposite the segmenis L2, L3, 14, L5, 51 and 52.

The for

Preaxial bouder

4 Postaxial
¥ border

Position
of limiy in
tha adull

Fig. 10.11: Scheme showing that with ‘adduction’ of the embryonic limb,
150 the preaxial border becomes the lateral border.
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Joints

Thetissues of joints are derived from mesenchyme intervening benween developing bone ends.
This mesenchyme may differentiate into fibrous tissue, forming a fibrous foint (syndesmosis),
or inte cartilage forming a cartilaginous foint. In the case of some cartilaginous joints
(synchondrosis or primary cartilaginous joints) the cartilage connecting the bones is later
ossified, with the result that the two bones become continuous, This is seen, typically, at the
joints between the diaphyses and epiphyses of long bones.

At the site where a synovial foint is 1o be formed, the mesenchyme is usually seen in
three layvers. The two outer lavers are continuous with the perichondrium covering the
cartilaginous ends of the articulating bones. The middle layer becomes loose and a cavity
i formed in il The cavity comes (o be lined by a mesothelium that forms the synovial
membrane {Fig 10.12), The capsule, and other ligaments, are derived from the surrounding
mesenchvme.

Carlags —- &
|
=  Dense )
| Connochve Hgsm connaciive lssud
| of presumptive jaint Locea
connactive lssug
Surrounding
mesenchyme
B
Parmosteum
Capsule
Artcular
Kmﬂhm
Synovial
membrane
D

Fig. 10.12: Development of a synovial joint.
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CrmicaL CORRELATION

a

Anomalies of Limbs

O One or maore limbs of the body may be panially, or completely, absent (phocomelia, omelia). These

3 The imbs may remain-short in achondroplasia.

conditions may be produced by ingestion of harmful drugs.

Part of a limb may be deformed. Deformities are most frequently seen in the region of the ankle
and foot, and are of various types. In the most commaon variety of deformity, the foot shows marked
plantar flexion lequinus: Hke the horse), and inversion (varus), Hence this condition is called talipes
egquinovarus, or club foot.

Congenital strictures, congenital amputations or congenital contractures may be present.

There may beabnormal fusion (bomy or fibrows) between different bones of the limb. Adjcining diglts
may be fused (syndectyiyl. The phalanges of & digit may be fused to one another (synphafangia).

A digit may be abnormally large (macredactyly), or abnormally short (Brachydactyly). In
arcchnodactyly, the fingers are long and thin (spider ingers).

Supermumerary digits may be present {polydactyly). A digit (most commenly the thumb) may. have
Exira phalan,

AT

The palmior sole may show a deep longltudinal cleft (lobster claw),

Sometimes the bone ends forming a joint are imperfectly formed ;;mggnj[qj WI’W} This can
fead 1o congenital dislocation. The hip joint s maost commonly affected.

TIMETABLE OF SOME EVENTS MENTIONED IN THIS CHAPTER

4th weak (26th day)

B weak

Bih weak (38th day)

Fotalimb bud appears
ih wesk (2810 day) Hindlimb bud appears
Limmibs become paddis shaped.
Formation of fulure digits can be seen.
Cartilaginous models of bone slart farming.

Tih weak Rotation of imbs occurs
Bif wolak (504h day) Tha efbow and knee are astablished.

The fingars and foes are free.

Primary centers of ossification are seen in many bones,
121h woek

Primary centers of ossification are seen in all the leng bones.

The extremities are most susceptible 1o teratogens during the 4th to 7th weeks; and slightly

less susceptible in the 8th week.
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Chapter 1 1

Face, Nose and Palate

Misuuicurs

- The stomatoedaeum (future mouwth) s a depression bounded cranially by a bulging produced by the
brain, and cawdally by a bulging produced by the pericardial cavity.

Jd Thiee prominences appear around the stomatedaeum, These are the frontonasal process (above),

| and the right and left mandibular arches (first pharyngeal arches) (Fig. 11.3A).

| ' The mandibular arch divides into 2 maxillary process and a mandibular process (Fig. 11.38).

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

J The upper lip is formed by fusion of the frontonasal process with the right and left maxillary
processes, Failure to fuse completely leads to various forms of harelip.

J The cheeks are formed by fusion of {the posterion parts of ) the maxillary and mandibular processes.

J The nose is derived from the frontonasal process.

) The nasal eavity is formed as follows. An ectodermal thickening, the nasal placode, appears over the
frontonasal pracess (Fig. 11.44). The placode gets depressed below the surface to form the nasal pit
(Fiz. 11.4B). The nasal pits enlarge to form the nasal cavity.

J Paranasal sinuses appear as outgrowths from the nasal cawvity.

o 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 frontonasal process)
(Fig. 11.19). Deficiency in fusion leads 1o various forms of cleft palate {Fig. 11.20).
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Mesenchyma veloping
coveding lorebram -‘.\_‘\ for ntualn
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Eu.muh:ryngm
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Fig. 11.2: Formation of frontonasal process.

Fig. 11.1: Head end of an embryo just before formation
of the frontonasal process,

INTRODUCTION

We have seen (Chaprer 5] that, afier the formation of the head fold, the developing brain
and the ;:ur't..':rl."u'm furm pwo prominent bulgings on the ventral aspect of the embryo
{Flg. 5.16). These bulgings are separated by the stematodaeum (Fig. 11.1). The floor of the
stomatodaeum is formed by the buccopharyngeal membrane, which separates |t from

» foregun. Soon, mesoderm eovering the developing forebrain prolifesates, and forms
a downward projection that overlaps the upper part of the stomatodaeum. This downward
nr IJJ; ction is called the frontonasal process (Fig. 11.2). We have also seen (Chaprer 9) that the
sharyngeal arches are lald down in the lateral and ventral walls of the most cranial part of the
Flg. 9.1 B). These are alse, therefore, in very close relationship o the stomatodaeum.

It will now be readily appreciated that the face is derived from the following struciures that lie
around the stomatodacum:

2 thelrontonasal process: and

the first pharyngeal (or mandibular) arch of each side (Fig. 11.34).

Fromtonasal

SIRTEID03Ewm

L) E o r - o
\:;9,# Q—-—— Mangibular
arch

Paricardusm

Fig.11.3: Development of face: Formation of mandibular and maxillary processes.




Chapter 11 — Face, Nose and Palate

At this stage each mandibular arch forms the lateral wall of the stomatodaeum
[Fig. 11.3A). This arch gives off a bud from its dorsal end. This bud is called the maxillary process
(Fig. 11.3B). It grows ventro-medially cranial to the main part of the arch which is now called
the mandibnlar process.

The ectoderm overlying the frontonasal process soon shows bilateral localised thickenings,
that are situated a linle above the stomatodaeum (Fig. 11.4A). These are called the nasal
placodes. The formation of these placodes is induced by the underlying forebrain. The placodes
soon sink below the surface o form masal pits (Fig. 11.4B). The pits are continuous with the
stomatodaeum below. The edges of each pit are raised above the surface: the medial raised edge
15 called the medial nasal process and the lateral edge is called the lateral nasal process.

EEUE!,U; F THE FACE

Weare now in @ position to siudy the formation of the various parts of the face.

Lower Lip

The mandibular processes of the two sides grow towards each other (Fig. 11.3B), and fuse
in the midline (Fig. 11.4A). They now form the lower margin of the stomatodaeum,. If it is

remembered that the mouth develops from the stomatedaeum, it will be readily understood
that the [used mandibular processes give rise to the lower lip, and 1o the lower jaw (Fig. 11.7).
Upper Lij

2 Each maxillary process now grows medially and fuses, first with the lateral nasal process
{Fig. 11.5), and then with the medial nasal process (Fig. 11.6). The medial and lateral nasal

anl:m;::m Madial nasal

proOCess

Lens placode

Masal
placode

2 o

Lateral nasal
OCRSS
Masal pit

Eya
Maxiliany

Procass

A B

Fig. 11.4: Development of face (continued). (A) The right and left mandibular processes fuse and form

the lower boundary of the future mouth. The nasal placodes appear over the frontonasal process. The lens

placode appears. (B) The nasal placode |s converted into the nasal pit. Elevations of the pit form the medial
and lateral nasal processes.
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Maxillary process
lusg-.wdm

Primétive mouth

Fused
s ular pl'ﬂEESH

Fig. 11.5: Development of the face [continued). (A} The right and left nasal pits come close to each other,
The lateral nasal process is separated from the maxillary process by the naso-optic furrcw. (B) The maxillary

process fuses witl

the lateral nassl process obliterating the naso-optic furrow.

processes aleo fuse with each other In thisway the nasal pits (now called external Hares)

dre cut off from the stomatodasum,

The maxd v processes undergo considerable IL;rl:]'l.'."l!]l [F‘ig. Il..ﬁ]- At the same time the
nuch narrower from side to side, with the result that the two

EXTETIAL NEres COme closer ll!r!."nL".:"I CL

irontonasal process becom

156

f"\ 20 .
1 A |
A /CQ

Fromonasal process

Lateral nasal

/-g>/- pacs

.f_,\.

' b Eye
— !

Fromonasal process

: (has BoComa narow) Fig. 11.6: Development of the face
- l | {eontinued). (A The maxillary process
= i 5 extends below the nasal pit and fuses
\ . & e tossos | with the medial nasal process. In this

B ! A fuse 1o jorrm choek way the nasal pit is separated from
| / KAguUlh is narfower the stomatodaeum. (B) The maxillary

. 7 and mandibular processes partly fuse

1o form the cheek. With growth of
the mixxillary processes the nasal pits
come closer 1o each other
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Fram fronlenasal _ 1 Upper part of chaek
o / \ from masillary process
From lateral —}—- I
nasal process
_Lower part of chaek
fram mandibular process

 Lateral part of upper lip

Madian part of \\__; [rewn masillary process
upper lip from X

Fronlenagal procass Lovaver lipy from
mandibular process

Flg. 11.7: Derivation of parts of the face.

d  The stomatodaeum is now bounded above From lienionasal

by the upper lip that is derived as follows [Process _1

(Figs. 11.7, L1:8). _.

3 The mesodermal basis of the lateral A .
part of the lip is formed from the 7
maxillary process. The overlying skin Maxifary process
i= derived from ectoderm covering this lrunmnasglrgrrg:‘.m: _1 meﬂlﬂm‘
PrOCess.

3 The mesodermal basis of the median B ,_]

part of the lip (called philtrum) is
[ormed from the frontonasal process. Fig. 11.8: Formation of upper lip: Scheme to
The ectoderm of the maxillary process, show how the maxillary process ‘overgrows’
however, overgrows this mesoderm the frontonasal process.
to meet that of the opposite maxillary
process in the midline (Fig. 11.8). As a result, the skin of the entire upper lip is
innervated by the maxillary nerves.

g The muscles of the face (including those of the lips) are derived from mesoderm of the

second branchial arch and are, therefore, supplied by the facial nerve.

Nose

The nose receives contributions from the frontonasal process, and from the medial and lateral
nasal processes of the right and left sides,

We have seen that the external nares are formed when the nasal pits are cut off from
the stomatodaeum by the fusion of the maxillary process with the medial nasal process,
We have also noted that the external nares gradually approach each other This is a result
of the fact that the frontonasal process becomes progressively narrower and its deeper part
ultimately forms the nasal septum. Mesoderm becomes heaped up in the median plane
to farm the prominence of the nose. Simultaneously, a groove appears between the region
of the nose and the bulging forebrain (which may now be called the forehead) (Fig. 11.10).
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Lans placode
Sl \/_\ MY
placode Eye
b f/hf M&hdnhulur
18t cleft
o 2nd arch -~
Mazal pit =
- Peticardasm r’
151 cleh daveloping
A o axlamal aar B

Flg. 11.9: Early sizgesinthe development of the face as seen from the lateral aspect.

As the nose becomes prominent, the external nares come to open downwards instead of
forwards (Fig. 11,10}, The external form of the nose Is thus established. The developmentof the
nasal cavity is considered later

Cheeks

Alter formation of the upper and lower lips, the stomatodaeum (which can now be called the
mouth) isvery broad. In its lateral part, ivis bounded above by the maxillary process and below
by the mandibular process. These processes undergo progressive fusion with each other to
form the cheeks (compare Figs. 11,64 and B; also see Figs. 11.9and 11.10).

We have already seen (while sudying the fermation of the upper lip) that the maxillary
process fuses with the lateral nasal process. This fusion not only aceurs in the region of
the lip but also extends from the stomatodacum to the medial angle of the developing eye
(Figs. 11.6, 11.9B). For some time this line of fusion is marked by a groove called the naso-optic

Maxillary &and
mandibular
procass fuse
1o form chees

Auricia Fremy raiiang
ol par PrOCEss

i Frean lionlonasal . --_
IOGCOSS

From mandibutas fﬁfr— 4

POCuss
fi

From 2nd arch

Fig. 11.10: Later stage in the development of the face as seen from the latéral aspect.
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Surrow or nasolacrimal selcus (Fig. 11.54). A strip of ectoderm becomes buried along this
furrony and gives rise to the naselacrimal duct (Chaprer 19).

Eye

The development of the eye itself will be dealt with later (Chaprer 19), but a brief reference to it
is necessary to form a complete idea of the development of the face.

The region af the eye is first seen as an ectodermal thickening, the lens placode, which
appears on the ventro-lateral side of the developing forebrain, lateral and cranial to the nasal
placode (Fig. 11.4A). The lens placode sinks below the surface and is eventually cut off from the
surface ectoderm. The developing eyeball produces a bulging in this situation (Fig. 11.5). The
bulgings of the eyes are at first directed laterally (Figs. 11.5, 11.6), andlie in the angles between
the maxillary processes and the lateral nasal processes. With the narrowing of the frontonasal
process, they come (o face forwards (Figs. 11.6, 11.7).

The evelids are derived from folds of ectoderm that are formed above and below the eyes,
and by mesaderm enclosed within the folds.

External Ear

The external ear is formed around the dorsal part of the first ectodermal cleft (Fig. 11.9B). A
series of mesodermal thickenings (often called tubercles ar hillocks) appear on the mandibular
and hyeid arches where they adjoin this cleft. The pinna (or auricle) is formed by fusion of
these thickenings {see Chapter 19, Fig. 19.25).

From a study of Figs. 11.9 and 11.10 it will be seen that when first formed, the pinna lies
caudal to the developing jaw. Itis pushed upwards and backwards to its definitive position due
tothe great enlargement of the mandibular process. If the mandibular process [ails 1o enlarge,
the ears remain low down. See mandibulofacial dysostosis below.

o
e @i
Y N
A

Fig. 11.11: Vareties of harelip. For explanation see text.
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Developmental Anomalies of the Face

It has been seen that the formation of variows parts of the face invelves fusion of diverse companents.

This fusicn is occasionally incomplete and gives rise 1o varous anomalies,

0 Harelip: The upper lip of the hare normally has a cleft. Hence the term harelip is used for defects of
the lips.

2 When one or both maxillary processes do not fuse with the medial nasal process, this glves rise
todefects in the upper lip. These may vary in degree and may be unilateral (Figs. 11.11A-C), or
Bllateral (Fig. 11.110D).

> Defeciive development of the lowermost part of the frontonasal process may give rise to a
midiine defect of the upper lip (Fig. 11.11E).

| 3 When the two mandibular processes do not fuse with each other the lower lip shows a defectin

the midline, The defect usually extends inta the jaw {Fig. 11.11F).
2 Obligee facial eleft: Won-fusion of the maxillary and lateral nasal process gives rise to a cleft running
from the medial angle of the eye to the mouth (Fig. 11.12). The nasclacrimal duct i2 nat farmed.

| o inadequate fusion of the mondibular and maxillary processes with each other may lead to an

abnarmally wide mouth (macrostomial. Lack of fusion may be unilateral: this leads to formation of a
lateral focial cleft. Too much fusion may resultin a small mouth (microstomia).

I_ 3 The nose may be bifid. This may be associatad with median cleft lip. Both these occur due to
bifurcation of the frontonasal process. Occasionally one half of it may be absent. Very rarely the nose
farms a cylindrical projection, o proboscis (Fig. 11.13) jutting out from just below the forehead. This
anomaly may sometimes affect only one half of the nose and is usually associated with fusion of the
1wo eyes (eyclops)

o The entire first arch may remain underdeveloped on one or bath sides, affecting the lower: eyelid
([coloboma type defect), the maxilla, the mandible, and the external ear. The prominence of the
cheek is absent and the ear may be displaced venirally and caudally, There may be presence of cleft
palate and of faulty dentition. This condition is called mandibulofacial dysostosis, Treacher Collins
syndrome o first arch syndrome. This is a genetic condition inherited as autosomal dominant.

O One half of the face may be underdeveloped or averdeveloped.

2 Themandible may be small compared to therest of the faceresulting in areceding chin(retrogaathia),
Inextremea cases it may fail te develop (agnathial.

2 Congenital tumours may be present n relation to the face. These may represent attempts at

| duptication of some parts.

3 The eyes may be widely separated (hypertelorism). The nasal bridge is broad. This condition results
from the presence of excessive tissue in the frontonasal process,

=2 The lips may show congenital pits or fistulae. The lip may be double,

Development of Nasal Cavities

The nasal cavities are formed by extension of the nasal pits. We have seen that these pits are
at first in open communication with the stomatodaewsm (Fig. 11.14A). Soon the medial and
lateral nasal processes fuse, and form a partition benween the pitand the stomatodaeum. This
is called the primitive palate (Fig. 11.14B), and is derived from the frontonasal process.

The nasal pits now deepen 1o form the sasal sacs which expand both dorsally and
caudally (Fig. 11.14C). The dorsal part of this sac is, at firsy, separated from the siomatodaeum



Chapler 11 — Face, Nose and Palate

Proboscis
Single median
ya

Mote that the
nose i missing

Fig. 11.12: Oblique
facial cleft,

Fig. 11.13: Abnormal face showing single median eye
[cyclops). A rod like projection is seen above the eye
(proboscis). Also see Fig, 19.12,

Primilive palate
\
— \\\ 8
' Masal pit * Anl. nares " = = _F,_,-*ngua
‘ Siomatodasum ! Oval cavity. — =
(—._ (’—. - Pharynx
| Foragul
Nasal sac Primitive patafe Masal cavity
I
L { L—’ '\-\.._\ II', —
s N .
Anletior _— 3 . Amerior “”*T_
nares b '-\" naras v ~ Pharynx
< \ Ol — | g
Stomaladasum |r b0 cavily | |
| |
(—. | l\. (/. | D
C | k) '|I
Tongue Bucconasal T i
ongue Postenor nares
mambrang formed by beeaking
down of bucconasal
membrans
Fig. 11.14: (4) Parasagittal sections through developing nasal cavity. (A) Masal pit formed. (B) Masal pit
deepens. It s separated from the stomatodaeum by the primitive palate. (C) The masal pit enlarges to form

the nasal sac. Posterlor to the primitive palate the sac is separated from the eral cavity by the bucconasal
membrane, (D) Bucconasal membrane breaks down,
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by a thin membrane called the bucconasal membrane (or nasal fin). This soon breaks down
(Figs. 11.14D, 11.15B). The nasal sac now has a ventral orifice that opens on the face (anterior
orexternal nares), and a dorsal orifice that opens into the stomatodacum (primitive posterior
nasal aperture).

The two nasal saes are at first widelv separated from one another by the frontonasal process
(Figs. 11.154, B). We have seen, however, that the frontonasal process becomes progressively
narrower. This narrowing of the frontonasal process, and the enlargement of the nasal cavities
themselves, brings them closer together. The intervening tissue becomes much thinned to
from the nasal septum (Figs. 11.15 C, D). The veniral part of the nasal septum is attached
below to the primitive palate (Fig. 11.15C). More posteriorly, the septum is at first attached to
the bucconasal membrane (Fig. 11.15D), but on disappearance of this membrane it has a free
lower edge. The nasal cavities are separated from the mouth by the development of the palate,
as described below.

The lateral wall of the nose is derived, on each side, from the lateral nasal process. The
nasal conchae appear as elevations on the lateral wall of each nasal cavity. The miglmﬂ
olfactory placodes form the olfactory epfthelium that lies in the roof, and adjoining parts of

the walls, of the nasal cavity,

—— Fronicnasal process

Hasal cavity |

Primuteg
alata
: f

c

I Bucconasal mambrane D

has disappeared

Fig. 11.15: Formation of the nasal septum, A and C are coronal sections through the anterior part of the

nasal sac. B and D are sections through the posterior part. [A) Right and left nasal sacs are widely separated

by the frantonasal process. Anterior part of nasal sac is separated from the stomatodaeum by the primitive

palate, (B) Postenior part of nasal sac is separated from the stomatodasum by the bucconasal membrane,

{C) Masal sacs enlarge and come close together. The fromonasal process is narrow and forms the nasal

septum. The lower edge of the septum reaches the primitive palate. (D) Bucconasal membrane breaks
down, As a result the posterior part of the nasal sac opens ino the stomatodaeurm.
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CuNICAL CORRELATION

Anomalies of the Nasal Cavity

O There may be atresia of the cavity at the external nares, at the posterior nasal aperture, or in the cavity
proper. This may be unilareral or bilateral. Viery rarely, there may be total absence of the nasal passages.

0 Congenital defects in the cribriform plate of the ethmoid bone may lead to a communication
between the crandal cavity and the nose.

2 The nasal septum may not be in the middle line, i.e. it may be deflected to one side. The septum may
be absent,

g The nasal cavity may communicate with the mouth.

Paranasal Sinusas
The paranasal sinuses appear as diverticula from the nasal cavity. The diverticula gradually
invade the bones after which they are named. The maxillary and sphenoidal sinuses begin to
develop before birth. The other sinuses develop after birth.

Enlargement of paranasal sinuses is associated with overall enlargement of the [acial
skeleton, including the jaws. This provides space in the jaws for growth and eruption of teeth.

Growih of the facial skeleton is responsible for the gradual change in looks of a baby.

|' Frontonasal

| process Right Maxillary Lt
proce:

55
A B
Pramaxilla Stomalodasum

»— —

il Wertical sachion across right and let
Firght Maxiflary Lalt maxillary processes along
OCESS axis X«¥ shown in Fig. A.
Imaginary horzomtal section through
right and leff maxillarny (rocesses
and the fronfonasal process

Maxillary process Palatal process
Viaw similar to 'B' after establishment View similar to 'C' al a later slage.
of nasal cavity. The nasal saptum is Palatal processes grow med
baginning [o form. from each maxilfary process.

Fig. 11.16: Development of the palate,
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DEVELOPMENT OF THE PALATE

To understand the development of the palate, let us have another look at the maxillary
process. From Figs. 11.6 and 11.10 it will be seen that these processes not only form the upper
lip but also extend backwards on either side of the stomatodaeum. They can, therefore, be
diagrammatically illustrated as in Fig. 11.164. If we cut a coronal section through the region
{along the line XY in Fig. 11.16A) the maxillary processes will be seen as in Fig. 11.16B. Finally,
if we now correlate Fig. 11.16B with Fig. 11.150 the relationship of the maxillary processesio
the developing nasal cavity and mouth is easily understood (Fig. 11.16C).

From each maxillary process, a plate like shelf grows medially (Fig. 11.16D). This is called
the palatal process. We now have three components from which the palate will be formed.
These are (Fig. 11.19);
a3 the two palatal processes; and
2 the primitive palate fermed from the frontonasal process,

HMedmn part of tha upper lip

Bremaniia Palatal

PTOCESS

Fig. 11.17: Constituents of the developing palate as seen in a schematic
horizontal section through the maxillary processes,

hasal sepium

O

Fig. 11.18: Sepamtion of nasal cavities from each other, and from the mouth.
Compare with Fig. 11.160.
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The definitive palate is formed by the
fusion of these three parts as follows:
1. Each palaal process fuses with the
posterior margin of the primitive
palate (Fig. 11.19).

From primétive palale
o [(Franlonasal process).
This part farms pramaxilla

From palatal procoss

2. The mwo palatal processes  fuse (Maxiliary process)
with each other in the midline
(Fig. 11.18A). Their fusion begins
anteriorly and proceeds backwards, = Soft palate

3. The medial edges of the palatal

processes fuse with the [ree lower

edpe ol the nasal septum (Fig. 11, 18B), 2
Fig. 11.19: Embwyological subdivisions of the palate

thus separting the two nasal cavities : o
5 PRI NS : and the lines of fusion of these subdivisions,

[rom each other, and from the moutk.
Avadater stage, the mesaderm in the palate undergoes intramembranous ossification to
form the dierd palate. However, ossification does not extend into the most posterior portion,

Madian part of p

——Premaxiia
—

Hard palata

Salt palata

Fig. 11.20: Varieties of cleft palate. (A} Complete non-fusion, giving rise 1o a Y-shaped cleft, accompanied

by bilateral harelip. (B) The left maxillary process has fused with the premaxilla, but not with the right

maxiliary process. The cleft is accompanied by unilateral harelip. (C) Midline cleft extending into the hard
palate. (D) Cleft of soft palate. (E] Bifid uvula.
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which remains as the soft palate, The part of the palate derived from the rontonasal process
forms the premaxilla, which earries the incisor teeth.

CunicaL CoRRELATION

Cleft Palate

Defective fusion of the various components of the palate gives rise to clefts In the palate. These vary
considerably in degree as lllustrated in Fig. 11.20. Clefis of the palate that extend to its anterior end
are associated with harelip, 25 both the upper lip and the palate are formed by fusion of the mazillary
processes with the frontenasal process.

Clafts of the palate result in anomalous communications between the mouth and the nose. These
may be unilateral, or bitateral (Figs, 11204, B).

' TIMETABLE OF SOME EVENTS DESCRIBED IN THIS CHAPTER

Sl week The frontonesal. maxifany and mandibular processes can be identified.
{2B8ln day) The l=ns and nazal placodes are presenl.
Sth week The nasal pils ane established.

ya1 10 35 days)

Eth Witk Tubarcles Tor the development of pinna bagins to ba formead.
Cin each side, palsial process asnse from (he maxilary process.
TR vl Eyelios ame esteblished. The maxilary process fuses with the medial nasal

procass
8th weak Eyes shifl from a lateral to & frontal possition;
Bucconasal membrane rupiures.

10th week Tha palatal processes and nasal septum fuse with each other.

leratngens are likely 1o cause lip defects if the embryo is exposed to them during the Sth
and Gth weeks. The palate is most susceptible between the 7th and 8th weeks.
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Chapter 12

Alimentary System—I:
Mouth, Pharynx and
Related Structures

sy surs

fooDOCL

The aral eawity i= derived partly from the stomatodasum (ectoderm), and partly from the foregut
ioderm), These two are separated by the buccopharyngeal mambrane which later disappears
MERD

Tewth are formed in relation to the dental lamina (Fig. 12.2). An enlargement of the lamina is formed
for each wooth. It is called the enamel ergan (Fig. 12.6).

Amelabiasts (derived from ectoderm) form the enamel. Odontoblasts (derived from mesoderm)
form dientine. The pulp is formed by mesenchyme thatinvaginates 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 lngual swellings, and a median swelling the tuberculum impar (Fig. 12.11).
Anather median swelling is formed in relation to the third and fourth arches. Thisis the hypobranchial
eminence.

The anterior two-third of the tongue is formed from the lingual swellings and the tuberculum impar.
The posterior one-third of the tongee is formed by the cranial part of the hypobranchial eminence.
Salivary glands develop as outgrowths of buccal epithelivm.

The palatine tonsil develops in relation 1o the second pharyngeal pouch.

The pharynx is derived from the foregut.
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MOUTH

The mouth is derived parthy from
the stomatodaenm and partly from
the foregut. Hence its epithelial
fining &5 partly ectodenmal
and partly endodermal. Afier
disappearance of the bucco-
phanmngeal membrane. the line
of junciion berween the ectoderm
and endodermis difficult o define.
The epithelivm lining the inside of
the lipsand cheeks, and the palate,

is most probably  ectodermal.

.-' Lip
The teeth and goms are also of Gw Alvgolar process
ectodermal origin. The epithelium (taeih and gums)
uf the wngae is, however, derived |
from endoderm (Fig. 12.1) |f‘|
In the region of the floor ol the 1‘:'
mauth, the mandibular pmcesses @ jcugue

C |

take part in the lormution of three |

structures, These are:

Fig. 12.1: Derivation of the ectodermal part, and endodermal

1. thie Towwer ||F'I {and the lower part of the Moot of the rmouth. 1A Sromatodasum 5epa[.au!d from

partof cheeks) foregut by buccopharyngeal membeane, (B) Buccophanmgeal
2 the lower jaw: and membrane dissppears. (C) Lips, cheeks and gums lined’ by
3. the tongue). ecioderm, tongue by endoderm.

At first these regions are not demarcated from each other (Fig. 12.2A). Soon the tongue
forms a recognisable swelling, which is separated lmerally from the rest of the mandibular
process by the lingno-gingival sielcus (Fig. 12.2B). Soon, thereafier, another more laterally
placed suleus makes its appearance, This is called the lebio-gingival suleus (Fig. 12.2C). This
suleus deepens mpidly and the tissues of the mandibular arch lateral to it form the lower lip (or
cheek). With the deepening of these two sulei, the area lying between them becomes a raised
alveolar process (Fig. 12.2D), This process forms the jaw, and the weeth develop in relation to
it. The wongue, the alveolar process (or jaw) and the lips (or cheeks) are thus separated from
one another(Fig. 12.3).

The rool of the mowth is formed by the palate, The development of the palate has already
been considered. The alveolar process of the upper jaw is separated from the upper lip and
cheek by appearance of a labifo-gingival firrow, just as inthe lower jaw. The medial margin of
the alveolus becomes defined when the palate becomes highly arched (Fig. 12.4),

Some anomalies in the region of the mouth are deseribed in Chaper 1L
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Developing longuea
. I Lingua-ginghval sulcus
Floor of developing mouth , ]
t
Mancitular
T process
B
- Labio-gingtval
sulcus

3
Dantal Emina

Labio-gingival sulcus
~A—-Lip

0 B /

Dental lamina

Alveolar process

Fig. 12.2: (&) Floor of mouth formed by fused mandibular processes. (B) Linguo-gingival
sulcus separates developing tongue from rest of mandibular processes. (C) Labio-gingival
sulcus separates alveslar process from lip [or cheek). The dental lamina, seen in the
alveolar process, gives origin to teeth, Also see Fig. 12.3.

Alveolar process Lig
\<—- _\% Labio-gingival
sl.nltzlu,u!ng i
Tongue
Cheak __.J— Liguao-gingival
SuUlcis

Fig. 12.3: Floar of mouth shewing labio-gingival and lingua-gingival sulci,
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Palata

L Mayillary process
A l"\-_.-"'_____'\._.'i {Upper p and cheek)

=— Chook
B W

1
Labig-gingival furrow

.P‘\-..._.a’ Arched polnte Chaek

Labio-gingival furodwe

Alveolar process

Fig.12.4: Development of some structures seen in relation 1o the roof of the mouth. (A) Maxillary processes
and paiate, (B} Labig-gingival furrow separates upper lip for upper part of cheek) from alveslar process (of

upper jawl. L) Medial margin of alveclar process becomes distinct because of upward arching of the palate.

TEETH

The teeth are formed in relation 1o the alveolar process. The epithelium overlying the
convex border of this process becomes thickened and projecis into the underlying
mesoderm. This epithelial thickening is called the dental lamina (Figs. 12.2C, D). The
demal laming is, In fact, apparent even before the alveolar process fiself s defined

12.2C). As the alveolar process is semicircular in outine {IrI_E 12.3) the dental lamina is
sl |.i..:]l. curved (Fig. 12.54).

Ihe dental lamina now shows a series of local thickenings, each of which is destined to
form one milk tooth. These thickenings are called enamel organs. There are ten such enamel
organs{five on each side} in each alveolar process (Fig. 12.5B). The stages in the formation of
an enamel organ and the development of a tooth are as follows:

Dental laming Enamel organ

Fig. 12.5: Formation of enamel argans from dental lamina. (A) Dental lamina following the curde of the
alveolar process. (Compare with Fig. 12,3, (B) Enamel organs formed in refation ta the demal lamina.
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———
‘_._-—-_-—-.-_-_-‘
e Ot ——— Dental lamina
Al
Dhivtal fasmii B Enamel organ
(o =——— Danal papilla

Bud of &
parmanant iooth

Fig. 12.6: Stages in the formation of a tooth germ. (&) Dental lamina formed by proliferation of ectodenm

fining the alveslar process, (B) Deeper part of dental lamina enlarges to form enamel organ. (C) Mesodermal

cells invaginate the enamel organ to form the papilla, (D) Layer of ameloblasts (ectoderm) formed from

deepest cells of enamel argan, (E) Odontoblasts, derived from mesodermal cells, form a layer next to the
armeloblasts.

3 Asalready stated each enamel organ is formed by localised proliferation of the cells of the
dental lamina (Figs. 12.6A, B).

a  As the enamel organ grows downwards into the mesenchyme (of the alveolar pDOCE'S-S-] its
lower end assumes a cup-shaped appearance (Fig, 12.6C). The cup comes to be occupied
by 1 mass of mesenchyme called the dental papilla. (According to some authorities, this
mesenchyme is of neural crest origin). The enamel organ and the dental papilla together
constiute the tooth germ. Althis stage the developing tooth looks like a cap: itis, the refore,
described as the cap stage of 1ooth development.

g The cells of the enamel organ that line the papilla become columnar These are called
ameloblasts (Fig. 12.600).

a  Mesodermal cells of the papilla that are adjacent 1o the ameloblasts arrange themselves
as a continuous epithelium-like layer. The cells of this layer are called odontoblasis
[Fig. 12.6E). The ameloblasts and odontoblasts are separated by a basement membrane.
The remaining cells of the papilla from the pulp of the tooth. The developing ooth now
looks like a bell (bell stage).

2 Ameloblasts lay down enamel on the superficial {outer] surface of the basement
membrane, The odontoblasts lay down dentine on its deeper surface. The process of
laying down of enamel and of dentine is similar to that of formation of bone by osteoblasts.
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épahoium Dental lamina

: Cuter wall of enarmel
Amelobirsts \ argan {disappeanng)

Fig. 12.7: Par of & develaping tocth, Ameloblasts lay down enamel. Odontoblasts lay down dentine.
Qasificaticn in relation to mesenchymal cells surreunding the developing tooth forms the jaw.

As laver after layer of enamel and dentine are laid down, the layer of ameloblasts and the
laver of odontoblasts move away from each other (Fig. 12.7).

After the enamel is fully formed the ameloblasis disappear leaving a thin membrane, the

dental cuticle, over the enamel. The odontoblasts, however, continue to separate the
dentine from the pulp throughout the life of the 1ooth,

Toolh erupt f+g Ehrough gum
/

i :l' - Enamal

(= —— Gone of jaw
1 _ Epithelium of gum
; \_ 1\"‘* Papiia
=T =3l Germal
\ W\ permanent tooth

Fig. 12.8: Diagram of an erupting temparary 1ooth, Note its relationship to the jaw,
Also obeerve germ of permanent tooth,
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0 The alveolar parts of the maxillae and
mandible are formed by ossification in
the corresponding alveolar process. As
ossification progresses, the roots of the
teeth are surrounded by bone.

The oot of the tooth is established
by continued growth inte underlying
mesenchyme. Odontoblasts in this region
lay down dentine. As layers of dentine
are: deposited. the pulp space hecomes
progressively narrower and s gradoally
comverted into o eanal through which
nerves and blood vessels pass into the
tooth.

I i

Fig. 12.9: Origin of germs of permanent teeth. Germs
¢ region of the rool there.are no. g5 permanent incisors, canines, and premolars are
sts, The dentine is covered by formed in relation to temporary teeth (a5 seen in Fig.
mesenchymial cells that differentiate inte  12.8), Permanent molars arise from the dental lamina
behind the part that gives rise to tempaorary teeth.

amelo

cementolilasts, These cells lay down a layer

of dense bone called the cesrentuane. Stll further to the owside, mesenchymal cells form the

perindontal Hgament which connects the root to the socket in the jaw bone.

The permanent teeth are formed as follows:

3 The dental lamina gives off a series of buds, one of which lies on the medial side of each
developing milk tooth (Fig. 12.9). These buds form enamel organs exactly as described
above, They give rise to the permanent incisors, canines and premolars.

a  The permanent molars are formed [rom buds that arise from the dental lamina posterior
tox the region of the last milk tooth.

The dental lamina is established in the Gth week of intrauterine life. At birth the germs
of all the wemporary teeth, and of the permanent incisors, canines and first molars, show
considerable development. The germs of the permanent premolars and of the second molars
are rudimentary. The germ of the third molar is formed after birth, The developing tooth germs
undergo caleification. All the temporary teeth and the permanent lower first molar begin to
calcify before birth; the other permanent teeth begin to calcify at varying ages after birth.

The eruption of a tooth is preceded by a major development of its root. The ages at which
teeth erupt vary considerably. The average age of eruption is as follows:

a. Temporary or Milk Teeth

Lower central incisor 6-9 months
Upper incisors A-100 months
Lower lateral incisors 12-20° months
First molar 12-20 months
Canines 16=-20 months
Second molars 20-39 months
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b. Permanemnt Teeth

First molar 6-7 years
Central incisors G-8 vears
Lateral incisors 7-9 years
Premolars 10-12 vears
Canines 10-12 vyears
Second molars 11-13 years
Third malars 17-21 years

Summary of the derivatives of parts of a tooth

Eciodarm Amaloblasis — ENAMEL
Mesodam {of newral crest angin 7) Odonioblasts — DENTINE
Messnchyme around footh CEMENTLUM

Anomalies of Teath

| -
d
=

L0

o0 oo

FPERIDDONTAL LIGAMENT

Owie or more Leeth may be absent. Complete absence is called anodentia.

Supernumerany [eeth may be present.

Individual teath may be abnormal They may be too large or too smakl, They may have supernmumernary
cisps of foots Alternatively, cusps or roots may be fess than normal.

Twe [or more) teeth may be fused to each other (gemination).

Tne alignmentof the upper and lower 1eeth may be incorrect (malacciusion), This may be caused by
one or more of the above anomalies or by defects of the jaws.

Eruption of teeth may be precocious (ie. too early). Lower incisars may be present at birth,

Eruption of testh may be delayed. The third molar frequently fails to erupt.

Teath may form in abnormal situations, e.g. in the ovary or in the hypophysis cerebri.

Thiere may be improper formation of the enamel ar dentine of the tooth.

TONGUE

The tongue developsin relation to the pharyngeal arches in the floor of the developing mouth.
Wi have seen that each pharyngeal arch arises as a mesodermal thickening in the lateral wall
of the foregut and that it grows venirally 1o become continuous with the corresponding arch
of the opposite side (Fig. 12.10). The medial-most parts of the mandibular arches proliferate
to form two lingual swellings (Fig. 12.11). The lingual swellings are partially separated from
cach other by another swelling that appears in the midline. This median swelling is called the
tuberculum impar. Immediately behind the berculum impar, the epithelium proliferates to
form a downgrowth (thyreglessal dicct) from which the thyroid gland develops. The site of this
downgrowth is subsequently marked by a depression called the foramen caecum.
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Another, midline swelling is seen in
relation to the medial ends of the second,
third and fourth arches, This swelling is called
the hypobranchial eminence (Fig. 12.11).
The eminence soon shows a subdivision into
a cranial part related 1o the second and third
arches (called the eopule) and a caudal part
telated to the dth arch (Fig. 12.124). The eaudal
part forms the epiploitis.

‘The anlerior two-third af the tonguee is lormed
by fusion of:
#. the ubercalum impar, and
b, the pwo lingual swellings.

The two-third ol

15 thus derived from the

anterior the '[JHELI(!

mandibular arch

Faurh anch
Filth arch

- Tracheal groova
Sz arch

[

Fig. 12.10: Floor of primitive pharynx: Stage 1.
Mote that the right and left pharyngeal arches
mesat in the midline to form the floor
of the pharynx,

{Figs. 12,1208, C). According (o some, the tuberculum impar does not make a significant

coniribution o the tongue,

The posterior one-third of the tongue is formed from the cranial part of the hypobranchial
eminence [copula) (Fig. 12.12). In this situation, the second arch mesoderm gets buried below
the surface, The third arch mesoderm grows over it to fuse with the mesoderm of the first arch
(Fig. 12.12). The posterior one-third of the tongue is thus formed by third arch mesoderm.

Lingual sweling

Tuberculum impar

First arch —e

Second anch —

Third arch —s

Fourh arch —

The Kith arch
fas disappeared

Sixth arch

Foramen Caecum
(blue dat)

Hypobranchial
eminence

Trachaal groove

Fig. 12.11: Floor of primitive pharynx: Stage 2. The fifth pharyngeal arch has disappeared.

Mate the right and left lingual swellings, and the tuberculum impar farmed in relation to the first anch: and

the ypebranchial eminence formed in relation to the medial ends of the third and fourth arches,
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The posterior-most part of the
tongue is derived from the fourth arch
(Fig. 12.13).

In keeping with it embrvological
origin, the anterior two-third of the
tongue is supplied by the lingual branch
of the mandibular nerve, which is the
post-trematic nerve of the first arch, and
by the chorda tympani which is the pre-
trematic nerve of this.arch. The posterior
one-third of the tongue is supplied by
the plossopharyngeal nerve, which is
the nerve of the third arch. The most
posterior part of the tonpae Is supplied by
the superior larvngeal nerve, which is the
nerve of the fourth-avch.

The musculaiure of the tongue is
derived from the occipital myoiomes,
This explains its nerve supply by the
hypoglossal nerve, which is the nerve of
these Tyotomes.

The epithelivm of the tongue is a
first made up of a single laver of cells,
Later It becomes stratified and papillae
become evident. Taste buds are formed
in relation tothe terminal branches of the
innervating nerve fibres.

The development of the tengue stans
in the 4th month of intrauterine life,

Fig.12.12; Scheme toshow the origin of
different parts of the ongue.

Antanior two-third

Fosterior ang-thrd
ol tongue

Sulcus terminalks

Fotarmin cascum
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2nd arch dth arch

158 arch Srcl anch

Zrd arch

15t arch

C

_o-"""_'_'_‘__

=

= """\\\ 2nd arch
B

41 arch

Fig. 12.13: Scheme to show how the second arch is buried by evergrowih

of the third arch, during development of the tongue,

m'i'{'. L CoRRELATION

Anomalies of the Tongue

o
]

O The tengue may be toa large (macraglossia) or too small (microglossia). Very rarely the tongue may
be abzent (aglessia).
The tongue may be bihd because of non-fusion of the two lingual swellings.

The apical part of the tongue may be anchored to the floor of the mouth by an overdeveloped
fren e, This eandition is called ankyloglossia or tongue-tie, itinterferes with speech. Cccasionally,
the tongue may be adherent. 1o the palate (ankyloglossia superiar).

Ared, thomboid-shaped smooth zone may be present on the tongue in front of the foramen caecum.
ltis considered to be the result of persistence of the tuberculum impar.

Thyraid tissue may be present in the tongue either under the mucosa or within the muscles.
femnants of the thyroglossal duct may form cysts at the base of the tongue.

The surface of the tongue may show hssures.

Table

| summary.of

Par of tongue

Epsihelium over anterior

bas-thirds
Ephadium over
postanor two=lhinds
Epsthadium ower
postenor-mast part
MUSCLE

arivation of Components of the Tongue

Embryonic parl

from which derived  General sensation
handibular
{lirgual be.)
Glossopharyngeal

First arch
Third arch
Fourth arch Superior laryngeal
br. of vagus
Qccipital

myolomes

' Summary of the derivation of the components of the tongue.

Nerve supply
Taste

Faclal

(Chaorda tympani)
Glossopharyngeal

Superior lanyngeal
br. of vagus

Hypoglossal
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SALIVARY GLANDS

The salivary glands develop as outgrowths of the buceal epithelium. The outgrowths are at first
solid and are later canalised. They branch repeatedly to form the duct system. The terminal
parts of the duct system develop into secretory acini.

As the salivary glands develop near the junctional area between the ectoderm of the
stomatodacum and the endoderm of the foregut. it is difficult to determine whether they are
ectodermal or endodermal.

The outgrowth for the parerid gland arises in relation to the line along which the maxillary
and mandibular processes fuse to form the cheek. It is generally considered to be ectodermal.

The outgrowths for the submandibular and sublingual glands arise in relation to the
linguo-gingival sulcus . They are usually considered to be of endodermal origin.

One or more of the sallvary glands may sometimes be absent.

TONSILS

The palatine tonsil develops (on each side) in relation to the lateral part of the second

phanngeal pouch. The endoderm lining the pouch undergoes considerable proliferation.
It invades the underlving mesoderm of second arch, which lorms the tonsillar stroma. As a
ressult, most of the pouch is obliterated. Lymphocyvies collect in relation to the tonsillar stroma
beneath the epithelium. It is not cenain whether these lymphocytes differentiate in sifaor
are derived from blood (possibly, they come to the wonsil from the liver as lymphoblasts). The
intratonsillar cleft or tonsillar fossa is believed 1o represent a persisting part of the second
pharyngeal pouch.

Similar epithelial proliferations and aggregations of lymphoid tissue give rise to the tubal
tansils, the lingual tonsil and the pharyngeal tonsils,

PHARYNX

The pharynx is derived from the eranial-most part of the foregut. We have already seen that
the endodermal pouches are formed in relation to the leral wall of this part of the foregut. In
addition, the floor of the foregut gives rise to a midline diverticulum (Fig. 14.20) from which the
entire respiratory svsiem is developed (Chapter 14).

Most of the endodermal pouches lose contact with the pharyngeal wall. The opening of
the pharyngo-tympanic tube represents the site of origin of the tubotympanic recess . The site
of the midline respiratory diverticulum is represented by the inlet of the larynx,

With the establishment of the palate and mouth, the pharynx shows a subdivision into
nasopharyny, oropharynx and lanmgopharynz.

The museles forming the wall of the pharynx are derived from the 3rd and subsequent
pharmgeal arches,



Chapter 12 - Alimentary System—i{: Mouth, Pharynx and Related Structures

|| TIMETABLE OF SOME EVENTS DESCRIBED IN THIS CHAPTER

& WEEKS

5 weeks
6 weeks
T wgks
B waaks
10 weaks
3 months
5 manths
6 months

Just bafors birlh
Adter birth

| Devalopmental Events
Tongue starts forming ie., two lateral lingual swelling and tuberculum impar
become visible,
Hypobranchial eminence becomes visible,
Dental laminae of upper and lower jaws are eslablished.
Salivary glands slarls devalaping.
Enamel ergans are fosmed,
Enamel organ becomes cup-shaped.
Formation of tansil begins.
The tonsi s infilirated by ymphatic lisaue.
Enamel and dentine have formed considerably.
Fermation of tongua is almost comphete.

Cemenium ks fonmed,
Percdontal ligaments are formed before aruption of teelh.
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Alimentary System—II:
Gastrointestinal Tract

HisHLIGHTS -

Endoderm. which Iz at first in the form of a fiat sheet, is converted into a tube by formation of head,
tall and lateral folds of the embryonic dise, This tube 15 the gut.

The gut consists of foregut, midgut and hindget. The midgut is at first in wide communication with
thevolk sac (Fig. 13,10 Lier it becomes tubular, Part of it forms a loop that is divisible into prearterial
and postarteriol segments (Fig. 13.2),

The most caudal part of the hindgut is the cloaca. It is partitioned to form the primifive rectum
{dorzal) and the primitive urogenital sinus (Fig. 13.4).

The oesophagus is derlvad from the foregut.

The stomach |s derived from the foregut (Fig, 13,12}

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

The fejunam and flesm are dedved from the prearterial segment of the midgut loop.

The pastartedal segmernt of the midgut leop gives off a caecal bud: The coecum and appendix are
formed by enlargement of this bud,

The escending colon develops from the postanerial segment of the midgut loop.

After ts formation the gut undergoes rotation. As a result the caecum and ascending colon come

i e on the right Sided and thie jejunum and feum lie mainly in the left half of the abdominal cavity.
= tl®
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INTRODUCTION

The epithelial lining of the various parts of the gastrointestinal tract is of endodermal origin. In
the region of the mouth and the anal canal, however, some of the epithelium is derived from
the ectoderm of the stomatadaewm and of the procrodacum respectively,

We have seen that as a result of the establishment of the head and il folds, part of the
cavity of the yolk sac is enclosed within the embryo to form the primitive gut (Fig. 5.15). The
primitive gut is in free communication with the rest of the yolk sac. The part of the gut cranial
toothis communication is the foregud, the part caudal to the communication is the frérdgur,
while the intervening part is the meidgnt (Fig. 13.1). Cranially, the foregut is separated from the
stomatodaeum by the buccopharyngeal membrane. Caudally, the hindgut is separated from
the prociodacum by the elogcal membrane, At a later stage of development, these membranes
disappear, and the gut opens 1o the exteriorat its two encds.

Faragul Mideut Himdigut

Cloacal

Stomelodatum miErmkrang

Yoik sac

Prociodaaum

Allanioic divariculum

Fig. 13.1: Parts of the primitive gut. Compare with Fig, 5.11.

While the gutis being formed, the circulatory system of the embryo undergoes considerable
development. A midline artery, the dorsal aorta, is established and comes to lie just dorsal to
the gut (Fig. 13.2). It gives off a series of branches to the gut. Those in the region of the midgur,
initially, run right up o the yolk sac and are, therefore, called virelline arteries. Subsequently,
maost af these ventral branches of the dorsal aorta disappear and only three of them remain;
ome for the foregut, one for the midgut and one for the hindgut. The artery of the abdominal
part of the foregut is the coeliac, that of the midgut is the superior mesenteric and that of the
hindgut is the inferior mesenteric,

The wide communication between the yolk sac and the midgut is gradually narrowed down
[Fig. 13.2B) with the result that the midgut becomes tubular, Thereafter, the midgut assumes
the form of a loop (Fig. 13.2C). The superior mesenteric artery now runs in the mesentery
of this loop to its apex, The loop can, therefore, be said to have a proximeal, or pre-arterial,
segmrent and a distal, or postarierial, segment. A bud (called eaecal bud) soon arises from
the post-arterial segment very near the apex of the loop (Fig. 13.2D),

For a number of weeks, the midgut loop comes to lie outside the abdominal cavity of the
embiryo, [t passes through the umbilical opening into a part of the extra-embryonic coelom that
persists in relation to the most proximal part of the umbilical cord. The loop is subsequently
withdrawn inta the abdominal cavity.
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Pr-amanl
sgpment -
1 Superior
=y i :
KIS i meseniane
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Fig. 13.2: Esablishment of the midgut loop. (A)

fidgut in wide communication with the yolk sac. Note
line artery passing from dorsal aorta to the yolk sac. (B) Yalk sac much smaller, and attached 1o midgut
through & narrow viteslo-intestinal duct. The original vitelline artery gives branches to the midgur. {C) The
midgul increases in lengthand forms a loop. The loop has a prearterial segment and a postarterial segment.
D) Midgut loop passes out of abdominal cavity, The caecal bud arises from the postarterial segment.

While eonsidering the formation of the allantoic diverticulum, it was seen that the
diverticulum opens into the ventral aspect of the hindgm (Figs. 5.14, 12.1). ‘The part of the
hindgut caudal to the anachment of the allantoic diverticulum is called the cloaca. The cloaca
soon shows a subdivision into 2 broad ventral pan and a narrow dorsal part (Fig. 13.3). These
two parts are separated from each other by the formation of the urorectal septunt, which

‘i-:r.:-'a! paft of cloacs Uregenitat
: > % s T Primitive
S — = 3 ]|_ (:___:;)'_ ecium
Diowsal pad of cloaca Uroroctal

Fig. 13.3: Formation of urorectal septum as seen in ransverse sections, This septum divides the cloaca
inta the primitive urogenital sinus and the primitive recium.
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Allanboig Hirnchpul
=3, ). chep

ol /

hesonephnc
i ’ duet LUvorecial
Cloacal sepium

marmbrang

vl ive urogendlal Sivos

T Rectum

Uragenital membrana i

- o C

Anal masmbeang

Fig, 13.4: Formation of urorectal septum as seen in longitudinal sections through the cloaca,

is first [ormed in the angle hetween the allantois and the cloaca (Figs. 1344, B). The ventral
subdivision of the cloaca is now called the primiticve nrogenital sinas, and gives origin to
soume parts of the urogenital system. The dorsal part is called the primitive rectum. 1t forms the
rectum, and part of the anal canal, The urorectal septum grows towards the cloacal membrane
and eventually fuses with it (Fig. 13.4C), The cloacal membrane is now divided into a ventral
uragenital membrane, related o the urogenital sinus, and a dorsal anal membrane relaed
to the rectum, Mesoderm around the anal membrane becomes heaped up with the result that
the anal membrane comes to lie at the bottom of a pit called the anal pit, or proctodasum. The
anal pit contributes to the formation of the anal canal.

Derivatives of Foregut

Part of the floor of the mouth, including the tongue.

Pharynx,

Various derivatives of the pharyngeal pouches, and the thyroid.

Oesophagus.

Stomach.

Duodenum: Whole of the superior (first) part and upper half of the descending (second)
part (up to the major dusdenal papilla).

Liver and extra-hepatic biliary system.

Pancreas,

Respiratory system.

O oo Qop

[ =
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Derivatives of Midgut

Fig. 13.5: Scheme to show how the gut is
formed by lateral felding of the embryonic disc.
(Al Embryonic disc before lateral folding. (B)
The lateral edges of the disc grow in a ventral
diraction, (C) The edges pass medially to meet in
the middle ling, in this way, the layer of endoderm
Is comverted into a tube which is the future gut.
The ectederm also meets in the midline and cuts
off the coelom from the exterior.

4 Duodenum: Descending {second) part distal 1o the major papilla; horizontal (thizd) and

ascending (fourth) pans,
g Jejunum.
lleum.
Caecum and appendix.
Ascending colon.
4 Right nwo-thivds of transverse colon.

L LU

L

Derivatives of Hindgut

2 Leftone-third of transverse colon,
a  Descending and pelvic colon.

3 Rectum.,

3 Upper part of anal canal.

|

Parts of the urogenital system derived from the primitive urogenital sinus,
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At this stage, it may be noted that endoderm of the foregut, midgut and hindgut gives rise

only to the epithelial lining of the intestinal tract. The smooth muscle, cunaective tissue and
peritoneum are derived from splanchnopleuric mesoderm (Fig, 13.6).

Arteries of the Gut

2 The coeliac arfery is the artery
of the foregut. It supplies the Epithelial lining
gut [ram the lower part of the  |frem endodam
oesaphagus o the middle of
the duodenum.

2 The superior mesenferic artery
is the anery af the midgut.

@ lhe fnferior mesenteric artery Serous layer from

is the artery of the hindgut. mlaﬂmleunc
Al this stage, it might be noted

that the endoderm of the foregur,

midgut and hindgut gives rise

only o the epithelial lining of the

Imtestinal  tract. Smooth  muscle, Fig. 13.6: Derivation of the coats of the gut.

connective tissue and peritoneum
are derived from splanchnic mesoderm (Fig. 13.6).

DERIVATION OF INDIVIDUAL PARTS OF ALIMENTARY TRACT

Oesophagus

The oesophagus is developed from the part of the foregut between the pharynx and the
stomach. It is at first short but elongates with the formation of the neck, with the descent of the
diaphragm, and with the enlargement of the pleural cavities,

The musculature of the oesophagus is derived from mesenchyme surrounding the foregut.
Around the upper two-thirds of the oesophagus, the mesenchyme forms striated muscle.
Around the lower one-third, the muscle formed is smooth (as over the rest of the gut).

Stomach

The stomach is first seen as a fusiform dilatation of the foregut just distal to the oesophagus.
Its dorsal border is attached to the posterior abdominal wall by a fold of peritonewmn called the
dorsal mesogastrinm. s ventral border is attached to the septum transversum by another
fold of peritoneum called the rentral mesogastrium (Figs. 13.7A, B).
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Sepium
ANSVersUT %,
B
\fmrical j,- r
: Ventral
MEsOESirum / - mesogasium

' Lesser
omanium

Fig. 13.7: (A Side view of stomach showing the dorsal and ventral mesogastriums. (B) Transverse section

through ‘A" showing tha mesogastrium connects the siomach to the septum transversum.

he mast important remna & ventral mesogasiium is the lesser omentum. It passes from the

stomach 1o the liver [which develops in the septum transversum). The !ptL"EI‘I is farrmed in relation to the

corsal mesogastrivm. 118 formation divides this part of the dorsal mesogastrium: into the gastrosplenic
ligament and the lienorenal ligament.

Subsequently, the liver and the diaphragm gre formed in the substance of the septum
rransversum. The ventral mesogastrium now passes from the stornach to the liver, and from
the liver to the diaphragm and anterior abdominal wall (Fig. 13.7C). The part of the ventral
mesogastrium between the liver and the stomach becomes the fesser amentune, while the part
berween the liver and the diaphragm (and anterior abdominal wall) gives rise 1o the coronary,
and falciform ligaments.

Similarly. the dorsal mesogasirium is divided by the development of the spleen into a
part between stomach and spleen (gastrosplenic ligament) and a part between spleen and
posterior abdominal wall called the lenorenal ligament (Fig. 13.7C).

The stomach undergoes differential growth resulting in considerable alteration in its shape
and orientation. The original venrral border comes 1o face upward and 1o the left and becomes
the lesser curvatire. The dorsal border now points downwards and w the right and becomes
the greater curvature, The original left surface becomes its anterior surface and the original
right surface becomes the posterior surface,
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Feom |
1 ™ Bila duct

S =g,

BSIRILT
il I E
A > I
From 7 - e Mesoduodanum
g m Chigdanum
Meso-

dundenum

Dusdaniim

Fig. 13
15 dariw

8 Development of the ducdenum, (A) Part of the duodenum above the entry of the bile duct
d from the foregut; and the part below this level is derived from the midgut. (B} & (C) At first the
ducdenum has & mesentery called the mesoduodenum. As seen in ‘B this is continuous, cranially, with the
darsal mesogastrium, The mesoduodenum later disappears (Fig. 13.9).

Buodenurm

The superior {or first) part, and the upper half of the descending (or second) part of the
dundenum are derived from the foregut. The rest of the duodenum develops [rom the most
proximal part of the midgut (Fig. 13.8A). The part of the gut that gives rise to the duodenum
forms a loop attached to the posterior abdominal wall by a mesentery (mesoduodenum)
(Figs. 13.8B, C). Later, this loap Falls to the right. The mesoduodenum then fuses with the
peritoneum of the posterior abdominal wall with the result that most of the duodenum
becomes retroperitoneal (Fig. 13.9). The mesoduodenum persists in relation to a small part of
the duodenum adjacent to the pylorus. This is the part seen in radiographs as the duodenal cap.
In keeping with its development, the proximal part of the duodenum is supplied by
branches of the cocliac artery, and the distal part by branches of the superior mesenteric.

= S B
@)

—— hescducdanum
Postenor abdominal wall

A
Duoi)num ’6’—‘\4 ]

Fig. 13.9: Scheme to show how the mesoducdenum disappears. The duodenum then
becomes retroperitoneal,

187



Human Embryology

Artary

Post-arerial
sogmentolgel =

Pre-artanal
segment of gul

Cagcal bol ————=

Fig. 13.10: Midgutisop. in this figure the loop has been drawn to comrespond with the orientation of the
itezcascal region In postnatal ife. (Actually, the prearterial segment is cranial te the postarterial segment).

Jejunum and lleum
The jejunum and most of the ileum are derived from the pre-arerial segment of the midgut

loop. The terminal portion of the fleam is derived from the postarterial segment proximal to
the caceal bud (Flg 13.32).

Czecum and Appendix
We have seen that the cnecal bud is a diverticulum that arises from the posi-arterial segment of

the midgut loop (Flg: 13.10). The caecum and appendix are formed by enlargement of this bud.

The proximal pan of thie bud grows rapidly 1o form the caecum. Its distal part remains narrow
gnd forms the appendix (Fig. 13.11).

AN
W

Fig. 13.11: Development of cascum and appendix. The ofentation is as in Fig. 1310
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Stomach and
part of dusdenum
{rarm larequl

Sloanach "-\

Foragqul
\ Par of duodanum
{below entry of bile duct)

. pejunum and most of
{EE "~ Duodenal wl rlzaum fram pre-artasial
1

segment of midgul

Wit -—'___ - -
M e i
e Distal parts of coton,
| Sl & = repctum, and part of
Hinsdgu anal canal from hindgut
el iheum, checwm,
ascending colon, and nghl
A 23 of tronsverse colon from B

post-arerial segrmont of midgu

Fig- 13.12: Derivation of various parts of the gut.

During the greater part of fetal life, the appendix arises from the apex of the cascum
(Fig. 13.11). Subsequently, the lateral (or right) wall of the caecum grows much more rapidly
than the medial (or left) wall with the result that the point of attachment of the appendix comes
to lie on the medial side (Fig, 13.11).

Ascending Colon

It develops from the post-arterial segment of the midgut loop (Fig. 13.12] distal to the caccal
LT

Transverse Colon

The right two-thirds of the transverse colon develop from the post-arterial segment of the
midgut loop. The left one-third arises from the hindgut. This mode of origin is reflected in its
arterial supply; the right two-thirds are supplied by the superior mesenteric artery and the left
one-third by the inferior mesenteric.

Descending Colon

The descending colon develops from the hindgut.

Rectum

The rectum is derived from the primitive rectum, Le, the dorsal subdivision of the cloaca.
According 1o some authorities, the upper part of the rectum is derived from the hindgut
proximal to the cloaca.
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Anal columns
Hn:l-nul N AnalMana
|! r| anammalismus
| | 1" established, It is
S “1) ""“”""“"
o endoderm
membrana by ac.nda:m
:?na!pqhned
eciodamm
A % B
Anal vakees

Fig.13.13: (A} Anal membrane separates hindgut from anal pit. (B) Anal membrane disappears. (C) Scheme
10 show the parts of the anal canal in which the lining epithelium is derived from ectoderm or endoderm.

Anal Canal

The anal canal s formed partdy from the endoderm of the primitive rectum and partly from the
ectodenmn of the anal pit or proctodzenm (Fig. 13.13). The line of junction of the endedermal
and ectodermal parts isrepresented by the anal valves {pectinate line).

ROTATION OF THE GUT

We have seen that after its [ormation, the midgut loop lies outside the abdominal 'cavity of the

embrvo, ina part of the extra-embryonic coelom that persists near the umbilicus. The loop

has a pre-arterial. or proximal, segment and a post-arerial, or distal, segment (Fig. 13.2C).

Initially, the loop lies in the saginal plane, its proximal segment being cranial and ventral to

the distal segment (Fig. 13,144 ), The midgut loop now undergoes rotatian. This rotation plays

& very important part in establishing the definitive refationships of the various parts of the

intestine. The steps of the rotation must, therefore, be clearly understood.

2 Viewed from the veniral side the loop undergoes an anticlockwise rotation by 907, with the
result that it now lies in the horizontal plane. The pre-arterial segment comes to lie on'the
right side and the post-arterial segment on the left (Compare Figs. 12.14A and B).

a2 The pre-arterial segment now undergoes great Increase in length to form the coils of the
jejunum and ileum: These loops still lie ouside the abdominal cavity, to the right side of
the distal limb (Fig. 13.14C).

o4 Thecoils of jejunum and ileum (pre-arterial segment) now return o the abdominal caviry.
As they do so, the midgut loop undergoes a further anticlockwise rotation.

As a result, the coils of jejunum and ileum pass behind the superior mesenteric artery
into the left half of the abdominal cavity (Fig. 13.140). The duodenum, therefore, comes to lie
behind the artery and the coils of jejunum and ileum oceupy the posterior and left part of the
abdominal cavity,

a  Finally, the post-arterial segment of the midgat loop returns to the abdominal cavity. As
it does so, it also rotates in an anticlockwise direction (Fig. 13, 14E) with the result that the
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Preardanal
soqmnd of
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Aty ——

opeaning /
|
T oo et
al

Foregul (stomach
gul { ! Midgut loop rotates.
| The pre-arterial segment
comas to lie 1o the right
and the post-arterial

UmbiBcal segment (o the lof

Coils of jejunum —~ Caecal
s e e =
kil L#]
it B pre-arerial segmeant C
Stomach

f Duodanum
Colls of jejunium
&nd Beum pass behind Superior
the arery o the el side a— MEsentenc artery
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= Descendi
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i pushed 1o tha left

Fig. 13.14: Stages in rotation of the gut. Study these figures carefully along with the corresponding
description in the text, in (E), note that the caecum moves to the right, and the transverse colon

transverse colon lies anterior to the superior mesenteric artery, and the caecum comes
to lie on the right side. Note that all rotation has taken place in an anticlockwise direction

(Fig. 13.15).

At this stage the caccum lies just below the liver, and an ascending colon cannot be
demarcated, Gradually, the cagcum descends to the iliac fossa, and the ascending,

now lies in front of the superior mesenteric artery.

tansverse and descending parts of the colon become distinet.
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Arrons indicale
direction of
rotation
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Fig. 13.152 Scheme toshow the arentation of the proxinal and distal ends of the midgut loap at different
phases of the rotation of the gut, Arrows indicate the direction of rotation, Compare with Fig.13.14.

FIXATION OF THE GUT

At first all parts of the small and large intestines have a mesentery by which they are suspended
from the posterior abdominal wall. After the completion of rotalion of the gut, the duodenum,
the ascending colon, the descending colon and the rectum become retroperitoneal by fusion
of their mesenterfes with the posterior abdominal wall {as indicated in Fig. 13.9). The original
mesenlery persisis as the mesentery of the small Intestine, the transverse mesocolon andthe
pelvic mesacolon),

Senosls

b — s T
B o S SN P. [ JAI——

Fig. 13.16: Varieties of atresia
A = c - and stenosis of the gut.
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= Alimentary System—i|: Gastrointestinal Tract

CLnicAL CORRELATION —

Developmental Anomalies of the Gut
Cengenital Obstruction
This may be due to avariety of causes.

Atresia: The continuity of the lumen of the gut is interfered with as follows:

3 Asegment of the gut may be missing (Fig. 13.18A)

3 Assgment of the gut may be replaced by fibrous tissue (Fig. 13.168).

3 Aseptum may biock the lumen (Fig. 13.16C).
Stenosiz: The lumen may be abnormally namrew (Fig, 13.160).

[As a normal developmental process, there is epithelial occlusion of the lumen of gut in early stages
ol developrment, The gut later gets recanalised: Some cases of atresia, duplication and stenosis of gut
may be dise to abnormal recanalisation),

Non-development of nerve plexuses in the wall of a part of the intestinal tract may result in difficulty
in the passage of intestinal contents through the part. Such a defect in the lower part of the colon
ghves fise to a condition in which the colon praximal to the defective segment becomes greatly
distended with its contents. This condition is called megacalon or Hirschsprung's disease (Fig. 13.17).
Abnormal thickening of muscular wall: This is seen typically at the pyloric end of the stomach
|Congenital pylaric stenosis) (Fig. 13.18). The thickened muscle bulges inte the lumen and narows
it, According to some authorities, the primary cause of this defectis the same asin megacolon.
External pressure by abnormal peritoneal bands or abnormal blood vessels. Such bands are often
ween in relation to the duadenum {Fig. 13,19}, The ducdenum may also be compressed by anan riubar
pancieas (Fig. 13.20).

Imperfarate anus: This is caused by stenosis.or atresta of the lower part of the rectum or the anal
canal, Some vareties of this condition are shows in Figs, 1321 and 13.23.

Dilated colon

H ied i
I

Stomach

Consirictad segmani @
[site of obstruetion) s

Fig. 13.17: Megacolon. Fig. 13.18: Congenital pylaric stenosis,

Duodanum
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Cy=iocolic band

Cedon

Fig. 13.12: Obstruction of dusdenum by a
cystocolic band passing from the gall bladder to
the transverse colon.

Fig. 13.20: Annular pancreas
surrouinding the dusdenum,

N

r
1

o

A

[

p)

Fig. 13.21: Various types of imperforate anus,
(#) Swenosis of anal canal. (B) Persistent anal
membrane. (C} The proctodaeum is represented
by a selid mass of ectodermal cells and there |5
a big gap between It and the hindgut (rectum).
10} Upper and loweer parts of rectum separated by
2 gap.
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CunicAL CORRELATION

Abnormal Communications or Fistuloe

Parts of the gut may have abnormal communications with other cavities or with the surface of the

body, These ane most frequently seen in relation to the oesophagus and the rectum, and are usually

asspciated with atresia of the normal passage.

3 Tracheo-oesophageal fistula: Atresia of the cesophagus is often accompanied by abnormal
communications between the cesophagus and trachea as illustrated in Fig. 13.22.

4 Incomplete septation of the clogca: The rectum may communicate with the urinary bladder, urethra,
orvagina (Figs. 13,234 1o C, E, F), or may open onto the perineum at an abnormal sité (Figs. 13.23D,G).
These conditions are associated with imperforate anus.

Duplication

the af the Intestinal tract may. be duplicated. The duplicate part may form only a.small
say be of considerable length., IE may or may not communicate with the rest of the intestine

Diverticula

arisa from any part of the gut. They are most common near the duodenumi(Fig. 1325,

¢ of a part of the vitello-intestinal duct may give rise to the presence of a diverticulum
attachied 1o the terminal part of the ileum. This is called Meckels diverticelum or diverticulum ilei. It
is of surgical importance as it may undergo inflammation giving rise o Symploms similar 1o those of
appendicits. Meckel's diverticulum is also of interest as pancreatic tissue or a gastric type of mucosa
may be present in its wall. (In such cases ulceration and perforation can oceur in the diverticulumy),
Decastonally the whole of the vitello-intestinal duct, or its distal part alone, may ba patent. The former
conditions lead to a fecal fistula at the umbilicus. The latter condition leads to formation of an umbilical
sinus, The vitello-intestinal duct may be represented by cysts (enteracystoma, or vitelline cyst), or by
fbrous cords (Fig. 13.26). Fibrous cards constitute a danger in later life as coils of intestine may get
twisted round them leading to strangulation. Remnants of the vitello-intestinal duct may also give rise
o growihs,

Larynx L

l

A : B C D

Casophagus

pm—

Trachea

Fig. 13.22; (A} Normal arrangement of trachea and aesaphagus. (B), (C), (D) Various forms of
tracheo-pesophageal Histulae.
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Fig.13.23: Varicustypes of rectal fistulae in the male (A to D and female {E to H). The fistula may be between

rectum and urinary Bladder (e, rectovesical] as in (A) and {F), between rectum and urethra {rectourethral)

a3 in (B) and (C), #nd between rectum and vagina (reciovaginal) as kn (G), (H) and (F). More than one type

miay be present ot the same time (Fl. The rectum may open on to the perinewsm at an abnormal site (D), (E),
In these cases the anal pit is formed at the normal site,
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Fig. 13.24: Degrees of duplication of the gut represented by a cyston the terminal ileum as in (A), and
by duplication of the entire colon and terminal ileum as in (B).

&

!

/

Fig. 13.25: Sites at which congenital diverticula may arise from stomach and ducdenum.
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Fig. 13. 25' n-.mfn alies i relation 1o the vitello-dntestingl duct (See arrowsh. [A) Meckel’s diverticulum.

intestinal duct. (€} Umbilical sinus, (D) Cyst attached 1o the abdominal wall. A cyst may also

be seen atiached to the gut, or embedded in the abdominal wall as shown in’E' (E) Stenosis of gut at the site

of attachment of duct. (F) Vitello-Intestinal duct represented by a fibrous cord. An umbilical growth arising
from remnants of the duct is also shown.

Clinical Correlation contd..

| Errors of Rototion

2 Nen-rotation of the midgut loop: In this condition the small intestine lies towards the right side of
the abdominal cavity, and the large intestine towards the left (Fig. 13.27A)

Reversed rototion: The transverse colon crosses behind the superior mesenteric artery, and:the
duodenum crosses in front of it (Fig. 13.278),

Non-return of umbilical hernia: Sometimes, the coils of intestine that develop from the midgut loop
remain outside the abdominal cavity. The child is born with lcops of intestine hanging out of the
| umbilicus. This condition is called exomphalos or emphalocoele (Fig. 13.28).

Loops of intestine, and ather abdominal contents may also be seen outside the abdominal cavity for
an entirely different reason. In congenital umbilical hernia the muscle layer and skin are absent in the
region of the umbilicus, creating a defect in the abdominal wall threugh which abdominal contents can
| pass. Such contenis are covered with peritoneum, but in exomphalos they are covered only by amnion.

-
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Fig. 13.27: Ervors of rotation. (A} Non-rotation: Coils of smallintastine lie in the right half of the
bdomen, and colom in the left half, (B) Reversed rotation. The ducdenum lies anterior to
the superior mesenteric artery. and the colon crosses behind it.

Colls of intestine
Biody wall

Fig. 13.28: Exomphalos. Coils of intestine derlved fram the
midgut loop fail to returninto the abdominal cavity.
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Fig. 13.2%: Errors in descent of the cascum, (A) Sub-hepatic, (B) Lumbar. (C) Pelvic.

The narmal position 15 shewn in dotted line in (A) and (B):

Clinical Correlation conitd...

3 |

Errors of Fixation

Farts of the intesting that are normally retroperitoneal may have a mesentery. Abnormal mobility of

this part of the Intestine may result in its twisting. This condition is called vohvulus. Twisting of blood

vessels torthe loop can lead 1o obsirection of its Blood supply.

2 Fartsof theintestines, that normally have a mesentery, miay be fised by abnernal adhesions of peritoneurm.

3 Thecagcummay remaln sub-hepatic. or may descend only to the lumbar reglion. Allema‘iiv'elh it m'ajr
descend into the pelvis {Fig. 13.25).

Situs Inversus

Inthis cendition all abdominal and thoracic viscera are Iaterally transposed, T.e. all parts nurmally an the
rhghit side ane seen on the [eft side, and vice verza. For example, the appendix and dusdenum lie onthe
left side, and the stomach on the right side,

I TIMETABLE OF SOME EVENTS DESCRIBED IN THIS CHAPTER

18 days
3 weeks

4 waeks
5 weeks
B wilika

T weeks

B weak

G wirnks
3 months

Ly ko

Allonioie ehaprticuliim Stans appearing.

Gul begins to acquire tubwar form because of head and {all foldings. At the end of third
week ihe buccopharyngeal membrans replunes.

The fusiform shape of the slomach becomes visible.

Stomach rolates and dilates, Intestingl loop begins 1o form; Caecal bud can be identified.
Intestinal loop is well larmed.

Urorectlal septum starts dividing the closca.

Allantois and appendix become clearly visible. Slomach completes ils rolation.
Seplalion of cioaca into recium and urcgonilal sinus is completed.

Intastinal loop hermiates out of the abdominal cavity,

Intestingl loop rotates counter clockwise,

Anal membrane breaks down,

Head and tail foldings are completed,

Haemiatad cods of intestine retum Lo the abdominal cavity,




Chapter 14

The Liver and Biliary Apparatus,
The Pancreas and Spleen;

The Respiratory System;

The Body Cavities and Diaphragm

FE.{GP iTs

The liver and ﬁiﬁur’r passages (undl}d:}:m] are derived from the HEPHHE bud. This bud arises from
the gut at the junction of foregqut and midgur

J The pancreas (endoderm) develops from two buds, dorsal and ventral, that arise from the gut near
the jurction of foregut and midgut. Mast of the pancreas is formed from the dorsal bud. The ventral
bud forms part of the head of the pancreas,

- The spleen (mesoderm] develaps in the dorsal mesogastrium.

J The respiratory system develops from a median divertizulum of the foregut {endoderm). At its
cawdal end the diverticulum divides into right and left fung buds.

- The larynx and trachea develop from the part of the respiratony diverticulum cranial to its division.

4 The lung buds undergo repeatad division 1o establish the bronchial tree and alveofi of the lungs.

d 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 middle line, cranial to
the prochordal plate.

- The pericardial cavity is derived from the median midline part of theintra-embryonic coelom. After
formaticn of the head fold this cavity comes to lle ventral to the foregut.

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

- The pleural cavities are formed from right and left pericardic-peritoneal canals that connect
the pericardial and peritoneal cavities. Each canal is invaginated by the corresponding lung bud.
Enlargement of the bud leads 1o great enlargement of the canal, and formation of the pleural cavity.

< The diaphragm develops in relation to the septum transversum, |t receives contributions from the
pleura-peritoneal membranes, the body walland the mesenteries of the oesophagus.
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THE LIVER AND BILIARY APPARATUS

THE LIVER

The liver develops from an endodermal bud that arises from the ventral aspect of the gut, at
the point of junction between foregut and midgul (Fig. 14.1A). This bud grows into the ventral
mesogastrium and passes through it into the septum transversum (Fig. 14.1B). It enlarges, and
soon shows a division into a larger cranial part called the pars hepatica, and a smaller caudal
ponion called the pars cystica (Fig. 14.1C). The pars hepatica divides into right and left parts,
each af which forms one lobe of the liver {Figs. 141D, E).

As the right and left divisions of the pars hepatica enlarge and extend into the septum
transversum, the cells arising from them are broken up into interlacing columns called
hepatic trabecielae. In this process, the umbilical and vitelline veins that lie in the septim
fransvérsum, are broken up o form the sinusoids of the liver. Sinusoids are also formed from
the mese ﬁt'.}'!}'r'l'l.{‘ ol the ‘u."'i'}['lll'l". LFRINSVErSIITL

Yantral
| 2 A masogastium

Lrer,

y DT
Pars cystica Gall tladoger

Bile duct

C D E

Fig. 14.1: Development of the biliary apparatus. (A) Hepatic bud arises from the gut at the junction of

foregut and midgut. (B) It grows towards the seplum transversum through the ventral mesogastrium,

() The bud divides into the pars hepatica (that forms the lverl and the pars cystica (that forms the gall
bladder), The part of the hepatic bud proximal 1o its division forms the bile duct,
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The endodermal cells of the hepatic bud give rise to the parenchyma of the liver and to
bile capillaries. The mesoderm of the seprum transversum forms the capsule and fibrous
tissue basis of the liver.

Ihe fetal liveris an important centre of blood formation (haemopoiesis). Large aggregations
of blood forming cells are present between hepatic cells and blood vessels.

Bile formation begins when the fews is about three months old. The bile is responsible for
the Mack colour of the first stools (meconiun) passed by the new born.

Anomalies of the Liver
Anomalies af the lwer are rare. Some of them are illustrated in Fig. 14.2.

il

Reai
B o C

Ligarngnlum leres
/

E

Accessary liver

= P-nn; hepatis

Inlerior vana cava Falcilorm ligament

Fig. 14.2: Anomalies of the liver. (A) Rudimentary left lobe, (B) Ancmalous lobation. (C) Reidel's lobe.
(D) Absence of quadrate lobe associated with absence of gall biadder.
(E) Accessory liver in falciform ligament.

GALLBLADDER AND BILIARY PASSAGES

The pars cystica of the hepatic bud gives origin to the gﬂ'ﬂ' bladder and o the cystic duct
[Fig. 14.1). The part of the hepatic bud proximal to the pars cystica forms the bile duet. The bile
duct at first opens on the ventral aspect of the developing duodenum. As a result of differential

growth of the duodenal wall, and as a result of the rotation of the duodenal loop, it comes
o open on the dorsomedial aspect of the duodenum along with the ventral pancreatic bud

[see below),
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CumicaL CORRELATION

Anomalies of the Gall Bladder

Anomalies of Shape

a The fundus may be folded on itself to form a cap-like structure called the Phrygian eap (Fig. 143Dk
2 The wall of the infundibulum may project downwards as a pouch (Hartmann’s pouch), which may
be 2dherent 1o the cystic duct or even to the bile duct (Fig. 14:3E).

Anomalies of Position

= The organ may hie transversely on the undersurface of the right lobe of the liver, or may lie underthe
| leftiobe (Fig: 14.3G).
| 2 The gall biadder may be lined by peritoneum an all sides. It may be artached 16 the liver by a fold of

defer may be partially. or completely. duplicated (Figs. 14.38, C).
Orher Anomalies

a Tne gall Bladder may open directly into the bile duct (sessile bladder) (Fig. 14.3F).

3 The gal be abzant (Fa. 14400

P
el

3 Dnerticula may arse from any part ol the OTGan
Anomalies of the Extrahepatic Duct System

| Abnormal Leagth

TR 1 €

fabile vanation in the level at wiich varlous duets join each other, with the result that

occasionally some of them may become abnosmatly long, or short (Figs. 1444 to D).

Abnormal Mede of Termination

= Thie cistic duct mdy Join the left side of the common hepatic duct, passing either'in front of it or
behind it to reach its left side (Fige. 14.4E 1o G).

< Thecystic duct may end in the right hepatic duct (Fig. 14.4H).

o The cystic duct may pass downwards anterior to the duedenum, before joining the common hepatic
duct

= The hile duct may open inta the pyloric. or even the cardiac, end of the stomach.

Atresia

Parts af the duct system, and iometimes the whole of it, may be absent (Fig. 14.5).

Duplication

Farts of the duct system may be duplicated (Fig. 14.6). Accessary ducts arising from the right lobe may

tepmirate in the right hepatic duet, the cystic duct, the bile duct, or even directly into the gall bladder.
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I

—V e V(
A F
/ A . +——Bile duct
E | Sessile

| ¥ el "I bladder

Ligamenium
leres Liver

w =

H

- T
i \ Eﬂt::lrdar Paritanourm

: %
‘%~f’?“—a‘fm.m @ '

Flight labe Inferior wena cava Patlorneum

Gall bladdar

Fig. 14.3: Anomalies of the gall bladder. (&) 1o (C) Various degrees of subdivision. In (C)there is complete

duplication, (0) Phrygian cap. (E) Hartmann's pouch, (F) Sessile gall bladder, (G) Left-sided gall bladder (1)

and wransverse gall bladder (2). (H) Gall bladder embedded in liver tissue. (I} Floating gall bladder, inwhich
the argan is covered all round by peritoneum,
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206 Fig. 14.5: Agenesis of parts of the extrahepatic biliary tract.

Missing parts are indicated in light colours.
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A B C

Fig. 14.6: Duplication of parts of the extrahepatic biliary tract.

THE PANCREAS AND THE SPLEEN

PANCREAS

Ihe pancreas develops from two endodermal buds, dorsal and ventral that arise from the part
of the gut that later forms the second part of the duodenum, The ventral bud arises in close
relation 1o the hepatic bud, In the inferior angle between it and the duodenum (Fig. 14.7).
The dorsal bud arises from the dorsal aspect of the gun (Figs. 14.7, 14.8A), and grows into the
mesoduodenum and the dorsal mesogastrium. When the duodenal loop falls to the right, the
ventral bud comes to point to the right, and the dorsal bud 1o the left (Fig. 14.8B). Thereafter,
as a result ol differential growth of the wall of the gut, the attachment of the ventral bud

Foragul
Hapalic bid
Dorgal
pancreatic
iomdral _ ol
pancrEatic bud

Miggput
Fig. 14.7: Dorsal and ventral
pancreatic buds.
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Barsal bed

L | G\ @
L Dusdanum

Veniral bud
A B c

Fig. 14.8: Changes in relative position of pancreatic buds. (A) Initial position’ in. which the ventral and

daorsal buds lie in the direction indicaied by thelr names., (B) Position after duodenal loop falls to the right.

The ventral bud now points to the right, and the dorsal bud 1o the left. (C) The anachment of the ventral bud
maves to the left and the two buds now lie close together,

| |
.I |—_ f

| | ‘-?-::Zr;ud +
| I'-H_.______._..- P

,r"/"/- ancrealc fissus

| From veniral bud

Fig. 14.9: Pars of pancreas deved from ventral and dorsal buds.

(along with the bile duct}also shilis 1o the left side (Fig. 14.8C). Pancreatic tissue formed rom
these twe buds now fuses to form one mass, The ventral bud forms the lower part of the head,
and the uncinate process of the pancreas, while the upper part of the head, the body and the
1ail are formed from the dorsal bud (Fig. 14.9),

The duct system of the pancreas is established as follows. The ducts of the dorsal and
ventral buds anastomose with each other (Fig. 14.10). The duet of the dorsal bud, between
this anastomaosis and the duodenum remains narrow and forms the accessary pancreatic
duwct (Fig. 14.10C). The main pancreatic duct is formed, in its distal part, by the duct of the
dorsal bud, and in its proximal par by the duct of the ventral bud. The main pancreatic duct,
therefore, opens into the duodenum at the major duodenal papilla, along with the bile duct.

The secretory elements of the pancreas are formed by proliferation of the primitive ducts,
The istets of Langerfans are also derived from the primitive duct system.
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Duet ol dorsal bud

Duposhinum

== Duct of veniral bud

Bile ducl

; E i
Two ducls anastomose
[ |
1

Accessory pancraatic duct

gl Fig. 14.10: Formation of main
= hl ol A C and accessory pancreatic  ducts,
) —

L"/ ,._-' 7 T - MNote that the distal part of the

| main pancreatic duct is derived
= ’ tain pancrealic duct from the duct of the dorsal bud:
ade: and its proximal part from the duct
of the ventral bud.

| CUNEAREGRREL ATiON

Anomalias of the Pancreas

2 Annular pancreas: Pancreatic tissue surrounds the duodenum completely and may obstruct it
(Fig. 13.20).

O Divided panereas: The parts of the pancreas derived from the dorsal and ventral buds fail to fuse
wilh each other (Fig. 14:11)

O Accessory pancreatic tissue may be found in the stomach, duodenum, jejunum, Meckels
diverticulum, gall bladder and spleen.

0 inversion of pancreatic ducts: The embryonic amangement of the ducts persists and the greater
part of the pancreas is drained through the minor duadenal papilla (Fig. 14.12].

From ventral bud

From dorsal bud

Fig- 14.11: Divided pancreas. The parts of the
pancreas arising from dorsal and ventral buds remain
separate,
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P Pancreatic duct from

Masn drainego of
pancraas through
mindr papllia

Cuct of ventral bud

remaing small

Wajor dusdanal ¢
papilka

Fig. 14.32: Inversion of pancreatic diets. The main pancreatic duct is formed entirely by the duct of the

doreal bud. and opens at the mingr duodenal papilla. The duct of the ventral bud remains small,

SPLEEN

Ihe spleen develops as o eolléction of me

LFiE 14.313A).

senchymal eells in the dorsal mesogastrium
Sume of these cells are contributed by the coelomic epithelium lining the
mesogasirium. The mesenchymal cells differemiate into lymphoblasts and other blood

- mesenchymal cells proliferate, they form & mass which projects to the left, and is

4.13B8). The dorsal mesopastrium, in this region, can now be
extending from the stomach to the spleen (gastrosplenic ligament), and

overed by peritoneumn (Fig,
ided into a-pan

@ @ ® @

Future |

o (e Silean Benorenal — | ples
mesagstnium . . 4 Egament | = &
e
™

Gastrospienic

F figament e
.f %
i
= Binmach | ‘l"
.J.' ..
e Venbmal .
=t HETT !
A B

Fig. 14.13: Development of the spleen. The spleen appears in the dorsal mesogastrium as in (A) and
se0n bulges to the left as in (B
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another part extending from the spleen to the posterior abdominal wall, The latter part fuses
with the posterior abdominal wall (Fig. 14.14A) with the result that a fold of peritoneum now
passes from the spleen to the left kidney (Henorenal ligament). As a consequence of this
fusion, and as & result of a change in the orientation of the stomach (Fig. 14.14B), the spleen
comes to lie on the left side and takes part in forming the lefi boundary of the lesser sac of
PeEriioneL.

| Doranl mosonasioum luses with
Bilan lining postarior
wall \ Kidiney
[ A
Lienorenal gameni
B

Lasser omamum

Fig. 14.14: Development of the spleen. First see Fig. 14.6. Mote the changing relationship of the splean

to the dorsal mesogastrium and o the lesser sac of peritongum. In (A) note how part of the dorsal

mesogastrium fuses with the posterior abdominal wall. As a resullt of this change the dorsal mesogastrium
is divided (at this level] into the gastrosplenic and lienorenal ligaments,
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Anomalies of the Spleen
0 The spleen may be lobulated.
2 The spleen may, very rarely, be absent.
3 Accessory spleens may be séeer:
at the hilum of the spleen,

in the Henorenal ligament,

within the pancreas, and

a3
2 Inthe gastrosplenic ligament,
2
3
]

along the splenic artary.

| O Thaspleen lies on 'I:I"F." right side-of the abdomen in situs inversus, The liver and pancreas are also

THE RESPIRATORY SYSTEM

fevelops from

i o median diverticulum of the foregur. Its lining epithelium
s, ther --"-. v of endodermal origin, The connective rissue; cartilage, and muscle, inrelation tothe
1 are derived from splanchnopleuric mesoderm.

fhe di thum that is destined 1o form the respiratory system is Arst seen as a midline
groove (fracheobronchial groove) in the floor of the developing pharynx just caudal 1o the
hypobranchial eminence {Fig. 14.15). This groove is flanked by the sixth pharyngeal arches.
Soon alter its appeamnce, the distal pan of the groove is separated from the oesophagus
(Fig. 14.16) but the cranial part continues to'communicate with the pharynx.

Ihe free caudal end of the diverticulum becomes bifid, each subdivision being called a
fueng bueed (Fig. 14.17). The pan of the diverticulum cranial o the bifurcation forms the larynx
and trachea, While the lung buds form the bronchi and lung parenchyma.

= .-'. g -\--;. lf’l
| l
Thirg arch — | " Hypobranchial
N / EMiNence
Fousth arch = I‘ /
Filth arch has —
d ot ' Tracheal groowe
Sixth ar:h
Fomgul
{cranial par)

Fig. 14.15: Formation of tracheobronchial groove. Correlate with Fig, 12,1,



Chapter 14 = The Liver and Biliary Apparatus, The Pancreas and Splaan; ..

> 9 121 =

FI‘.IH:'.‘gI..Il Trachao-bronchial

) \?m?w \} };
\ ‘ B lllll g i Y
. | l\\.
A c D

B B
Fig. 14.16: Scheme to show how the respiratory diverticulum separates from the foregut, The upper
figures are transverse sections (along thie axis XY) of the figures below them. In (C) and (D) note progressive

jaration of respiratony diverticulum from the foregut, except at the cranial end.

LARY

The lirynx develops from the cranial-most part of the respiratory diverticulum. The
communication, between the diverticulum and the pharyns, persists as the inlet of the larynx.
The candal part of the hypobranchial eminence forms the epiglottis. The thyreid, cricoid
and aryienoid cartilages are derivatives of the fourth, fifth and sixth pharyngeal arches.
The larynzeal museles are also derived from branchial mesoderm as indicated by their nerve
supply

Anomalies of the Larynx

0 Laryngecosle: In this condition, the laryngeal saccule is abnormally large. It may extend beyend the
larymx proper, and may even form a swelling in the neck.

O Congenital stenesis or atresia: There may be stenosis or atresia of the laryne.

a The entire larynx, or part of it (e.g. vocal cords), may be duplicated,

O Laryngoptosis: The larynx lies low down in the neck. Part of it may be behind the sternum.

O One or more of the laryngeal cartilages may be absent.

TRACHEA AND BRONCHI

The trachea develops from the part of the respiratory diverticulum, that lies between the point
of its bifurcation and the larynx.

The twa primary divisions of the respiratory diverticulum form the right and left principal
bromehi. The left division comes to lie more transversely than the right (Fig. 14.17). It soon
shows two subdivisions, that represent the two lobar bronchi of the left lung. The right division
divides into three lobar bronchi. 213
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Lurg buad

Fig. 18.17: Development of lung bizds. (A} Right and left lung buds appear. (B} They divide inta
lobar bronchi (3 right, 2 laft), {C} Segmental bronchi established.

-

Anomalies of the Trachea

< Tracheo-oefophageal fstuloe ha

iready been described (see Fig. 13.22),

3 A divertfculum mey arise from achea
- Accessory bronehi may arss froen the trachea, Sucha bronchus:
| 3 miay be bilind (F 4.18A

| 3y fy. 8 mazs of ung teaue (accessory lobe) which is not a normal part of the lungs

| »  may replace a normal bronchus (eg. 2picall inone of the lungs (Fig. 14.18C),
5 Very rarely the traches may De absent. The bronchi 1o the lungs may arise from a blind "bifurcation®

Fig 14.198) or from the cesophagus (Fig. 14.16C),

Tracheal brenchus.

Fig. 14.18: Some varieties of tracheal branchi. (A} Blind bronchus. (B) Supplying accessory lobe,
(€} Replacing apical bronchus,
214
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Lanynx

A . 3 Il = | i c Fig. 14.19: Some anomalies of trachea,
i =i f (A Moadmal. (B) Agenesis. (C) Agenesis

Chisay along with tracheo-gesophageal fistula.
LUMNC
The substance of the lungs is formed by further subdivisions of the lobar bronchi (Fig. 14.17).
(The ol number of divisions of cach main bronchus are about 17 before birth, and six more
after birth ). After the establishment of the bronchial tree, alveali are formed by expansion of
the terminal parts of the tree.

The parts of the lung parenchyma, developing from the lobar bronchi, are separated from
one another by mesoderm. This mesoderm forms the connective tissue basis of the lung, and
also gives rise to the plenra, As the pleura lines the surface of each lobe separately, the lobes
come (o be separated by fissures.

During letal life, all subdivisions of the branchial tree are lined by a cubical epithelium.
Thisis the canalicular phase of lung development. With the onset of respiration, after birth, the
alveoli become dilated and their lining epithelium becomes thinned.

Within the respiratory passages, some cells become specialised for production of
surfactant, This substance forms a thin laver over alveoli and reduces surface tension.

Before birth the respiratory passages are full of fluid which also contains surfactant.
When the newborn begins to breathe, the fluid is rapidly absorbed and partly expelled.
The surfactant remains as a thin layer lining the alveoli. This prevents collapse of alveoli
during expiration. In premature bables, a deficiency of surfactant may cause difficulty in
expansion of the lung and can be a cause of death of the baby.

There is considerable increase in the number of alveaoli in the postnatal period.

The pulmonary circulation is established early in fetal life. However, most of the blood
is at first short circuited through the foramen ovale and the ductus arteriosus. The amount
of blood circulating through the lungs progressively increases, and by the seventh month of
intrauterine life the cireulation is rich enough to provide adequate oxygen for sustaining life.
Hence an infant born, thereafter, is viable (i.e. it can live).

The development of the pleural cavities is considered later in this chapter.
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Anomalies of the Lungs and Bronchi

Agenesis and Hypoplasia

The whole of one fung, or one of its Iobes (and assoclated bronchi), may fail to develop, or may remain

underdeveioped.

Abnormalities of Lobes

2 Absence of fissures that are normally present leads to a reduction in the number of lobes, &g,
absence of the transverse fissure of the right lung results in a right lung with only. two lobes
(Fig. T4.20Ak

| 2 Presence of Abnormal Fissures:

I S Atranaverse fissure may be present on the left side with the result that the left lung has three

4200,

owet lobe may be similarly separated (Fig. 14.20C)

f the right lung may come to lie medial to the azygos vein. This partis
b (Flg. 14.21). In this condition the azygos vein ks suspended from the wall

of the thorax by 2 fold of pariezal pleura (mesoarygos).
0 Acceszory lobes are usually connected 1o bronchi that are not part of the normal branchial tree.
Such bronchh may ATise from the:

3 trachea above its bifurcation {upper accessory lobe) (Fig, 14.188L
3 oesophagus (lower accessory lobe, Fig. 14.22). Occasionally, the lobe may not have any
bromchus.
| 3 Sequestration of lung tisswe: An area of embryonic lung tissue may separate from the
trachecbronchial tres [sequesiration = separationl, Such tissie may form a complete lobe (lobar
seguestration), which may have an independent pleural covering. In other cases the sequestrated
tissue may lie within a lobe (intralobar sequesiration).
The sequestrated lung tissue derives its biood supply from an abnormal branch of the acrta. The
condition is most requently seen in the loveer lobe of the left lung,
Lung Hernla
Fart of a lung may herniate: (a) through the infet of the thorax, (b) through a defect inthe thoracic wall,
i) into the mediastinum, or {d] into the opposite pleural cavity.
Displaced Bronchi

These may anse from the trachea above its bifurcation or even from the cesophagus.
They may supply: (a) a normal segment of one of the lungs (Fig. 14.18C), (b} an accessory lobe
[Figs. 14.188, 14.18), or (c} they may be biind {Fig. 14.184).
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Racs

Fig. 14.20: Abnormal labes of the lungs: (A) Right lung with only two lobes, (B) Left lung with three
bes, (C) Apical segment of lower lobe is separate. (D) Medial basal segment is separate.

| Hearmal position
. e Ol aZygos veln

N Azygos lobe
'| Parnatal ¥ P e nin
~ ploura (pink) =™ ER0ATYGO
Arygos vain B
Viscoral
| - pleura (black) |

Fig. 14.21: Azygos lobe of lung (B). The nermal relationship of
the azygos vein to the lungis shown in (A).

THE BODY CAVITIES AND DIAPHRAGM

BODY CAVITIES

Introduction

The pericardial, pleural and peritoneal cavities are derivatives
of the intra-embryonic coelom. We have seen that by
the formation of this cavity the lateral plate mesoderm
is split im0 a parietal (somatopleuric) and a visceral
(splanchnopleuric) layer (Fig. 5.8). The parietal and visceral
layers of pericardium, pleura and peritoneum are formed

from these layers of mesoderm. The mesodermal cells lining
the cavities differentiate into a flattened epithelial lining called

Fig. 14.22: Accesory lobe of
lung {indicated by arrow) sup-
mesothelinm, The mesothelium gives the peritoneum, pleura  plied by bronchus arising from
and pericardium their smooth surfaces. cesophagus,
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Madian pan of ntra-embryonic coelom Pernicardio-
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Fig. 14.23: [&)Intra-embryonic coslom, and (B)its subdivisions;

intra-embryoic coclom s a horseshoe-shaped cavity having a narrow midling
rt lies near the eranial end of the embryonic

wtion and two et [ m
Gisc (Fig. 423A), and it &5 froun this part of the coelom: that the pericardial cavityis formed.
& two lateral imbs of the coelom form the peritoneal cavity. For some time; the pericardial

tenlargement to form the pleural cavities.
and peritoneal cavities are considered below.

Pleural Cavity

After the formation of the head fold, the pericardium comes 1o lie on the ventral aspect ofithe
¢ pericardio-periwoneal canals wind backwards on either side of the foregut
(Fig. 14.24). The lung buds, thatarise rom the foregut, now invaginate these canals (Fig. 14.25).

As the buds enlarge 1o form the lungs. the canals balloon out 1o form the pleural cavities.

Penteneal I:‘.:l'lﬂt'll

Hindgut

Foragi I

Witello-nileaninad dect
Pencardial cavity,  Seplusm GNSVETEum

218 Fig. 14.24: Parts of intra-embryanic coelom and their relationship to the gut.
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Fig. 14.25: Invagination of pericardio-peritoneal capals by the lung buds.

Each ploural cavity now communicates with the pericardial cavity through the pericardio-
Menral opening, and with the peritoneal cavity through the plenro-peritoneal opening
[Fig. 14264, In subsequent development, these openings are closed by the formation of the
pericardio-plearal membranes, and the formation of the plewro-peritoneal membranes,
respectively (Figs. 14.26B, C).

From Figs, 14,260 and 14.27A, It will be seen that the pleural cavities are at first dorso-
lateral to the pericardium. As the lungs increase insize, the pleural cavities extend into the
mesoderm of the body wall (which is expanding at the same time), and gradually come
to lie lateral, and 1o some extent veniral, to the pericardium (Fig. 14.26B). The pleural
cavities also extend downwards into the mesoderm forming the posterior abdominal wall,
and upwards towards the neck (Fig. 14.26C). In Fig. 14.27B note that with the expansion
of the pleural cavity the mesoderm of the body wall is split into an outer part that forms
the wall of the thorax, and an inner part over the pericardial cavity. ‘The latter is called the
plevro-pericardial membrane, The phrenic nerve runs through this membrane. Later this
membrane forms the fibrous pericardium. This explains the course of the phrenic nerve
over the pericardium.

Peritoneal Cavity

We have seen that the peritoneal cavity is formed from the two limbs of the herseshoe-shaped
intra-embryonic coelom. The two parts are at first separate, but fuse to form one eaviry, as a
result of lateral [olding of the embryonie dise (Figs. 14.280, E, F). As illustrated in Figs. 14.288,
C, the two halves af the peritoneal eavity remain separate in the cranial part of the abdomen.
The attachment of the mesentery of the primitive gut on the posterior abdominal wall is
at firstin the midline (Fig. 14.29). As a resultof changes, involving the rotation of the gut, and
as a result of some parts of the gut becoming retroperitoneal, the line of attachment of the 2419
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Pericardial cavity
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c

ioneal canal enlarges to !'c.-m the pleural cavity. The pleural cavity communicates lrecly
I ialand peritones] cavities. (B) Pleural cavity is gradually separated from the pericardial and
peritenesl cavities by formation of pericardiopieural and pleuroperiteneal membranes.

mesentery becomes complicated (Fig. 14.30). The peritoneal cavity, therefore, comes to be
subdivided intoa number of pockets that are partially separated by folds of peritoneum.

Development of the Lesser Sac

Three distinet processes are involved in the formation of the lesser sac of peritoneum. These

may be considered one by one.

= The dorsal mesogastrinm that connects the stomach to the posterior wall of the abdomen
is, Initially, & thick membrane (Fig. 14.30A). Two small cavities appear in this membrane.
These are the right, and left, preumato-enteric recesses (Fig. 14.20B). The lelt recess soon
disappears. The right recess enlarges and opens into the peritoneal cavity (Fig. 14.30C).
The cavity of this recess now enlarges considerably and extends o the leftwo form the
part of the lesser sac that lies behind the stomach (Fig. 14.300). Iualso extends cranially,
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Fig. 14.27: Schemes to show how the pleural cavity expands into the body wall.

o right side of the oesophagus, and behind the liver (Fig. 14.31). Subsequently, with
the establishment of the diaphragm, the uppermost part of this cranial exiension comes
1o lie ahove the diaphragm, where it gives rise to the infracardiac bursa. The part of the
cranial extension that remains below the diaphragm (and behind the liver) forms the
superior recess of the lesser sac.

i While the right pneumato-enteric recess extends to the lelt, the stomach changes
its orientation, so that its posterior border (1o which the dorsal mesogastrium was
attached), now faces to the left. This border forms the greater curvature. The venitral
border (1o which the ventral mesogastrium was atiached), now comes to face to the right
ani forms the lesser curvature (Fig, 14.32). The ventral mesogastrium may now be called
the fesser omentun. As a result of this change in the orientation of the stomach, a part
of the peritoneal cavity comes to lie behind the lesser omentum (M in Fig. 14.32C). This
part of the peritoneal cavity now forms part of the lesser sac. It is continuous with the
part of the lesser sac lving behind the stomach (derived from the right pneamato-enteric
recess: N in Fig. 14.32C).

With the altered orientation of the stomach, the dorsal mesogastrium, which is attached
to the greater curvature, may be subdivided into two parts; A and B as shown in Fig. 14.33.
I we trace these two parts to the posterior abdominal wall (Fig. 14.33), we find that the
attachment of the mesogastrium on this wall can also be divided into two corresponding
parts. Part A passes from the stomach 1o the spleen as the gastro-splenic ligament, and
from the spleen 1o the left kidney as the lieno-renal ligament. It, therefore, forms the
left margin of the lesser sac. Part B passes from the lower border of the stomach to the
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regut has a ventral mesentery (A to C) but the midgut and
Figs. 'A' to 'C" represent the result of lateral folding of the
orm the upper part of the abdomen. As the disc folds the two halves
dergo folding, and meet in the middle line ventral io the gut. From
C' it will be clear hov and ventral mesogastriums are formed. Figs. D 10 F show the result of
folding in the lower part of the abdomen, In'D" note that, at this level, each half of the intra-embryenic
coelom it open latesally, The result of folding is seen in 'Ffromiwhich it will be clear why thersis noventral
mesentery here,

Fig. 14.28: Schemes to
hin do not Fir

i

posterior abdominal wall (Fg. 14.33) and forms the greafer omentum. The greater
omentum undergoes enlargement with the result that i comes to increasingly project
below the level of the stomach, and becomes folded onitself, The space within this fold
forms the lower pan of the Jesser sac (Fig. 14.34).

DIAPHRAGM

Introduction

Thediaphragm is a partition that se paratesthe thoracic and abdominal cavities. The pericardial,
and pleural, cavities are above (or cranial o) it, whereas the peritoneal cavity is coudal to it
The development of the diaphragm is, therefore, intimately related 1o the development of these
cavities.
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s and rectum are seen passing through the wall, In (C) it is shown that alternate segments (3; 3,
sme retroperitoneal while the segments 2, 4,5 and 8 retain their mesentery, (D) shows the ultimate
of these segments an the posterior abdominal wall. 1. represents the ventral mescgastrium,
.ol mesogastrium, 3. the duadenum, 4. the mesentery of the jejunum and ileum, 5. the ascending
colon, 6. the transverse mesocolon, 7. the descending colon, 8. the pelvic mesocolon and 9. the rectum,

Ihe formation of the septum transversum was considered in Chapter 5. We have seen that
the liver develops in its caudal part. Its eranial part helps to form the diaphragm. Reference
1o Figs. 5.13, 5.14 and 5.15 will show that after the establishment of the head fold, the septum
ransversum forms a mesodermal mass lying caudal 1o the pericardial cavity. It, therefore,
separates the pericardial and peritoneal cavities, Posterior to the septum ransversum,
howeves, the pleural and peritoneal cavities communicate through the pleuro-peritoneal
canals, that lie on either side of the oesophagus (Fig. 14.35). The partition between the thorax
and the abdomen is completed when the pleuro-peritoneal canals are closed by the formation
of the pleuro-peritoneal membranes (Fig. 14.35).
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Fig. 14.30: Developrment of the lesser sac. Fermation of pneumato-enteric recesses.
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Fig. 14.31: Development of the lesser sac. Extensions of the right pneumarto-enteric recess.
Mote the extension above the level of the diaphragm in (C).
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Fig. 14.32: Schemes to explain formation of the lesser sac. The dorsal and ventral mesogastriums are

shown in (AL Note that the veniral mesogastrium has a free border facing downweards and forwards. If a

section is cut in the plane XY, the appearance seen is illustrated in (B). Subsequently the original ventral

barder of the stomach cemes to lie on the right side (CL Two parts of the lesser sac labelled M and N are

shown. N is derived from the right pneumato-enteric regess while M is pant of the peritoneal cavity that
eames to He behind the ventral mesogastrium (which is now the lesser omentum)
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Fig. 14.33: Paris of the dorsal mesogastrium. Part A farms the gastrosplenic and Heno-renal ligaments
¢n In Fig, 14.7, Part B elongates to form the greater omentum. The attachment of these parts
ta the stemach s shown in B and 1o the posterior abdominal wallin C.
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Development of the Diaphragm

Iowill be recalled (Fig. 14.27) thatas the pleural cavities increase in size, they doso at the expense
of the body wall, with the result that the thorax as a whole also expands: Simultaneously, the
diaphragm has also to enlarge, and this enlargement takes place at the expense of the body
wall [Fig. 14.36).

The diaphragm is, therefore, formed from the following componenis (Fig. 14.37).

O Seplum ransversum.

2 Pleuro-peritoneal membranes.

Stomach Mentral
mesogasirium

Losser sac

A B

Fig. 14.34: Development of the lesser sac: Downward extension of the sac by elongation and folding
of the greater omentum. The derivation of the parts numbered in (C) Is (1) from cranial extension of
pREumato-enteric recess; (2) part of peritoneal cavity that comes to lie behind ventral mesogastrium: (3)
right pneumato-enteric recess; (4) cavity produced by elongation and folding of greater omentum onitself. 225
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Fig. 14.36: Development of the diaphragm: Schemes to show how expansion of the pleural cavities
226 it the body wall causes the wall to form part of the diaphragm,
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Fig. 14.37: Components frem which the diaphragm is formed.
Theze are labelled on the right side of the higure.

o and dorsal mesenteries of oesophagus.
a  Mesoderm of body wall, including mesoderm around the dorsal aorta.

1 is, however, considerable controversy as to how much of the diaphragm is formed

from cach of the constituents. According 1o some workers, the septum transversum forms
anly the central tendon, while according to others, it gives rise to almost the whole of the
costal and sternal parts of the diaphragm. The crura of the diaphragm are farmed from the
mesoderm of the posterior abdominal wall, as a result of the downward extension of the
plevral cavities into this region (Fig. 14.27).

Ihe nerve supply of the diaphragm from the third, fourth and ffth cervical nerves
(through the phrenic nerve) shows that the diaphragm has undergone great migration in

a caudal direction during development. (This descent is caused by elongation of the neck,
descent of the heart, and expansion of the pleural cavities). The sensory innervation of the
periphieral parts of the diaphragm by the intercostal nerves is evidence of the contribution
made by the body wall to the muscle.

i /ﬂ
Posterolateral
QVQLM
Abdominal contents may
herniate through them resulting

Ratrosternal in diaphragmatic hernias.

Postedior 3
Fig. 14.38: Sites of congenital

defects in the diaphragm.
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Anomalies of the Diaphragm

2 Parts of the diaphragm may fail to develop resulting in'gaps in the muscle. Abdominal contents may
pass throwgh these gaps 1o produce diaphragmatic hernlas.
Diaphragmatic hernias may be (Fig. 14.38):
2 Posterolateral: due to fallure of a pleuro-peritoneal canal to close.
3 Posterior: due to failure of the development of the crura,
3 Retrosternal: due 1o an abnormally large gap between the sternal and costal parts of the
muscle,

3 Centraf: throwgh the dome of the disphragm., Cocasionally one entire half (usually the left) of
the diaphragm may be abgenl.
2 Very rarely, an accessory diaphragm may be present in the thoracic cavity, When present it partially
wides the lung into wo parts,
ray be thin and aporeurctic-and may bulge upwards into the thorax. The bu]ging may
ke unilateral of may be confined to a small area. This condition is called eongenital eventration of
the diaphrogm.

TIMETABLE OF SOME EVENTS DESCRIBED IN THIS CHAPTER

3 weeks The hepatic bud appears, The pancreatic bud also appears soon theraalter.

4 weeks Thie seplum iransversum is established. The lrachecbronchial diverticulum is formed.
& wikeh The diaptwagm descends o the thoracic lavel.

7 weeks Fusion of dorsal and veniral pancroas,

3 months Bile formation begins, Pancreatic islets are formed.

5 months Insulin secration bagins.
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Cardiovascular System

i 11 i -

The heart develops from splanchnopleuric mesoderm related (o that part of the intra-embryonic

i that forms the pericardial cavity. This mesoderm is the cardiegenic area.

endothelial heart tubes [right and left) appear and fuse 1o form one tube. This tube has a

us end, and an arterial end (Fig. 15.1, 15.2).

5 of dilatations appear on this tube (Fig, 15.3). These are (1) bufbus cordis, (2) ventricle,
O atrivwm, and (4] sinus venosius.
Further subdivisions are named as follows (Fig. 15.3). The bulbus cordis consists of a proximal one-
third (wihich is dilated), a middle one-third called the conus, and a distal one-third called the truncus
arterissus. The narrow part cannecting atrium and ventricle is the atrioventricular canal. The sinus
nosus has right and left homs.

The rght and left atria of the heart are formed by partition of the primitive atrium. This partition
is formed by the septum primum and the septum secundum (Fig. 15.6). A valvular passage, the
foramen ovale, is present between these two septa, It allows flow of blood from right atrium to feft
SEFFML
The dilated proximal one-third of the bulbus cordis, the conus, and the primitive ventricle unite o
foem ane chamber, This is partitioned te form right and left ventricles. This partition is made up of the
following. (1) Interventricular septum that grows upwards from the floor of the primitive ventricle.
(2) a bulbar septum that divides the conus into two parts. (3) The gap left between these two is filled
by proliferation of atnoventricular cushions that are formed in the atrioventricular canal (Fig. 15.11).
The truncus arteriosus is continuous with the aortic sac (Fig, 15,27}, This sac has right and left horns.
Each horn is continuous with six pharyngeal (or aortic) arch arteries, These arteries join the dorsal
aorta (right or left), The first, second and Afth arch arteries disappear. The caudal parts of the right
and left dorsal agrtae fuse 1o form one median vessel (Fig. 15.28).

| The ascending aorta and pulmonary trunk are formed from the truncus arteriosus (Fig. 15.288).

The arch of the aorta is formed by the aortic sac, its left harn, 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
viesse! (Fig. 15.298),

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

The cammon carotid artery it derived from part of the third arch artery (Fig. 15.308).

The pulmenary artery is derived from the sixth arch artery (Fig. 15.318).

The arteries to the gut are formed from ventral splanchnic branches of the dorsal acrta (Fig. 15.36).
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Highlights cormtd...
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The renal, suprarenal and gonadal arteries are formed from lateral splanchnic branches of the
dorsal aoria,

Arterles to the body wall and limbs are derived from dorsolateral (somatic intersegmental) branches
of the aorta.

The left subclavian artery is cerived from part of the seventh cervical Intersegmental artery. ©n
the right side this artery is formed partly from the seventh cervical intersegmental artery, and parthy
from the right fourth arch artery.

The portal vein is formed from right and left viteline veins and anastomoses between them
(Flig- 154 2).

The superior vena cava s derived from part of the right anterior cardinal veln, and from the right
common cardinal vein

Tne inferior vena cove receives contributions from several veins (and anastomoses between them).
ar eardinal vein, the right subcardinal vein, the right supracardinal vein,
ac channel,

el
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PART 1: THE HEART

DEVELOPMENT OF THE HEART: MAIN FACTS

The development of the heart is complex. To avoid confusion that may be caused by numerous
details, the main facts are presented first. Details are presented later.

Introduction

The hear
{15

i [like all blond vessels) is mesodermal in origin. Itis formed from splanchnopleuric
1 Iving immediately cranial to the prochordal plate. This mesoderm constitutes the
cardiogenicarea, It is closely related to the pericardial caviry (which is derived from part ofthe

imraembryvonic coelom). For a good understanding of the relationship between developing
heart whe and the pericardial cavity students are advised to study Figs. 5.11 to 5.14.

heart is at first seen in the form of right and left endothelial heart tubes (Fig. 15.1A)
that soon fuse with each other. The single ibe thus formed shows aseries ol dilatations. These

Buibms cordis.,

Ventrfele, [(We will refer to it as the primitve ventricle).

Atrieemn. (We will refer to it as the primitive atrinm or atrial chamber).
Strs FFETRRSRIS,

Bulbus cordis

5
------ Ventricle
e

Sinus venosus

| & B c D

Fig. 15.1: (A) Right and left heart tubes. {B) to (D) progressive fusion of tubes from cranial to caudal end.
Fusion of sinus venosus is partial,

[he ventricle and atrium are connected by a narrow atrioventricular canal. The sinus
venosus has prolongations that are referred to as its right and left horres.

[he bulbus cordis lies at the arterial end of the heart. It is divisible into three parts i.e.,
proximal, middle and distal. The proximal one-third is dilated and does not have any special
name; the middle one-third is called the eerus, and the distal one-third is called the frurcus
arteriosus (Fig. 15.2A and 15.3). The truncus arteriosus is continuous distally with the aortic
sac. The aortie sac is continuous with right and left pharyngeal arch arteries, These arteries
arch backwards to become continuous with the right and left dorsal aortae.
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Fig. 15.2: [A) Arterial end, and (B} venous end of heart tube. Also see Fig. 15.26.

The sinus venosus lies at the venous end of the heart. It has right and left horns. One
vitellime vein [from the volk sac), one umbilical vein (from the placenta) and one common
cardinal vein (from the body wall) join ezch horn of the sinus venosus.

The fae of the varlous parts of the heart tube is summarised in Fig. 15.3.
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Fig. 15.4: Changes in the sinu-atrial orifice. Mote that firsthy, the centrally placed orifice shifts to the right.

Secondly, the orifice that 5 at first transversely orientated becomes vertical, Dotted lines in (8) and (C)

ndicate the outline of the opening in the previous figure to show how the change accurs.

Formation of Atria

=

[he sinus venosus and the primitve atrial chamber are at first connected by a wide
opeiiing. Gradually the opening becomes narrow and shilts to the right, Finally it becomes
& narrow slit, The slit has right and left margins called the right and left renons valves.
Cranially these two valves fuse to form a structure called the sepfum spurinm (Fig. 15.4).
Ihe atrioventricular canal divides into right and left halves as follows (Fig. 15.5). Two
ihickenings, the atrioventricular cushions appear on its dorsal and ventral walls. They
grony towards each other and fuse. The fused cushions form the septum intermedinm
(Fig. 15.6).

A c

1 Diorsal and ventral
RAound AV canal AN cushions appear

E ¢ D
Separale nighl and lefl AN onlices
Canal bocomes ransverse created by fusion ol cushions

Fig. 15.5: Schemes to show how the AN canal undergoes division into right and left orifices. 233



234

Humian Embryology

Formation of Interatrial Septum

The atrial chamber undergoes division into right and left halves by formation of two sepia (that
Iater fuse) (Fig. 15.6).

ju]

The sepirem prinum arises from the roofof the atriun, W the leftof the septum spurium. It
grows downwards towards the atrfoventricular canal and ultimately fuses with the septum
intermedivm,

However note the following carefully. Throughout fetal life oxygenated blood reaches the
right atrium from the placenta. This blood has to reach the left atrium, and for this purpose
a communication benween right and lefi atria is essential. Before the septum primum
reaches and fuses with the septum intermedium, blood fows through the gap between
them, This gap is the foramen primmm. Before the foramen primum can be closed it is
essential that another path for low of blood be created. This is achieved by breaking down
of the upper part of the sepium primum. The new gap is the foramen secundium. The
‘-{‘"p.t.l[!l'l ! srimum now has a free L'I'l !If._'li.'T I.![EE."L'.

The sephwn secundan: grows down from the rool the arrial chamber, to the ripht of the
seEpim primn, As its grows il comes (o overlap the free upper edge of the sepmm
arimum, Onee the pwo septa overiap blood has 1o fow through the interval between the
rent arale. It is a valvular aperture that allows blood to flow from

rl:!"'l. 1o deft. butno 1 ledt 1o right.

||:].,\..‘.!||} is thi ']

Seplum 0 T
[ ;..L o Openingol B
| xnulmmry wein

| u}
| Foaman

C D

Fused AV,
AV 8 cughions
Foramen secundam
(AT
Sepi e "
Seplum |. Lalt atrium

SO LT

Saplum primum
Tused to AW,
cushions

'uﬁ
EIRP J’ passage

Fig. 15.6: Formation of imeratrial septum. (A) Septum primurm appears. (B) Septum: primum grows
towards fused AV, cushions. The gap between them is the foramen primum. (C) Septum primum fuses with
AN cushions. At the same time the upper part of the septum primum degenerates 1o form the faramen
secundum. The septum secundum is formed to the right of the septum primum. (D) Seplum secundum
overlaps the free edge of septum primum. Blood now flows from left to right threugh the oblique cleft

between the two septa.
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After birth of the baby the left atrium starts receiving oxygenated blood from the lungs, and
there is no need for Now of blood from right atrium to left atrium. The foramen ovale is,
therefore, obliterated by fusion of the sepium primum and sepium secundum.

I terms of adult anatomy, the armlus ovalis represents the lower free edge of the septum
secundum while the fossa oralis represents the septum prirmurm.

DEVELOPMENT OF RIGHT ATRIUM

2 As deseribed above, the main part of the right atrium is derived from the right half of the
primitive atrium.

3 The sinus venosus is absorbed into the right atrium by great enlargement of the sinuatrial
arifice (Figs, 15.7, 15.8).

a i right half of the atrfoventricular eanal is also absorbed into the right atrium.
sorme relevant fucts about the sinus venosus (and its tributaries) may be noted at this stage.
3 The lelt horn of the sinus venosus remaing very small. It becomes part of the coronary
15 (Flp. 15.7).
a he right common cardinal vein becomes part of the superior vena cava.
5| iht vitelline vein forms the terminal part of the inferior vena cava.

P wrbeliune *-'EI“ R horn of skinus venosus

L. common cardinal v.
E(,f

L horn of sinus wenosus

R common chiding] v, —

Sinualrial orifiice

guardad by right Alreal seplum
and left venous
walves
A
Righl aburm
| Coronary sinus formed
SIHU‘EWSM"- from L. hom of sinus
Terminal part of absorbed inlo winosus & L common
inferios vena cava rigil atrium cardinal vein
fram R. viteling 'maln
_-"'"
L. venous valva lused
Superior vena cava wilh alrial seplum
frem R comman
cardanal vein

Right venous valve
forming crisla terminalis

B Right atrium

Fig. 15.7: Incorporation of sinus venosus into the right atrium.
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Fig. 15.8: Fate of the right and Ieft venous valves. The right venous valve expands greathy and
formas the crista terminalis, the valve of the inferror vena cava, and the valve of the coronary

sinus, Thie left venous valve remains small and fuses with the interatrial septum.

After absorption of the sinus venosus into the right

VEIRe CaOvae are seen apening into the airium.

{sinus vernarum) and the atrivum proper.

DEVELOFPMENT OF LEFT ATRIUM

um the coronary sinus, and the

The right margin of the original sinuatrial crifice (i.e. the right venous valve) expands
very greatly and divides into threc parts that form the crista terminalis (Fig. 15.8), the
valve af the inferior vena cava, and the valve of the coronary sinus. Note that the crista
terminalis lies an the junceion of the part of the right atrium derived from the sinus venosus

The left atrium is derived from:
2 Left half of the primitive atrial chamber.
2 Lelt hall of the atrio-ventricular canal.

o  Absarbed proxin
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al parts of the pulmonary veins (see below],




Chapter 15 — Cardiovascular Systam

-x‘\(/xa

At the time when the septum primum Pulmonary vein
is just beginning 1o form (Fig. 15.6A),
a single pulmonary vein opens. into

the lefi half of the atrium. When traced

1}

; * B Wall of atrium denved
away mom the heart (Fig. 15.9], the vein 4 9 Irom absorbed vain
divides into a right and a left branch

B

Absorption of Pulmonary Veins

A - Ledn atrium

exch of which again bifurcates, to drain L. peimonary vein

the corresponding lung bud.

Gradually, the parts of the pulmo- L. pulmanary veins
nary vedins nearest to the left atrium are 4N 7 E{/
absorbed inw the atriom, with the result =
that four separaie veins, two [rom each )
sicle, come 1o open into it (Fig. 15.9).

Fig. 15.9: Absorption of pulmonary veins into the left

atrium. At first only ane vein from the lungs enters the left

atrium. The proximal part of the vein is gradually absorbed

and is incorporated into the wall of the atrium. As a result

of continued absorption of tributaries, four veins (two
right and twa left) finally opén into the atrium.

DEVELOPMENT OF VENTRICLES

Fate of Bulbus Cordis

Wi have seen that the bulbus cordis is divisible into three parts i.e., proximal, middle (conus),
and distal (truncus arteriosus).

A spiral septam appears within the truncus arteriosus and subdivides itinto the ascending
anria and the pulmonary trunk. It is formed by union of right superior and left inferior truncus
swellings or cushions. Fusion of these cushions takes place in such a manner that at its lower
end, the pulmonary trunk lies ventral to the aorta, but as it is traced upwards it comes to lie on
its left side. This is because of the orientation of the spiral septum.

The conus forms the outfow tracts (smooth parts) of both the right and left ventricles. The
prosimal ene-third of the bulbus cordis merges with the cavity of the primitive ventricle.

Imipariant nole:

Please note that in the seventh edition of this book the bulbus cordis was described as being
divided into two parts Le., a distal part the truncus arteriosus, and a proximal part the conus
which was absorbed into the primitive ventricle, and later formed the smooth outflow parts of
both right and left ventricles. Itis now recognised that the outflow parts are formed by the middle
one-third of the bulbus cordis enly, and it is this part that is the conus. The proximal one-third
of the bulbus cordis takes part in forming the trabeculated part of the right ventricle.(Fig, 15.3).

The right and left ventricles are formed by partitioning of this chamber. From Fig. 15.10
note that the bulbo-ventricular cavity consists of:
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cushiong G o ‘ﬂ'
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\ N, Z Fused AV,
' Right L/ cushions
) Oy Btso-ventrcukar KA
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ventrieular chamber Part 1 lles anterior to the atrio-ventricular arifice.
ip, |B) This is 2 section across the ventricle in the plane XY, shownin/(A).

Flg. 15.10:

Eonge

% COMI

pwer part (1 in Agure] that communicates with the atria; and
2 @ conlcal upper part [2 in fgure) communicating with the truncus areriosus. Part 10 s
ived from the proximal ene-third of the bulbus cordis and the primitive ventricle, while

art *2' {5 fromhe conus

Formation of Interventricular Septum

the cavity formed afier the conus and proximal 1/3 of bulbus cordis have merged into the
primitive veniricle has 1o be subdivided into right and left halves in such a way that:

2 each half communicates with the corresponding atrium, and

a  the right ventricle opens into the pulmonary trunk and the left ventricle into the aorta.

This subdivision takes place as follows:

o A seprum, called the inferventricular septum, grows upwards from the floor of the
bulbo-ventricular caviry and divides the lower dilated part of this cavity into right and lefi
halves {Fig. 15.11A4). It meets the fused atrio-ventricular cushions (septum intermedinm}
and partially fuses with them (Fig. 15.11C). On the external surface of the heart the site
af formation of the interveniricular septum corresponds 1o the bulbo-ventricular sulcus
{Fig. 15.14A).
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Fig. 15.11¢ Two stages in the formaticn of the ventricular septum. (B) and (D) correspond to {A4) and (C)
respectively, (A) Bulbar septum grows down from above, and interventricular septum grows upwards
from below, (C) and (D) The gap between the bulbar septurn and the interventricular septum s filled in
by profiferation fram AV, cushions. For explanation of orientation of these figures see legend to Fig. 15.10.

o Two ridges, termed the right and left bulbar ridges, arise in the wall of the bulbo-
ventricular cavity (in the part derived from the conus). These ridges grow towards each

other and fuse to form a bulbar septum (Fig, 15114, B). The bulbar septum grows
dowmwards towards the interventricular septum but does notquite reach it, with the result

that a gap is left between the two,

g The gap between the upper edge of the interventricular septum, and the lower edge of
the bulbar septum, is filled by proliferation of tissue from the atrioventricular cushions

(Fig. 15.11D).
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FURTHER DETAILS ABOUT THE DEVELOPMENT OF THE HEART

Introduction

The internal surfaces of the heart and of all blood vessels are lined by a laver of fatiened
cells called endothelinm. The endothelium is supported, on the ouside, by varying
amount of muscle, and connective tissue. All components of the heart and blood vessels,
i.e. endothelium, muscle and connective tissue are of mesodermal origin. Very early in the
life of the embrvo, mesenchyme differentiates, over the volk sac, in the connecting stalk,
and in the body of the embryo isell, 10 form small masses of angloblastic tissue. This
angioblastic tissue glves rise to endothelium and also 10 blood cells. The first blood vessels
are derived from this endothelium. The vessels mpidly proliferate in number and become
perconnected o form o vascular sysiem, Soon therealter, a primitive heart begins 1o

1 this network of vessels with the result that nutrition from the placenta
1 b made available to the growing embryvo. The heartis, therefore, the first

1o stort functioning,

T b .
TELS BUT TR

1of the bods
Wi have seen tho the pericardial cavity is formed from the cranial, midline, part
thie intrg-embryonic coelom (Figs. 5.6, 5.11) With the [ormation of the coelom, the
brvonic mesoderm of the region splits inte a somatopleurie layer adjoining
herm (In rool of pericardial cavire), and a splanchnopleuric layer adjoining the
i | Fig, 5,61 and [orming the floor of the pericardial cavity. The heartdevelops from
ie tissue that arfses from this splanchnopleuric mesoderm, which is, therefore,
the cardiogenic area. With the establishment of the head fold, the splanchnopleuric
mesoderm and the developing heart come 1alie dorsal to the pericardial cavity, and ventral

have feen thar the endotheliol heart wbe is derived from the splanchnopleuric
mesoderm related 1o the pericardial cavioe (Fig. 15.124). Afier formation of the head fold,
this tube lies dorsal to the pericandial cavity and venitcal to the foregut (Fig. 15.12B). The be
now invaginates the pericardial sac from the dorsal side. As ivdoes so, the splanchnopleurie
1ing the dorsal side of the pericardial cavite proliferates to form a thick layer
called the myoepicardial mantle (or epimyocardial mantle) (Figs. 15.12C, D). When the
invagination is complete, the myoepicardial mantle completely surrounds the heart tube. It
gives rise to the cardiae muscle {myocardinn) and also to the visceral layer of pericardium
{epicardinm). The parieial laver of pericardium Is derived from somatopleuric mesoderm.

mesoderm §

Exterior of the Heart

The heart be is, for some time, suspended from the dorsal wall of the pericardial cavity by
two lavers of pericardium that constiate the dorsal mesocardivm (Figs. 15.12D, 15.13A).
This mesocardium soon disappears and the heart wibe lies free within the pericardial
sac, suspended by its two ends (Figs. 15.13B, C). However, at this stage the candal part of
the heart tube (arium, sinus venosus) is embedded within the substanee of the septum
transversum, The part of the heart wibe lving within the pericardial cavity is thus made up
of bulbus cordis and veniricle.

This part of the wbe grows rapidly and, therefore, becomes folded on isell w form a
q slmpud bidbo-ventricular Inap [1;1'1_;_ 15.13C). Sllh'ﬁ(‘!l{l]!_‘l]l_l!,'. as the mrinm and sinus



Chapter 15— Cardiovascilar Systern

Amniotic cavily

4 Paricardial cavity m
Somatopleuric ﬁ,dmnicamﬂ'
mesodent Eciodarm
ap— -
A Asmineon
A (;.'._—;} -
Endodarm
nehnoplaunc Heart lubes
masodam
Faregul
mopaur Hear fubae
: B e

E (’_ ~ ™~ Pericardial

q_‘_._’/’ cavity

TRl OGNS
mesedanm
Faragut
“ycepicardsal
mantle Fused heart lubes
C c—
rsodarm ;f::ff'm"r

-~ Foregut

Pariolal serous

Panicardium Dorsal mesegasiium

Fig. 15.12: Relationship of heart

D i Q:\' E’I':_Ea'" !Uhrgiumﬁ tubes to pericardial cavity:
C—))

Percarndium (4} Before formation of head fold.

. (B} After formation of head fold.
Myocard
Pericardial \‘“‘-—--"'f‘ otk {C) and (D) show the process of
cawty Epfardim invagination of the pericardial

cavity by the single heart tube,

venosus are freed from the sepium transversum, they come to lie behind and above the
veniricle, and the heart tube is now'S" shaped (Fig. 15.1312). At this stage, the bulbus cordis,

and ventricle, are separated by a deep bulbo-ventricular sulcus (Figs. 15.13D, 15,14 ).
This sulcus gradually becomes shallower so that the conus, the proximal part of the bulbus
cordis, and the ventricle, come to form one chamber (Fig. 15.14), which communicates with
the truncus arteriosus, The atrial chamberwhich lies behind the upper part of the ventricle,
and afthe truncus arteriosus, expands; and as iv does so parts of it come 1o project forwards
on either side of the truncus. As a result of these ehanges the exterior of the heart assumes

its definitive shape (Fig. 15.15). 241
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Fig. 15.15: Stages in establishment of external farm of the heart.

e of Sinus VVenosus

sinus venosus and the arral chamber are at first in open communication with each
other (Fig. 15.16A). However, they become partially separated by grooves that appear on
the lateral wall of the heart tube, at the junction of these two chambers. The right groove
remiaing shallow but the left one becomes very deep (Figs. 15.168, C) with the result that
the left part of the sinus venosus becomes completely separated from the atrial chamber.
Itz blood now enters the atrium through the right hall of the sinus. Simultaneously, the
leit horn of the sinus venosus and its ributaries become much reduced in size, and the
left hom now appears to be just another tributary of the right half of the sinus venosus
(Fig. 15.16C). Two important results of these changes are that:
1. The sinu-atrial orifice, that was at first situated in the middle of the posterior aspect of
the arrial chamber, now comes to lie on the right side (Fig. 15.4A to C).
2, 'The orifice, which was at first transverse, now becomes vertical. We have already seen
that the margins of this orifice form the right and left vercons valves (Figs. 15.16C, 15.4D).

Some Facts about the Interatrial Septum

Note the following additional facts about the lormation of the interatrial septum.
The lower edge of the septum seeundum (erista dividens) is thick and firm. In contrast,
the upper edge of the sepum primum (that forms the lower boundary of the formmien
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Fig. 15.16: Retrogression of the left horn of sinus venosus.

s thin and mobile ke  Oap When bload tends 1o low [rom the right to the left
hin flap moves oway and there s no obstruction to blood flow. However, when
there = a tendency for blood o fow from lef to right, this flap comes into apposition with
thie sepium secundum and closes the opening. After birth, the left atrium begins to receive
blood from the lungs and the pressure within this chamber becomes greater than that in
the right atrivm. This causes a closure of the foramen ovale, which is soon permanently
ahliterated by fusion of the two faps,

Some Additional Facts about the Interventricular Septum

The interventricular septum s probably formed more by downward enlargement of the
right and left ventricular cavities on either side of the sepium, rather than by active growth
of the septum lisell.

The membranous part af the fnterventricalar seplum s divisible into an anterior part,
which separates the right and lefi ventricles, and a posterior part which separates the left
ventricle from the right atrium (also called atrio-rentricular septint). The anterior part is
derived from the proliferation of tissue from the endocardial cushions as described above.
The derivation of the posterior part is shown in Fig. 15.17. I will be seen that the interatrial
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1% in the same plane. In (B} note that the membranous part of the interventricular septum is made

f the orginal. AV, cushion between the attachment of the interatrial and interventricular septa,

i} of the endocardial proliferation from these cushions. The first part separates the left ventricle from

jht atrium while the second part separates the tweo ventricles. The tricuspid valve is attached to the

anous seplum at the junction of these parts, These figures are sections inthe plane indicated by an
arrowr in Fig. 15104,

dinterventricular septa do not meet the atrio-ventricular cushions in the same line. As a
caull, a part of these cushions separates the left ventricle from the right atrium. This partof
the atrio-ventricular cushions forms the posterior part of the membranous septunt.

lves of the Heart

The mitral and tricuspid valves are formed by proliferation of connective tissue under the
endocardium of the left and right atrio-ventricular canals.

The pulmonary and aortic valves are derived from endocardial cushions that
are formed at the junction of the truncus arteriosus and the conus (Fig. 15.18A). Twno
cushions, right and left, appear in the wall of the conus. They grow and fuse with each other
(Fig. 15.18B). With the separation of the aortic and pulmonary openings, the right and left
cushions are each subdivided into two parts, one part going to each orifice (Fig. 15.18C).
Simultaneously, two more cushions, anterior and posterior appear As a result, the
aortic and pulmonary openings each have three cushions, from which three cusps of the
corresponding valve develap.

The pulmonary valve is at first ventral to the aortic valve (Fig. 15.18C). Subsequently,
there is a rotation so that the pulmonary valve comes to lie ventral and to the left of the
aortic valve [Fig. 15.18D). Itis only after this rotation that the cusps acquire their definitive
relationships (Pulmonary trunk: 1 posterior, 2 anterior; Aorta: 1 anterior, 2 posterior).
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Fig. 15.18: Fosmation of sortiz and pulmonary valves. Note that the vessels undergo an anticlockwise
rotation {com d (D), It is only after this rotation that the cusps of the aortic and
¢ valies acquire their definitive position.

gare axis XY in (C

bes, a pacemaker (which later forms the sinuatrial
f wibe, After fusion of the two tubes, it lies in the sinus
venosus is incorporated ingo the right atrium, it comes to lie near

Al the

nooe)

sentricular bundle form in the left wall of the

nosus, and In the atrfo-ve cular canal. After the sinus venosus is absorbed into
the right atrivm, the atrlo-veniricular node comes to lie near the interatrial septum.
PERICARDIAL CAVITY

We have already noted several imporiant facis about the development of the pericardial
cavity, and these may be briefly recapinilated as follows:
3 The pericardial cavity'is a derivative of the part of the intra-embryonic coelom thatlies in
the midiine, cranial to the prochordal plate (Fig. 5.11).
2 Afterthe formation af the head fokd, the pericardial cavity comes tolie on the ventral side
of the body of the embryo (Fig. 5.14),
= The heart tube invaginates the pericardial sac from the dorsal aspect (Figs. 15,12C, D).
2 The parietal layer of the serous pericardium, and the fibrous pericardium, are derived
from the somatopleuric mesoderm lining the ventral side of the pericardial cavity
(Fig. 15.124, D).
3 The visceral serous perieardium is derived from the splanchnopleuric mesoderm lining
the dorsal side of the pericardial cavity (Fig. 15.12D).
g The heart tube is inftially suspended within the pericardial cavity by the dorsal
mesocardivm, which soon disappears (Fig. 15.13).
We may now consider certain additional facts.
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2 Alter disappearance of the dorsal mesocardium, the visceral and parietal layers of
pericardium are in continuity only at the arterial and venous ends of the heart be
{Figs. 15.194, B, D, E).

o With the folding of the heart tbe, the arterial and venous ends come closer to each
other. The space between them becomes the transverse sinus of pericardium
(Figs. 15.19C, E).

o A number of bload vessels are formed at the two ends of the heart tube. At the arterial
end, these are the aorta and the pulmonary trunk. At the venous end, they are the
superior vena cava, inferior vena cava, and four pulmonary veins (Fig. 15.20A).

Ihe definitive reflections of the pericardium are formed merely by rearrangement of

these vessels as shown in Fig. 15.20B. Rearrangement of the veins at the venous end
sulis in the formation of an isolated pouch of pericardium, in refation to the four
wimomary veins, This is the obligue sinus of pericardium.

_Ar:r:lrial and of heart iube Parietal
f_." Mesocardium pﬂmm
| )
Venous end
b M’Lm&
Transverse sinus
: 1

GCut adge of
pericardium

Sinus vanosus

Transversa snus
2 F
&

Fig. 15.19: Schemes showing the relationship of the heart tube to the pericardial sac. (A), (B) and (C) are

Lateral views while (D), (E) and [} show the dorsal aspect of the interor of the pericardial sac at corresponding

stages. Disoppearance of the metocardium leads to formation of the transwerse sinus of pericardium. Note

that with the folding of the heart tube, the arterial and venous ends of the heart tube are brought closer
together, and the transverse sinus comes to lie between them,
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Clinical Correlation contd..

Atresia or Stenosis

Any of the orifices of the heart may have too narrow an opening (stenosis),
The aartic and pulmenary passages may also show supravalvular, or subvaheular, stenasis [Fig. 15,23
Alternatively, the openings may be 1oo large as a resubt of which the valves i i-nmmpem;-.. )

In pulmonary stenosis, the foramen ovale and the ductus arteriosus remain Patent. I aortic !le-nosi:-
also, the ductus arteriosus is patent and blood flows into the aorta through ir,

ornone at all {atresia).

Abnormal Graowth
Ther
panti

Ty be accessory cusps in the valves, Congenital tumours may be formed, The left atrium may be
illy subsdivided by a transverie septum, The myccardium may be poarly developed (hypoplasia).
Defective Formation of Septa

=suilis in the formation of abnormal passages.

O Interatrial septal defects may be of three types:

The septum primum may fail 1o reach the atrio-ventricular endocardial cushions, as a result
af which the foramen primum persists (Fig. 15.24A), This osteumn primum defect can also be
aused by defective formation of atrio-veniricular endocardial cushions.

e sepium secundum may fail to develop as a result of which the foramen secundum remains
vide open (osteum secundum defect; Fig. 15.248).

The septum primum and secundum may develop normally but the oblique valvular passage
between them may remain patent (patent foramen ovale; Fig. 15.24C), The patency is significant
only iF there i shunt of blood through it. In many cases a probe can be passed through the
obligue slit (probe patency] but there is no shunt.

) Dccasionally, there is premature closure of the foramen ovale {i.e. before birth). As a result,
the right atrium and ventricle undergo great hypertrophy, while the left side of the heart Is
underdeveloped,

U Interventricular septal defects may be seen either in the membrancus orin the muscular part of the
ceptum (Fig. 15.240). They are the most common congenital anomalies of the heart.

0 Defects of the spiral septum: The spiral septum may not be formed at ail. This condition is Cﬂ_lled
patent truncus arteriosus (Fig. 15.22). Partial absence of the septum leads to communications
[shunts) between the acrta and the pulmonary trunk.

O Atrio-ventricular canal defect or persistent atrio-ventricular conal: Defective formation of
the atrio-ventricular cushiens may lead to a condition In which all four chambers of the heart
may intercommunicate. The interatrial and interventricular septa are incomplete (as the narmal
contributions to these septa from the endocardial cushions are lacking).

If fusion of endocardial cushions is too far (o the right, it causes tricuspid atresia. As such cushions
are not in alignment with the interventricular septum, the upper part of the latter is defective. With
tricuspid atresia there is increased pressure in the right atrium, as a result of which the foramen ovale
fails to close.

Defective formation of septa, if marked, can lead 1o a two-chambered heart (Cor biloculare) in which
there is one common ventricle and one commaon atrium. Alternatively, a three-chambered heart (Cor

triloculare) may be seen; it may consist of a single ventricle with two atrla or of a single ateium with two
ventricles (Cor triloculare biventriculare).
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Fig. 15.23: Types of aartic stenosis.
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linical Correfation conid..

Combined Defects
Tero or move of the defents may coexdist, One classically recognised condition of this typeis known as
Fallots tetrology. It co 9. 15.25)

Interventricular sepis

Awrta overriding the fi

Pulmanary stenosis;

Hypertrophy of the right venitricla.

Other Defects

O The pericardium may be partially or completely absent.

2 may be congenital defects in the conducting system of the heart.

Anomalies of Relationship of Chambers to Great Vessels

2 Transposition of great vessels: The aorta arises from the right ventricle and the pulmonary trunk
from the left wentricle.

2 Tawussig-Bing syndrome: The aorta arises from the right ventricle; and the pulmonary trunk overrides
both the right and left ventricles, there being an interventricular septal defect.

O The superiar o inférior vena cava may end in the left atrium.

O The pulmanary veins may end in the right atrium or in one of its tributaries.

edge of theventricular septum
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— 1. Marmow pulmeonany trunk

e - 2. Aorta overnding ventricular septum
g e ‘. - 3. Intarventricular septal defect

— 4, Hypertropy of wall of right veniricie

Fig. 15.25: Four features that constitute Fallot’s tetrelogy.

_ PART 2: THE ARTERIES

Fharyngeal Arch Arteries and Their Fate

Ihe first arteries o appear in the embryo are the right and left primitive aortae. They are
continuous with the two endocardial heart tubes. Each primitive aorta consists of a portion
lying ventral 1o the foregut (ventral aorta), an arched portion lying in the first pharyngeal
arch, and a dorsal portion lying dorsal to the gut (clorsal aorta) (Fig. 15.26A).

After the fusion of the two endocardial ubes, the two ventral aortae partially fuse to form
the asrtic sac, the unfused parts remaining as the right and left horns of the sac (Fig. 15.268),
Successive arterial arches now appear in the second o sixth pharyngeal arches, each being
connected ventrally to the right or left horn of the aortic sac and dorsally to the dorsal aorta
{Fig. 15.27). The major arteries of the head and neck, and of the thorax, are derived from these
archies as follows:
o The greater part of the first and second arch arteries disappear (Fig. 15.28A).

[r adult life, the first arch artery is represented by the maxillary artery. The second arch

artery persists for some part of fetal life as the stapedial artery: it may contribute to the
formation of the external carotid artery.

o The fifth arch artery also disappears (Fig. 15.28A).
4 The aortic sac is, therefore, now connected only with the arteries of the third, fourth and
sixth arches. The third and fourth arch arteries open into the ventral part, and the sixth
arch artery into the dorsal part, of the aortic sac. The spiral septum, that is formed in the
truncus arteriosus, extends into the aortic sac; and fuses with its posterior wall in Sich
way that blood from the pulmonary trunk passes only into the sixth

2 arch artery, whi
fram the ascending A0rta passes into the third and fourth Hikch arte tery, while that

ries (Fig. 15.281).
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Fig. 15.26; Relaticn of first aortic arch to heart tubes. (A) Bafore fusion of heart tubes. (B) After fusion.

3 Several changes now take place in the arterial arches o produce the adult pattern: as
follows;

The two dorsa

worize grow cranially, bevond the point of attachment of the Rrstarch

artery (Fig. ]
al the dorsal aoria, between the attachment of the third and fourth arch
arieries (duecties caroticus), disappears on both sides (Fig. 15.28B).

3 The portion

Fig. 15.27: Aortic arches. Each arch eonneets the aoric sac to the dorsal aorta, Mote that actually all arches are
niever present at the same time. The first and second arches have retrogressed by the time the sixth appears,



Chapter 15- Cardige-as

Fig. 15

- 7thcenical
intarsegome nial o

BL areh dsappears.

. ™, W \_
N

1 Ferc Lrrent laryngesl m,
Anrtic s8¢ \'L_‘j"'., { * Bramch to lung bud
X / “Bth areh

Truntus arensaus

Fused dorsal aomas —\

Do s0a Detwsad
Srd & 41k arches i
»— o bothskdes

 artter
fourns Tell suback
e N Ao rtic yen
Paris L
6ih aartic arch m;FW trunk &
and of right dessal aorta —— Wmhﬁnﬁmm
disappear i\,% o e

= Arterows

I_
158 pary - 1
,28: Fate of aortic arches: (A} Disa ppearants '::I ot LG thy gr'ﬁhe& ;BII: Dm':;};:
caroticus (on both sides), and of part of right dar Fighe 610 arch



254

Human Embryology

3 The portion of the right dorsal acria, between the point of attachment of the fourth
arch artery and the point of fusion of the two dorsal aortae, disappears (Fig. 15.28B).

5 Each sixth arch artery gives off an artery 1o the developing lung bud. On the right side,
the portion of the sixth arch artery between this bud and the dorsal aorta, disappears.
ha the lefi side, this part remains patent and forms the ductus arteriosus. The ducts
arterinosus carries most of the blood from the right ventricle to the dorsal aorta. Icis
obliterated after birth and is then seen as the lgementum arteriosum.

s BEach third arch arterv gives off a bud that grows cranially to form the external carotid
artery (Figs. 15294, 15.31A).

+  The dorsal aoriae give off a series of lateral intersegmental branches to the body wall.
One of these, the seventh cervical intersegmental artery supplies the upper limb bud.
It comes 1o be attached to the dorsal asria near the aitachment of the lourth arch
artery (Fi;

2 The development of the main arteries can now be summarised as follows:

Ihe :mwu ing rmrm and the pulmonary trunk are formed from the truncus

ived from the ventral part of the aortic sac (1), its lefthom
3)(Fig, 15.294),

fram the lell dorsal aorta, below the artachment of
- fused median vessel (2) (Fig. 15.298).

i by the right horn of the acrtic sac¢ ['Fig, 15.29C).
i subclavian artery is derived from the right fourth arch
2 part of the artery being derived from the seventh cervical
the lefi side, the subclavian artery is derived entirely
intersegrmental artery (3), which arises from the dorsal acrta
ent of the fourth areh artery (Fig. 15.30A).

The common carotid arfery s derived, on either side, from part of the third arch
artery, proximal to the external carotid bud (Fig. 15.308). The internal carotid artery

Fig. 15.2%: (A) The arch of the aorta is derived from (1) the acrtic sac, (2) its left horn, and (3) the left 4th
arch artery. (B The descending acrta is derived from (1) the left dorsal aorta, and (2] fused dorsal aoriae,
(C) The brachiccephalic artery is derived from the right horn of the aortic sac.

). Un

opposite the s
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. B C

Fig. 15.30: (A) The right subclavian artery is derived (1) from the right 4th arch artery and (2) from the

right 7th cervical intersegmental artery. The left subclavian artery is formed only fram the left 7th cervical

intersegmental artery. (B) The cormmon carotid artery is derived from the proximal part of the 3rd arch

artery, (0} The internal carotid artery is derived fromi (1) distal part of the 3rd arch artery and (2) dossal aorta
(cranial-most part).

Is formed by the portion of the third arch artery distal to the bud (1], along with the
original dorsal aorta cranial to the attachment of the third arch artery (2) (Fig. 15.30C).
A5 the right third and fourth arch arteries arise from the right horn of the aortic sac,
the commeon carotid and subclavian arieries become branches of the brachiocephalic
arlery.
As already mentioned, the external carotid artery arises as a bud from the third arch
artery (Fig. 15.31A).
Ihe pulmonary arteries are derived from the part of the sixth arch arteries lying
between the pulmonary trunk and the branches to the lung buds (Fig. 15.31B).

As already stated, the part of the left sixth arch artery, between the branch to the lung bud

and the norta, forms the ductus arteriosus (Fig. 15.31C).

Fig. 15.31: (A) The external carotid artery arises as a bud from the 3rd arch artery
{B] The pulmeonary arterles arise from the-6th arch arteries, (C) The ductus !
arteriosus is derived from part of the left 6th arch artery,
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Fig. 15.32: Relavionship of the vagus and recurrent laryngeal nerves to the acrtic arches.

cxplanation see exl.

nervesof the head and neck to the arteries, can be explained
nt of the arteries. The nerves of the pharyngeal arches are, at
ing arieries. The nerves of the first, second and third arches
'-. Il & I\ iin their lateral positions. The disappearance of the ductus caroticus,
urth arch (superior lanmgeal) to move medially, and it comes to
lie deep (o th eries of the neck.

The nerve of the sixth arch (recurrent laryngeal), Is at first caudal to the artery of this
arch (Fig. 15.32A). With the disappearance of part of the sixth arch artery, on the right side,
1l comes into relationship with the right fourth arch artery
{subeclavian) (Figs. 15328, C). On the lefi side, it retains [1s relationship to that part of the
sixth arch which forms the ducmis arteriosus. With the elongation of the neck, and the
descent of the heart, these nerves are dragged downwards and, therefore, have to follow a
recurrent course back to the larynx.

_u...l. relntior

CArY L3He DEsS

Mrst, el

the nerve moves cranially a
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EE,__'T'L{AL CORRELATION

Anomalous Development of Pharyngeal Arch Arteries

We have seen that the development of the normal arterial pattern js de
of some parts of the pharyngeal arch arteries. Occasionally this proce
a Some parts that normally disappear may persist; and
0 Some parts that normally persist may disappear.
As a result, several anomalies may be produced. Some of these are as follows:
0 Double aortic arch (Fig. 15.33A) The arterial ring can compress the trachea and oesophagus.
o Right aortic arch (Fig. 15.338).
0 The ductus arteriosus, which Is normally occluded soon after birth, may remain patent {patent
ductus arteriosus).
e right subclavian artery may arise as the last branchiof the acrtic arch (Fig. 15.33C), Such an
rtery runs to the right behind the oesophagus (Fig. 15.34). Along with the acrta this artery forms
irterial ring enclosing the trachea and oesophagus. The ring may press upon and obstruct these

a5 In this abnormality, the right recurrent laryngeal nerve does not hook around the subclavian
riery. It passes directly wothe laryno. Anarterial ring can also be formed if the dorsal aorta persists
bath sides.

Ihe ductus caroticus may persist. As a result, the left internal carotid arises directly from the aortic
uch, and the right intérnal carotid from the subclavian (Fig. 153303,

o Interrupted aortic arch: A segment of the aortic arch may be missing. The ascending aorta ends by
wpplying the left commaon carotid artery. The left subclavian artery arises from the distal segment
thich receives blood through a patent ductus arteriosus.
some other anomalies of the mode of origin of the branches of the arch of the aora are illustrated
). 15.35.
The acrta may show a lecalised narrowing of its lumen, leading to partial or even complete
ohstruction to bleod flow, This condition is called coarctation of the aorta. Coarctation is most
frequently seen near the attachment of the ductus arteriosus to the aorta, It may be (1) dhistal to the
attachment of the ductus (postductal), or (2) proximal to the attachment (preductal) in which case
the, right ventricle supplies the distal part of the body through the ductus areriosus,
When coarctation is postdisctal, numersus anastemaoses are established between branches of the
acrta taking origin above the constriction and those arising below this level. Coarctatien is said to
be a result of the process of obliteration of the ductus arteriosus extending into the aorta. It can also

pendent upon the disappearance
3515 disturbed in that;

[

accur as an abnormality in the vessel wall,
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Fersistence of
ducis caraticus

Fig. 15:33: Anocmalies associated with the development of aortic arches.
The abnormal vessels are shown in red.
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Fight subclavian
anary

Fig. 15.24: Relationship of abnormal right subclavian artery to
the oesophagus and to the arch of the aorta.

C

Fig. 15.35: Anomalles in the pattern of the main branches of the arch of the aorta. (A) Left common
carotid arising frem brachiecephalic artery, (B) Left subclavian and left comman carotid arising by a
common stem (left brachiocephalic). (C) Left vertebral artery arising directly from arch of aorta.
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Table 15.1: Summary of the adult derivatives of truncus arteriosus, aortic sac and

aortic arches.
Adult Desivabives Embryological Structures
Azcending aoria Truncus arteriosus
Arch of aorta Aoriic sac. lefl horn of acrlic sac and left 4ih arch arleny
Descending aora Laft dorsal aorta and fused dorsal aorta

Brachiocephalic artery Right horn of aorlic sac

Right subclavian arery  Right 4th arch anery and 7ih carvical intersagmantalian.

Left subcizvian arery Left 7th cervical Intersegmental anlery

Cormman camnodid sriery  Proximal part of 30d arch artery

imternal carotid arsry Distal part of 3rd arch artery and carvical par of dorsal aora.

Exiama ary As a bud from 3rd arch artery

Fulmonary trunl Truncus arlerosus

Fulmonery artary Far.ol Gih arch arlery

Ductus anancus Pan of lefl &th arch astery betwsen lung bud and acria.

DEVELOPMENT OF OTHER ARTERIES

he primitive dorsal gorae give off three groups of branches {Fl'g, 15.36). These are as

follenws:

Ihe veatral splanchnic arterles supplvithe gut. Most of these arteries disappear but three

arteries, the coeliac, superior mesenteric and inferior mesenteric remain to supply the

infradiaphragmatic part of the foregut. the midgut, and the hindgut respectively. Other
remnants of these vessels are the bronchial and cesophagenl arteries.

2 The lateral or intermediate splanchiic arteries supply siructures developing from the
inermediate mesoderm, These persist as the reral, suprarenal, phrenic, and spermatic
Or erarian arieries,

a The dorse-laterel (somatic intersegmental) branches run between two adjacent
segments. They retain their original intersegmental arrangement in the theoracic and
lumbar regions where they can be recognised as the intercostal and lumbar arieries.
Each dorso-lateral anery divides into a dorsal and a ventral division. The ventral division

gives off a lateral branch that is most conspicuous in the region of the limb buds.

The dorsal division runs dorsally and supplies the muscles of the back. Each dorsal
division gives off a spinal branch that runs medially 1o supply the spinal cord.

The branches of the dorso-laeral aneries of successive segments become Interconnected
by the formation of longitudinal anastomoses, In the neck, the dorsal branches are
connected by anastomoses that are formed in three sitvations (Fig. 15.37).

1. Pre-costal, in front of the necks of the ribs (or costal elementis).

2, Post-costal, between the costal elements and the transverse processes,

3. Post-transeerse, behind the transverse processes,
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Fig. 15.36: Basic branching pattern of the embryonic dorsal aorta.

Posi-Iransversa anastomoses ———{ Degp cervical anery

Spinal branch . ) / P‘ﬂst-ﬂoﬂlﬂl anasiomoses == Varlabral afery

N Vantral division

\me Thyrocenacal trunk
ANASIOMOSAS === fccanding cornvical a.
Sup. intercostal a.

Samatic imargegmaental artery

Fig. 15.37: Sites of vertical anastomoses between branches of dorsal aorta.
The fate of the anastomoses is also shown.,
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The pre-costal anastomoses persist as the thyrocervical trunk, ascending cervical and
superior infercostal arieries. The post-costal anastomoses form the greater part of the
vertebral artery. The posi-ITansverse anastomoses remain as the deep cervical artery.

The ventral divisions of the somatic intersegmental arteries are interconnected by
anastomoses, that are formed on the venral aspect of the body wall, near the midline
[Fig. 15.39), These form the internal thoracic, superior epigastric and inferior epigastric
ATTETEES,

At this stage, special mention must be made of the seventh cervical intersegmerital
artery, The main siem of this antery becomes the subclavian artery. Like other dorso-
lateral anterles, it divides imo dorsal, veniral and lateral divisions. The dorzal division
forms the stem of the veriebral artery (see below). The lateral division grows into the upper
limb forming the axillary and brachial areries. The ventral division forms the stem of the
intermal thoracic (mammary) artery,

rtebral Artery (Fig. 15:38)

2 The first pan ol from its origin o the point of entry into the foramen
cervical vertebra, is formed by the dorsal division of the
ental artery.

art ) by n the foraming transversaria, is formed Irom the
tween the first 1o sixth cervical intersegmental arteries.

sixth

transversariiom of thi

A / Tih cenical

|n1m5.egnu3nla," argry Arch ol aorth

dth grch arlery

anary

Fiﬂ- 15.38: Development of the vertebral artery. In (B) the part labelled 1 is derived fram the darsal
division of the seventh cervical intersegmental artery, 2 from the post-costal anastomoses; and
3 from the spinal branch ef the first cervical intersegmental artery.
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4 The third (horizental) part, running transversely on the arch of the atlas, is derived from
the spinal branch of the first cervical intersegmental artery.

Development of the internal Theracic Artery (Fig. 15.39)

The main stem of the artery is formed by the ventral division of the seventh cervical
miersegmental artery.

The vertical part of the artery (including its superior epigastric branch) is derived from
the ventral anastomoses between the ventral divisions of the thoracic intersegmental
arteries (intercostal arteries).

slopment of the Arteries of the Limbs

(e limbs are supplied by lateral branches of the somatic intersegmental arteries, that
belong to the segments fromwhich the limb buds take origin. These vessels form an arterial
plexus. However, each limb soon comes to have one axis arfery that runs along the eentral
iis of the limb. Other arteries, that are formed as branches of the axis artery, or as new
ormations, later take over a considerable part of the arterial supply, as a result of which
nuch of the original axis artery may disappear.

The axis artery of the upper limb is formed by the seventh cervical intersegmental
artery. It persisis as the axillary, brachial and anterior interosseus arteries, and as the
deep palmar arch. The radial and elnar arteries appear late in development.

The left subclavian artery represents the main stem of the seventh cervical
intersegmental artery, and the proximal partofits laveral division (Fig. 15.39), This explains
the origin of the vertebral (dorsal division) and internal theracic (ventral division) arteries
from it ‘The distal part of the right subelavian artery has a similar origin, but its proximal
part is derived, as already noted, from the right fourth aortic arch.

Tth cenvical intarsegmantal artany Subclavian anery

. Dorsal division x‘\\ Venebral artery
--..\\t Ventral division i3
; / (1)

7| armi branch From ventral division
- ol Tth cervical
intersegmental artery

-

Varniral dnision

| The ariginal thoracie

T | Ventral divisions = . intersegmental
- ol thoracic i | aneries now appear
| intersegmantal /,/"J | as branches of
= | aneries i | imtemnal thoracic a
| 2) & |
| From ventral ra/
anastomoses
A B

Fig. 15.39: Development of the internal thoracic artery.
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‘The axis artery of the lower limb is derived from the fifth lumbar intersegmental artery.
It is seen as a branch of the internal iliac and runs on the dorsal aspeet of the limb. The
femoral artery t5 a new vessel formed on the ventral aspeet of the thigh. Proximally it gets

linked above with the external fliac (which is a branch of the axis artery), and below with
the popliteal artery,

I thie adult, the original axis'artery is represented by:

2 theinferiorgluteal arery,

2 asmzall artery accompanying the sclatle nerve,

3 the part of the popliteal artery above the tevel of the poplitens muscle,
2 the disial partof the peroneal anery,

= and-parvolthe plantaracch.

Umbilical Artery

Before the fusion of the two dorsal aoriae, the umbilical arteries appear as continuations
i I 154040 After fusion of the dorsal aortae, they appear as lateral
¢ dorsal aorta (Fig. 15.408). Subsequently, each umbilical: artery

A B c

Aoiia

Thin pan
CRLADTHMAES Commen Bnc anary
{from Sth lumbar 1L5.A:)

TR T3
‘ Infernal iliac artary

Y
} P (frem Sth emar 1.S.A)
Urnibilical anony

Exlernal llkac afery
F

D E

Fig. 15.40: Development of the umbilical artery. (A) Umbilical arteries are seen as continuations of the
right and lefl dorsal aortae, before their fusion. (8] After fusion of dorsal aortae, the umbilical arteries
appear &4 lateral branches of the aorta. They cross the Sth lumbar Enersegrmaental artery, (C) Umbilical
arteries establish anastomoses with the 5th lumbar intersegmental anery. (D) The part of the umbilical
artery between the dorsal aorta and the Sth lumbar intersegmental artery disappears: and the umbilical
Artery is now seen a5 a branch of the latter, (E) The Sthlumbar intersegmental anery forms the common iliac

and internal iliac arteries: and the umbilical is now seen as a branch of the Internal iliac.
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gets linked up with that part of the fifth lumbar intersegmental artery which forms the
internal iliac artery (Fig. 15:40C). The part of the umbilical artery, between the aorta and
the anastomosis with the internal iliac, disappears so that the umbilical artery is now seen
as o branch of the internal iliae (Fig. 15.40 D, E). In post-natal life, the proximal parr of the
umbilical artery becomes the superior vesical artery, while its distal part is obliterated to
[orm the medial umbilical lipament.

_PART 3: VEINS

e main veins of the embryo may be divided into two groups, visceral and somatic.

:ral Veins

G e

L. Hight and left vitefline veins from the yolk sac. These are also called emphalomesenteric
LElis.

2. Right and left nmbilical peins from the placenta.
he umbilical and vitelline veins open into the corresponding horn of the sinus venosus

(Fig. 15.41A). The parts of these veins that are nearest to the heart are embedded in the septum

ransversum. These veins undergo considerable changes as follows:

With the development of the liver, in the septum transversum, the proximal parts of
the vitelline and umbilical veins become broken up into numerous small channels that
contribute to the sinuscids of the liver. These sinusoids drain into the sinus venosus,
through the persisting terminal parts of the vitelline veins, that are now called the right
and lelt kepato-cardiac channels (Fig. 15.41B). The proximal parts of the umbilical veins
lose their communications with the sinus venosus,

2 Meanwhile, the left horn of the sinus venosus undergoes retrogression and as result the left
hepato-cardiac channel disappears. All blood form the umbilical and vitelline veins now
enters the sinus venosus through the right hepato-cardiac channel (also called common
hepatic vein). This vessel later forms the cranial most part of the inferior vena cava
(Fig. 15.41C).

2 The right umbilical vein disappears, and all blood from the placenta now reaches the
developing liver through the left vein (N.B. The left vein is ‘left’) (Fig. 15.41D). In onder to
facilitate the passage of this blood through the liver, some of the sinusoids enlarge to create
a direct passage connecting the left umbilical vein to the right hepato-cardiac channel.
This passage is called the ductus venosus.

d  While these changes are occurring within the liver, the parts of the right and left vitelline
that lie outside the substance of the liver, undergo alterations leading to the formation of
the portal vein.
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Fig. 15.41: Umbilical and vitelline veins, (A) hote the umbilical and vitelline veins passing through the
saptufm e .}rl:.'.l:::...n'l 1o resch th I osus. (B) Grawth of liver cells within the seplum transversum
breaks up part o Ine velns Into capillaries. Blood reaching the liver through the
umbiiical and vitalline veins s 1o the heart through the right and left hepato-cardiac channels.
{C} Left hepato-cardlac c ars. (D] Right hepato-cardiac channel (which later forms part of the
inferior véna cava) nov gnt umbitical veins disappears. All blood from the placenta now
reaches the liver through the left umbilical vein. Formation of ductus venosus short circuiis this blood to
the right hepato-cardiac channel.

Development of the Portal Vein

3 The proximal parts of the two vitelline veins e on the right and left sides of the developing
duodenum {(Fig. 15.42A)

< The veins soon become interconnected by three transverse anastomoses, two af which
lie venural 1o the duodenum. The third anastomosis lies dorsal wo the duodenum, and is
between the two ventral anastomoses (Fig. 15.428).

2 The superior mesenteric and splenic veins (which develop independently) join the left
vitelline viein, a shor distance caudal 1o the dorsal anastomosis.

2 Some pans of the vitelline veins now disappear. The portal vein and its right and left
divisions are derived from the veins that remain (Fig. 1542C).

The veins that disappear are:
+  part of the right vitelline vein caudal to the dorsal anastomosis;
s part of the left vitelline vein caudal 1o the entry of the superior mesemeric and
splenicveins;
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Fig. 15.42: Development of the portal vein, (A) Right and left vitelling veins. (B) Vitelling veins joined by

ree transverse anastomoses: Cranial ventral, caudal ventral and dorsal. (C) Some of the velns disappear.

The portal wein is formed from: 1. Part of left vitelline vein. 2, Dorsal anastomaosis, 3. Part of right vitelline
wiin. The cranial ventral anastomosis becomes the left branch of the partal vain.

4

the caudal ventral anastomaosis: and
the left vitelline vein between dorsal anastomosis and cranial ventral anastomosis.

The veins that persist to form the stem of the portal vein are (Fig. 15.42C):
the left vitelline vein between the entry of the superior mesenteric and splenic veins

a

and the dorsal anastomosis (1, in fgure);

the dorsal anastomosis itself (2); and
the right vitelline vein between the dorsal anastomosis and the cranial ventral

anastomosis (3).

The cranial ventral anastomosis, and a part of the left vitelline vein cranial to this
anastomosis, now form the left branch of the portal vein (4), while the right vitelline vein
cranial to this anastomosis forms the right branch (5). The sinusoids that carry the blood
of these hranches te the liver substance constitute the vrenae advehentes. Those sinusoids
that drain this blood to the inferior vena cava are called the rerae rerehentes, and form the
tributaries of the hepatic veins.

The left umbilical vein now ends in the left branch of the portal vein (Fig. 15.42D), while
the ductus venosus connects the left branch of the portal vein to the inferior vena cava
(right hepato-cardiac channel).
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Somatic Veins

The earliest somatic veins are:

o the right and left anterior cavdinal veins that drain the cranial part of the embryo,
including the brain; and

= the right and left posterfor cardinal veins that drain the caudal part of the embryo.
The anterior and posterior cardinal veins of each side join to form the corresponding
common cardinal veln (or duct of Cuvier), which open into the corresponding horns of
the sinus venosus [Fig. 15434A).

l and Common Cardinal Veins

Fate of Anterior Carding

veins are joined by the subclavian veins that drain the forelimbs

The anterior cardinal
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Fig. 15.43: Fate of anterior cardinal veins, and the development of major veins
draining the upper part of the body,
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transverse anastomosis (Fig. 15.43C), proximal to their junction with the subclavian veins. The

part of the left anterior cardinal vein caudal to this anastomosis retrogresses, and so does the

left common cardinal (Fig. 15.430).

The Superior vena cava is derived from (Fig. 15.43E):

o the right anterior cardinal vein, caudal to the transverse anastomosis with the left anterior
cardinal (1, in figure]; and

a2 the dght common cardinalvein (2).

Mote that the right horn of the sinus venosus forms part of the right atrium, and thus the
sUperior vena cava comes o open into this chamber.,

e Fight Brachiocephalic vein is derived from the night anterior cardinal vein, between
the point ol its junction with the subelavian vein and the point of its junction with the transverse
mosis | Fig. 15.42F).
eft brachiocephalic peinis derived from (Fig. 15.43G):

I the parnt of the left anterior cardinal vein corresponding to the right brachiocephalic vein
1 )i and
e transverse intercardinal anastomosis (2],
he fnternal jugnlar veing develop from the parts of the anterior cardinal veins cranial o
thelr junction with the subclavian veins (Fig. 15.43H).

he external frugnlar veins arise as secondary channels and are not derived from the

anterior cardinal veins,

Ihe anterfor and posterior eardinal veins receive a series of intersegmental veins from the
body wall (corresponding to the intersegmental branches of the dorsal aortae; Fig. 15.44). The
stibelavian veins are formed by considerable enlargement of one of these veins in the region
of the upper limb bud (Fig. 15.44).

Wi have seen that the caudal part of the anterior cardinal vein, and the whole of the
common cardinal vein, of the left side undergo retrogression. The greater part of the
posterior cardinal vein of this side disappears, but a small part adjoining the common
cardinal vein persists as a small vein, We have also noted that the left horn of the sinus
venosus undergoes considerable retrogression andis reduced to a tributary of the right horn.

A Limb bud B
Anerion i 5 i
cardinal = = o
Body wall —=] _r ,ﬂ R ':.I'aln &, _?\ }\]
e rom = =
Posterior = e o -
cardingl ———= - — (D

Fig. 15.44: Formation of the vein for the forelimb bud. In (A) we see veins from the body wall
draining into the anterior and posterior cardinal veins. In (B) we see that one of these
werins lying at the level of the limb bud enlarges to drain the limb,
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These retrogressing veins of the left side persistinio
adult life as the left superior intercostal vein and the
coronary sinus which are derived as follows:

The left superior intercostal vein is formed by
(Fig. 15.45)

2 the left ‘anterfor cardinal vein caudal o the
iransverse anastomosis; and

2 the most cranial part of the left posterior cardinal
vein, The second and third intercostal veins drain

Imto this vein.

The medial part of the coronary sinus is derived
from the left horn of the sinus venosos (Fig, 15.46).
The lateral part of the coronary sinus is derived from
the proximal part of the el commaon candinal venn.
The remaining part of the left common cardinal vein
persists as the obligue vefn of the left atrinm,

Left supanior
inlarcostal
vein
_} Znd & 30d
mlercostal
— vEing

Fig. 15.45: Development of the left
superior intercostal vein. The part labelled
1 s derived from the anterior cardinal
vein; and 2 from posterior cardinal vein.
Maote the intercostal veins draining into it

2a '- \'\
2a

M. .

Fig. 15.46: Dervation of the coronary sinus and refated structures. 1 and 7 = right and left anterior cardinal
veins; 2 and 8= posterior cardinal veins; 3 and 6 = common cardinal veins; 4 and 5= right and left homs of
sinus venosus: 9 = right vitelline vein. The fate of these structures is shown in (B) 1a + 33 = superior vena
cava; 2a = terminal part of the azygos vein; 4a = part of right atrium; 52 and proximal halfl of 6a= coronary
sinws: distal half of 6a = obligue vein of lefi atrium: 7a + Ba = left supénor intercostal véin; 9a = inferior vena

cava.
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Veins of the Abdomen

The inferior vena cava, the veins of the kidneys, gonads and suprarenals, andthe veins draining
the walls of the thorax and abdomen, are derived from a series of longitudinal venous channels
that appear in the embryo. Some of these are as follows:

2

The posterior cardinal veins: We have already seen that at their cranial ends these veins
join the anterior cardinal veins to form the common cardinal veins.

Mear their caudal ends they receive the veins of the lower limb bud (external iliac) and of
the pelvis (internal iliac) (Fig. 15.47A). The caudal ends of the two posterior cardinal veins
become interconnected by a transverse anastomosis (Fig. 15.47B).

The subeardinal veins (green in Fig. 15.48) are formed in relation to the mesonephros.
Cranially and caudally they communicate with the posterior cardinal veins. The
subcardinals receive the veins from the developing kidneys.

At the level of the renal veins, the two subeardinals become connected by a transverse
intersubeardinal anastomosis (Fig. 15.470).

e erandal part of the right subcardinal vein also establishes an anastomosis with the right
hepato-cardiac channel (Fig. 15.48A).

Ihe supracardinal peins(also called thoracolumbarveins) (red inFig. 15.48) communicate
ceanially and eaudally with posterior cardinal veins, They alse communicate with the
subeardinal veins through anastomoses which join the subcardinals just below the renal
vidns [ Fig. 15.481).

Fig. 15.47: [A) Posterior cardinal veins, (B} Formation of transverse anastomaosis. (C) Formation of
subcardinal weins. Note that they drain the developing kidney. (D) The two subcardinal
veins become interconnected,
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Many parts of these longindinal venous channels disappear (Fig. 15.48C). The veins that
remain give rise to the inferior vena cava, renal veins, veins of gonads and the suprarenal veins
as follows:

The inferior vena cava is derived from the following in caudal 1o cranial sequence
(Fig. 15.48D):
a2 The lewest part of the right posterior cardinal vein (between its junction with the

supracardinal, and the anastomosis between the two posterior cardinals,

2 The lewer part af the right supracardinal vein (between its Junction with the posterior
cardinal. and the supracardinal-subcardinal anastomosis).
The right supracardinal-subcardinal anastomosis.

(¥}

Fig. 15.48: Development of the inferior vena cava. Subcardinal veins are green; supracardinal veins are

orange; the subcardinal-hepato-cardiac anastomosis is yellow: the hepato-cardiac channel itself is purple;

and the supracardinal-subcardingl anastomosis is brown. The inferior vena cava recelves contributions fram
272 each of these components as indicated by the colowr in (D).
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0 The right subcardinal vein (between the supmcnrdhmi-suhl:ardinal: anastomosis and the
anasiomosis between the subcardinal vein and the right hepato-cardiac channel). This is
the renal segrent of the vena cava.

a  The subcardinal-hepato-cardiac anastomaosis.

2 The right hepato-cardiac channel. (This is the hepatic segrent of the vena cava),

The right comon iliae vein is derived from the most caudal part of the right posterior
cardinal vein.

The left commmon ilice vein represents the anastomosis between the two posterior
cardinal veins,

Ihe riglht reseal vein is a mesonephric vein that originally drains into the subcardinal vein
{Fig 1549A ) It opens intg that part of the vena 'cava that” is'derived from the subcardinal

n | Fig, 15.49H),
lieer left renal vein is derived from:

lie mesonephric vein that originally drains into the left subcardinal vein (Fig. 15.49A):
vsmall part of the left subcardinal vein;

einter-subcardinal anastomosis. As this anastomosis lies in front of the aorta, the left
cial vein has a similar relationship (Fig. 15.49B).

Ihe suprarenal veins are remnants of the part of the subcardinal veins above the inter-
ardinal anastomosis. It is clear [rom Fig. 15.498 that the termination of the right
arenalvein in the inferior vena cava, and that of the left suprarenal vein in the left renal
veln, is becanse of their developmental origin.

Ihe festicelar or ovarian wveins are remnants of the parts of the subcardinal veins
bielow the inter-subcardinal anastomesis. The reason for the difference in the manner of
termination of the veins of the two sides, is obvious from Fig 15.498.

Subcardinal
hnpa!maru_ia: Inf@rior vina
Right ANASIOMOSES A. supraranal v. cava
subcardinal Ledt subcardinal
L. suprarenal v,

A. renal v.

ain from kidney I
to subcandingl b L. gonadal v,
Inter-subcardinal
A anastomaosis
Ewmmr“m‘ R. wﬂ] Wi B
subcardinal
ANAsIomosis

Fig. 15.49: Formation of renal, suprarenal and gonadal veins. The right renal vein is formed as a tributary
of the right subcardinal vein. The left renal vein is derived from (1) vein draining left kidney into left
subcardinal vein; (2) part of left subcardinal vein itself; and (3} intersubcardinal anastomosis. On each side,
the suprarenal veins and gonadal veins represent remnants of the subcardinal veins. From (B) it s seen why
these veins drain, on the right side into the inferior vena cava; and on the left side into the left renal vein. 273



274

Humarn Embryclogy

The Azygos System of Veins

The veins draining the body wall at first drain into the posterior cardinal vein (Fig. 15.50A).
Their drainage is soon ransferred o longinudinal venous channels called the reins of the
azygos line [or medial ssmpathetic line) { Fig. 15.508). Cranially these channels drain into
the posterior cardinal veins, The channels of the two sides are brought into communication
with each other by vessels that run dorsalite the aoria (Fig. 15.50B).

With the retrogression of the left common cardinal vein, the left azygos line loses itz
communication with the pesterior cardinal, and the blood of this channel now drains into
the right aevgos line through the post-aontic anastomoses. The development of the azygos
systemn of veins can now be summarised as follows (Fig. 15.50C).

2 'The asygos vein is formed from:

thevein of the rght azygos line:and
the most cranial part of the right posterior cardinal vein through which'it opensinto
the superior vena cava (formed from the right common cardinal).

2 The vertical parts of the kemiazygos and the accessory heminzygos veins represent
thie left azygos line, Their horizontal parts are formed by the post-aortic anastomoses
between the azvees lines ol the two sides.

Tk ond and third left intercostal veins retain their connection with the left posteriar

£ i are drained through the left superior intercostal vein.

dominal parts of the veins of the azvgos line are represented by the ascending

ITITTINRET VIS,

Th

A B c

Fig. 15.50: (A) Veins from the body wall draining into anterior and posterios cardinal veins. (B) With the

formation of the azygos venous channel (Az) most of the veins of the body wall now drain into it (C) shows

the ultimate arrangement. Mote that veins from the 1st intercostal space drain into the innominate veins

directly (anterior cardinal), The veins of the left 2nd and 3rd spaces draininio the left superior intercostal

wvein which is formed partly by the anterior cardinal and partly by the posterior cardinal veins. On the right

side the veins of these spaces drain into the part of the azygos vein representing the terminal part of the
right posterior cardinal.
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Anomalies of Veins

Minor anomalies in the mode of formation of various veins are extremely common. Ancmalies of majer

velns are, hawever, rare. Some of these are as follows:

O Left superior vena eava: This is due to the failure of the left anterior and commen cardinal veins ta
retrogress, The left superior vena cava opens inta the right atrium through a large coranary sinus. In
this coneition, the normal (right) superior vena cava may be reduced in size or may even be absent
(Flg. 15.51).

i Double inferior vena cava (Figs. 15.52A to D): Generally the vena cava is double cnly below the level
of the renal veins.

3 Both channels may be present on the right side (Fig. 15.52B). This is caused by persistence of
bath the subcardinal, and supracardinal veins, below the level of the Kidneys.
There may be an additional channel on theleft side (Figs. 15.52C, D).

| Left inferior vena cava: The infrarenal part of the vena cava may be present on the left side only
Fig. 15.52E).

I Azyges continuation of inferior vena cava: The hepatic segment of the inferior vena cava may be
\bsent, This is due to non-development of the anastomosis between the right subcardinal wein and
the right hepata-cardiac channel. In such cases the upper part of the inferior vena cava follows the

ourse of the azygos vein and opens into the superior vena cava. The hepatic veins open into the
right atrivm at the usual site of the inferior vena cava (Figs. 15.52F, G).

U Pre-ureteric vena cava: The inferior vena cava normally lies posterior to the right ureter. Sometimes
it may be anterior to the right ureter, The ureter then hooks around the left side of the vena cava.
This ancmaly is caused when the infrarenal part of the vena cava develops from the subcardinal
vein (which lies anterior to the ureter), instead of the supracardinal wvein (which lies posterior to the
uretar).

A B c D
Superior vena cava

Right atriaam

Coronary sinus

Fig. 15.51: Types of left superior vena cava. The normal pattern is shown in (A).
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Fig. 15.52: Anomalies of the inferior vena cava. (A) shows the normal pattern while (B), (C) and (D) show

wariows types of duplication of the infrarenal segment. In (E) the normal infrarenal segment is absent and ks

replaced by a vessel on the left side. (G) shows absence of the hepatic segment of the vena cava, the blood
flow taking place along a much enlarged vena azygos. (F) shows the corresponding normal pattern.
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PART 4: FETAL CIRCULATION

‘The circulation in the fetus is essentially the same as in the adult except for the following
[compare Fig. 15.53 with Fig. 15.54).

a
a

The source of oxyvgenated blood is not the lung but the placenta.

Crovegenated blood from the placenta comes to the fetus through the umbilical vein, which
joins the left branch of the portal vein, A small portion of this blood passes through the
substance of the liver to the inferior vena cava, but the greater part passes direct to the
inferior vena cava through the ductus venosus (Fig, 15.420). A sphincter mechanism in
the ductus venosus controls blood flow.

The oxygen-rich blood reaching the right atrium through the inferior vena cava is directed

by the valve of the inferior vena cava towards the foramen ovale. Here itis divided into two
partions by the lower edge of the septum secundum (crista dividens):

Superior
vena cava |
~ ot UFI;}FFES‘OHSwBT Branches from aoa
1o upper part of body
Ledfy
S l pulmaonary a;

pulmonarny a.

LEFT
RIGHT o=
LUNG —— LUNG

R. puirnonary veins Left pulmanary
weins
Pulmonary trunk Tl Aorta arising
arising from from beft ventricla

right ventriche

l Brancheas from
=— aorla 1o lower

i of body
Infarior I £

WS CavE

" (OWERPART e
OF BODY ’_)

Fig. 15.53: Scheme of the circulation inthe human adult.
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.
/;,._._-.,JI BRAIN AND UPPER LIMBS
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/

t Bl_';!-enc.'

" Yana cava

"1 \ e - l-'L
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veins
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Na SEVD ]
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a o Duoctus I_f
4 arberiosus
i ’ Al
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| WIS
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N
N L = |
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|

Fi'ﬂ':' 5.54: Scheme of the fetal circulation. The degree of deokygenation is shown by the intensity of
shading. RA = right atrium: LA = left atrium; RV = right veniricle; LV = left ventricle; FO = foramen ovale,
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3 Most ofit passes through the foramen ovale into the left atrium.
o The rest of it gets mixed up with the blood returning to the right atrium through the
superior vena cava, and passes into the right venrricle,

From the right ventricle, the blood (mostly deoxygenated) enters the pulmonary trunk.
Only a small portion of this blood reaches the lungs, and passes through it to the left
atrium. The greater part is short-circuited by the ductus arteriosus into the aorta.
o We have seen that the leftatdum receives:

»  oxvegenated blood from the right atrium, and

»  asmall amount of deoxygenated blood from the lungs.

The blood in this chamber is, therefore, fairly rich in oxygen. This blood passes into the left
ventricle and then into the aoria. Some of this oxygen-rich blood passes into the carotid and
subclavian-arieries to supply the brain, the head and neck, and the upper extremities. The rest
af it gets mixed up with poorly oxypenated blood from the ductus arteriosus. The parts of the
body that are supplied by branches of the acrta arising distal to its junction with the ducs
arteriosus, therefore, receive blood with only a moderate oxygen content.

2 Much of the blood of the aoria is carried by the umbilical arieries to the placenia where it
is again oxvgenated and returned to the heart.

o

Changes in the Circulation at Birth

Soon after birth, several changes take place in the fetal blood vessels. These lead to the

establishment of the adult type of circulation. The changes are as follows:

0 The muscle in the wall of the umbilical arteries contracts immediately after birth, and
occludes their lomen. This prevents loss of fetal blood intoe the placenta.

o The lumen of the umbilical veins and the ducius venosus is also occluded, but this takes
place a few minutes after birth, so that all fetal blood that is in the placenta has time to
drain back to the fetus,

o The ductus arteriosus is oceluded, so that all bleod lrem the right ventricle now goes to the
lungs, where it is oxygenated.

Initial closure of the ductus arteriosus is caused by contraction of muscle in the vessel wall.
Later intima proliferation obliterates the lumen.

o The pulmonary vessels increase in size and, consequently, a much larger volume of blood
reaches the left arrium from the lungs. As a result, the pressure inside the left atrium is
greatly increased. Simultaneously, the pressure in the right atrium is diminished because
blood from the placenta no longer reaches it. The net result of these pressure changes is
that the pressure in the left atrium now exceeds that in the right atrium causing the valve
of the foramen ovale o close.
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The vessels that are oceluded soon alfter birth are. in due course, replaced by fibrous tissue,
and form the following ligamenis:

Vessel Remmnant

Umbilical arteries Medial umbilical ligaments
Left umbilical vein Ligamentum teres of the liver
Ductus venosus Ligamentum venosum
Ductus arteriosus Ligamentum arteriosum

PART 5: LYMPHATIC SYSTEM

lined Iymph saes. Tt

b first sipns of the lvmphatic system are seen in the form of a number of endothelium
ditionally these sacs have been considered to be outgrowths from
wever, they are now regarded 1o be predominantly independent formations from

sucs can be recognised. The right and len fugnlar sacs lie near the junction of the
rcardinal and subclavian veins (i.e. at the future junction between the internal jugular
dan veins). The right and lelt posterior (or ilicc) sacs lie around the corresponding
liae vein. The refreperitoneal sac (unpaired) lies in relation to the root of the
ry. The sixth sac (again unpaired) is the cisterna chipli, It lies in the midline some
distance caudal to the retroperitoneal sac.

Lymphatic vessels are formed either by extension from the sacs or may form de novo,
and extend into various tissues. Ultimarely all the sacs except the cisterna chyli are invaded by
connective tissue and lymphocytes, and are converted into groups of lymph nodes.

The thoracic duct is derived [rom right and left channels that connect the cisterna chyli to
the corresponding jupular sac. The two channels anastomose across the midline. The tharacic
duct is formed from the caudal part of the right channel, the anastomosis between the right
and left channels, and the cranial part of the left channel. The cranial part of the right channel
becomes the right lymphatic duct.

ITHES HE
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'l TIMETABLE OF SOME EVENTS DESCRIBED IN THIS CHAPTER

. Age | Ewc.-tn;ima nial Events

drd weak  Blood and vessels forming cells (angloblastic islands) appear.
The cardiogenic area, heart ubes and perncardium have farmed.

4th weaek Heart and pericardium lie veniral to foregut.
Subdivisions of hearn lube are visibhe,
Heart begins to beat (becomes. functional),
Heart sepia begin to form.
Aortic arches begin to establish in cranial 1o caudal sequence.
Most of the first aorlic arch disappears at the and of 4th week.
Veins slart forming.

Sth week The apiral seplum ks formed.
Formation of acrlic arches is completa.
Lymphalic sacs form.
The cardinal, umbitical and vitelline veins are formed,
Conduction system of hearl forms.

Bihweek  Coronary circulation is becoming established.
Alrig-ventricular valves and papillary muscles are forming.

Tih weak Heart sepla are completaly farmed.

‘The heart is most susceptible to teratogens between three and six weeks. [t can be affected
up to the eighth week.
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Urogenital System

The wregenital system (s derved from the intermediote mesoderm, and the primitive urogenital
sintrs (UGS) which is a part of the cloaca
[ vides Into the vesfcoursthral canal and the definitive UGS (Fig-16.3).
s into the wrinary blodder and the primitive urethra.
ricpartanda ﬂhaihc part,

< The excretory tubules (nephrons) are derived from the
'ge ic cord which is derived from intermediate mesoderm):
on of the urateric bud (which arises from the mesonephric

e kidners dey
metanephros
The collegting ¢

he ureter arises from the wureteric bud,
e ur.lm:lr, bladder is

ol the rigone

ne crapial part of the wvesicourethral canal (endoderm). The
ved from absorbed mesonephric ducts.

The female wrethro i derved fromthe premitive urethra and the pelvic partof the UGS:

pmt'nhc urethra comresponds to the female urethra, The membranous urethra
iz part of UGS and the penile urethra from the phallic part of the UGS, The

— The prostate is formed by buds arising from the caudal part of the vesicourethral canal and the
pelvic part of the UGS
- The uierine fubes are derived from paromesonephric ducts (mesoderm).
! The vterus is formed fram the uterovaginal canal [fused right and left paramesonephric ducts).
| 2 External genitalia are formed from swellings that appear around the urogenital membrane.
- Gonods (testis and ovary) are derived from coelomic epithelium covering the nephrogenic cord. Ova
and spermatoroa arise from primordiol germ cefls that arise in the région of the yolk sac. The testis
is formed in the lumbar region, and later descend to the scrotum.

= The duct system of the testis is derived from mesonephric tubules and from the mescnephric duct.
",
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INTRODUCTION

Two embryonic structures that play an important role in the development of the urogenit

al

system are the intermediate mesoderm and the cloaca. These are briefly considered helow,

Intermediate Mesoderm

We have seen (Chapter 5) that the intra-

embryonic mesoderm s subdivided coelom Melral groovs Ectodarm
into: |
1. the paraxial mesoderm which £

2.

3.

becomes segmented to form the
SOmites,

the lareral plate mesoderm in
which theintra-embryonic coclom

appears, and :I;'E;::J.e%hnle Somite  mesodarm
the intermediate mesoderm lying
between the two (Fig. 16.1).

Alter the folding of the embryonic disc and the formation of the peritoneal cavity, the

Fig. 16.1: Location of intermediate mesoderm.

intermediate mesoderm forms a bulging on the posterior abdominal wall lateral o the
attachment of the dorsal mesentery of the gut. This bulging is now called the rephrogenic
cord (Fig. 16.2A). Its surface is covered by the epithelium lining the peritoneal cavity (coelomic
epithelium]. It extends from the cervical region to the sacral region of the embryo. At varying
stages of development, a number of important structures are formed in relation to the
nephrogenic cord on each side,

The
o
o

a

se are (Fig. 16.2B):

Excretory tubnles associated with the development of the kidney.

‘The nephric duct which is formed in relation to the developing excretory wibules

mentioned in (a). At later stages, this becomes the mesonephric duct.

The paramesenepliric dict, which is formed lateral 1o the nephric duct.
The gonad (festis or ovary), which develops from the coelomic epithelium lining the

medial side of the nephrogenic cord.

Paramasonephiic duct
Mescnaphric duct
Mesonephros

Gonad

Fig. 16.2: Mephrogenic cord (A} and structures that develop in it (8),
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CLOACA
RECTUM

UBOGENITAL SINUS

.! |

PRIMITIVE

Pl B E

l

Cefinitive urogenital sinus

I
! |

RIMAFRY
| BLADDER URETHRA PFF;';%‘C F’;ﬁlﬁlim
Fig. 16.3: Subdivisions of the cloaca. Also see Fig, 164,
Cloaco
Allantois
The lformation of the cloaca and s
subdivision into the primitive urogenital i Vesico-urathral canal
sings and rectum have been considered
inChapter 13 {see Figs. 13.3 and 13.4).

In further development. the primi- Mezonephric duct
tive  urogenital sinus 5 subdivided —— Uooavital syvis
into a cranial part, called the vesico-
urethral canel, and & coudal par.
called the definitive wrogenital sinus.

The openings of the mesonephric ducts A

{see below] lie at the junction of these

two subdivisions (Fig. 16.4A). Stll [ater, Lirinary bladder
the definitive urogenital sinus shows a

division into a crankal, peloic part, and a AL AL
caudal plallic part {E-‘ig_ 1648 ).

The urogenital system is derived :
from the various structures that develop Felvic pan of uroganital Sinus
in the intermediate mesoderm, and from Phailic part of urogenital sinus
the various subdivisions of the cloaca, as :
described below, B

Fig. 16.4: Subdivisions of the primitive urogenital
sinus, Also see Fig. 16.3,
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DEVELOPMENT OF KIDNEYS

The definitive human kidney arises from
two distingl sources. The excretory tubules
(or nephrons) are derived from the lowest
part of the nephrogenic cord. This part is the
mefanephiros, the cells of which form the
metanephiric blastema.

The collecting part of the Kidney is
derived from @ diverticulum  called the
aereferic bud which arises from the lower part
ol the mesonephric duct (Fig. 16.5).

y Matanephros
Some of the [eatures of the development

of the kidney in the human embryo can be
appreciated only ifthe evolutionary history Uristare bisd
of the organ is kept in mind. The vertebrate
kidney has passed through three stages of
evolution., The most primitive of these is >
called the pronephros. It is the functioning  F19- 16-5: Pronephras, mesonephros and meta-
kid i e and fist Thi nephros, Mote that the mesonephric duct opens
idney in some cyclostomes and fishes. This into the cloaca; and gives off tha ureteric bud.
has been succeeded in higher vertebrates

by the mesonepliros that is the [unctioning kidney of most anamniotes. The kidney of
amniotes (including man) is called the metarepiiros (Fig, 16.6).

During the development of the human embryo, the evolutionary history of the kidney
repeats itself being a classic example of the saying that ontegeny repeats phylogeny. The
pronephros is formed in relation to the cervical region of the nephrogenic cord. This is
followed by appearance of the mesonephros in the thoracolumbar reglon, and finally by
formation of the metanephros in the sacral region (Fig. 16.5). The human pronephros is
non-functional, and disappears soon after its formation. A pephric duct formed in relation
to the pronephros and ending in the cloaca, however, persists. The mesonephros consists
of a series of excretory bules that develop in the thoracolumbar region. These wbules
drain into the nephric duct which may now be called the mesonephric duct. Most of the
mesonephric ubules disappear, but some of them are modified and take part in forming
the duct system of the testis.

As the ureteric bud grows cranially towards the metanephric blastema, its growing end
becomes dilated 1o form an ampadla. The ampulla divides repeatedly. The first three to five
generations of branches fuse o form the peleds of the Kidney, The next divisions become
the major calyces while further divisions form the minor calyces and collecting tubules
(Fig. 16.7).
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Fig. 16.6: Some details of developing pronephras, mesonephros and metanephros. The pronephros

and pronephric duct degenerate scon after formation. The proximal part of the mesonephros shows

segmentation (in cranio-caudal sequence). The segments contain functional excretory wbules that draln

into the mescnephric duct. Most of these tubules disappear by the time the metanephros forms the
definitive kidney.
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Fig. 16.8: Scheme to show stages in the develapment of the nephron,

Collecting wibules formed number one wo three million. The growing tip of each of
the numerous branches of the ureteric bud is dilated to form an ampulla. The cells of
the metanephric blastema in contact with an ampulla undergo differentiation to form a
nephron. This differentiation is induced by the ampulla.

Loosly arranged cells of the metanepric blastima form solid clumps in relation to the
ampulae. Each solid clump is converted into a vesicle. The vesicle soon becomes pear-
shaped and opens inte the ampulla. The vesicle now becomes an S-shaped tbe. Its distal
end comes to be invaginated by a tft of capillaries which form a glomerulus. The various
parts of the nephron are derived from this 5-shaped tube as shown in Fig. 16.8.
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Ascent of the Kidney

We have seen that the definitive human kidney is
derived from the metanephros, which lies in the sacral
region. In subsequent development of the emhbryo,
differential growth of the abdominal wall causes the
kidney 1o ascend 1o the lumbar region (Fig. 16.9).
The metanephros, at first, receives its blood supply
fram the lateral sacral arteries, but with its ascent,
higher hranches of the aorta take over the supply.
The definitive tenal artery represenis the lateral
splanchinic branch of the aorta at the level of the
second lumbar segment.

During ascent, the kidnevs pass through the fork
like imerval henween the right and left umbilical

Flg. 16.9: Ascent of the kidney.

arweries, i the arteries come in the way of ascent, the kidney may remain in the sacral

reglon (see ‘Anomelies of Kidneys').

Rotation of the Kidney

The hilum of the kidney, at first. faces anteriorly. The organ gradually rotates so that the

hilum comes 1o face medially.

Anomalies of Kidneys

3 One or bath kdneys may be absent (agenesis). The kidney may be underdeveloped (hypoplasia)
| or overdevelnped (hyperplosia). Adrenal tissus may be present within the substance of the kidney.
| Distension of the pelvis with urine (hydronephrosish may occur a5 a result of obstruction in the

| uringry passages

o Duplication: There may be an extra Kidney on one side. It may be separate; or may be fused to the

formal Kidney [Flg. 16121
2 Anomalles af Shape

{Fig. 16,101}

{Fig. 16.10C).

2 Horseshoe kidney: The lower poles of the two kidneys (or sometimes the upper poles) may be
fused. The connecting isthmus may lie either in front of, or behind, the aorta and inferlor vena
cava [Figs. 16.10G, HL. A horseshoe kidney does not ascend higher than the level of the inferior
mesenteric arery as the latter prevents its higher ascent.

3 Pancake kidney: The two kidneys may form one mass, lying in the midline ar on one side

3 The two kidneys may lie on one side, one abave the other, the adjacent poles being fused.
Lobulated kidney: The fetal kidney is normally lobulated. This tobulation may persist
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Clinical Correlation contd...

2 Anomalies of Position
3 The kidneys may fail to ascend, They then lie in the sacral region.

o The ascent of the kidneys may be incomplete as a result of which they may lie opposite the
lower lumbar verebrae,

o The kidneys may ascend toa far and may even be present within the thoracic cavity.

& Both kidneys may lie on one side of the midiine, They may lie one above the other or side by
side (Figs. 16.10 D, E), The ureter of the displaced kidney crosses to the opposite side across the
midline,

3 Both kidneys may be displaced to the opposite side. The two ureters then cross each other in
the midline (Fig, 16.10 F)L

o Abnermal Rotation

2 Nen-ratation: The hilum is directed forwards.

3 Incomplete rotation: The hilum is directed anterormedially.

3 Rewverse retation: The hilum is directed anterolaterally.

O Congenital Polycystic Kidney: Failure of the excretery tubules of the metanephros to establish
contact with the collecting tubules, leads to the formation of cysts. Isolated cysts are commonly
seen, but sometimes the whole kidney is a mass of such cysts (Fig, 16.104). The cysts press upon
narmal renal tissue and destroy it
An alternative recent view about the formation of cysts in the kidney is that they are derived from
abnormally developed collecting tubules.

| O Aberrant Renal Arteries: The kidney may receive its blood supply partially or éntirely, from arteries
arisinvg at an abnormal level (Fig, 16,10 B). In the case of non-ascent, or of incomplete ascent, the
aberrant arteries may constitute the only supply to the organ. An aberrant artery may be the
only source of artarial blood 1o a segment of the kidney, it may press upon the ureter and cause
cbstruction, leading to hydronephrosis.

4 Multipfe Anomalies: Two or more of the above anomalies may coexist, Anomalies of position are
frequently associated with those of rotation,

ABSORPTION OF LOWER PARTS OF
MESONEPHRIC DUCTS INTO CLOACA

It has been noted above, that the lower ends of the mesonephric ducts open into that part of the
cloaca that forms the urogenital sinus. It has also been seen that the ureteric buds arise from
the mesonephric ducts, a little cranial to the cloaca (Fig. 16.11A). The parts of the mesonephric
ducts, caudal to the origin of the ureteric buds, are absorbed into the vesico-urethral canal,
with the result that the mesonephric ducts and the ureteric buds now have separate openings
into the eloaca (Fig. 16.11B). These openings are at first close together (Fig. 16.11C). However,
the openings of the ureteric buds move cranially and laterally due to continued absorption
of the buds. The triangular area (on the dorsal wall of the vesico-urethral canal) between the
openings of the ureteric buds and those of the mesonephric ducts, is derived from the absorbed
ducts and is, therefore, of mesodermal origin (Fig. 16.1113).
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Fig. 16.10: Ancmalies of the kidney, (A) Congenital polyeystic kidney. (B) Aberrant renal arteries.
{C) Lebulated kidney. (D (E), (F) Transposition of kidaey. 1G), (H) Horseshoe kidney, and (1) Pancake kidney.

DEVELOPMENT OF THE URETER

‘The ureier is derived from the part of the ureteric bud thatlies between the pelvis of the kidney,
and the vesico-urethral canal.
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Fig. 16.11; (A) Mesonephric duct opens into primitive urogenital sinus. (B) As the sinus grows the proximal
parts of mesonephric ducts are absorbed so that the mesonephric ducts and ureters now open separately.
{C) The openings are at first close together, (D) Further absorption of ureters causes their opening to shift
upwards and laterally. The shaded area is derived from absorbed parts of ureters and mesonephric ducts,
and is mesedermal, It forms the trigone of the bladder and the posterior wall of part of the urethra.

CrinicaL CORRELATION

Anomalies of the Ureter

O The ureter may be partially or completely duplicated (Fig. 16.12). This condition may, or may not, be
associated with duplication of the kidney. Very rarely, there may be more than two ureters on ong,
ar both, sides. OF the two ureters one may open into the urinary bladder while the other may open
at an abnormal site {see below).

O Instead of opening into the urinary bladder, the ureter may end in the prostatic urethra, ductus

deferens, seminal vesicles, ar rectum, in the male (Fig, 16.138): and in the urethra, vagina, vestibule

or rectum in the female (Fig. 16.13A).

The upper end of the ureter may be blind, Le. it is not connected to the kidney.

The ureter may be dilated (hydroureter) because of obstruction to urine flow,

The ureter may have valves or diverticula,

The right ureter may pass behind the inferior vena cava. It then hooks around the left side of the vena

cava; this may result in kinking and obstruction of the ureter. The real defect is in the development of

the vena cava as described in Chapter 15.

o'en
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DEVELOPMENT OF THE URINARY BLADDER

— E——

The @ pu. elium of the urinary biadder develops from the cranial parn of the vesicourethral

B

Fig. 16.14: Anomalies of the bladder. (A) Hourglass bladder.
{B) Ectopia vesicae. The ureteric openings and the tngone
are seen on the surface of the body.

endoderm . The epithelium of the trigone of the bladder is derived from the absorbed
- duets. (mesoderm] [However, it is later overgrown by the surrounding

endodermal  cells).  The
muscular and serous walls
of the organ are derived
from splanchnopleuric
mesoderm.

The developing bladder
is continuous  cranially
with the allantois. It is
uncertain - whether  the
allantois contributes 1o the
formation of the bladder
The allantois atrophies, and
is seen in postnatal life as a
fibrous band, the nrachus,
extending from the apex of
the bladder to the umbilicus.



CunicaL CORRELATION

Chapter 16 — Urogenital System

Anomalies of the Urinary Bladder

The urinary bladder may be absent, or may be duplicated.

The sphincter vesicae may be absent.

The lumen of the urinary bladder may be divided into compartments by septa.

The bladder may be divided into upper and lower compartments (hourglass bladder) because of a
constriction in the middle of the organ (Figs. 16.14A).

The bladder may communicate with the rectum (Figs. 13.25A; H).

Ectopia vesicas: The lower part of the anterior abddominal wall, as well as the ventral wall of the
hladder, may be missing. As a result, the cavity of the bladder may be exposed on the surface of
the body (Fig. 16.148). This defect is usually associated with epispadias. Ectopia vesicae is caused
by fallure of mesoderm to migrate into the lower abdominal wall (between umbilicus and genital
whbercle). Failure of migration may be due to excessive development of the cloacal membrane. The
ectoderm of the anterior abdominal wall and the endoderm of the ventral wall af the urinary bladder
remain unsupported and thin, Their rupture leads to the exposure of the cavity of the urinary bladder.
O Congenital diverticula may be present, These are found at the junctron of the trigone with the rest
of the bladder,

oe

efie)

L0 o]

DEVELOPMENT OF THE FEMALE URETHRA

The female urethra is derived from the caudal part of the vesico-urethral canal (endoderm).
We have seen that the posterior wall of this canal'is derived from the mesonephric ducts and
is, therefore, mesodermal in origin, The female urethra may receive a slight contribution from
the pelvic part of the urogenital sinus (Fip. 16.15).

DEVELOPMENT OF THE MALE URETHRA

s

The part of the male urethra extending from the urinary bladder up to the openings of the

ejaculatory ducts (original openings of mesonephric ducts), is derived from the caudal

part of the vesico-urethral canal (endoderm). The posterior wall of this part is derived from

absorbed mesonephric ducts (mesoderm). (It may later be overgrown by endoderm).

The rest of the prostatic urethra; and the membranous urethra, are derived from the pelvic

part of the definitive urogenital sinus.

The penile part of the urethra (except the terminal part) is derived from the epithelium of
the phallic part of the definitive urogenital sinus (see ‘Development of Penis').

The terminal part of the penile urethra, that lies in the glans, is derived from ectoderm
(Fig. 16.15).

From the above it will be clear that the female urethra corresponds to the prostatic part of

the male urethra.
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Fig. 16.15: Development of urethra. () Primitive UGS showing opening of mesonephric ducts.
[B] Primitive UGS divided Into vesico-urethral canal and definitive UGS, Mesonephric ducts and ureters
open separately at the junction of the two parts. (C) Vesico-urethral canal subdivided into urinary bladder
and primitive urethra. The definithve UGS divides into pelvic and phallic parts. (D) The female urethra is
formed from the primitive urethra and from part of the pelvic portion of UGS. The rest of the pelvic part
of UGS forms the vestibule. (E} In the male the prostatic urethra is formed in the same way as the female
urethra, The membranous urethira is derived from the pelvic part of UGS. The penile urethra is derived from
the phallic part of UGS, Red circles = openings of mesonephric ducts and ureters. Blue = part derived from
mesoderm. Green = ectoderm.
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Crmical CORRELATION

Anomalies of the Urethra

O There may be obstruction tothe urethra at its junction with the Bladder.

a The urethra may show diverticula.

Q It may be duplicated in whole or in part.

O The urethra may have abnormal communications with the rectum (Figs. 13.238, C), thie vagina
(Fig. 16.22) or the ureter (Fig. 16.13).

d Hypospadias and epispadias.

DEVELOPMENT OF THE PROSTATE

This gland develops from a large number of buds that arise from the epithelium of the prostatic
urethra, e from the caudal part of the vesico-urethral canal, and from the pelvie part of the
definitive urogenital sinus. These buds form the secretory epithelium of the gland. The buds
that arise from the mesodermal part of the prostatic urethra (i.e. posterior wall, above the
openings of the ejaculatory ducts) form the inner glandular zone of the prostate. Buds arising
from the rest of the prostatic urethra (endoderm) form the enter glandular zone,

The outer zone differentintes earlier than the inner zone. In laer life the outer zone
is frequently the site of carcinomatous change, while the inner zone is affected in senile
hypertrophy of the organ.

The muscle and connective tissue of the gland are derived from the surrounding
mesenchyme which also forms the capsule of the gland.

The secretory elements of the prostate are rudimentary at birth. They undergo
considerable development at puberty. The organ undergoes progressive atrophy in old age,
but in some men it undergoes benign hypertrophy.

The prostate may, rarely, be absent.

Female Homologues of Prostate

Endodermal buds, similar to those that form the prostate in the male, are also seen in the
fernale. The buds that arise from the caudal part of the vesico-urethral canal give rise tothe
urethral glands, whereas the buds arising from the urogenital sinus form the parcurethral
glands af Skene.
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jermal derivatives of the prostate. The glands of the median lobe,
all of the prostatic urethra (above the opening of the ejculatory ducts), are
transverse section above the level of the opening of ejaculatory ducts, Fig, Bis
a sagittal section.

PARAMESONEPHRIC DUCTS

W have seen that these ducts are present in the intermediate mesoderm. They are formed by
invagination of coelomie epithelium (Fig. 16.17). They lie lateral to the mesonephric ducts in
the cranial pant of the nephrogenic cord (Fig. 16.18A).

When traced caudally, they cross to the medial side of the mesonephric ducts. Here
the ducts of the two sides meet and fuse in the middle line 1o form the wlere-vaginal canal
{or wierine canal) (Fig. 16.188). The caudal end of this canal comes in contact with the dorsal
wall of, the definitive urogenital sinus. We have already seen that, in the female, this part of the
sinus gives rise 1o the vestibule. In the female, the paramesonephric ducts give origin to the
uterine tubes, the uterus, and part of the vagina (Fig. 16.19A).

DEVELOPMENT OF UTERUS AND UTERINE TUBES

The epithelium of the uterus develops from the fused paramesonephric ducts (uterovaginal
canal: 1 In Fig. 16.19A). ‘The myometrium is derived from surrounding mesoderm (3).
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Fig. 16.17: Formation of paramesonephric ducts by invagination of coslomic epithelium,
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Fig. 16.18: Formation of uterovaginal canal by fusion of the
caudal parts of paramesonephric ducts.

As the thickness of the myometrium increases, the unfused horizontal pars of the nwo
paramesonephric ducts come to be partially embedded within its substance, and help to form
the fundus of the uterus (2). The cervix can soon be recognised as a separate region. In the fetus
the cervical part is larger than the body of the uterus,

The uterine tubes develop from the unfused parts of the paramesonephric ducts. The
ariginal points of Invagination of the ducts into the coelomic epithelium remain as the
abdominal openings of the tubes. Fimbria are formed in this situation,
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Fig. 16.19: Fate of paramesonephinic ducts. (4] In the fernale they form the uterine tubes, the uterus, and
part of the vagina. (8] 0 the male most of the duct disappears. Remnants are seen as the appendix of the
testis and the prostatic utricle.

Anomalies of the Uterus

lerus may be completely, or partially, duplicated (Figs. 16204, B). Complete duplication’1s
io 2t uherus dideiplhys

L or completely, subdivided by a septum (Fig. 16,20C).

t

= absent (unfcornuate uterus) (Fig. 16.20D)

ary.

i the lumen efther in the body or in the cenvix.

Anomalies of the Uterine Tubes
e absent, on one or both sides.
ally, or complately, duplicated on one or both sides.

miay be atresia of the wubes,

-
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DEVELOPMENT OF VAGINA

We have noted that the lower end of the uterovaginal canal comes in close contact with the
dorsal wall of the phallic part of the urogenital sinus (Fig. 16.21A). However, the uterovaginal
canal and the urogenital sinus are spon separated from each other by the formation of a solid
plate of cells called the vaginal plate. The vagina is formed by the development of a lumen
within the vaginal plate (Fig. 16.210).
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Fig. 16.20: Anomalies of the uterus. [A] Duplication of uterus and vagina.(B) Bicornuate uterus.
(C] Septum in uterus, (D) Unicornuate uterus,

The vaginal plate is formed as [ollows:

Endodermal cells of the urogenital sinus proliferate to form two swellings called the
sinovaginal bulbs (Fig. 16.218). These bulbs soon fuse to form one mass. Most of the
vaginal plate is formed rom these sinovaginal bulbs (Fig. 16.21C). The part of the vaginal
plate near the future cervix is derived from mesodermal cells of the uterovaginal canal,

The hymen is situated at the junction of the lower end of the vaginal plate with the
urogenital sinus. Both surfaces of the hymen are lined by endoderm.
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Fig. 16.21: (A} Uterovaginal canal (mesoderm) in contact with lining of UGS (endoderm). (B) Sinovaginal
bulbs are formed by proliferation of endodermal lining. (C) Solid vaginal plate derived partly from mesoderm
of uterovaginal canal and partly from endoderm of sinovaginal bulbs. (D) Vagina farmed by canalisation of
vaginal plate,
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Fig. 16.22: Vaginal fistulze are abnormal communications between vagina and surrounding cavities. The
fistulae are shown In solid black. They may connect the vagina to the rectum (rectovaginal fistula); 1o the
urinary bladder (vesico-vaginal fistula) or 1o the wrethra (ureterovaginal fistula).

Anomalies of Vagina

o The vagina may be duplicated, This condition is usually associated with duplication of the utenus
Fig. 16.20A

The lumen may be subdivided longitudinally, or transversely, by a septum.

The vagina may be absent, This condition may or may not be associated with absence of the uterus.

2 Thehymen may be imperforate.

o The vaging may have abnarmal communications with the rectum (rectovaginal fistula) or with the

urinary bladder (vesico-vaginal fistula) (Fig. 16.22).

Paramesonephric Ducts in Male

The paramesonephric duets remain redimentary in the male. The greater part of each duet
eventually disappears (Fig. 16.198]. The cranial end of each duct persists as a small rounded
body attached to the testis (appendix of festis) that may occaslonally give rise to cysts. It
has generally been considered that the prostatic utricle represents the uterovaginal canal
and s, therefore, o homologue of the uterus, However, it is now believed to correspond
mainly to the vagina (and possibly part of the uterus).
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DEVELOPMENT OF EXTERNAL GENITALIA

Introduction

We have seen that, with the formation of the uro-rectal septum. the cloacal membrane
comes to be subdivided into a ventral, urogenital membrane, and a caudal anal membrane
(Figs. 16.23A, B). The wrogenital membrane becomes elongated in a cranio-caudal
direction. The mesoderm on either side of it is soon heaped up to form two longitdinal
elevations called the primitive urethral folds (Figs. 16.23D, 16.24A). In addition to these
folds, three other elevations of mesoderm are soon apparent. These are:

2 the genital tnbercle which is situated in the midline between the urogenital membrane

and the lower part of the anterior abdominal wall; and
a theright and left genital swellings (Fig., 16.230C).

Development of Femnale External Genitalia (Figs. 16.23, 16.24)

2 The genital tubercle becomes cylindrical and forms the clitoris.

a The genital swellings enlarge (o form the labia majora. Their posterior ends [use across
the midline to form the poesterior commissure.

2 The urogenital membrane breaks down, so that continuity is established between the
urogenital sinus (which forms the vestibule] and the exterior. The primitive urethral
folds now form the labia minora. Itwill be obvious that they are lined on the eulside by
ectoderm and on the inside by endoderm (Fig. 16.24).
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Fig. 16.23: (A} Cloacal membrane. (B). Cloacal membrane divides into urogenital membrane and anal
membsrane. (C) Right and left genital swellings, and a median genital wbercle appear. (D) Urogenital
membrane breaks down. Its edges form the primitive urethral folds. (E) Genital tubercle becomes the clitoris,

The genital swellings become the labia majora, and the primitive urethral folds become the labla minora. 3{].1
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Fig. 16.24: Development of female external genitalia, Ectoderm is shown in solid line and
endoderm in dotted line, Comipare with Fig. 1623,

Anomalies of Female External Genltallia
3 Theclivoris may be sbsent, may be bifid, or may be double, It may be enlarged in hermaphroditism.

O The labla minora may shoa

0T,

rior wall of the vagina; this is the female equivalent of male

o The urethrd mdy open on -t

hypospadias

Development of Male External Genitalia

4 ‘The genital bercle becomes cylindrical and is now called the plallus. Itundergoes great
enlargement 1o form the penifs. As the phallus grows, the glans becomes distinguishable
by the appearance of o coronary sulcus, Stll later, the prepuceis lormed by reduplication
of the ectoderm covering the distal part of the phallus (Fig. 16.25).

3 We have seen that the urogenital membrane lies in a linear groove, flanked on either
side by the primitive urethral folds (Figs. 16,264 to C). As the phallus grows, this groove
elongates and extends onto its undersurface (Fig. 16.268). This groove is lined by
ectoderm and is called the primitive urethral groowve.

= From Figs. 16.26C and 16.26D it will be clear that the phallus is closely related to the
endodermal lining of the phallic part of the urogenital sinus. The endodermal cells of
this lining protiferate, and grow into the phallus, inthe lorm of a solid plate of cells called
the urethral plate (Fig. 16.26C). The cells of the urethral plate are in contact with the
ectodermal cells lining the primitive urethral groove,

2 The urogenital membrane soon breaks down, so that the urogenital sinus (phallic part)
opens to the outside, in the caudal part of the primitive urethral groove (Fig. 16.26D).
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Fig. 16.25: Formation of the prepuce of the penis.

AL the same time, the cells forming the core of the urethral plate degenerate, along with
the ectodermal cells lining the primitive urethral groove. In this way, a deeper groove
(called the definitive wrethral groorve) lined by endodermal cells, is now formed on
the undersurface of the phallus (Fig. 16.26F). At the base of the phallus this groove is
continuous with the cavity of the urogenital sinus (Fig. 16.26F). The margins of this
groove are called the definitive urethral folds,
These folds now approach and fuse with each other. The fusion begins posteriorly in the
region of the urogenital sinus and extends forwards onto the phallus (Figs. 16.26G, H).
The penile urethra is formed as a result of this fusion. Itwill now be apparent that the wall
of the penile urethra is made up of;
(1) the original endodermal lining of the phallic part of the urogenital sinus, and (2) the
endodermal cells of the urethral plate.
The penile urethra formed in this way extends only up to the glans penis. The distalmost
part of the urethra is of ectodermal origin, and is formed by canalisation of a solid mass
of ectodermal cells (Figs. 16.260, H).

a The genital swellings fuse with each other, in the midline, 1o form the screfal sac into
which the testes later descend.

Prenatal Diagnosis of Sex

The sex of a baby can be determined before birth by ultrasound examination, The penis can
be seen ina male child.

In this connection it has to be noted that in fetuses about three o four months old, the
genital ubercle is equally developed in both the male and female. Ultrasound examination
at this stage can be misleading as the clitoris can be mistaken for a penis.
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Fig. 16.26 A to D: Stages in the development of
male genitalia and of penile urethra. In each set (A
1o H), the central figure (1) shows the genital region
from the ventral aspect; (2) and (3) are transverse
cactions at the levels indicaved; and (4) Is a median
section through the region. In sections ectoderm
is depicted in black line, and endederm is red.
Mesoderm is gréen,

A.

Mote the following. The phallus is formed by
enlargement of the genital tubercle. Caudal
10 the phallus there is a median, longitudinal
depression, the primitive urethral groove (PUG)
bounded by primitive urethral folds  (PUF).
Lateralte these folds we see the genital swellings
[GS). In the depth of the primitive urethiral
groowve there is the urogenital membrane which
separates the groove from the urogenital sinus

Thie phallus has enlarged. The primitive urethral
grooye [PUG) is beginning to extend onto it. A
solid mass of endodermal cells derived from the
urogenital sinus, extends into the phallus. This
mass is the urethral plate (UP)

The primitive urethral groove is now fully
formed. The urethral plate has enlarged and
extends deeper into the phallus

The uregenital membrane has broken down so
that endoderm of the urogenital sinus (UGS)
can now be seen from outside
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Fig. 16.26 [Continued) E to H:

dmlﬁ First see A to D on previous page.
Urathral plaIB
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Eurram:l

E. Ectoderm overlying the urethral plate has

ugs disappeared. As a result endoderm of the
// / plate is seen on the surface
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(o)
J__j.r-&"f F. Cells in the centre of the urethral plate now

gﬁ;ﬁﬂ‘;‘ﬁ'ﬁﬁl’,g‘? i break down and convert the plate into a

urathral gmﬁ_. groove that is seen on the surface, This is

the definitive urethral groove, and the folds

forming its edges are the definitve urethral
5 d / folds

Sotid eclodermal
downgrowth

G. The definitve urethral folds grow towards
each other and fuse to form a median raphe.
In this way the definitive urethral groowve is
converted into a tube, which is the urethra.
This process of fusion starts caudally and
progresses cranially

H. In this figure and in ‘G’ note that the urethra
formed as described above does not extend
into the glans, The part of the urethra lying
in the glans is derived from ectoderm which
first forms a solid cord that is later canalized 305
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| O The penis may be doubleorb
| o Rarely, the penis may lie posterior 1o the scrotum.

Human Embryology
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COpan groowe :
T e Various levels
Half of zerotum may open

" Urathral opening
A B
Fig. 16.27: (A} Cleft scratum, (B] Hypoipadias. The urethra opens onto the ventral aspectof the penis.

Anomalies of Male External Genitalia
o Theemire penls may be absent. Alternatively, the corpora cavernosa, or the prepuce, may be missing.

The opening of the prepucs oo narrow 1o allow retraction (phimosis).

O The urethral folds may fsll 1o fuse, partially, or completely. When failure 1o fuse is complate the
scrodum i3 intwo halves and the gendtals ook like those of the female (Fig. 1627A) I the defectis
confined 1o the anterior part of the phallus, the urethra opens on the undersurface of the penis. This
condition is cafled hypospadias (Fig. 16.278)

2 The urethra sometimes opens on Lthe dorsal aspect of the penis. The condition is called eplspadias,

and |5 usually atsociated with eclopia vesicae, In such cases it is believed that the genital tubercle
is formed caudal to the urogenital membrane instead of being ventral to It. When the membrane
ruptures, the urogendtsl sinus opens cranial 1o the developing penis.

Other anomalies of the penlle urethra have been described earfler.

Primordial Germ Cells (Fig. 16.28)

The cells of the ovaries and the testes, from which germ cells are formed, are belleved to be
segregated early in the life of the embryo. They probably differentiate in the wall of the yolk sac
and migrate to the region of the developing gonads.

All spermatozoa and ova that are formed throughout the life of the individual are believed

to-arise from these primordial gevim cells.

Migration of primordial germ cells ino them fs essential for development of the gonads.

These cells have an inducing effect on the gonad,
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Fig. 16.28: Migraticn of pnmordial germ cells from the neighbourhood of
the yvolk sac to the developing gonad.

Yok sac

DEVELOPMENT OF TESTES

Each testis develops from the coelomic epithelium, that covers the medial side of the
mesonephros, of the corresponding side (Fig. 16.29). In the region where the testis is to
develop, this germinal epithelium becomes thickened. This thickening is called the genital
ridge. The cells of the germinal epithelium proliferate and form a number of solid sex cords,
that grow into the underlying mesenchyme. They reach deep into the gonad and are called
medullary cords. They are soon canalised to form the seminiferons tubules. Meanwhile, the
primordial germ cells migrate 1o the region of the developing testis and get incorporated in the
seminiferous tubules,

The interstitial cells of the testis are derived from sex cords that are not canalised. Some
of them are also derived from the surrounding mesenchyme.

The mesenchymal cells, surrounding the developing testis, form a dense layer of fibrous
tissue, This is the tunica albuginea. It completely separates the sex cords from the germinal
epithelium and, thereafter, this epithelium can make no further contribution to testicular
lissue,

Duct System of Testes

We have seen, above, that the testis develops in close proximity to the mesonephros, and the
mesonephric duct. We have also seen that most of the mesonephric wbules degenerate, Some
of them that lie near the testis persist and, along with the mesonephric duct, form the duct
system of the testis (Fig. 16.30).

The ends of the seminiferous tubules anastomose with one another to form the rete-testes.
The rete-testes, in turn, establishes contact with persisting mesonephric tubules which form
the pasa efferentia.
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Mesonephric
duct

Seminifercus
tubule

Fig. 16.30: Development of duct system of the testis. Structures derived from

sex cords are shown in grey.

The cranial part of the mesonephric duct becomes highly coiled on itsell to form the
epididymis while its distal part becomes the ductus deferens. The seminal vesicle arises,
on either side, as a diverticulum from the lower end of the mesonephric duct. The part of
the mesonephric duct between its opening into the prostatic urethra, and the origin of this

diverticulum, forms the efaculatory duct.

Descent of Testes

The testes develop in relation to the lumbar region of
the posterior abdominal wall. During fetal life, they
gradually descend to the scrotum. They reach the
iliac fossa during the third month, and lie at the site
of the deep inguinal ring up to the seventh month of
intrauterine life. They pass through the inguinal canal
during the seventh month, and are normally in the
scrotum by the end of the eighth month (Fig. 16.31).

The descent of the testes is caused or assisted by

several factors. These are:

o Differential growth of the body wall.

O Formation af inguinal bursa: About the sixth
month of intrauterine life, the various layvers of the
abdominal wall, of each side, show an outpouching
towards the scrotum (Fig. 16.32). This pouch
propressively increases in size, and depth, and

Hidnay_\

Scrotum

Fig. 16.31: Descent of the testis (from
the lumibar region to the scratum),
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Fig. 16.32: The gubernaculum, which helps in descent of the testis,

evenmally reaches the bonom of the seratal sac. The descending testis enters this pouch
1o reach the serotuni. Note that the pouch is formed before the testis enters it. The cavity
of the inguinal birsa becomes the inguinal canal, while the various layers of its wall
form the coverings of the testis and spermatic cord.
The gubernacilum: This is a band of mesenchyme which extends from the lower pole
of the testis (o the scromum. For many years it was believed that descent of the testis
was caused by shortening of the gubernaculum, However, we now know that this is nol
possible because the gubermaculum does not contain any contractile tissue. According
o some authorities the gubernaculum does not reach the serotum bur reaches the
bottom of the inguinal burss. In spite of this, the gubernaculum does play an important
part in the descent of the testis as follows:
a2 When the embrvo increases in size, the gubernaculum does not undergo a
corresponding increase in length. There is thus a relative shorening of the
gubernaculum and, as a result, the testis assumes a progressively lower position.

B C

F‘w-c-esﬁr.rs
veginalis

Fig. 16.33: Felation of descending testis to processus vaginalis. Note that as the testis
descends it progressively invaginates the processus vaginalis.
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@ The gubernaculum helps to dilate the inguinal bursa.
o It provides a continuous pathway for the descending testis,

0 FProcessus vraginalis: This s a diverticulum of the peritoneal cavity. It actively grows into
the gubernacular mesenchyme of the inguinal canal and of the scrotum (Fig. 16.32). As
the testis descends, itinvaginates the processus vaginalis from behind. After the descent
of the testis is completed, the processus vaginalis loses all connection with the peritoneal
cavity and becomes the tunfea vaginalis (Fig. 16.33).

o The descent of the testis is greatly influenced by hormones secreted by the pars anterior
of the hypophysis cerebri.

| Cunical Cornera

Anomalies of Testis

| O The testis may be absent, on one or both sides.

Q The testis may be duplicated.

O The two testes may be fused together.

a Anomalies of descent (Cryptorchidism): Descent of the testis may fail to occur, or may be incomplete.
Thie organ may lie in the lumbar region, in the iliac fossa, in the inguinal canal, or in the upper part of
the scrotum. Some interesting facts about this condition are as follows:

2 The testis may complete its descent after birth,
@ Spermatogenesis often fails to occurin an undescended testis.
2 Anundescended testis is more likely 1o develop a malignant tumour than a normal testis.
2 The conditicn can be surgically comrected.
O Abnormal positions (Ectepia): The testis may lie (Fig. 16,34):
2 Under the skinof the lower part of the abdomen.
2 Under the skin of the front of the thigh,
2 Inthe femoral canal.
2 Under the skin of the penis.
@ Inthe perineum behind the scrotum.
O Also see hermaphroditism.

,‘II Fig. 16.24: Ectopic positions of the testis. A = under skin of
J the abdomen. B = over front of thigh. € = in femoral canal.
D = under skin of penis. € = in perineum. 311
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Clinical Correlation contd...

Anomalies of Duct System of Testis

3 The seminifercus tubules may fall to establish connection with the vasa efferentia.
3 The ductus deferens may be absent, In whole or in part, on one or both sides.
2 The ductus deferens may have no connection with the epididymis.

Anomalies of the Processus Vaginalis
We have sesn that the part of the processus vaginalis, that extends from the deep inguinal ring up to
the tunica vaginalis, normally disappears. This may persist in whale, or in part, Abdominal cantents may

enter it io preduce various forms of inguinal hemnfa. Alternatively, fluid may accumulatein it producing
the conditicn calied hydrocoefe. Various forms of hemia and of hydrocoele are shown in Fig, 16.35:

Vestigial Structures in the Region of the Testis

A number of vestigial structures are to be seen in the neighbourhood of the testis. Their
imporance Hes in the fact that any one of them may enlarge to [orm a cyst.

These siruciures are:

2 Appendix of testis (also called hvdatid of Morgagni).

a Appendix of epididvmis.

o Superior aberrant ductules.

o Inferior aberrant ductules,

3 Paradidymis.

A | & _’,._f-*'i?? c J ~ 4
i “/ {*/"

Congenital herméa Vaginal hydrocoela

Funicutar heméa
Congenital hydrocoale

E F

- i
27

/! A : _|': ,.’f )
@ (&

Interstitial hernia Hydrocoala of cond

Infantiba hornia

Intantiley hydeocoabe

Fig. 16.35: Anomalies of processus vaginalis. Abnormal persistence of the processus vaginalis can
lead to hernia ipassage into it of abdominal contents, indicated by arrows); or hydrocoele
[coblection of fluid, shown as dots), Various types of hernia and hydrocoele are shown,
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DEVELOPMENT OF THE OVARY

The early stages in the development of the ovary are exactly the same as in the testis
[Figs. 15.294A, C, E).

a

" CuinicaL CoRRELATION

The coelomic epitheliuvm on the medial side of the mesenephros becomes thickened 1o
form genital ridges.

Cords of cells (sex cords or medullary cords) proliferate from this germinal epithelium,
and grow into the underlying mesoderm.

Primordial germ cells, that are fornted in relation o the yolk sac, migrate to the region of

the developing ovary, and give rise to oocytes,
The sex conds become broken up into small masses. The cells of each mass surround one
primordial germ cell, or oocyte, to form a primordial follicie.

According (o some authorities the original (medullary) sex cords undergo regression in
the ovary, and are replaced by a new set of cortical cords arising from coelomic epithelium.
Follicular cells are derived from these cortical cords.

2 Interstitial gland cells differentiate from mesenchyme of the gonad.
2 A= no wnica albuginea is formed, the germinal epithelium may contribute to the ovary
even in postnatal life.

Deseent of the Ovary

The ovary descends [rom the lumbar region, where it is first formed, to the true pelvis.
A pubernaculum forms, as in the male, and extends from the ovary to the labium majus.
It becomes attached to the developing uterus at its junction with the uterine tube, The part
of the gubernaculum that persists between the ovary and the uterus, becomes the (round)
ligament of the avary. The part berween the uterus and the labium majus, becomes the
round ligament of the uterns.

Anomalies of Ovary

O The ovary may be absent on one or both sides.

o The ovary may be duplicated.

0 The ovary may descend into the inguinal canal or even into the labium majus.

@ Adrenal or thyroid tissue may be present in the ovary. The ovary sometimes contains cells that are

capable of differentiating into various tissues like bone, cartilage, hair, etc., and the growth of these
cell rests can give rise to a peculiar tumour called a feratoma.
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Fig.16.36: (&) Mescnephric duct, early s1age. (Bl Mesonephric duct in the male,
before descent of the testis.

FATE OF MESONEPHRIC DUCT AND TUBULES IN THE MALE

The mesonephric discts give rise to the following struciures (Figs. 16.36, 16.37):

=

[ =

0D 08D

Ureterie buds from which the ureters, pelves, calyces and collecting tubules of the kidneys

are derived.

Trigone of the urinary bladder.

Posterior wall of the part of the prosiatic urethra, cranial 1o the openings of the ejaculatory
ducts,

Epididymis.

Ductus delerens.

Seminal vesicles,

Ejaculatory ducts.

Mesodermal part of prosiate,

Appendix of epididymis: This is a small rounded structure attached to the head of
the epididymis (Fig. 16.37A). It represents the cranial end of the mesonephric duct
Occasionally it may give rise to a cyst. This is not to be confused with the appendix of the

testis, which is a remnant of the paramesonephric duct.
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Fig. 16.37: Some structures derived from the mesonephric ducts, (A} In the male these are the epididymis,

the ductus deferens, the seminal vesicles and ejaculatory ducts. The appendix of the epididymis is a vestigeal

remnant, (B) In the female most of the duct disappears, Some remnants are seen as the epoophoron. For
complete list of derivatives of the mesonephric ducts see text.

Remnants of Mesonephric Tubules

We have seen that most of the mesaonephric tubules disappear. Some persist to form the

vasa efferentia. Other mesonephrie tubules persist 1o form some vestigial siructures that

are seen near the testes. Their only importance is that they sometimes give rise to cysts.

These remnants are as follows:

o The superior aberrant ductules (or epigenital tubules) lie cranial to the vasa efferentia.
They are connected to the testis but not to the epididymis.

4 The inferior aberrant ductules lie caudal to the vasa efferentia. They are connected only
to the epididymis.

o The paradidymis consists of tubules that lie between the testis and the epididymis
(paragenital tubules) but are not connected to either of them.

315



316

Human Embryolagy

FATE OF MESONEPHRIC DUCTS AND TUBULES IN THE FEMALE

As in the male, the mesonephric ducts give rise 1o the ureteric bud from which the ureter,
pelvis, calyces and collecting tubules of the kidneys are derived, and give rise 1o the trigone of
the bladder. The posterior wall of the female urethra, is also derived from them.

The mesonephric ducts and tubules do notestablish any connection with the developing
ovary. However, they give rise to some vestigial structures seen in the broad ligament near

the ovary.

These are (Fig. 16.378):

2 Epeophoren: This consists of a longinudinal duet running parallel to the uterine be,
and a number of ransverse ductules that open into the longimdinal duet. It corresponds
to the epididymis and vasa efferentia of the male (Note that the word ‘epoophoron’
means ‘above egg basket”: ep —above, 0o = egg; and phoron = basket).
In some cases the longitudinal duct is unusually long. It runs along the side of the uterus,
and lower down, becomes embedded in the wall of the cervix. It, however, never opens
[no the uerine lumen. [t s the eguivalent of the male ductus deferens and is also called

Gartmer's duct.

Paroophoron: This consists of small blind tbules lving between the ovary and the
uierus, and is the female equivalent of the paradidymis. The word paroophoron means

‘near egg basket.

Summary of Male and Female Homologues derived from Undifferentiated
Genital System

T S T -
S Bttt s i

Creary

Gonad Taslis
Ssx comds Sernoli cells (seminiferous lubulas) Granulose cedls
Frmuordial gern cells Sparmalozoa Owva
Paramesonephric doct.  Appandix of testis Uterine luba, uterus
Uincie of prostale Upper vagina
IMosanepivic ducl Appendix of epididymis, Appendix of ovary
Epididymis, Garner's duct
Ductus delerens,
Ejaculaiory duct
Saminal vesiche
Mesonaphnc fubules Vasa efferentia Epoapharon
Paradidymis Farcophoron
Genifal tubarche Penis Clitoris.
Genital swalings Scrolum Labia majora
_Urethral felds Floor of panile urethira Labia minara
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CONTROL OF DIFFERENTIATION OF GENITAL ORGANS

From the account of the development of the gonads and genitalia, it is seen that these organs
are derived from the same primordia in both sexes. The male and female genital sysiems are
identical ill the beginning of seventh week of intrauterine life. The factors that determine
whether these organs will develop as in the male, or as in the female are as follows:

a The mostimportant factor is the chromosomal sex of the individual, which is determined
atthe time of fertilisation. We have already seen thatindivid uals with two X-chromosomes
are female, while those with one X-chromosome and one Y-chromosome are male.

o TheY-chromosome bears a gene thatis responsible for production ol a testis determining
Jactor. This factor plays a vital role in causing the developing gonad to become a testis,
Apart from a direct action on the gonad, this factor influences other genes that play arole
in the process, Under the influence of these genes, supporting (Sertoli) cells are formed
[rom cells of the sex cards and interstitial {Leydig) cells are formed from mesenchymal
cells of the gonadal ridge.

2 Once the esiis is formed, interstitial cells in itbegin to produce testosterone (under the

influence of gonadotroping produced in the placenta). This testosterone influences the

differentiation of genital ducts, and external genitalia. By the end of eignteenth week of
intrauterine life fetal interstitial cells disappear to reappear only at the time of puberty.

Supporting cells in the fetal testis) produce a Mullerian inhibiting substance. This

substance causes regression of paramesonephric ducts. The sertoli cells also secrete an

androgen binding factor that helps in formation of spermatozoa from spermatogonia.

As the Y-chromosome is missing in a female fetus, none of the processes described

above take place, The oestrogens (derived from maternal and placental sources) influence

the formation of internal and external genital organs.

-i.t'LlNlCﬁL CORRELATION

Hermaphroditism

Abnormal development of the gonad and the genitalia gives nse to various types of hermaphroditism.

A hermaphrodite is really a person who Is both a male and a femnale at the same time. Such a person

has never been known to exist. However, persons having both testes and ovaries have been reported

and such individuals are referred to as true hermaphrodites. The word pseudohermaphrodite is used

for a person whose external genitalia look like those of one sex, whereas the gonad is of the ather sex.
Somie forms of hermaphroditism are as follows:

True Hermaphroditism

The person has at least one testis and one ovary in the body. The external genitalia may be male, or
female, or midway between the two. The chromosomal sex may be either male or female.

Pseudohermaphraditism

Gonads are of one sex, while genitalia (internal; external or both) are of opposite sex. A patient having
a testis is described as a male hermaphrodite; and one having an ovary is described as a female
hermaphrodite.

Female pseudohermaphroditism is caused by excess of androgens produced by the fetal suprarenal

gland (adrenogeénital syndromel. It may alsa be caused by administration of progesting to the mother
during pregnancy.
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l TIMETABLE OF SOME EVENTS DESCRIBED IN THIS CHAPTER

Age Dovolopmontal Events

Zrd week Formation of intermediate mesoderm
Externat gantala begin to form:

41 weak Pronephric tebules bagin Lo form and have regressed by ihe end of the same waak,
Mesonephric lubiles star forming, Urorectal septum begins (o form.

5th week The matanephros is formed.

Bih wizisk Mesonephios is well developed. The cloacal membrane divides into the urogenital and
the anal membrana.

Teh wek Urogenital sinus is established,

3rd month Urethraf folds fuse with each other. At the end of the month, prosiate beging to develop.
12th waek The definitive kicney (metanephros) becomes functicnal,
Sth manth Vagine geis canalised,

The external genfialia are most susceptible to teratogens between the seventh and ninth
weeks; but they can be affected later in pregnancy as well.
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The Nervous System

HIGHLI < TS -

Ectoderm overlying the notechord becomes thickened to form the neural plate.

Weural plate is converted to neural groowve, and then to neural tube.

Meural tube has an enlarged cranial part that forms the brafn, and a narrow caudal partthat becomes
the spinal cord.,

The cranial part of neural wube shows three dilatations: prosencephalon, mesencephalon, and
rhombencephalon. The prosencephalon divides into diencephalon and telencephalon. The
rhombencephalon divides inta metencephalon and myelencephalon.

The telencephalon forms most of the cerebral hemisphere including the corpus striatum. The lateral
ventricle is the cavity of the telencephalon,

The diencephalon forms the thalamus, hypethalamus and related structures. Its cavity is the third
wventricle.

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

The metencephalon forms the pons. It alsa forms the cerebellum,

The myelencephalon forms the medulle eblongata. The fourth ventricle is the cavity of the
rhombencephalon.

The newral crest is made up of cells that lie along the lateral edges of the neural plate. Its most

impartant derivatives are cells of sensery ganglia, parasympathetic ganglia and of sympathetic

ganglia. It also forms the cells of the adrenal medulla and Schwann cells that form sheaths for

peripheral nenve fibres.

The wall of the neural tube at first has a single layer of cells. They multiply and form three layers,

ependymal mantle and marginal. Meurans developin the mantle layer.

The mantle layer divides into a ventral part, the basal lamina, and a dorsal part, the alar lamina.

These are separated by a groove, the sulcus imitans.

Irn the spinal cord the alar lamina forms the posterior grey column, and the basal lamina forms the
ventral 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 nuclel in the alar lamina,

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

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




320

Hurman Embryclogy

INTRODUCTION

The formation of neural tissue has been considered in chapter 7, where we have seen that
the ependymal (or neuroepithelial) cells of the neural tube give rise both to neurons and to
neuroglia. We have also studied the formation of myelin sheath. We shall now consider the
development of individual parts of the nervous system.

The MNeural Tube and Its Subdivisions

Apart from its blood vessels and some neuroglial elements, the whole of the nervous system
is derived from ectoderm. The part of the ectoderm that is destined to give origin to the brain
and spinal cord, can be distinguished while the embryo is still in the form of a three-layered
embryvonic disc. This ectoderm Is siuated on the dorsal (amniotic] aspect of the embryonic
dise, in the midline, and overlies the notochordal process (Figs. 17.1A, B). [t soon becomes
thickened to form the nexral plate (Fig. 17. 18).

The neural plate becomes depressed along the midline as a result of which the meural
groome is formed (Fig. 17. 1C). This groove becomes progressively deeper. At the same time, the
two edges of the neural plate come nearer each uiher, and eventually fuse, thus converting the
neurat groove into the newral fube (Fig. 17.10D)

[hese stages in the formation of the neural mbe do not proceed simultaneously all over
the length of the neural plate. The middle part is the first to become ibular, so that for some

Endodarm Mesaderm

Newral crest
Meural crest  MNeural groove Meural ube
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Infra-embnpone | Inlr-prnbnfonic  Nolochord

frEata6Tm | coglom Somite
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Fig. 17.1: Formation of neural tube. (A) Embryonic disc before formation of neural plate. (B) Neural plate

formed by thickening of ecroderm. () Newral plate is converted 1o a groowve. (D) The groove is converted o

a tube. Note the neural crest which lies along the edges of the neural plate (B), or neural groove (C). After
farmation of the neural tube the neural crest lies dorsal te it (D).
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Fig. 17.2: Primary brain vesicles and their subdivisions.

time the peural tbe is open cranially and caudally. These openings are called the anterior
and posterior newropores, respectively. The fusion of the two edges of the neural plate exiends
cranially, and caudally, and eventually the neuropores disappear leaving a closed mbe.

Even before the neural tube has completely closed, it is divisible into an enlarged cranial
part and a caudal tubular part (Fig. 17.2A). The enlarged cranial part forms the brain. The
caudal mbular part forms the spinal cord: it is at first short, but gradually gains in length as
the embryo grows. The cavity of the developing brain soon shows three dilatations (Fig. 17.2B).
Cranio-caudally, these are the prosencephalon, mesencephalon, and rhombencephalon.
The prosencephalon becomes subdivided into the relencephalon and the diencephalon
(Fig. 17.2C). The telencephalon consists of right and left telencephalic vesicles. The
rhombencephalon also becomes subdivided into a cranial part, the metencephalon, and a
caudal part, the myelencephalosn. The parts of the brain that are develuped from each of these
divisions of the neural tube are shown in Fig, 17.2,
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The prosencephalon, mesen-
cephalon and rhombencephalon
are at first arranged cranio-
caudally (Fig. 17.3A).  Their
relative position is greatly altered
b the appearance of a number of
flexures. These are:

a the cervical flexure, at the
junction of the rhomben-
cephalon and the spinal cord
(Fig. 17.3B);

3 the mesencephalic flexire
(or cephalic flexnre). in
the region of the midbrain
(Flg. 17.3C);

O the pontine flexure, at the

thomben-

middle: of the
fon, dividing It Into the

alon and 11':':.'|.'||!'I't-

walon (Fig. 17.30D) and
felencephalic.  flexure,
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and diencephalon.
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lead 1o the
ton of the various parts of
the brainas in the aduolt (Fig. 17.4).

Each ofthe subdivisions ol the
loping brain encloses a part
of the original cavity of the neural
tube [Fig. 17.5). The cavity of each
telencephalic becomes
the lateral ventricle. and that of
the diencephalon (along with the
central part of the telencephalon),
becomes the third ventricle.
The cavity of the mesencephalon
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Fig. 17.3: (&) Mewral wbe before formation of flexures.
(B} Cervical flexure formed, (C) Mesencephalic flexure formed,
(D) Panting Mexure formed.

remains narrow, and forms the agueduct, while the cavity of the rhombencephalon forms the
Jourth ventricle. Its continuation in the spinal cord is the central canal.
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Fig. 17.5: Development of ventricles of the brain,
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The Neural Crest

At the time when the neural plate is being lormed, some cells at the junction between the neural
plate and the rest of the ectoderm become specialised (on either side) to form the primordia
of the neural crest (Figs. 17,18, C). With the separation of the neural tube from the surface
ecioderm, the cells of the neural crest appear as groups of cells lying along the doerselateral
sides of the neural tube (Fig. 17.10). The neural erest cells soon become free (by losing the
property of cell to cell adhesiveness), They migrate to distance places throughout the body.
In subsequent development, several important structures are derived from the neural crest,
These are (Fig. 17.6):
2 The neurons of the spinal posterior (dorsal) nerve root ganglia.
2 The neurons of the sensory ganglia of the fifth, seventh, eighth, ninth and tenth cranial
nerves,
The neurons of the svmpathetic ganglia. The preaortic ganglia.
The neurons of parasympathetic ganglia of cranial nerves (i.e., ciliary, submandibular,
sphenopalatine and otic).
The parasympathetic ganglia (enteric ganglia) of the gastrointestinal tract and ganglia
refared 1o pelvic viscera.
I The Schwann cells that form the neurolemmal sheaths of all peripheral nerves.

Ihe specific cells of the adrenal medulla.
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Fig. 17.6: Traditionally recognised derivatives of the neural crest. Some additional derivatives
are now recognised (as mentioned in the text),
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Other structures believed to arise from the neural crest are as follows.

0 Mesenchyme of dental papilla. edontolasts and dentine.

o Bones of the face and part of the vault of skull. (frontal, parietal, sqguamous temporal,
of the sphenoid, maxilla, zygomatic, nasal, vomer, palatine and mandible),

Dermis, smooth muscle and fat of face and veniral aspect of neck.

Muscles of the ciliary body.

Sclera and choraids of eye (7).

Substantia propria and posterior epitheliuvm of cornea.

Connective tissues of thyroid, parathyroid, thymus and salivary glands.

g Derivatives of the first, second and third pharyngeal cartilages.

3 Ceells of the thyroid gland.

4 Cardiac semilunar valves, and conotruncal septum (spiral septum plus bulbar sepium).
o Smooth muscle of blood vessels of the face and of forebrain.

1 The satellite cells of all sensory ganglia.

part

Qoo

toveral diseases and syndromes are associated with the disturbances of the neural crest eqg,
Hirschsprung's disease (aganglionic megacolon), aorticopulmonary septal defects of heart, cleftfip, cleft
palate, fromtonasal dysplasia, neurcfibromatosis, tumor of adrenal medulla and albinism and others.

SPINAL CORD

The spinal cord is developed from the caudal eylindrical part of the neural be.

When this part of the neural tube is first formed, its cavity is in the form of a dorsoventral
cleft, The lateral walls are thick, but the roof (dorsal), and the floor (ventral), are thin
{Fig. 17.7A). The wall of the tube subdivides into the matrix cell or ependymal layer, the mantle
layer and the marginal layer (Fig. 17.7B) as already described.

The mantle zone grows faster in the ventral part of the neural tube, and becomes thicker,
than in the dorsal part. As a result, the ventral part of the lumen of the neural tube becomes
compressed. The line separating the compressed ventral part, from the dorsal part, is called
the sulews limitans (Fig, 17.7C). With its formation, the lateral wall of the developing spinal
cord can be divided into a dorsal part, called the dorsal or alar lemina, and a ventral part,
called the ventral or basal lamina.

This division is of considerable functional importance. The basal lamina develops into
structures that are motor in functon, and the alar lamina into those that are sensory. The alar
and basal laminae are also called the alar and basal plates respectively.

With continued growth in thickness of the mantle layer, the spinal cord gradually acquires
its definitive form (Figs. 17.71, E). With growth of the alar lamina, the dorsal part of the cavity
within the cord becomes obliterated: the posterior median septum is formed in this situation,
The ventral part of the cavity remains as the central canal. Further enlargement of the basal
lamina causes it to project forwards on either side of the midline, leaving a furrow, the anterior
median fissure, between the projecting basal laminae of the two sides,
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as the central canal,
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The nerve cells that
develop in the mantle
zone of the basal lamina
become the menrons of
e anterior grey column
(Fig. 17.8). The axons of
these cells grow out of
the ventrolateral angle of
the spinal cord to form
the amilerior nerve rools
of the spinal nerves. The
nerve cells that develop in
the mantle laver of the alar
tamiina lorm the nerrons of
the posterior grey coltimnin.
Ihese are SENSOrY NEUrcs
of the second order. Their
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Fig. 17.8: Development of spinal nerve reots.

axomns travel predominantly upwards in the marginal layer to form the ascending tracts ol the
spinal cond. Many of these cells form internenrons.

The dorsal nerve roots are formed by the axons of cells that develop from the neural crest
[ Figs. 17.6, 17.8). Groups of these cells collect on the dorsolateral aspect of the developing
spinal cord to form the deorsal nerve root ganglia (or spinal ganglia). The axons of these

Spinal cord extanding
wihole length of
vertebral canal

Thoracic Oppogite third
Spanal cord lumbar venebra
tarminating at at full tarm

upper borgder

af sacrum

Fig. 17.9: Recession of spinal cord. Note that the lower end of the cord gradually
mowve cranially, relative to the vertebrae.
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cells divide into two. The central processes migrate
towards the spinal cord, and establish contact with
the dorsolateral aspect of the later, thus forming the
dorsal nerre roots. These axons finally synapse with
neurans of the posterior grey column developing in
the alar lamina. The peripheral processes of the cells
ofthe dorsal nerve root ganglia grow outwards to form
the sensory components of the spinal nerves.

As stated above, the axons of neurons in the
posterior grev column enter the marginal laver, 1o
form thie ascending tracts of the spinal cord. At the
same time, axons of cells developing in various pars
af the brain grow downwards 1o enter the marginal
laver of the spinal cord and form its descending
tracts, These ascending and descending tracts form
the white matter of the spinal cord. As the mantle
laver inkes on the shape of the anterior and posterior
he white maner becomes subdivided
posterior wehite calumns.

grey columing

and

era
[he spinal cord at first extends throughout the
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evier, the veriehral column

A). Subsequently, how
n the spinal cord with the
lower end of the cord is al
lumbar vertebra (Figs. 17.98, C).
ss of recession of the spinal cord continues
1 result of which, in the-adult, the cord
isarihe level of the lower border of the first
lumbar verebra,

Une effect of this recession {of the cord) is that
the intervertebral foramina no longer lie at the level
at which the corresponding spinal nerves emerge
from the spinal cord (Fig. 17.10). The nerves have,
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Fig. 17.10: Effect of recession of spinal
cord on course of spinal nerves. (A) shows
the condition before recession begins.
Spinal merves pass horizontally from the
spinal cord 1o their exit from the vertebral
canal, (B} shows the condition after
recession has ocourred, The nerves now
have to run obliquely downwards to reach
the points of exit, The obliquity is greatest
in the case of the lowest nerves.

therefore, 1o follow an oblique downward course 1o reach the foramina. This obliquity is least
for the cervical nerves, and greatest for the sacral and coccygeal nerves.
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MEDULLA OBLONGATA

The medulla oblongata develops from the myelencephalon. The early development of the
medulla is similar to that of the spinal cord. ‘The appearance of the sulcus limitans divides
each lateral wall into a dorsal or alar lamina, and a ventral or basal lamina (Fig. 17.11A).
Subsequently, the thin reof plate becomes greatly widened as a result of which the alar
laminze come to lie dorso-lateral o the basal laminae. Thus, both these laminae are now in
the Moor of the developing fourth ventricle (Fig. 17.11B).

Cells developing in the lateral part of each alar lamina migrate ventrally, and reach the
marginal layer overlying the ventrolateral aspect of the basal lamina. These cells constitute the
caudal part of the bulbo-pontine extension, and develop into the elivary nuclei (Figs. 17.11C,
17.14). The remaining cells of the alar lamina develop into the sensory nuclei of the cranial
nerves related o the medulla, The motor nuclei of these nerves are derived from the basal

amina (Fig. 17.12).

The nerve cells of the alar and basal laminae are at first grouped in accordance with their
funection, and are arranged as illustrated in Fig. 17.12, Subsequently, some of these nuclei
migrate ventrally, from their primitive position in the floor of the fourth ventricle. Their
ultimate position is indicated in Fig. 17.13.

The gracile and cuneate nuclei are derived from the lowermost part of the somatic
afferent column.

The white matter of the medulla is predominantly extraneous in origin, being composed
of fibres constituting the ascending and descending tracts that pass through the medulla,

Roof plata

Alar lamina

Y —— Basal lamana

Mantle lnyer of
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Fig. 17.11: Development
ef medulla oblongata. In '8}
naote the great widening of
the roof plate. In'C. note the
C bulbo-pontine  exteénsian
and the olivary nuclei.

Bulbo-ponlina
exlansion

Chivary nucheus
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Fig. 17.12: Functional classification of cranial nerve nuclei The upper figure shows the arrangement of
nuciear columns in the brainstemn of the embiryo. The lower figure shows the nuclei derived from each
column. Numbers indicate cranial nerves connected to the nuelei,
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PONS

The pons arises from the ventmal partof the metencephalon. It also receives a contribution from

the alar lamina of the myelencephalon, in the form of the cranial part of the bulbo-pontine
extension (Figs 17,12, 17.13, 17.15). This extension comes to lie ventral to the metencephalon,
and gives rise to the pontine nuclel. Axons of cells in these nuclei grow transversely to form the
miiddle cerebellar peduncle.

As in the myelencephalon, the roof of the metencephalon becomes thin and broad
(Figs. 1712, 17.13). The alar and basal laminae are thus orientated as in the medulla.

The lateral part of each alar lamina (often called the rhombic lip) becomes specialised
w form the cerebellum, The ventral part of the alar lamina gives origin to the sensory
cranial nerve nuclei, and the basal lamina 1o the motor cranial nerve nuclei, of the pons
(Figs. 17.12, 17.13). Their derivation is illustrated in Figs. 17.12 and 17.13.
The nucled derived from the basal, and alar, laminae lie in the dorsal or tegmental part of the
pons. The veniral part of the pons is constituted by:
2 Cellsofthe bulboe-pontine extension (derived from the alar lamina of the myelencephalon),

that form the pontine nuelei. Axens of the cells in these nuclei grow transversely and form
the middle cerebellar peduncle,
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Fig. 17.15: Scheme of the development of medulla and pons.

Corticospinal and corticobulbar fibres that descend from the cerebral cortex, and pass
ihrough this region on their way to the medulla and spinal cord. Some fibres from the
cerebral cortex terminate in relation to the pontine nuclel, These are the corticoponting
fibres.

MIDERAIN

The midbrain is developed from the mesencephalon. The cavity of the mesencephalon
remains narrow and forms the agqueduct. As deseribed in the case of the spinal cord, the mantle
layver becomes subdivided into a dorsal or alar lamina and a ventral or basal lamina by the
appearance of the suleus limitans (Fig. 17.16). The nuclei which develop from the basal lamina
are: (1) the oculomotor nerve nucleus, (2) the trochlear nerve nucleus, and (3) the Edinger
Westphal nucleus (GVE).

The alar lamina gives rise to the cells of the colliculi. At first, these form one mass which
later becomes subdivided by a transverse fissure. Some cells of the alar lamina migrate ventrally
to form the red nuclens and the substantia nigra (Fig. 17.16).

The marginal layer of the ventral part of the mesencephalon is invaded by downward
growing fibres of the corticospinal, corticobulbar and corticopontine pathways. This region,
thus, becomes greatly expanded, and forms the basis pedunculi (crus cerebri).
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Fig. 17.16: Structures of the midorain derived from alar and basal laminae.

CEREBELLUM

It cerebellum develops from the dorsolateral part of the alar lamina of the metencephalon
[Fig. 17.17A). Obviously, there are at first two primordia of the cerebellum, right and left. These
extend medially in the roof plate of the metencephalon to eventually fuse across the midline
[(Figs. 17:178, C). As the cerebellum increases in size, fissures appear on its surface. The lateral
lobes and vermis can soon be distinguished, as a result of differential growth.

The developing cerebellum can be divided ime: (a) an intraventricular part that bulges
into the cavit of the developing fourth ventricle, and (b) an extravestricular part that is seen
as & bulging on the surface (Fig. 17.17C). At first the intraventricular part is the larger of the two;
but at a later stage, the extraventricular part becomes much larger than the intraventricular
part and constitutes almost the whole of the organ (Fig. 17.17D).

The cerebellum, at first, consisis of the usual matrix cell, mantle and marginal lavers. Some
cells of the manmtle laver migrate into the marginal layver 1o form the cerebellar cortex. The cells
of the mantle laver that do not migrate into the cortex, develop into the dentate, embaoliform,
globase and fastigal nuclei.

The superiorcerebellar peduncle is formed chiefly by the axons growing out of the dentate
nucleus. The middle cerebellar peduncle is formed by axons growing into the cerebellum
from the cells of the pontine nuelei, while the inferior cerebellar peduncle is formed by fibres
that grow into the cerebellum from the spinal cord and medulla.
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“lg. 17.17: Some stages in the development of the cerebellum, (A) Cerebellar rudiments appear from alar

ining of meréncephalon. (B) They grow into the roof plate of the metencephalon to meet in the midline.

() Cerebelium enlarges and bulges out of the fourth ventricle, (D) Lateral hemisphe:e—s and wermis can be
distinguished.

CEREBRAL HEMISPHERE

The cerebrum is a derivative of the prosencephalon. We have seen that the prosencephalon
is divisible into a median diencephalon and two lateral telencephalic vesieles (Fig. 17.2C).
The telencephalic vesicles give origin, on either side, o the cerebral cortex and the corpus
striatumm. The diencephalon gives rise to the thalamus, hypothalamus and related structures.
The elencephalic vesicles are at first small (Figs. 17.18B, F), but rapidly increase in size
extending upwards, forwards and backwards (Figs. 17.18, 17.19). Asaresultofthis enlargement,
the telencephalon comes to completely cover the lateral surface of the diencephalon
(Figs. 17.18D, H) and eventually fuses with it (Fig. 17.19]. Thus, the cerebral cortex and corpus
siriatum come to lle lateral 1o the thalamus and hypothalamus.

With further upward, forward and backward extension of the telencephalic vesicles, the
vesicles of the two sides come into apposition with each other above, in front of, and behind
the diencephalon (Figs. 17.18H, 17.19].

The cavity of the diencephalon forms the third venfricle, while the cavities of the two
welencephalie vesicles form the lateral ventricles (Fig. 17.5).
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Fig. 17.18: Development of the cerebral hemisphere. This series of figures shows the changes in the

relative size and position of the diencephalon and the telencephalic vesicles. Figures (A, (B), [C) and (D) are

lateral views. Figures (EJ, (F), (G} and (H) are correspending coronal sections along the axes indicated. (Al

(E] Prosencephalon before appearance of relencephalic vesicles. (B, (F) Telencephalic vesicles appear. (C)

iG] Telencephalic vesicles enlarge and partially cover diencephalon. (D, [H} Telecephalon much larger than
diencephalan and completely overlapping it.
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Twao lelencephalic hermispheres.
become apposed 1o each athar

A

.~ Telencephaion

Fig. 17.19: Figure 1o show that the two telencephalic vesicles come to be apposed to each otherin front
of and behind the diencephalan.

Fig. 17.20: Establishment of the form of the cerebral hemisphere and of the lateral ventricle. Arraws
indicate direction of growth. The choroid fissure is shownin dotted line,

aai
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Each lateral ventricle is at first a spherical space within the telencephalic vesicle
{Fig. 17.20A ). With the forward and backward growth of the vesicle, the ventricle becomes
elongated anteroposteriorly (Fig. 17.20B). The posterior end of the telencephalic vesicle:
pow grows downwards and forwards, o form the wemporal lobe, and the cavity within
it becomes the inferior horn (Figs. 17.20C, D). The venricle thus becomes C-shaped.
Finzlly, as a result of backward growth, the occipital pole of the hemisphere hemme":{:
established. the part of the ventricle within it becoming the posterior korn (Fig. 17.20E).

From Fig. 17.18H, it willbe seen that, with the enlargement of the telencephalic vesicles,
their medial walls becomie apposed wo each other. In this way a groove bounded by the two
medial surfaces is formed, these surfaces being continuous with each other in the floor:
af the groove. Mote that the Noor of this groove forms the ool of the third ventricle. Just
|1'.nm g the fioor of this groove, the medial wall is invaginated laterally into the cavityiof the

ateral ventricle. The cavity of the nvagination is the choroid fissure (Fig. 17.21). A 'fold of
pla mater extends into this fissure and forms the telachoroidea. A bunch of capillaries is:
formed within this fold and forms the choreid plexus (Fig. 17.22). The original wall'efthe
ricte lining the chorold plesus, remains very thin and forms the ependymal coveringof
the plesus (Fig: 17.22). Notethat the telachoroldea is in intimate relationship to both lateral
venmicles and also (o the roof of the third ventricle (Fig. 17.22),
Tth the establishment of the temporal pole and the formation of the inferior horn of the
‘entricle, the choraid fissure becomes C-shaped (Fig. 17.20). The inferlor part of the

fissure now invaginaies into the inferior hom of the lateral ventricle (Fig. 17.20E).

e

Thalamus and Hypothalamus

The thalamus and hypothalamus develop from the diencephalon. Afier the establishment
af the telencephalon, the lateral wall of the diencephalon becomes thickened. It is scon
subdivided into three regions by the appearance of two grooves, called the epithalamic and
hypathaelamic selei (Fig, 17.23A). The central pant, lying between these two sulel, enlarges to
form the thalamus (Figs. 17.238, C). The part above the epithalamie sulcus remains relatively
small and forms the epithalames, which is represented by the habenular nuclei and the
pineal body. The part below the hypothalamic sulcus forms the hypothalamus.

Wall ol tedencephakon

B
Lateral vandricie
'._ ! )
Chorokd fissure -~ ———
W) Fig. 17.21: Formation of the
choroid fissure, The wall of the
Dsencephaton

telencephalon ramains thin

at this site.
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Fig. 17.22: Formation of telachoroidea {fold of plamater) and choroid plexus (bunch of capillaries).

A Epithalamic sulcus B n i fanion
A.-'I'I'EIH of diencephalon
— Epithalamus Epithalamus

M

T ThekmUs Thalamus
—— Hypolhalamus
nglpﬂlhulan‘lic
Sulcus
pothalamus
Interventricular foramen J Hg,- ;
Evagination for neurchypophysis
Rool of third vaniricla
: "% Epithalamic sulcus
Hypothelamis A Epithatamus
Hypothalamus ﬁ—ﬁnwi bady
""-u.._____‘_mumm
Floar ol third venincle

Meurahypophyesis

Fig. 17.23: Development of thalamus and hypothalamus, The appearance of the epithalamic and
hypathalamic sulci divides the diencephalon into thalamus, epithalamus and hypathalamus, The Bineal
body is formed in relation 1o the epithalamus, and the neurchypophysis in relation to the hypathalamus,
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The various nuclel of the thalamus
and hypothalamus are formed by multi-
plication of cells In the mantle layer of the
wall of the diencephalon.

Corpus Striatum

Thie corpus striatum is a derivative of the
welencephalon. Early in s development
gach telencephalic vesicle can be sub-
divided im0 a basal part owhich is
thick, and a superior part which §s thin
{Flgs. 1
the mantle laver of the thick basal part

A, B)Y. Some of the ecells, in

migrate into the overlying marginal layer
o furm part of the ce

rermoining ce

bral cortex. The

of the me

itle faver of this

TegICn form the LTS SIrinam.

The developing corpus siriatum soon
becomes subdivided into medial and
lateral subdivisions, which increase
in thickness (Fig. 17.24C). Meanwhile,
the cerebral cortex is developing and
numerous axens, thal are growing
downwards from i, or are growing
towards i, pass through the region of
the corpus strlatom and divide it into
& deeper and » superficial pan. These
fibres constitute the infernal capsile
(Fig. 17.25).

The part of the corpus striatum that
comes 1o lie deep to the internal capsule,
becomes the candate nuclens, and the
superficial part becomes the femtiform
nuclens (Fig. 17.26). The lentiform
nucleus later becomes subdivided into
the putamen, and the globus pallidrs.

3rd ventricle
A Lat veniricle

- Telencephalon

—— Diancephalon

'I'Hn Ippar plrl ni

Fig. 17.24: Early development of corpus striatum

2 seen in coronal sections, (A) Telencephalon before

appearance of corpus striatum. (B) Wall of basal part

thickened. (€] Thickening divides into medial and
lateral parts.
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Wall of elencephalon

Lateral wentricl

Carobral coriax

Fibres arising from calls of
davaloping cortax, passing
Ihrough corpus striatum,
divida the laiter inta a deap
and a superficial part

Third
vontrichn

[ & sirialem
(Supericial part)

/
Thalamus

Fig. 17.25: Wall of telencephalon at a stage somaewhat later than that shown in Fig, 17310
The region of the developing corpus striatum is divided (longitudinally) inte deep and
superficial parts [by nerve fibres growing downwards through it),

Lataral vaniricle

Devatoping
corabral corox

Path taken by fibfes
of Internal capsuls

Caudate nucleus

Thalamus Lentdorm nuclaus

Third
wvaniriche

Fig. 17.26: Deep part of corpus striatum becomes the caudate nucleus. Superficial part becomes the
lentiform nucleus. Note relation of these to the thalamus developing in the diencephalon,
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Caudate niclous
f
I

Fig. 17.27: With enlargement of the telencephalon the lentiform nucleus comes to lie [ateral to the

thalamus, The internal capsule passes through the imterval between the lentiform nucleus laterally and the
cauvdate nucleus and thalamus medially.

Cerebral Cortex

Ihe cerebral cortex is formed by migration of cells from the mantle layer into the overlying
marginal laver. These cells divide, and subdivide, leading 1o considerable thickening of
the cortex. By full term, several layers of cells can be recognised. Simultaneously, there is
considerable side to side expansion of the cortex as a result of which its surface area is greatly
increased. As the surface expansion s ata greater rate than that of the hemisphere as a whole,
the cortex becomes folded on itself. Sulci and gyri are formed as a result of this folding. The
region of the insula is relatively slow in growth, and is gradually overgrown by adjacent areas,
which form the opercula of the insula.

From a developmenital point of view, the cerebral cortex consists of: (a) the kippocampal
cortex, (b)) the pyriform cortex, and (c) the reocortex. The neocortex is the most important
part. It undergoes very great expansion and forms the whole of the cerebral cortex seen
on the superolateral and medial surfaces of the cerebral hemisphere, and the cortex of the
inferior surface excluding the pyriform area (Fig. 17.29B). The hippocampal cortex forms the
hippocampus, and the indusiom griseum. The piriform cortex gives rise to the part of the
cerebral cortex that receives olfactory sensations. It forms the uncus, the anterior part of the
parahippocampal gyrus, and the anterior perforated substance.

Thedevelopingtelencephalon hasamedialwall (appesed toits counterpariofthe opposite
side), a superolateral wall, and a basal striatal region (Fig. 17.24 C). The hippocampal cortex
develops in the medial wall, the pyriform cortex in the marginal layer superficial to the
corpus striatum, and the neocortex in the superolateral region (Fig. 17.294).
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Outling of Hippocampal comax
cerabral hemisphene

j B
suwr\-enlrn::urar

loramen

Hippocampal corlex
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Charaid hasune (Dots)

Cerebral hemisphara Indusiom grisaun

{Medial aspect) ™

Dentale gyiué

Fig. 17.28: Three stages in formation of the hippocampal cortex.

From Figs. 17.28, 17.294, it will be seen that the hippocampal cortex is closely related to
the choroid fissure. With the establishment of the inferior horn of the lateral ventricle, the
hippocampal cortex follows the curve of the choroid fissure and thus assumes a ring-like
configuration (Fig- 17.28B). Hawever, the superior part of the hippocampal cortex is soon
separated from the fissure by the formation of the corpus callosum. This part of the cortex
remains rudimentary and forms the indusium grisewm. The lower part of the hippocampal
cortex undergoes relatively greater development and becomes the hippocamps and
the dentate gyrus (Fig. 17.268C). With the expansion of the neocortex (see below), these
structures are pushed into the cavity of the inferior horn ofthe lateral ventricle (Fig. 17.298)
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. et of the cerebral cortes. Most of the cerebral cortex is derived from the
eocoriex The hippocamipal cortex forms the hippocampus and the indusiurm griseum.
The piriform cortex forms part of the limbic systenn.

White Matter of Carebrum

e bulk of the cereb

rum is constituted by its white matter. This.is made up of:
axons of cortical celis that grow towards other areas of the cortex, either in the same orin
the opposite hemisphere;

axons of cortical cells thar grow downwards through the hemisphere, on their way to the
brain stem and spinal cord;

axons that connect the thalamus, hypothalamus and basal ganglia 1o one another and 1o
the cortex; and

axons that grow into the hemisphere from the brainstem and spinal cord.

Cerebral Commissures

The par of the wall of the neural tube that closes the cranial end of the prosencephalon is
called the famina terminalis (Figs. 17.30, 17.31A). Alter the appearance of the telencephalic
vesicles, the lamina terminalis lies in the anterior wall of the third ventricle. Reference to
Fig. 17.30 will show that any neuron growing from one hemisphere to the other must pass
threugh this lamina. To facilitate this passage, the lamina terminalis becomes thickened 1o
form the commissural plate (Fig. 17.318).

‘The first commissural fibres w develop form the anterior commissure. This is followed
b the formation of the hippecampeal commissure. The corpis eallosum appears later It
at first, lies anterior to the diencephalon, but because of rapid increase in its size it extends
backwards and roofs over this region (Fig. 17.31C).

Other commissures that appear are the opric chiasma, the habenular commissure and
the posterior commissure,
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Lateral veniricle
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Flg. 17.30: Diagram to show how the [amina terminalis serves as a path for nerve fibres
passing from one cerebral hemisphere to the other.
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Fig. 17.31: Development of the corpus callasum and other cammissures.
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Anomalies of the Brain and the Spinal Cord

Non-closure of Neural Tube

2 Posterior rachischizis: The whole length of the neural tube remains unclosed (Figs. 17.32A).

3 Anencephaly: The neural tube remains open in the region of the brain. The exposed brain tissue
degencrates.

2 Non-fusion of the neural tube is of necessity associated with non-closure of the cranmium (cramiam
Biffidum) or of the vertebral canal (spina bifida, Fig. 17.32A),

Outward Bulging of Nevral Tube and Covering Membranes

A5 a result of non-fusion of the neural tube, or of overlying bones (€., spina bifkda), neural tissue may i
or vertebral canal. When this happens in the region of the brain the condition
and when it octurs in the spinal region it is called myefocoele (Figs. 17.328, C).
gsure of the neural tube, nervous tissue is exposed on the
schisis (Fig. 17.32A)

nd the cutward bulging is a result of a defect in the overlying
covered by bulging skin and membranes (meningo-myfocoele)

oulsikde the Crar

oo by the membranes alone (meningeceele), the neural tissue being
). Some varieties of these conditions are illustrated in Figs. 17:32B to E.
= 15 present, the medulla oblongata, and the tonsils of the cerebellum,
oramen magnum causing obstruction to the flow of cerebrospinal fluld.
¢, These conditiens together constitute the Arnald Chiari deformity.

An abnormal quantity of cerebrospinal fluid may accumulate in the ventricular system of the brain
hydrecephalus). This may be due to a blockage 1o its flow or 1o excessive production. The ventricles
become very lorge and the infant is born with a large head. The pressure of the fluid causes degeneration
of nervous tissue. Similar enlargement of the spinal cord s called hydromyella; the enlargement of
the central canal being called syringocoele. This condition may be associated with the formation of
abnormal cavities near the central canal (syringemyelia). Destruction of nervous tissue at this site
resuits in & characteristic syndoomie.

In one form of hydrocephalus resulting from blockage of the median and lateral apertures of the
fourth ventricle, the enlargement is predominantly in the posterior cranial fossa, and the cerebellum is
abnormal (Dandy Walker syndreme). Obstruction to flow of cerebrospinal fluid may also be caused by
siencsls or malformation of the cerebral aqueduct.

Faulty Development

The brain may be too small (microcephaly) or too large (macracephaly), Gyri may be absent of may
be poorly formed. Faulty development of the cerebral corex may lead to impaired intelligence or in
congenital paralysis,

Absence of Parts of the Nervous System

Parts of the nerveus system may be absent. Absence of the corpus callasum, spinal cord or cerebellum
5 documented,
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Fig. 17.32: Ancmalies of the neural tube. (A} Posterior rachischisis. (B), () and (E} Varieties of
meninge-myelocoele. (D) Meningocoele.

Sympathetic Neurons

Ariy

sympathetic pathway consists of two neurons, i.e. a preganglionic and a postganglionic

TRELErOT.

a

The preganglionic neurons develop in the mantle layer of the thoraco-lumbar region
of the spinal cord (segments T1 to L2 or L3). These cells are located near the sulcus
limitans, and form the lateral horn of the cord (Fig. 17.33). The axons growing out from
them are myelinated. They pass into the ventral nerve roots o enter the spinal nerves.
After a very short course through the spinal nerves, they leave them and grow towards
the postganglionic neurons. The postganglionic neurons form the various ganglia of the
sympathetic trunk. Some postganglionic neurons come to lie near the viscera, and form
visceral sympathetic ganglia, The preganglionic fibres meant for them do not relay in the
sympathetic trunk but pass through branches of the trunk to reach the visceral ganglia.

The axons of the postganglionic neurons grow towards the various viscera of the body, 1o
innervate them, Some of them enter spinal nerves and are distributed through them to

blocd vessels, hair and sweart glands. Postganglionic neurons are generally believed 1o be
derived from cells of the neural crest,
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Fig. 17.33: Development of preganglionic and postganglionic sympathetic neurons.

Parasympathetic Neurons

As in sympathetic pathways, parasympathetic pathways also consist of two neurons
(preganglionic and postganglionic).

The Preganglionic Neurons
The preganglionic neurons of the parasympathetic system are formed in two distinet situations,

The Cranial Parasympathetic Outflow

These newronsare formed in relation to the e neral visceral efferent nuclear column of the brain
stem (Fig. 17.344), They give rise 1o the Edinger-Wesiphal nucleus, salivatory and lnerimatory
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Fig. 17.34: Development of preganglionic and postganglionic parasympathetic nesrons.
1Al Cranial outflow. (B) Sacral outflow.

nuclei and the dorsal nucleus of the vagus. The preganglionic parasympathetic fibres taking
origin from the Edinger-Westphal nucleus run in the oculomotor nerve te reach the ciliary
ganglion. The superior salivatory and lacrimatory nuclei give origin to preganglionic fibres,
which run in the facial nerve to reach the sphenopaltine and submandibular ganglia. The
inferior salivavory nucleus give origin to the fibres which are related to the glossopharyngeal
nerve and terminate in the otic ganglion. The dorsal nucleus of the vagus gives preganglionic
parasympathetic fibres that terminate in various ganglia situated in the walls of viscera
supplied by the vagus nerve,

The Sacral Parasympathetic Qutflow

The preganglionic neurons are formed in the mantle layer of the sacral part of the spinal cord
(52 - 54). These cells lie near the sulcus limitans. Their axons constitute the preganglionic

parasympathetic fibres, which terminate by synapsing with postganglionic neurons situated
in the walls of pelvic viscera and hindgur.
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The Postganglionic Neurons

Postganglionic parasympathetic neurons are derived from the neural erest cells.

In the cranial region, the postganglionic parasympathetic neurons form the ciliary, ofic,
submandibular and sphenopalatine ganglia, Ganglia are also present in various viscera
supplied by the vagus nerve.

Postganglionic parasympathetic neurons are also present in various ganglia that lie In
relation 1o the hindgut and pelvic viscera. These neurons receive preganglionic fibres of the
sacral outflow:

It should be noted that the entire length of the gut (from oesophagus to anal canal) is
populated by postganglionic parasympathetic neurons which are of neural crest origin. The
neural crest cells within the gut form the enteric nervous system.

® TIMETABLE OF SOME EVENTS DESCRIBED E!"v! [H!S CHAPTER

3rd waek Neursl tubs beging 1o form
dih wask Maural folds begin to fuse.
o

ol sansory ganglia (spinal and cranial) are formed.

25th day Eriar NBUrOpore.
27th day Closure of posierior neurcpora.,
281h day The most eranial pair-of canvical spinal ganglia develops.
Sih wankk Formaiion of brain vesicle.
Sympatheiic ganglia are formed.
Carabral hemisphenes begin to form
Eth waek Cerebellum staris forming.
10th week The corpus callosum forms.
121h wask Careballar conex and purkinge cells ane fonmed.
15th week The deniaie nucleus is sean.
#th month Myelination of nanse fibres begin.

Late fetal iife Sulci and gyri appear over cergbral hemisphanes.
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Hypophysis Cerebri,
Pineal, Adrenal

ILIGHTS
Ihe pars anterlor and intermedia of the hypophysis cerebri develop from Rathke’s pouch, The pars
nervosa develops from a downgrowth arising from the floor of the third ventricle.

Ihe pineal gland develops as a divertioulum from the roof of the third ventricle {diencephalon),
e adrenal cortex is derived from coelomic epithelium. The cells of the adrenal medulla are
ferived from the neural crest,
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In this chaprer we will consider the development of three glands, the development of which is
closely connected with thatof the nervous system.

HYPOPHYSIS CEREBRI

The hypophysis cerebri or piiuitary gland is developed from two separate sources,

2 The anterior and intermediate parts of the organ develop from an ectodermal
diverticulum, that grows upwards from the roof of the stomatodasum, just in frent of the
buccopharvngeal membrane. The diverticulum is called Reatlike's pouch (Fig. 18.1A). It
later becomes cut off from the stomatodaeum (Fig, 18.1B).

o The pars nerposa and stalk of the hypophysis cerebiri develop from a down-growth
from the floor of the third ventricle (diencephalon) in the region of the infundibulum
(Fig. 18.1C). This downgrowth comes into relationship with the posterior aspect of Rathke's

pouch and fuseswith it (Fig. 18.1C).

Ihe anterior wall of Bathke's pouch proliferates greatly to form the pars anterior of the
hypophysis, The posterior wall remains thin and forms the pars intermedia. The original
cleft of Rathke's pouch separates those two parts. Some cells of the anterior part grow
up'uud gal nl g the Infundibular stalk wo form the fmberal part of the hypophysis.

11 tien of the mouth and pharyny, the original site of auachment of Rathke's
pouch o the stomatcdaeum, comes (o lie in the roof of the nasopharynx. Remnants of
Rathke’s pouch v sumetimes give rise 1o peculiar umours called craniopharyngiomas
1 relation to the sphenoid bone and the roof of the nasopharynx.

; Pinial @vaginalbsn
¥
A Evagination from

/ﬂ" - fhoar of déencaphalon
/ Diencophiion @ bocamos sol

Rathke's pouch s cul
thme 5)’/_.' \ physaal

off from stomatedasum

u-.-agunamn f
: Stomaicdasum L —— Foregul
II|' .
\‘5_/ Slomatodagum
Pars tubaraks Stak of hypophysis

Pars amar'm_/ — Pars posterior

\.
|_ '\__J)'; ars intermedia

Fig. 18.1: Developmem of hypophysis cerebri,
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Accessory anterior lobe tissue may be seen in relation to the posterior wall of the pharynx.
Rarely the hypophysis may fal to develop (agenesis) or may be under developed (hypoplasia).
Rathke's pouch appears in the third week of intrauterine life. It loses contact with the

surface epithelinm by the second month.

PINEAL GLAND

The pineal gland, (or pineal body) arises as a diverticulum from the roof of the diencephalon
(Figg. 18.1A). The outgrowth is at first hollow but later becomes solid (Fig. 18.2).

Fineal vagination

L]
#
& g | - *1
Cavity of u.anc;'mumn ;

Fig. 18.2: Development of pineal body.

B

Ihe specific cells of the pineal body are believed to be modified neuroglial cells. For long
considered to be avestigeal strueture of ne importance, the pineal gland is now known to

secrete a number of hormones that have a regulatory influence on many other endocrine
glands.

ADREMNAL

The adrenal gland consists of a superficial cortex, and'a deeper medulla. The cells of the cortex
arise from coclomic epithelium (mesoderm). The cells of the medulla are derived from the
newral crest (ectoderm).

The cells of the cortex arise from the coelomic epithelium, that lies in the angle between
the developing gonad and the attachment of the mesentery (Figs. 18.3A). The cells arising
from the coelomic epithelium may be divided into two groups:

1. The cells that are formed first are large and acidophil. They surround the cells of the
medulla, and form the fetal cortex (Figs. 18.3C, D). The fetal cortex disappears after
birth.

2. Subsequently, the coelomic epithelium gives origin to smaller cells that surround the
fetal cortex. These smaller cells form the definitive cortex (Figs. 18.3C, D). According to
some authorities the cells of the fetal cortex are incorporated into the reticular zone of
the definitive cortex.

The differentiation of cortical zones (Fig. 18.30) begins during the late fetal period. The
zona glomerulosa and zona fasciculate are present atbirth but the zona reticularis becomes

353



Hurnan Embryclogy

Neural crest

Sympainetic b

Calls From neural crast 5{ LN
A Y \:‘\ Maural

by L]
Calis arising fees b
from colomic e 2 5

T "'// The definitive cortox
diflarantiatos into
| : © . _-Zona Glomenulosa

- Zona fasciculala
‘- b
’f Zone reticularis

8
b

Fig. 18.3: Stages in the development of the adrenal gland,

recognisable at the end of the third year. The suprarenal of the human fetus is almost of the
same size asthat of the aduly It is quite large as compared to the fetal kidney. The size of the
gland {particularly of fetal cortex) becomes smaller during the first year of postnatal life.

The cells of the medulla are derived from the neural crest. They are similar to the
posiganglionic sympathetic neurons (cells of s:,.rmpalhetit: ganglia). Pre-gangliunic
sympathetic neurons terminate in relation to them. These cells migrate to the region of the
developing cortical eells and come 1o be surrounded by them.

‘The adrenal gland begins to develop in the fiflth week ol intrauterine life.
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ﬂ:.l_.'_l,_ﬂlll:ﬂ.t. CORRELATION

Anomalies of Adrenal

O Adrenal cortical tissue may be present at varicus ectopic sites.

9 The entire adrenal may be ectopic and may lie deep to the capsule of the kidney. It may be fused 1o
the liver or the Kidney,

a There may be congenital hyperplasia {overdevelopment) of the cortex. In the male this leads to
the adrenogenital syndrome marked by very early development of secondary sexual characters.
I the female, it may cause enlargement of the clitoris and the child may be mistaken for a male

|pseudehermaphraditism).

CHROMAFFIN TISSUE

Chromaffin tissue is made up of cells similar to those of the adrenal medulla, and like the
latter, 1s derived from the cells of the neural crest. This tissue is to be seen in relation to
the abdominal aorta where it forms the para-aortic bodies. If s also seen in relation to
svinpathetic ganglia and plexuses and along the splanchnic nerves.

VIVIETABLE OF THE EVENTS DESCRIBED IN THIS CHAPTER

Developmantal Events.

el wrpak Infundibular diverliculem develops in the floor of 3rd venlricle.
dih weak Rathke's pouch projects from the roof of stomodeun.

Sth weak Adrenal gland begins to develop.

Bih week Rathke's pouch loses its connection with the oral cavity.
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The Eye and Ear

HIGHLIGHTS

Thiz retina is formed from the optic vesicle, an outgrowth of the prosencephalon. The aptic vesicle
is converted Inbd the opticcup.

The fens 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.

Oiher coats of the eyeball are derived from mesoderm surrounding the optic vesicle. The epitheliurm
covefing the superficlal surface of the cornea &5 derived from surface ectoderm,

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

The lacrimal sac and nesolacrimal duct are derived from ectoderm buried in the naso-optic furrow.
The membranous labyrinth (internal ear) is derived from a thickening of surface ectodearm called
the otic placede. The placode is converted into the otfc vesicle and then to different parts of the'
labyrinthy

The bony labyrinth is formed from mesenchyme surrounding the membranous labyrinth.

The middie ear and audftory fube develop from the tubo-tympanic recess (from first and second

pharyngeal pouches),

The malfeus and inces are derived from Meckels cartilage, The stopes is derived from the carliFagt
of the second pharyngeal arch.

The external ocoustic meotus is derived from the first ectodermal cleft. The awuricle is formed from
swellings that appear around the cleft.

—_ — — -




Chapter 18 — The Eye and Ear

DEVELOPMENT OF THE EYE

The various components of the eyeball are derived from the following primordia;
1. Anoutgrowth from the prosencephalon called the opric vesicle.
2, A specialised area of surface ectoderm (called the fens placode) that gives rise (o the lens.

3. The mesoderm surrounding the optic vesicle.

Formation of the Optic Vesicle

2 Theregion of the neural plate destined to
for -ephalon s i I plate
form the prosencephalon shows a linear Moura [
R ; i 3 (region of forabraing
thickened area on either side (Fig. 19:18). A / Eotodena

this area soon becomes depressed to e 7 ]
form the optic sulcws (Fig. 19.1C). = —m

Meanwhile, the neural plate becomes
converied into the prosencephalic vesicle.
15 the optic suleus deepens, the wall of A thickening appears
ihe prosencephalon overlving the suleus - =
bulges outwards to form the optic vesicle : :
{Flgs.19.1D, E).

The proximal part of the optic vesicle
becomes constricted, and elongated, o Thickening evaginaled
form the eptic stalk (Fig. 19.2). Lo i SO

Formation of the Lens Vesicle

2 As the optic vesicle prows laterally, it
comes inte relation with the surface
cetoderm. An area of this surface
ectoderm, overlving the optic vesicle, D
hecomes thickened o form the lews -
Macade (Fig. 19.3A).

2 The lens placode soon sinks below the

surface and is gradually convened into Optic vesicle
the lens resicle (Fig, 19.3).
g The lens wvesicle becomes completely E Prozancephalon

separated from the surface ectoderm.

Fig. 19.1: Formation of the optic vesicle,
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Fig. 19.2: Formation of the optic stalk.
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Fig. 19.3: Dewelopment of the lens vesicle and its invagination into the optic cup.

Foermation of the Optic Cup

While the lens vesicle is forming, the optic vesicle
becomes converted into a double-lavered opric
cup.

From Fig. 193 it is easy to gain the impression
that this has happened because the developing
lens has invaginated itself into the vesicle. However,
this is not so. The conversion of the optic vesicle,
to the optic cup, is a result of differential growth
of the wall of the vesicle. The margins of the cup
groww over the upper and lateral sides of the lens w
enclose it. However, such overgrowth does not tike
place on the inferior aspect of the lens, as a result of
which the wall of the cup shows a deficiency in this
situation. This deficiency extends for some distance
along the inferior surface of the optic stalk and is
called the choreidal or fetal fissure (Fig. 19.).

Wall of diencaphalon

Fig. 19.4: Optic cup and stalk seen from
below to show the choroidal fissure.



Chapter 19— The Eye and Ear

Flg. 19.5: Stages in the formaticn of the lens of the eye.

he developing nevural tube is surrounded by mesoderm, which subsequently condenses
(e the meninges. An extension of this mesoderm covers the optic vesicle, Later, this
mesoderm differentiates to form a superficial fibrous layer corresponding to the dura mater,
and i deeper vascular laver corresponding to the pia-arachnoid. With the formation of the
optic cup, part of the inner vascular layver is carried into the cup, through the choroidal
sure (Fig. 19.644).

Derivation of Parts of the Eyeball

The derivation of the various parts of the eyeball can now be summarised as follows:

3 CIhe fens is formed from the lens vesicle, The vesicle is at first lined by a single laver of
cubical cells (Fig. 19.5A). The cells in the anterior wall of the vesicle remain cubical. Those

n the posterior wall gradually become elangated (Figs. 19.5B o D). Asthey do sothe cavity

ol the vesicle is encroached upon and is evenually obliterated. The elongated cells of the

posterior wall lose their nuelei and are converted into the fibres of the lens. The anterior

layer remains as the epithelium covering this aspect of thelens,

g Thereting is derived from the layers of the optic cup. The optic cup is divisible into anterior

and posterior parts. The larger posterior part, becomes thick, and forms the retina proper
(optical part of reting). The anterior part remains thin, and forms an epithelial covering
[ the ciliary body and iris (ciliary and iridial parts of retina: Fig. 19.68],
The outer wall of the posterior part of the optic cup remains thin, Its cells form the
pigmented layer of the retina, The inner wall of the cup differentiates into matrix cell,
mantle and marginal layers as in the neural wibe. After giving origin 1o the cells of the
mantle laver, the cells of the matrix layer form the rods and cones. The cells of the mantle
layer form the bipalar cells, the ganglion cells, and other neurons of the retina, and also
the supporting elements. The axons of the ganglion cells grow into the marginal layer to
form the layer ofnerve fibres. These fibres grow into the optic stalk by passing through the
choroidal fissure. The optic stalk, is thus, convened into the optic nerve.

g The vitreans is believed to be derived partly from ectoderm and partly from mesodernn.
The ectodermal component is derived, mainly, from the optic cup but the lens vesicle may
also contribute to it The mesodermal component comes into the optic cup through the
choroidal fissure.
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Fig. 19.6: (A) Developing optic cup surrounded by extensions of pia-arachnoid and duramater.
(B} Subdivisions of the optic cup.

3 The chorsid is formed from the inner vascular layer of mesoderm that surrounds the
optic cup (Figs. 19.6A, 19.7). According to some authorities this mesoderm contains cells
derived from the neural crest,

The mesodermal basis of the ciliary body and iris is derived from a forward prolongation
of the mesoderm forming the choroid. The posterior surface of this mesoderm comes 1o
b lined by two layers of pigmented epithelium derived from the ciliary and iridial paris
of the retina. The two layers of epithelium correspond 1o the two layers of the optic cup
(Fig. 19.7).

The muescrlature of the iris (sphincter and dilator pupillae) is of cetodermal origin (optic
cupl. The ciliary muscles have been generally regarded as mesodermal but the present
view is that they are ol neural crest origin.
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Fig. 19.7: (A} Derivation of coats of the eyeball. Mote pupillary membrane and hyaloid artery.
For parts of retina see Fig. 19.6. (B) The hyaloid artery and pupillary membrane have
disappeared. Position of artery can be seen as the hyaloid canal,
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Table 18.1: Summary of derivation of various part of the eye ball
Dotived from

Lens Surface ecioderm

Retina Neursecioderm (oplic cup)

Vitreous Mesodem

Choroid Mesoderm (infiltratled by noural crest cells 7)

Ciliary body Mesoderm
Ciliary muscles  hesenchymal cells covering the developing ciliary body (neural crast?),

Iris Masoderm

Muscies of Iris Meurgectoderm (from oplic cup)

Sclera Mesadarm (infitrated by neural crest cells?)

Comea Surdace enlthelium by ectoderm, substantia propria and inner epithelium by neural
crest

Conjunctiva

o gelodanm
Elood vessols Mesodarm

Optic nerve jerm. fts coverings (pia, arachnoid and dura) are derived from

o The sclerais formed frum the posterior partof the layer of mesoderm surrounding the optic
cup, and corresponding to the dura (Figs, 19.6A, 19.7). Some authorities believe that (like
the choraid) the mesoderm forming the sclera is infilirated by cells from the neural crest.

o The substantia propria and inner epithelium of the cornea are derived from the neural
crest and are formed by the same layver that forms the sclera. The substantia propria is in
close contact with the surface ectoderm that forms the epithelium covering the superficial
surface of the cornea (Fig. 19.7).

2 The anterior and posterior chambers of the eve (aqueous chamber) are formed by a
splitting of the mesoderm in the region, and correspond o the subarachnoid space of
the brain. The cavity of the anterior chamber is formed by vacuolization of mesoderm

present anterior to the lens. Vacuolization splits the mesenchyme inte outer (anterior) and

inner (posterior) layvers. The outer laver becomes continuous with the sclera and with the
substantia propria of the cornea. The inner layer lies in front of lens and iris and is termed
the pupillary membrane (Fig. 19.7A). The mesodermal cells lining the cavity give origin to

a flattened mesothelium.

4 The blood vessels of the eyeball are Tormed in the mesodermal layer that is a continuation
of the pin-arachnoid.

Wie have seen already that this mesoderm forms the choroid and contributes to the ciliary
body and iris. Part of this mesoderm, that gets invaginated into the optic cup, forms the retinal
vessels. The central artery and vein of the retina at first lie in the choroidal fissure, but come to
b buried in the fibres of the developing optic nerve. As the choroidal fissure extends for some

distance along the optic stalk, the central artery of the retina runs through the substance of the
362 distal part of the optic nerve.
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[nitially, the lens is completely surrounded by a vaseular capsule. The posterior part of the
capsule is supplied by the hyaloid artery (Fig. 19.7A). This artery is a continuation of the central
artery of the retina and passes through the vitreous. Later in fetal life, the vascular capsule and
the hvaloid artery disappearn, but the hyaloid canal in the vitreous (through which the artery
passes) persisis.

The anterior part of the vascular capsule of the lens, comes to be lined posteriorly by the
iridial partof the reting, and forms the iris (Fig. 19.7A,B). The pupil is for some time closed by
a parit of this vascular tissue, which is termed the iridepupillary membrane, This membrane
normally disappears before birth.

Accessory Structures of Eyeball

The eyelids are formed by reduplication of the surface ectoderm above and below the comea
(Fig. 19.8) The ectodermal folds formed contain some mesoderm that gives rise (o muoscle
and 1o the tarsal plates. As the folds enlarge, their margins approach each other. Ultimately,
they meet and [use together., The lids thus cut off a space called the confunctival sae. The
conjunctiva is, thus, of ectodermal origin. The lids remain united with each other unil the
seventh month of intrauterine life, (In many lower animals, e.g., cats, the offspring are born
with [used eyelids).

[Nie facrineal gland is formed from a number of buds that arise from the upper angle of
the conjunctival sac (Fig. 19.80).

[N faerintal sae and nasolacrivnal dect are derived from the ectoderm of the naso-optic
[or nasolacrimal) furrow (Fig. 19.9). This furrow lies along the line of junction of the maxillary
process and the lateral nasal process, and extends from the medial angle of the eye 1o the region
of the developing mouth (Fig. 19.10). The ectoderm of the furrow becomes buried to form a
solid cord that is subsequently canalised (Fig. 19.11). The upper part of this cord forms the
fncrimal sac. The lower part, acquires a secondary connection to the nasal cavity, and forms
the nasolacrimal duct. The lacrimal eanalienli are formed by canalisation of ectodermal
buds that arise from the margin of each eyelid near its medial end and grow to the lacrimal sac.

Fig. 19.8: Formation of evelids, conjunctival sac and lacrimal gland.
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Fig. 19.10: Position of nasolacrimal furrow and of

nasolacrimal duct projected on to an adult human face.
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Fig. 19.11: Formation of
nasalacrimal duct.

Anomalies of the Eyeball

o The entire eyeball may fail 1o develop lanophthalmes), or may remain very small (microphthalmos).
O The two eyes may fuse completely (eyelopial, or partially (synophthalmes), to form one midling

argan (Flg. 1912}

2 The optic vesicle may not be invaginated by the lens and may remain as a cyst.

=

Fallure of the choroidal fissure to obliterate completely, may lead to deficiencies (cofoboma) of

warious layers of the eyeball including the iris, ciliary body and choroid (Fig. 19.13),

opacities.

scleral.

The comea may be abient. It may show anomalies of size and shape, and may also show congenital

The seleta may be thin with the result that the plgment of the choroid can be seen through it (blue

pm——

T
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Clinical Correlation contd...

O In addition to various types of coloboma, the iris may show anomalies of its histological structure,
Viery rarely, the sphincter or dilator pupillae muscle may be absent. The pupil may be abnormal in
position, shape or size.

O The lens may, very rarely, be absent or may be very small. It may be abnermal in position or shape. It
may show congenital opacities (cataract). Congenital cataract may be due to parathyroid deficiency,
o avitarmingsis or to the infection, German meastes, (acquired during early pregnancy). Cataract may
be genetically determined,

0 The hyaloid amery and the vascular capsule of the lens, or their remnants, may persist, When the

capsule persists on the anterior aspect of the lens it may completely occlude the pupil (persistent

puplilary membrane).

Thie various fayers of the eye may show anomalies of pigmentation. There may egither be too little
il A% i albiniem, o oo much,

d The retina may show various congenital anomalies in its structure. These may invalve the macula,

may result in visual defects, including those of colour vision.

median eye

Fig. 19.13: Coloboma
of iris.

Fig. 19.12: {A) Synophthalmos (fused median eye). A section through
such an eye is shown in (CL In (B) we see synophthalmos,
and a proboscis above the median eye.
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Fig. 19.14: (A} Coloboma of upper lid. (B) Epicanthic fold. Such a fobd is normaliin some races,
e.g. Mongalian (Chinesa).

Clinical Correlation comid...

Anomalies of Accessory Structures of Eve

Anomalies of Eyelids ond Related Structures

| -]

- |
-

-
a
o

o

The evelids may very rarely be absent, In these cases thereis no conjunciival sac. The conjunciiva
anc the corneaare replaced by shin

Fart of the eyelid may be missing (colobomea ofeyelid; Fig. 19.144). There may be underdevelopment
of the tarsus or of the Melbomian glands

The palpebral fssure may be abnormeally wide or narmow. it may be abnormal in orientathon and
Shivpe. Thie Two lids ma completely; or partially, fused with each other.

There may be abnormal folds of skdn in relation 1w the lids, Similar folds, e.q.; epfeanthus (Fig. 19.148)
may bea normal feature in certain races,

Thee fid margins may be turned inwards fentroplon) or outwards (ectropion) (Fig. 19.15). Rarely. the
whote fid may be everted

The levator palpebrae superioris may fall to develop. This leads 1o drooping of the lids (prosis).

The eyelashes, and eyebrows, may be missing, or may be duplicated. The eyelashes may be abnormal
in-direction,

Anomalies of the Lacrimal Apparatus

The lacrimal giand may be absent or non-funclional. The gland may be ectopic in position;

The lacrimal passages may be absent in whole or In part, or there may be atresia of some part.

The lacrimal duct may be representad by an open furrow on the face, due to non-obliteration of the
naso-optic furrow (see oblique faclal cleftl,

There may be supernmumerary puncta, or canaliculi.

A B Cc

Fig. 19.15: (A} Normal lid. (B) Entropion. (C) Ectropion.
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DEVELOPMENT OF THE EAR

The three morphological subdivisions of the ear (namely the external, middle and internal ear)
each have a separate origin,

Internal Ear

Thie membranous labyrinth is derived from a specialised area of surface ectoderm overlying
the developing hindbrain. This area is first apparent as a thickening called the otic placode
(Fig. 192.16A). The atic placode soon becomes depressed below the surface to form the atic pit
Fig. 19, 1GB], The pit then becomes rounded to form the etic vesicle which separates from the
e ectoderm [ Fig, 19.16C).

The oticvesicle is at first an oval structure. By differential growth of various parts of its wall,
L gives rise wothe structures comprising the membranous labyrinh.

Some details of this process are illustrated in Fig. 19.17.

Localised areas of the epithelium of the membranous labyrinth undergo differentiation
1o [orm specialised sensory end organs of hearing, and of equilibrium (eristae of semicircular

icts; macielae of utricle and saccule; organ of Corti of cochlea). These are innervated by
pheral processes of the cells of the vestibulocochlear ganglion. This ganglion is derived
from the neural erest. Iis cells are peculiar in that they remain bipolar throughout life
i 19.18),

Ihe Douy labyrinth is formed rom the mesenchyme surrounding the membranous
fabyrinth, (Fig, 19.19A). This mesenchyme becomes condensed to form the ofic capsule. The
mesenchymal condensation is soon converted into cartilage. Between this carilage and the
membranous labyrinth, there is a layer of loose periotic tissue (Fig. 19.19B). The spaces of
the bony labyrinth are ereated by the disappearance of this periotic tissue. The membranous
labwyrinth is filled with a Nuid called endolymph, while the periotic spaces surrounding it are
flled with perilymph.

The periotic tissue, around the wiricle and saccule, disappears to form a space called the
vestibule (Fig. 19.20). The periotic tissue, around the semicircular ducts also disappears to form
the semicircular canals. Two distinct spaces are formed, one on either side of the cochlear
duct. These are the scala tympani and the scala vestibuli. The scala vestibuli communicates

Surface
eclodanm

! Gitic
placada i
- el L

A “Meuralube B
[Metencaphalien)

Fig. 19.16: Three stages in the formation of the otic vesicle,
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Fig. 19.17: Gradual rransformation of a rounded otic vesicle to the highly complicated
form of the membranous labyrinth.

with the vestibule while the scala tympani grows wowards the tympanic cavity, from which it
remains separated by a membrane (Fig. 19.20) The cartilaginous labyrinth is subsequently,
ossified 1o form the bony labyrinth (Fig: 19.19D).

Middle Ear

The epithelial lining of the middle ear and of the phanmgo-tympanic wbe is derived from the
tuba-tympanic recess, This recess develops from the dorsal part of the first phanmgeal pouch,
and also receives & contribution from the second pouch (Fig. 19.21). The tympanic antrum,
and mastoid air cells are formed by extensions from the middle ear.

The mallews and fncus are derived from the dorsal end of Meckel's cartilage, while
the stapes 1s formed from the dorsal end of the canilage of the second pharyngeal arch
(Fig. 19.22). The ossicles are at first outside the mucows membrane of the developing middle
ear, They invaginate the mucous membrane, which eovers them throughout life (Fig. 19.23).
The ossicles of the ear fully ossify in the fourth month of intrauterine life. They are the first
bones in the body to do so.

The tensor iympani is derived from the mesoderm of the first pharyngeal arch and the
stapedius from that of the second arch.
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Fig. 19.18: Specialised sensory areas developing in the internal ear and their nerve supply.

External Ear

The external acoustic meatus is derived from the dorsal part of the first ectodermal cleft
[Fig. 19.24A ). However, its deeper part is formed by proliferation of its lining epithelium, which
grows towards the middle ear (Fig. 19.24B). This proliferation is at ficst solid (meatal pligg), but
is later canalised (Fig. 19.24C).

The auricle, or pinna, is formed from about six mesodermal thickenings (called tubercles
or Irillocks) that appear on the mandibular and hyoidarches, around the opening of the dorsal

part of the first ectodermal cleft (i.e. around the opening of the external acoustic meatus)
[Fig. 19.25).

Ihe mandibular arch forms only the tragus and a small area around it, the rest of the

auricle being formed from the hyoid arch, This is consistent with the fact that the auricular
muscles are supplied by the facial nerve.
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Fig. 19.19: Establishment of the basic structure of the bony labyrinth,
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Fig. 19.20: Some parts of bony labyrinth (Dlack), and of membranous labyrinth (pink].
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Fig. 19.21: Development of the middle ear (tympanum). Fermation of tubo-tympanic recess(A), and its

subdivision inta the tympanum and the pharyngo-tympanic tube (B).

Cartilagée of 2nd arch

Cartiage of Istarch

Otic capsule .

Fig. 19.22: The ossicles of the middle ear develop fromithe first and second pharyngeal arches.
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Fig. 19.24: Development of external acoustic
meatus, The solid mass of ectodermal cells seen in
(B} has been canalised as seen in ()

Tympanic Membrane

Fig. 19.25: Layers of tympanic membrane,

This is formed by apposition of the wbo-tympanic recess and the first ectodermal eleft,
these two forming the inner (endodermal) and outer (ectodermal) epithelial linings of the
membrane, The intervening mesoderm forms the connective tissue basis.

Two points worth noting are as follows:

2 The handle of the malleus grows into the connective tissue from above,
2 The chorda tympani nerve is at first ouside the membrane but comes w lie within its
372 layers, because of upward extension of the membrane,
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Fig. 19.26: Development of the auricle. (A} First ectodermal cleft around which the auricle develops.
&) small swellings or hillocks appear. (C) Hillocks gradualiy fuse with ane anather to form the auriche.

IHIEAE CoRAELATION

Anomalies of the Ear

Anamalies of the Auricle

3 The development of the auricle may get arrested at any stage. As a result of this, it may be totally, or
partially, absent; it may be represented by isolated nodules; or it may be very smal. Aliernatively it
midy be very large; ; 5

4 The migration of the auricle from its primitive caudo-ventral position may remain '“W"‘F'me-Tr‘“
megration occurs as a result of the growth of the maxillary and maﬂdib!-ll'-’” F"ﬂ"_fems- This explains
the association of caudo-ventral displacement of the auricle with mandibulofacial dysostosis.

Anomalies of the External Auditory Meatus

. [usnen
O There may be stenosis, or atresia, of the meatus over its whole length, oF over part of it. The

may be closed by fibrous tissue, by cartilage, or by bone. . ; Bratie
@ The normal curvature of the meatus may be accentuated asa result afwhich the tymaanic mem

cannat be fully seen from the ocutside, e e
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Clinical Correlation confd...
Anomalies of the Middle Ear

O The ossicles may be malformed. They may show abnormal fusion toone another or ta the wall of the:
middie ear. The siapes may be fused to the margins of the fenestra vestibuli;

2 The facial nerve may bulge into the middle ear and may follow an abnormal course.

2 The stapedial artery may persist.

Anomalies of the Internal Ear

Various parts of the membranous abyrinth may remaln underdeveloped. In some cases the cochlea
alone is affected. These anomalies lead to congenital deafness,

TIMETABLE OF SOME EVENTS DESCRIBED IN THIS CHAPTER

Eye
22nd diay Ansearance of opiic sulcus (ovar the neural plate).
A week Optc vesicle comes in contaet with gurface ecloderm:
Lens placode is forming
Sih weak Eye primordium is complelely surmounded by loose mesenchyme.
Bth weak Choroed fissure s formed
Lens vesicle is soan.
T week A solid lens s formed
The eyabali is most suscaptinle to taratogens duning the 4ih 1o 8th week; and can.gal affectad till the
end of pregnancy.
Ear
22nd day Oitic placode s sean,
Sth waek Auricle siarts forming,
Bth week The cochlea and semicircutar canals staris forming.
Bth week The cochlea and semicircular canal assume thelr definitive external form.
10N waek Seala vestibuli and scala lympani appear .
Tih manth External acoustic mealus gets canalised,
The ear is mos! sensitive {o leratogens during the 4th o Sih weeks, and can be affected up to Ihe 12th
waak.
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lasia, 111, 152

o BAd

7 il reaction, 46, 51

Yorosomue, 18,22

\drenal, 96,288, 325, 353, 354

rlosgin, 177

w, 160

i, 124, 335, 365

sntary system, 167, 180

Allantole diverticulum, 67, 97,
182

Uopecia, 124

Amasiin, 125

Amelia, 152

aAmeloblast, 171-2, 74

Amnlochorionic membrane, A8

Amnion, 45, 53, 54, 58, 65, 67,
71,81, B6-9

Amniotic Mluid, 52, 53, 65, BA,
a0, 144

.-'l.:||.||:|:||.|.'|_. i, 285

Anal canal, 95, 181-84, 190,
183-4, 350

Anastomosis, 208, 265-7, 269-
73, 275, 280
post-costal, 260, 262
post-transverse, 260, 262
pre-costal, 260, 262

Androgen binding factor, 317

Anenecphaly, 148, 346

Angioblast, 97

Angioblastic vissue, 240

Ankyloglossia, 177

Anmulus, 19, 21, 235

Annulus ovalis, 235

Ancdentia, 174
Anomalies, congenital, 15, 57,
144, 248
Ancnychia, 124
Anophthalmos, 364
Antrum, tympanic, 135, 368
Aorta
arch of, 259-60
double, 257
imterrupted, 257
right, 257
ascending. 2249, 237, 248, 257
coarctation of, 257
descending, 254
dlorsal, 130, 161 -832, 227,
229-31, 251, 254-55, 257,
260-61, 264, 269
pharyngeal arch, 251
primitive, 251
ventral, 130,251
Aortic sac, 229, 251-2, 254-5
Appendix, 188
Aqueduct, 319, 322, 333
Arachnodactyly, 152
Arch
aortic, 130
branchial, 128, 130, 147 -8,
157
hyoid, 129, 369
mandibularn 129, 136, 1535,
168, 174-5, 369
newral, 142-4, 146
pharyngeal, 127-33, 1357,
139, 153-4, 167, 174-5,
178, 212-3, 231, 251, 256
7. A56, 368, 371

primitive costal, 145

Armnold Chiari deformity, 346
Arrector pili, 122
Artery

ascending cervical, 262
axillary, 263
axis, 263
brachial, 263
brachiocephalie, 254-5
common, 136, 255, 257
external, 251, 254-5
intemal, 255
cervical, deep, 262
coeliac, 185, 187
dorsolateral, 260
inferior 262
sUperion 262
epigastric, superior, 262
intercostal, 139, 255, 262
interosseaus, anterior, 263
lateral, 260
lumibar, 143, 260
maxillary, 251
mesenteric
inferior, 181, 185, 189,
260, 265
superior, 180, 181, 185,
180, 190-1, 198-9
oesophageal, 260
oflimbs, 263
palmar arch, deep, 263
pharyngeal arch, 251, 257,
263
pulmonary, 229, 255
radial, 263
SOmalic imersegmental, 260
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splanchnic
intermediate, 260
verral, 260

stapedial, 251, 374

subclavian, 230, 254-7, 259-
60, 262-3, 269

thoracke, Internal, 262-3

thyrocervical. 260

ulmar, 263

umbilical, 264

veriehrl, 262

Astracyie, 116

Athelin, 135

Arlas, ocelplillization of, 145

A o0, DE3. 192-3, 190, 204,
213, 249, 298,366, 373

richia. 124

Arriium
lefe, 229, 234-7, 244, 248-50
right, 270, 278-9

Axomn. 114-18

B

Bapg of waters, 89

Bar, sternal, 141, 146-7

Bakle :1J'I,||||1 cull, 333

Bladder
g.nll. 1G4, 2.5, 204
urinary. 67, 95, 195-6, 281,

251-300

Blastocyst, 45, 31-4, 57, 64, 72-3,

76, B4-5
Blastapare, 59-60
Blood, 87
Blood island, 97
Body
basal, of spenmatozoon,
17-20
clliary, 359640, 362, 364
pineal. 338, 353
ultimobranchial, 135, 137
Bone
mreofae
primary, 103
sccondary, 14, 107
canilage, 102, 142, 148
cells of, 101

lormation of, 1001-3, 111, 132,

growth of, 108
lamellus of, 14
AT cavity in, 10
membrane, 102, 111
ossification of, 102
remodelling: 110
Brachydactyly, 152
Bronchi, 213-6, 228, 260
Biid
hepatkc, 201-3, 207, 228
lung, 201, 212, 214, 218-19,
237, 254-5
pancreatic, 203, 207-8
dorsal, 207
ventral, 207-8
periosteal, 104
laste, 176
ureteric, 282, 205-7, 289-M)
Bulbo-pontine exiension, 320,
332
Bulb, sinovaginal, 299
Bulbus condis. 229, 231, 237-8,
230-2
Bursa
infracardiac, 221
inguinal, 309-11

C

Caecum, 174, 177, 188-9
foramen; 137,174
Canal
anal, 95, 181, 183-4, 190, 193
otrig-ventricular, 229, 231,
233-5
notochordal, 5560
semicircularn 367
uierine, 2496
uiero-vaginal, 296
vesich-urethral, 269-590,
293.5
Canaliculi, lacrimal, 363
Cap, phrygian, 204-5
Caap, acrosomic, 18, 20
Capsule
masal, 147-8
olke, 148, 367
Cartilage
epiphyseal, 108-8, 111
Meckel's, 127, 131, 356

Cataract, 365
Caudal pharyngeal complex,
135-7
Cavity
ammniotic, 45, 52-6, G0, 64-5,
67, 71, 87-90
body, 217
nasal, 153, 158, 161-4, 363
pericardial, 58, 63, 67-8, 153,
218-9, 223, 2249 231, 246
peritoneal, 201, 218-22, 324-
5,283, 311
pleural, 218-21
Cell
amniogenic, 52, 54
embryonic stem, 57
germ, 306-7, 313
primordial, 306
granulosa, 256, 30, 44
interstitial, 307, 317
gland, 213
of ovary, 313
of westis, 307
lugeal, 29
of bone, 101
of Langerhans, 120, 208
of Merkel, 120
Schwann, 116
Seroli, 20, 317
stem, 2, 57, 97
haematopaoietic, 99
Cell division, 11
Cementoblast, 173
Centromere, 4, 9, 12, 14, 34
Centrum, 142-3
Cerebellum, 332, 334-5, 346-50
Cerebral hemisphere, 335-7
Cheek, 153, 156, 158
Chiasmata, 14
Chondro-osteo-dystrophy, 111
Chaorion, 53-4, 71, 74-6, B1, B7-8
Chorion frondosum, 74
Chorlonic villi, 71, 74-6, 85
Chorion lnevae, 74
Chorold, 327, 337-9, 343, 358,
G0, 32
Choroidal i ssure, 354.9, 1632,
a6
Choroid plexus, 338-9
Chromaffin tissue, 355



Chromatid, 4, 9-15, 34, 48
Chromosome, 3-3, 7=15
sex, 3
Ciliary body, 355-64, 362, 364
Circulation
at hirth, 279
fetal, 277-8
Cisterna chyll, 280
Cleavage, 49-50
Clelt
cctogdermal, 127-8, 133-4,
b4, 356; 372-3
1, 366
. hG0
lique, E60
illar, 178

iiial dyvsostosis, 111,

i miajor, 300
phin minaora, 301 -2
180-3, 189, 195, 200,

Cloace, mesonephric dwct, 289

i, 152

Coelom

cxira-cmbryonic, 53, 62-5,
71,879,181, 190
|||.I|.|-|'r||.||nr!.1v|_|:|'||1:II 5H, 52, B3,
217-8, 2239 240, 246, 283

Coloboma, 160, 3646

Colan, 180, 184, 189, 191-3,
197-9, 2323

Commissure, cerebiral, 344

Conjunctiva, 95, 362-3, 366

Connecting stalk, 45, 54, 56, 58,
b5, BT

Connective tissue, 94, 95, 97,
117, 135, 149, 185, 212, 215,
240, 245, 280, 295, 325, 372

Conus, 229, 231, 237-9, 241-2,
245

Copula, 175

Cor biloculare, 249

Cond
medullary, 307, 313
nephrogenic, 282-3, 285, 296
sex, 307, 3049, 313, 316-T
spinal, 57-8, 61, 117, 145,

260, 319-22, 325-9, 333-4,
344, 346-7, 349
umbilical, 58, 65-7, 1, 86,
90, 181
Comea, 362
Corpora atretica, 30
Corpus callosuny, 343-4, 345-6,
250
Corpus luteum, 17, 28-31, 37,
A1, 43-4, 83
of menstruation, 29
of pregnancy, 29
Corpus striamim, 319, 335, 340-2
Cortex, cerebral, 333, 335, 340,
342, 344, 346
Corti, organ of, 367
Cor triloculare, 249
Cor triloculare biventriculare,
245
Cotyledon
fetal, 81
matermal, §1
Craniopharyngioma, 352
Cranium bifidum, 346
Crest, neural, 116, 118, 120, 126,
133, 142, 171, 347, 350-1,
353-5, 319, 320, 324, 325,
327, 360, 362, 36T
Crista dividens, 243, 277
Crista terminalis, 236
Cryptorchidism;, 311
Cumulus oophoricus, 26, 27
Cumulus ovarlcus, 26
Cup, optic, 358
Cushion, atrio-ventricular, 238,
245, 249
Cycle
mensirual, 24-5, 31, 35-40,
A2-4, 73
ovarian, 29-31, 36, 41
Cyclopia, 364
Cyclops, 161
Cytotrophoblast, 71, 75, 77-80,
82,983
Cytotrophoblastic shell, 79-80

mD

Dectdua, 73-5, 78, 81, 86, BA
basalis, 73-5

Index

capsularis, 73, 74, 50
parietalis, 73, 80
Decidual plage, 73, 81
Decidual reaction, 73
Dendrite, 95, 114-5
Dental cuticle, 172
Dental lamina, 167, 169-71,
173-9
Dental papilla, 171, 325
Dentine, 167, IT1-4, 179, 325
Dermatome, 94, 112, 119-20
Dermis, 95, 112, 119-22, 124, 325
Dextrocardia, 248
Diaphragm,
anomalies of, 228
Diaphyseal aclasis, 111
Diaphysis, 94, 107-5, 110
Diastematomylia, 145
Diencephalon, 319, 321-3, 325,
335-41, 344, 351-3
Diferentiation, 116, 120, 149,
287, 317, 353, 367
Diplotene, 14
Dise, perichordal, 142
Discus proligerus, 26
Dislocation, cnngl:niml. 152
Diverticulum
allantoic, 58, 67, 70, 97, 182
iled, 195
Meckel's, 195, 209
Diuce
bile, 187, 202-4, 208
billary, extrahepatic, 204,
2067
cystic, 203-4
ejaculatory, 309
lactiferous, 124
Iymphatic, 280
right, 280
mesonephiric, 2683, 289.94,
29G-300, 307, 309, 314-7
nasolacrimal, 159, 356, 363-4
nephric, 2083, 285
ol Cuvier, 268
omphalomesenteric, G5
pancreatic, 208-10
inversion of, 209
Pammesonephric, 2p2.3,
296-8, 300, 314, 317

377
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thoracie, 260
thyroglassal, 127, 136-7, 139,
174, 157
vitelline, 65
viteHo-fnrestinal, 58. 65. 182,
195, 198
Ductule
abermnt, 212, 315
Puctus
aneriosus. 215, 254-7, 278,
280
patent, 257
caroticus, 2532-3, 256-7

deferens. 291, 309, 312, 314-6

venosus; 265-T, 277, 279-80
Bupdenum, 180, 183-5, 187
190, 192-5, 187 -203; 266
Dwarfiem, 111
Dwsostosis
cleldocranial, 148
muandibulo-facial, 148, 159-
50, 373
Drezplasia, fibrows. 111

RmE
Ear, 367
anomalies of 373
external, 159-60, 369
intermal. 1
middle, 95, 127, 131, 135,
356, 368, 371, 374
Ectoderm, 52
Ectodermal elef, 127-8. 133-4,
155, 356, 3649, 372-3
Ectopia vesicae, 293
Ectropion, 366
Embryo, folding of, 64

Eminence, hypo-hranchial, 167,

175, 179, 212-13
Enamel, 170-4, 179
Enamel ergan, 167, 170-1, 173
Enchondromatosis, 111
Endoderm, 55
Endodermal pouch, 127-8, 134,
178
Endolvmph, 367
Endothelium. 82, 240, 280
Enterocystoma, 195
Entroglon, 366

Epiblazt, 45, 52.54, 55
Epicanthus, 32, 366
Epicardium, 240
Epidermis, 119-22, 124
Epidicymis, 22, 309, 312, 314-6
appendixof, 212,314, 316
Epiphysis. 94, 107-8, 110
fusion of, 110
Epispadias, 293, 295, 306
Epithalamus, 338-9
Epithelia
derived from ectoderm, 95
terived from endoderm, 95
derbved om mesodenm, 85
Epithelium, olfaciory, 162
Epoophoron, 315-6
Examphalos, 198-9
Exostoses, muliple, k11
By, 155, 356-7
chambers of, 352

Evelid, 363

E

Face, 153-5
Fallot's tetrology, 250-1
Fertilization. 1, 2. 3, 15, 18, 25,
312, 41, 44-861, 48-9, 50, 9)
Fibroblase, 97
Fikarnent, axial, 18, 149, 21
Fin, nasal, 162
Fissure, choroidal, 358-9, 362,
3
Fistula
rectoviaginal, 300
tracheo-oesophageal, 195,
214-5
vesico-vaginal, 300
Flexuarne
cephalic, 322
cervical, 322
mesencephatlic, 322
of neural wbe, 322
pontine, 322
telencephalic, 322
Fluid, amniotic, 52, 65, 490,
144
Fold, urethral, 200-6, 316, 3118
Furllicle
Graafian, 25, 43

ovarian, 17, 25-30, 41-2, 46
primordial, 25, 313
Foramen
caccum, 127, 137, 139, 174,
177
ovale, 215, 229, 234-5, 244,
249, 377, 278-0
patent, 249-50
primum, 234-5
secundum, 234-5, 2434,
249-50
Foregut, derivatives of, 183
Fussa
implantation, of
spermatesoo, 19
tonsillar, 178
Fossa ovalis, 235
Funmnel chest, 147
Furraw
labic-gingival, 168 170
nmase-opic, 156, 356, 364,
66

G

Galea capitis, 18
Ciall bladder
anomalies of, 204
Moating, 204
sessile, 204
Gamere, 1,2, 11, 20, 31-2, 34
abnormalities of, 34
viabilisy of, 31
Gametogenesls, 2, 34
Gastrointestinal trace, 64, 180,
183, 185, 187, 324
Gastrulation, 55, 57
Gemination, 174
Genitalia, external, 95; 282, 301-
2, 306, 317-8
Germ layer, 45, 52
Gilggantism, 111
Giland. 96, 295
adrenal, 354-5
interstitial, 30, 313
leerimmal, 96, 363, 366
mummary, 83, 124-5
of Skenae, 295
parathyroid, 127, 135-6
paraurethral, 295



parotid, 178
pineal, 351, 353
salivary, 167, 178-9, 325
sebacents, 122
sublingual, 178
submandibular, 178
swieal, 95-6, 119, 1224, 347
thiecal, 26
thyrokd, 136-40; 174, 325
urethral, 2895
Glioblass, 116
CGlobus prallidus, 340
Glomerulis, 287
b2-3
i, hiu

chormme, 20,83

wobronchial, 212
vl 3025

monilies of, 193
fiomdion of, 192
lore-, 58, G4, 6B-9, 127-30,

154, 167-8, 174, 178, 180,

» 187, 240,

hing-, 38, G4, 67, 70, 180-2,
184-5, 189-80, 222, 260,
345, 350

mii-, 58, 64, 180-2, 184-5,

187-50, 192, 198-95, 301-

2,223, 260
primitive, 64, 181, 219
rodation af, 190

H

Hair, 95, 119, 120, 122-4
Hair follicle, 122-3
Hamd -Schuller-Chiristian
disense, 118
Harelip, 153, 159-60, 165-6
Hartmann's pouch, 204-5
Head, 18
Heart, 231
anomalies of, 248

conducting system of, 246
valve of, 245
Heart tube, 229, 231-2, 240-7,
251-2,281
Hemivertebra, 145, 147
Henson's node, 59
Hepatic baud, 201-3, 207
pars cystica, 202
pars hepatica, 202
Hepatocardiac channel, 265-7,
271-3, 275
Hermaphrodites, 317
Hermaphroditsm, 317
Hernia
diaphragmatic, 228
lung: 216
umbilical, 198
Hindgut, derivatives of, 184
Hippocampus, 342-4
Hormone
follicle stimulating, 35, 42
for contraceplion, 44
F5H, 42
GnRH; 42
gonadotrophic, 42
gonadotropin-releasing, 42
luteinizing, 42, 83
Human chorionic
gonadotropin, 29, B3
Hydramnios, 89-540
Hydrocephalus, 148, 346
Hydromyelia, 346
Hydronephrosis, 288-5
Hydroureter, 291
Hyoid bone, 127, 132, 138-9, 148
Hypertelorism, 160
Hypernrichosis, 124
Hypoblast, 45, 52-5
Hypophysis cerelbr; 31, 83, 96,
174, 311, 351-2, 355
Hypospadias, 302, 306
Hypothalamus, 42, 319, 335,
A38-40, 344

Hewm, 180, 184, 188, 190, 195,
197, 223

Implantation
abnormal, &4

Index

in ovary, B4
mibal, 84
Implantation fossa, 19
Incus, 131, 356, 368
Indusivm griseum, 342-4
Inhibin, 44
Inner cell mass, 50-2, 57, T2, 90
Internal capsule, 340, 342
Iris, 359-60
Isochromosome, 34

|

Jejunum, 180, 188, 150, 209, 223
Joint
costotransverse, 145
neurocentral, 143

EK

karyvotyping 4. 10
Kidney, 288
anomalies of, 288
ascent of, 288
horseshoe, 288
lobulated, 288
pancake, 288
polycystic, 289
rotation of, 289
Knot, primitive, 58-9, 61, 145

HL

Labia minora, 301-2, 316
Labyrinth
bony, 356, 367-70
membranous, 356, 367-8,
aT0, 374
Lamina
alar, 319, 325, 323-9, 332-5
basal, 319, 325-7, 329, 332-4
dental, 167, 169, 170-1, 173,
1749
Lamina terminalis, 344-75
Langerhans, islets of, 208
Laryngocoele, 213
Laryngoptosis, 213
Larynx, 213
Lens, 359
Lens placode, 159, 356-T
Leptotene, 13
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Ligament
coronary, 186
falciform. 186
gasirosplenic, 186, 210, 212
lienorenal, 186, 211-2
of ovary, 313
pericdonial, 1734
round. ol urerns, 313
umbilical, medial, 265, 280
Ligamenmmy, 254
arteriosum, 254, 280
teres, of the liver, 280
venosum, 280
Limb bud. 106, 141, 148-50, 254
260, 263, 269-70
Limbs anomalies of, 152
Line. neurocentral, 143-4
Lingual swelling, 167, 174-5.
i I
Lip. 153, 155
Liqueor ammnil, 52
Liver, 201
anomualies of, 203
Lobster claw, 152
Laap, bulbo-ventricular, 240
b
vertebra, 145
Lungs, 215
anomalies of, 216
hung hernfa, 216
Luiein, 29

M

Macrocephaly, 346
Macrodactvly, 152
Macroglossia, 177
Macromustia; 125
Macrostomia, 160
Malleus, 127, 131, 356, 368, 372
Mulocclusion, 174
Mantle
epimvocardial, 240
myvecardium, 240
myoeplcardial, 240
Marble bone disease, 111
Marrow cavity, 108, 110
Meatus, external acoustic, 95,
127, 56,369
Medulla ollongara, 319, 329

irization; of the first sacral

Meiosis, 1, 11, 13, 15
Membrana granulosa, 25, 26
Membrane
amniochorionic, 88
anal, 183, 190, 134, 200,301, 318
hucconasal, 161-2
bucco-pharyngeal, 55
cloacal. 45, 56, 58. 62, 68-9,
181, 183, 293,301, 318
Heuser's, 53
iridopupillary, 363
oml, 69
pericardio=pleural, 219
placental, 71, B2
pleuro-peritoneal, 201, 219,
223
pupillary. 361-2
wmpanic, 95, 372-3
urcgenital, 183, 282, 301-2;

204, 306

LI
Meninges, 144-5, 359
Meningocoele, 144, 346-7
Aleningo-mylocoele, 346

Menopause, 36

Menstroation, 29, 32, 35-6, 39-
10, 44

Mesiooon, 116-7

Mesencephalon, 319, 322-3, 333

Mesenchyme, 70, 94, 96, 99, 113,

119, 120, 132-3, 141-9, 151,
167, 171, 173-9, 185, 202,
240, 280, 295, 307, 310, 311,
313,325
Mesenteric
bronchial, 260
oespphageal, 260
Mesentery, 116, 181, 192, 200,
218, 220, Z22-3, 260, 280,
283, 353
Mesocardium, 240, 246
Mesoderm, 45
extrn-embryonic, 53; 54, G2,
64-5, 7Y, 74, 75, 78. 79
imermediaie, 58, 62, 260,
2020, 296G, 318
imra-embryonic, 55-8, 61-2,
0, 240

lateral plate, 58, 62, 111, 113,
120, 142, 149, 217
paraxial, 58, 62, 112, 132-3,
142, 283
parietal, 53
sonutopleuric, 45, 240, 246
splanchnopleuric, 63, 68,
113, 185, 212,229,231,
240
visceral, 53
Mesoduodenum, 187, 207
Mesogastcium
dorsal, 185-7, 201-2, 207,
210-11,220:-5
veniral, 185-6, 202, 221-5
Mesonephros, 271, 285-6, 307,
313,318
Metanephros, 282, 285-6, 288-9,
e
Metaphysis, 84, 110-11
Merencephalon, 319, 321-2, 332,
A34-5
Microcephaly, 148, 346
Microglia, 116
Microglossia, 177
Micramastia, 125
Microphthalmos, 364
Microstomia, 160
Midbrain, 319, 322, 333-4
Midgur
postariertal segment; 188-9,
190, 192, 198-2
prearterial segment, 180,
182, 188
Mitosis, 11-12
Mongolism, 32
Monosomy, 32
Mouth, 167
Mullerian inhibiing factor, 317
Muscle
cardiac, 94, 113, 240
smooth, 27, 36, 94, 113, 122,
185
striaved, 113, 127, 129, 185
Myelencephalon, 319, 321-2,
324, 332
Myelin sheath, 116-7
Myclocoele, 346-7
Myoblast, 97, 111
Myocardium, 240, 249



Myometrium; 36-7, 206-7
Myotome, 112-3, 143

=N

Mall, 119, 121-2

Meck, 19

Nephron, 285, 287

Neural crest, 116, 118, 120, 126,

L4, L1G-8, 142, 31922
W25-0, 344, 346-7, 350, 359
Neuroblasy 115-6
morelia, 94-5, 114-6
Neurolemima, 116

anghonic, 347-5
pathetic, 345.50, 354
Ipaore, 321, 350

Henson's, 59
primitive, 59
sinuatrial, 246
Norethisterone acetate, 44
Nose, 153, 157
Notochord, 58-62, 70, 142
Muclews
caudate, 340-1
ciierie, 340-2
dirntate, 334
embaliform, 334
fustigal, 334
globose, 334
gracile, 329
habenular, 338, 344
leqiform, 340-2
alivary, 329
pontine, 319, 3324
pulposus, G0, 142
red, 319, 333
sengory, 329

HoO

Odontoblast, 167, 171-4

Oesophagus, 90, 139, 180, 183,
185, 195, 201, 212, 214, 216-
T, 321,223, 227, 257, 259, 3500

Uestradiol, 44

Oligamnios, 89-50
Oligodendroblasry, 116
Oligodendrocye, 116
Omentum
greater, 222, 235
lesser, 186, 221, 224
Omphatocoele, 198
Oocyie, 24-8
Oogenesls, 1, 2, 23.5
Organ, enamel, 167, 170-1
Oissification
centre of, 106-7
endochondral, 102-8, 148

intramembranous, 102, 107-

10, 147
primary centre of, 106-7
Osteablast, 101
(hstecclast, 101
Osteacyte, 101, 104
Osteogenesis imperfecta, 111
Crsteoid, 104
Osteopetrosis, 111
Oisteosclerosis, 111
Orstewm primum defect, 249
Ostenm secundum defect, 249
Ohvarian cycle, 31
Crearian Follicles, 20, 30-1, 36
Qvary, 37, 41-2, 313, 316-T
anomalies of, 313
implantation in, 84
lignment of, 313
Ovulation, 26
time of, 40
O, 27

HP
Pachytene, 16
Palate, 153
primitive, 160-2, 164-5
Pancreas, 201, 203
accessory, 209
annular, 209
divided, 209
Papilla, dental, 171, 325
Paradidymis, 315
Parasympathetic nervolis
system, 348
Paroophoron, 316
Peduncle, cerebellarn 332, 334

Index

Penis, glans of the, 303
Pericardium, 58, 62, 68, 69, 113,
128, 139, 154, 217-9, 240,
242, 246-50
Perichondrium, 101, 103, 106-7,
131, 151
Perilymph, 367
Period, reproductive, 20, 24,
31,36
Peritoneum, 36, 185, 187, 188,
200, 204, 205, 210, 211, 217,
220
Phimosis, 306
Phocomelia, 152
Phosphatase, alkaline, 103
Pigeon breast, 147
Pineal body, 338-9, 353,
Pinna, 133, 159, 166, 369
Pit
anal, 183, 190, 196
nasal, 153, 155-7, 160-1, 166
olic, 367
Placenta, 71
attachment of cord, 86
Battledore, 86
bidiscoidal, 85
clrcumvallave, 86
diffuse, 85
fenestrated, BG
funciions of, B2
lobed, 85
succenturiata, B5
Placental barrier, B2
Placental membrane, 82
Placode
lens, 159, 356-7
nasal, 155
otic, 356, 367
Flagiocephaly, 14%
PFlasmodiotrophoblast, 75
Plate
cardiogenic, 63
decidual, 73, 81
cpiphyseal, 84, 108-111
hearn-forming, 63
neural, 68, 319-21
notochordal, GO
prochordal, 45, 54, 55:9, G1-3,
67, 69, 90, 201, 231, 246
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stermal, 146
urethral, 302-5
vapginal, 2989
Pleur, 215. 217
Plexus, choroid, 338-9
Polvdactvly, 152
Polvmastia; 125
Polhvhelia, 125
Pons, 332
Pouch
Harmmann's, 20M-5
phanmgeal, 128, 135. 178,
368
Rathke's, 351-3
Pregnancy
abdominal, 84
eoiope, B4
tubal, B84
Prepuice, 302-3, 306
Primitive knot, 58-9, 61, 145
Prim s node, 59
rrimirvestreak, 45, 55-8, 62,
63-70, 80
Primordial germ cell, 306-7
Proboscis, 160-1
Process
alveolar 168-71 178
frontonasal, 153-7, 159-60,
162, 164, 166
head, 59
mandibular, 141. 148, 153.
155-60, 166, 16-9, 178
maxilhary, 147, 153-60, 1645,
170, 373
nasal
lateral, 155-60, 162
rvedial, 155-7, 160, 166
notochordal, 58-60, 70
palntal, 164-6
Processus vaginalis, 31012
Proctodacun, 181, 183, 190, 194
Pronephros, 285-6
Prosencephalon, 319, 321-2,
3356, 344, 356-7
Prosiate, 295
Pseudohermaphroditism, 317,
355
Prosis, 366
Putamen. 340

Rochischisis, 346-7
Rami chorii, 80
Ramuli choril, B0
Reaction
acrasomal, 46, 51
decidual, 73
Recess
preumato-enteric, 230-1,
3.5
tubo-tvmpanic, 135, 368,
arl-2
Rectum, primitive, 180, 182-3,
180.90
Remodelling. of bone, 110-11
Resplrtony system, 201, 212
Rete-testes, 307
Ritindg, 359
Rerognathia, 160
Rhambencephalon, 319, 321-2
Hiby

cervical, 147

lumbar, 147
Hidge

bulbas

genital,

marnmiry, 124

5

aortic, 222, 231, 351-2, 254.5,
260
conjunctival, 363, 366
tlise, 280
jugular 280
lacrimal, 356, 363
lymph, 280
nasal, 160-2
peritonensm, 210, 20
posterior, 260
retroperitoneal, 260
Sacralization, of 5th lumbar
vernebra, 145
Scala tympani, 367-8
Scala vestibuli, 367
Scaphocephaly, 148
Sclera, 325, 362, 364
Scleratome, 112, 141

Scoliosls, congenital, 145
Seminal vesicle, 309
Sepium
bulbar, 229, 239, 325
interarrial, 234, 236, 243-6,
249
intermedium, 233-4, 238
interventricular, 229, 238.9,
244-5, 249-50
nasal, 157, 162, 163, 165-6
primum, 229, 234-5, 237,
243, 249-50
secundum, 2289, 234, 235,
243,249, 277
spiral, 237, 249, 251,281, 325
spurium, 233-4
ransversum, 63
urorectal, 182-3
Sex determination, 50
Shell, cyviotrophoblastic, 79-80
Sinus
coronary, 235-G, 270, 275
of pericardium, 247-8
oblique, 247
ransverse, 247
paranasal, 163
urogenital, 180, 182-4, 200, 262,
284, 289, 201, 203, 205.98,
298-9, 301 -4, 306
primitive, 180, 182-4, 282,
284, 291
VeSS,
Situs inversus, 200
Skeleton, 141
Skin, 118
Skall. bones of, 147
Somatomammaotropin, 83
Somite, 62
fate of, 112
occipital, 62, 113, 132-3, 147
Somitomere, 62
Space
intervillous, 78, 80-4
perivitelline, 27
Spermateleosis, 20
Spermuatid, 17, 20-1, 23
Spermatocyie, 20, 23.4
Spermatogenesis, 1, 2, 17, 20-3
Spermaiogonia, 20, 317



Spermatozoa, 20
capacitation of, 22
maturation of, 22

spermatoeoon, 2, 17-21

Spermiogenesis, 17,20, 23

Spina bifida, 144-5, 346

Slhiu: il eard, 325-8
recession af, 327-8

Spleen, 200, 207, 210

Spondylolisthesis, 145

wgiohlast, 115-6

ohnecting, 54, 65
apic, 357-9
atnpes; 127, 356

Sternum, 146

chewm, 65
SEEEUIm
isale, 39-40
mnpactum, 38-40
pongiosum, 39-40
sirgak, prmiiive, 55
Substantia nigra, 319, 333
SLHCLEs
vilha-ventriciular 238, 241.-2
nbio-gingival, 168-70
limitans, 319, 325, 329, 333,
349
inguo-gingival, 167-70
nasolacrimal, 159
Syinpathetic nervous system,
347
Synoytictrophoblast, 71, 75-80,
B2-3.93
Symdaciyly, 152
Syndrome
adrenogenital, 317, 355
Dandy Walker, 346
Dowm's, 32
first arch, 160
Klinefelter's, 32
Klippel-Fell, 145
Taussig-Bing, 250
Treacher Collins, 160
Turners, 32
Synophithalmos, 364-5
Synphalangia, 152
Syringomyelia, 346

BT

Talipes equinovarus, 152
Taste bud, 170
Teeth, 167, 170
milk, 173
permanent, 174
temporary, 173
Telachoroidea, 338-9
Telencephalon, 319, 321-3, 335,
338, 340-2
Teratogen, 15-16
Teratoma, sacracoccygeal, 145
Testis, 282, 294, 300, 307
anomalies of, 311
appendix of, 300
descent of, 309
determining factor, 317
Test tube babies, 49
Tetralogy, Fallot's, 250-1
Thalamus, 335, 338-42, 344
Theca externa, 26
Theca interna, 17, 26, 29-31
Thymine, 5, 7, #
Thymus, 135
Tongue, 174
Tongue-tie, 177
Tonsil. 178
lingual, 178
palatine, 178
pharnmgeal, 178
ubal, 178
Tooth
bell stage, 171
cap stage, 171
dentine of, 167, 171-4
enamel, 170
pulpaof, 171
Tooth germ, 171, 173
Torticolis, congenital, 145
Trachea, 212-6
Tract, of spinal cord, 327
Teiploidy, 32
Trizomy, 32
Trophoblast, 50, 72
Truncus arteriosus, 2249, 231
Truncus chaorii, 80
Trunk, pulmonary, 229, 254
Tube, neural, 61, 319-22, 346

Idlax

Tubercle, genital, 293, 301-4
Tuberculum impar. 138, 157,
174
Tubo-tympanic recess, 135, 356,
368, 371-2
Tubule, paragenital, 315
Tunicaalbuginea, 307, 313
Tunica vaginalis, 311-12
Twinning, 71, 90
Twins
conjoined, 31
dizygotic, 90
fraternal, 90
maternal, 90
monozygotic, 90
Siamese, 91

mu
Ultimobranchial body, 135
Umbilical cord, 67
Umbilical opening, 65
Ureter, 290
anomalies of, 291
Urethra
anomalies of, 293
female, 293
male, 293
Urinary bladder, 292
Wrerine mbes, 296
Uterine tubes, anomalies of, 298
Urerus, 296
anomalies of, 298
unicornuate,; 298
Uterus didelphys, 298

- RY
Vagina, anomalics of, 300
Valve
aortic, 245
mitral, 245
of coronary sinus, 236
of inferior vena cava, 236
pulmonary, 245-6
tricuspid, 245
Vasa efferentia, 307, 312, 315-6
Vein
anomalies of, 275
dEyEos, 274
brachincephalic, 269

383
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cardinal

anlernon 268

cOmmon, 268

posterion 268, 271-2
heminzygos. scoessony, 274
hepatic, common, 265
hepato-cardine channel, 265
ifnc. common, 273
fntercostal. left superior 210
intersegmental, 269
jugular

external, 269

intermal,

ohllque. of the lef arriom.
2T

ol abdomen, 2

omphelonysen

ovarkin 273

leric, 265

supracardinal, 271
suprarenal, 273
1esticular 273
umbilical, 265
vivelline, 265
Vena cava
inferior, 272
ATYEOS contination of,
275
double, 275
lefr, 275
superion 275
lefr, 275
Ventricle
of brain

fourth venricle, 319, 322,

323, 334-5

lnterml, 315,322, 335, 337-

B, 343
tricke, 319, 322,

135, 338

otic, 367
seminal, 304
umbilical, 65
Vestibule, 367-8
Villi
anchoring. 80-81
chorianic, 71, 74-6, 85
Vitiligo, 124
Vitreous, 359

= w
Wharton's jelly, 58, 65, 70
By

Yolk sac, 52-3, 64
Yolk sialk, 65

EZ

Yona pellucida, 232, 25, 27, 46-7,
49-51, 65, 72

Aygote, 1,2

Lygotene, 13
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