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PREFACE TO THE
THIRD EDITION

The continued worldwide acceptance of The Developing Human, as
indicated by its many reprintings and foreign translations, is most gratifying.
This acceptance has provided the encouragement to prepare a better text-
book by restructuring it and adding new material and illustrations in this
third edition.

Knowledge of embryology has expanded considerably since the second
edition was published. The extreme vulnerability aof the embryo to certain
drugs and other agents and the practice of in vitro fertilization provide
strong stimuli to embryologists studying early stages of human develop-
ment. I have attempted to bring the book abreast of current literature, but I
have adhered to my original aim of writing a book for undergraduate students
and not a reference work for specialists.

To incorporate new information, all sections have been reviewed. In
some chapters there have been extensive modifications, but in others rela-
tively few changes were necessary. All this has entailed little increase in the
number of pages because judicious pruning has been done. To improve
readability and obviate possible ambiguity, many sentences and paragraphs
have been rewritten. Throughout the book, the importance of embryology
to the clinician is emphasized; this orientation is very likely to appeal to
any person concerned with human development.

To reinforce the information given in the text, several clinically oriented
problems have been added at the end of each chapter. The problems and
the answers to them, given at the back of the book, illustrate the kinds of
practical considerations every physician may be required to address. Care
has been taken to keep the problems simple and the comments at a level
that is suitable to beginning medical students without much clinical ex-
perience. To emphasize the clinical significance of embryology further,
description and discussion of congenital malformations follow discussion
of the normal development of each organ instead of appearing at the end of
the chapter as in previous editions.

New illustrations have been added in this edition, and a number of
figures have been redrawn or modified in light of teaching experience. Color
has also been added to several more drawings to facilitate understanding.
I owe thanks to Dorothy Irwin for this work, but 1 should again like to ex-
press my appreciation to Glen Reid. who is primarily responsible for the
illustrations in this book.

Italics have been used more freely than in the past editions to indicate
important terms; officially recognized synonyms or alternatives appear in
parentheses, e.g., syncytiotrophoblast (syntrophoblast). [talics have also
been used to emphasize important terms, concepts, and statements.



FROM THE PREFACE TO
THE FIRST EDITION

This book began as a set of illustrated notes for a core course in medical
embryology that was intended to give students a base from which to develop.
The purpose of this book is to present a synopsis of human development
and related information. Although each chapter gives a relatively concise
account of developmental processes, it is followed by numerous references
for students wishing further information. Each chapter, except the first, is
followed by a summary of the main events. An attempt has been made to
“bridge the gap” between embryology and adult anatomy, histology, pa-
thology. obstetrics, pediatrics, and surgery. Congenital malformations of
each system are described. with emphasis on the common ones, and an
entire chapter has been devoted to a discussion of the causes of congenital
malformations.

The book is freely illustrated because much of the difficulty encountered
by students beginning to study embryology results from their inability to
visualize developmental processes and time sequences. Most illustrations
are diagrammatic, some in color, and show progressive stages of develop-
ment, conveying ideas and processes as blackboard sketches do during
lectures. Numerous photographs are also included, similar to those used in
case presentations at clinical seminars.

Text material has been used mainly for the following purposes: (a) to
emphasize important points, (b) to discuss opposing views, and (¢) to sum-
marize concepts and processes. Basic, or core, material is set in regular
type, whereas less important information is shown in small type or added
as footnotes.

While writing this book, I have attempted to keep in mind what the
naturalist John Ray said in the seventeenth century: “He that useth many
words for the explaining of any subject, doth like the cuttle-fish hide him-
self ...in his own ink”; and the often-quoted Chinese proverb. “A4 little
picture is worth a million words.”
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PUBLISHER’S NOTE

The interest of Dar Al-Qiblah for Islamic Literature in the publication of Keith
L. Moore’s reputed textbook The Developing Human with Abdul-Majeed A. Azzin-
dani’s Islamic Additions needs some explanation.

Moore’s popular textbook is written primarily for the students of medecine, spe-
cializing in clinically oriented embryology. Mr. Azzindani, a reputed scholar of Islam,
has been interested in the same phenomen on but from the perespective of the
teachings of the Qur’an and Hadith.

While the knowledge contained in the Qur’an and Hadith is fourteen hundred
years old, the science of embryology is fairly recent. Mr. Azzindani’s deep interest in
the Quranic view enabled him to seek the collaboration of many scientists and scho-
lars to understand the most recent facts about embryology and compare them with the
teachings of the Qur’an and Hadith on this subject. Mr. Azzindani fortunately found
in Mr. Moore a true scientist, with a quest for truth, who for three years collaborated
with the Embryology Committee of King Abdul-Aziz University in Saudi Arabia for a
comparative study of this phenomenon. This collaboration among the scholars in the
field of religion and science, with a genuine interest and spirit in research and verifica-
tion of truth, produced this unique document. The volume conclusively shows that the
information contained in the Qur’an and Sunnah is not only consistent with modern

scientific discoveries in the field of embryology but also it is fore-runner by some
fourteen hundred years.

Inspite of the recent developments in communication and growth of East-West
interaction, Islam is still, unfortunately, a misunderstood religion in the West, and its

Divinely revealed Book the Qur’an is little known. Therefore, for the Western reader
of this volume it must be clarified that for the Muslims the Qur’an is Allah’s
final message to mankind. It is a verbatum record of the Divine revelation
to Muhammad (Peace Be Upon Him), the "Seal of the Prophets”. Muhammad
(PBUH), contrary to the Western opinion, is not the author of the Qur’an
but is faithful transmitter. His own savings are distinct from the Qura’n.
They were collected, critically edited and compiled in various volumes by

viiia



Muslim scholars (Muhaddithun), the specialists in the Hadith, the science of tradition.
While the Hadith literature owes its authenticity to the critical methodology of its
pious compilers, the Qur’an is safeguarded forever by Allah Himself. The divine
claim of its authenticity, "We reveal this reminder (the Qur’an) and lo! We verily are
its Guardians” (Chapter 15, verse 9), is sustained by the fact that the text of the
Qur’an is the only religious document which has not undergone even the slightest
change during these fourteen hundred years.

The Qur’an’s own approach to inquiry and search for the truth is refreshingly
scientific. It exhorts mankind to give up blind faith in tradition and see, think and
analyse the phenomena in human personality, cosmic order and events of world his-
tory to recognize the Power and Majesty of God. To the Muslims, it comes as no
surprise that the statements of the Qur’an regarding cosmic phenomena. hardly
understood in the past, are verified by modern discoveries.

Let me here make one point clear. The Qur’an is not, inspite of its description
and verification of modern scientific data, a treatise on science but par excellance "a
Book of Guidance” (Chapter 2, verse 2). Being the world of the Creator of nature and
with its own claim, "It is that Book in which there is no doubt” (Chapter 2, verse 2), it
must verify what science establishes through observation, inquiry and experiment.
This volume proves that point beyond the shadow of doubt in one scientific area,
namely, embryology.

We hope that this work will initiate similar scientific inquiries in the ideas of the
Qur’an and the study of the Qur’an will inspire Muslim scientists to discover for
themselves the truth and mystery of the creation of Allah.
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FOREWORD

It has been a real pleasure for me to assist Sheikh
Abdulmajeed Azzindani with the preparation of this Islamic
Edition of my textbook of embryology. The text is the same
as the original, except that numerous references to
statements in the Qur'an and Sunnah about human
embryology have been added.

For the past three years, I have worked with the
Embryology Committee of King Abdulaziz University in
Jeddah, Saudi Arabia, helping them to interpret the many
statements in the Qur’an and Sunnah referring to human
reproduction and prenatal development. At first I was
astonished by the accuracy of the statements that were
recorded in the 7th century AD, before the science of
embryology was established. Although I was aware of the
glorious history of Muslim scientists in the 10th century AD,
and of some of their contributions to Medicine, I knew
nothing about the religious facts and beliefs contained in the
Qur’an and Sunnah.

It is important for Islamic and other students to
understand the meaning of these Qur’anic statements about
human development, based on current scientific
knowledge. The interpretations of the “verses” in the
Qur’an and Sunnah, translated by Sheikh Azzindani, are to
the best of my knowledge accurate. I wish the Embryology
Committee and the textbook every success.

Toronto, Canada Keith L. Moore
September, 1983
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In the Name of Allah, Most Gracious,
Most Merciful. Praise be to Allah,
the Lord of the Worlds and
blessings be upon all His Prophets
and upon the last of Prophets and
Messengers, Mohammad, and upon
his family and his company and
those who followed them with diligence
up to the Day of Judgement.
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INTRODUCTION

Terms and Concepts

Interest in developing humans is wide-
spread largely because of curiosity about the
subject and a desire to improve the quality of
human life. The processes by which a child
develops from a single cell are miraculous,
and there is no more exciting event than that
of a human birth. The adaptation of the
newborn infant to its new life is also exhil-
arating to witness. We can readily observe
and fully enjoy the process of human devel-
opment during this period of life.

Human development is a continuous
process that begins when an ovum from a
Semale is fertilized by a sperm from a male.
Growth and differentiation transform the zy-
gote, a single cell formed by the union of the
ovum and the sperm, into a multicellular
adult human being. Most developmental
changes occur during the embryonic and the
fetal periods, but important changes also
occur during the other periods of develop-
ment: childhood, adolescence, and adult-
hood.

DEVELOPMENTAL PERIODS

Although it is customary to divide devel-
opment into prenatal and postnatal periods,
it is important to realize that birth is merely a
dramatic event during development resulting
in a distinct change in environment. Devel-
opment does not stop at birth; important
developmental changes, in addition to
growth, occur after birth, e.g., development
of the teeth and the female breasts. The brain
triples in weight between birth and 16 years.
Most developmental changes are completed
by the age of 25.

PRENATAL PERIOD

The important changes occurring before
birth are illustrated in the Timetables of
Human Prenatal Development (Figs. [-1
‘and 1-2), which are mainly based on studies

by Streeter (1942), Q'Rahilly (1973), and
Gasser (1975). Note that the most striking
advances in development occur during the
first eight weeks, in which the embryonic
period is included. The following terms are
commonly used in discussions of the prena-
tal period.

Abortion (L. aborto, to miscarry). This
term refers to the birth of an embryo or a
fetus before it is viable (mature enough to
survive outside the uterus). All terminations
of pregnancy that occur before 20 weeks are
called abortions. About 15 per cent of all
recognized pregnancies end in spontaneous
abortions (ones that occur naturally), usu-
ally during the first 12 weeks. Legal induced
abortions are brought on purposefully, usu-
ally by suction cureirage (evacuation of the
embryo and its membranes from the uterus).
Therapeutic abortions are induced because
of the mother’s poor health, or to prevent
the birth of a severely malformed child.

Abortus. This term describes any prod-
uct or all products of an abortion. An
embryo or a nonviable ferus and its mem-
branes weighing less than 500 gm is called
an abortus.

Qocyte. This term refers to the imma-
ture ovum, or female germ cell. When ma-
ture, the female germ cell is called an ovum
(L., egg). A secondary oocyte finishes its
second meiotic division and becomes a ma-
ture ovum, immediately after entry of the
sperm during fertilization (see Fig. 2-2).

Zygote. This cell results from fertiliza-
tion of an oocyte, or ovum, by a sperm, or
spermatozoon, and is the beginning of a
human being. The expression ‘‘fertilized
ovum’’ refers to the zygote.

Cleavage. This term refers to mitotic
division of the zygote, which results in the
formation of daughter cells called blasto-
meres. At each succeeding division, the blas-
tomeres become smaller and smaller.

Text continued on page 6
1
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[ INTRODUCTION

Morula. When 12 to 16 blastomeres have
formed by division of the zygote, the solid
ball of cells is called a morula. It was so
named because it resembles the fruit of a
mulberry tree (the Latin word morns means
mulberry). The morula stage occurs about
three days after fertilization. Its centrally
located cells, called the inner cell mass, will
form the embryo.

Blastocyst. After the morula enters
the uterus, a cavity develops inside it and
fills with fluid; this converts the morula into a
blastocyst.

Gastrula. During  gastrulation, the
period during which the trilaminar embryon-
ic disc forms (see Fig. 4-2), the embryo is
sometimes called a gastrula,

Neurula. During neurulation, the period
during which the neural plate forms and
closes to form the neural tube, the embryo is
sometimes called a neurula.

Embryo. This term refers to the develop-
ing human during the early stages of develop-
ment. The term is usually not used until the
second week, after the embrvonic disc forms
(see Fig. 3-1). The embrvonic period extends
until the end of the eighth week, by which
time the beginnings of all major structures
are present,

Fetus. After the embryonic period, the
developing human is called a fetus. During
the fetal period (ninth week to birth), many
systems develop further. Though develop-
mental changes are not so dramatic as those
occurring during the embryonic period, they
are very important. The rate of body growth
is remarkable, especially during the third and
the fourth months, and weight gain is phe-
nomenal during the terminal months.

Conceptus. This term refers to the em-
bryo (or fetus) and its membranes, i.e., the
products of conception. It includes all struc-
tures that develop from the zygote, both
embryonic and extraembryonic. Hence it
includes not only the embryo or the fetus,
but also the placenta and the embryonic, or
fetal, membranes.

Primordium (L. primus, first + ordior, to
begin). This term refers to the first trace or
indication of an organ or structure, i.e., its
earliest stage of development. The term
anlage has a similar meaning.

Miscarriage. This word is used collo-
quially to refer to any interruption of preg-
nancy that occurs before term. In medical
description, it is most accurate to use the
term spontaneous abortion for the birth of

an embryo or a fetus prior to about 20
weeks: thereafter the event is called a pre-
mcaiture birth,

Trimester. Obstetricians commonly di-
vide the nine calendar months, or peripd of
gestation (stages of intrauterine develop-
ment), into three 3-month periods called rri-
mesters.

POSTNATAL PERIOD

Changes occurring after birth are more or
less familiar to most people. Explanations of
frequently -used terms follow.

Infancy. This refers to the first year or
so after birth, the first two weeks of which
are designated as the newbaorn (or peonatal)
period. Transition from intrauterine to extra-
uterine existence requires gradual changes,
especially in the cardiovascular and respira-
tory systems. If an infant survives the first
crucial moments after birth, his or her
chances of living are usually good (30 per
cent of neonates do well),

The body as a whole grows particularly
rapidly during infancy; total length increases
by about one half, and weight is usually tre-
bled.

Childhood. This is the period from
about 15 months until 12 to 13 years. The
primary (deciduous) teeth appear and are
later replaced by the secondary (permanent)
teeth. During early childhood there is active
ossification, but as the child becomes older,
the rate of growth slows down. Just before
puberty it accelerates; this is known as the
prepiibertal growih spurt.

Puberty. This is the period between the
ages of 12 and 15 years in girls and between
13 and 16 years in boys during which the
secondary sexual characteristics develop.
The legal ages of presumptive puberty are
12 vears in girls and 14 years in boys.

Adolescence. This is the period of three
to four years after puberty, extending from
the earliest signs of sexual maturity until the
attainment of physical, mental, and emotion-
al maturity. The general growth rate deceler-
ates, but growth of some structures acceler-
ates (e.g., the female breasts).

Adulthood. Ossification and growth are
virtually completed during early adulthood,
18 to 25 years. Thereafter, developmental
changes occur very slowly, usually resulting
in selective loss of highly specialized cells
and tissues.



SIGNIFICANCE OF EMBRYOLOGY 7

SCOPE OF EMBRYOLOGY

The term embryology can be misleading:
literally, it means the study of an embryo
(second to eighth week, inclusive), Howev-
er, embryology refers to the study of both
the embryo and the fetus, that is, the study of
prenatal development.

The term developmental anaromy refers to
both prenatal and postnatal periods of devel-
opment. There are no essential differences
between these two stages of development.
Prenatal development is more rapid and re-
sults in more striking changes, but the de-
velopmental mechanisms of the two periods
are very similar,

The term ontogeny describes the series of
successive stages of development that occur
during the complete life period of a person.

The study of abnormal development (con-
genital malformations) is called dysmorphol-
ogy or teratology. This branch of embryol-
ogy is concerned with the various genetic
and environmental factors that disturb nor-
mal development (see Chapter &).

SIGNIFICANCE OF EMBRYOLOGY

The study of human embryology is impor-
tant because it develops knowledge concern-
ing the beginnings of human life and the
changes occurring during development.
Knowledge of the developing human is of
practical value in helping us to understand
the normal relationships of body structures
and the causes of congenital malformations.

Prior to 1940, little was known about the
causes of human congenital malformations.
Now it is realized that many malformed
infants have chromosomal abnormalities
(e.g., those with Down syndrome, Fig. 8-4),
and that the embryo is extremely vulnerable
during the first eight weeks to large amounts
of radiation, viruses, and certain drugs (e.g.,
thalidomide). Knowledge that physicians,
especially obstetricians, have of normal de-
velopment and of the causes of congenital
malformations is necessary for giving the
embryo the greatest possible chance of de-
veloping normally.

Much of the modern practice of obstetrics
involves what might be called *‘applied de-
velopmental biology.”” Embryological topics
of special interest to obstetricians are ovula-
tion, oocyte and sperm transport, fertiliza-
tion, implantation, fetal-maternal relations,
fetal circulation, critical periods of develop-
ment, and causes of congenital malforma-

tions. In addition to caring for the mother,
obstetricians must guard the health of the
embryo during its critical period of develop-
ment. :

The significance of embryology is readily
apparent to pediatricians because many of
their patients have disorders resulting from
maldevelopment, e.g., diaphragmatic hernia,
spina bifida, and congenital heart disease.
Developmental abnormalities are among the
ten leading causes of death in infancy.
Knowledge of the development of structure
and function is essential to understanding the
physiological changes that occur during the
newborn period and for helping babies in
distress.

Progress in surgery, especially in the pedi-
atric age group, has made knowledge of
human development more clinically signifi-
cant. The understanding and correction of
most congenital malformations (e.g., cleft
palate and cardiac defects) depend upon
knowledge of normal development and of the
deviations that have occurred. An under-
standing of common congenital malforma-
tions and their causes also enables physi-
cians, dentists, and others to explain the
developmental basis of abnormalities, often
dispelling parental guilt feelings.

Physicians who are aware of common ab-
normalities and their embryological basis ap-
proach unusual situations with confidence
rather than surprise. For example, when it is
realized that the renal artery represents only
one of several vessels originally supplying
the kidney during development, the frequent
variations in number and arrangement of
renal vessels are understandable and not
unexpected. Many anatomical relationships,
such as those of the lesser sac of peritoneum,
the course of the left recurrent laryngeal
nerve, and the innervation of the diaphragm,
make more sense when developmental
events are understood. When one knows the
“raison d’étre”’ for such relationships and
arrangements, their complexity also be-
comes more impressive,

The achievements of experimental em-
bryologists are of fundamental significance
to the science of parhology. In the healing of
wounds, tissues are restored to normal by
processes that characterize embryonic dif-
ferentiation. Because of the apparent sim-
plicity of cell relations during early stages of
development, pathologists often turn to em-
bryology when developing a basis of classifi-
cation of new growths (tumors).
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HISTORICAL GLEANINGS

If [ have seen further. it is by standing on the shoulders
of giants.
— 8ir Isaac Newton

English mathematician, 16431727

This statement, made about 300 years ago,
emphasizes that each new study of a problem
rests on a base of knowledge established by
earlier investigators. The theories of every age
offer explanations based on the knowledge and
the experience of the investigators of the period;
although we should not consider them final, we
should appreciate, rather than scorn, these ideas.
People have always been interested in knowing
how they originated, how they were born, and
why some people develop abnormally. Ancient
people, filled with curiosity, developed many
answers to these questions,

THE GREEKS

Although some of their ideas were later shown
to be incorrect, the Greeks made important con-
tributions to the science of embryology. The first
recorded embryological studies are in the books
of Hippocrates (Fig. 1-3), the famous Greek phy-
sician of the fifth century B.c. He wrote,

Take twenty or more eggs and let them be
incubated by two or more hens. Then each
day from the second to that of hatching,
remove an egg, break it, and examine it. You
will find exactly as I say, for the nature of the
bird can be likened to that of man.

In the fourth century B.C., Aristotle wrote the
first known treatise on embryology, in which he
described development of the chick and other
embryos. Many embryologists regard Aristotle as
““The Founder of Embryology,” despite the fact
that he promoted the idea that the embryo devel-

Figure 1-3 Copy of a drawing of Hippocrates,
the “Father of Medicine' (460-377 B.C.). He placed
medicine on a scientific foundation.

i
o

Figure 1=4 Repreoduction of Leonardo da Vinci's
drawing showing a fetus in an opened uterus.

oped from a formless mass that resulled from the
union of semen with menstrual blood.

Galen (second century a.p.) wrote a book
entitled On the Formation of the Foertus, in which
he described the development and nutrition of
fetuses and the structures we now call the allan-
tois, the amnion, and the placenra.

THE MIDDLE AGES

Growth of science was slow during the medie-
val period. and few high points of embryological
investigation undertaken during this age arc
known to us.

It is cited in the Koran, The Holy Book of the
Muslims, that human beings are produced from a
mixture of secretions from the male and the fe-
male. Several references are made to the creation
of a human being from a sperm drop, and it is
also suggested that the resulting organism settles
in the woman like a seed, six days after its
beginning. (The human blastocyst begins to im-
plant about six days after fertilization.) The
Koran also states that the sperm drop develops
“into a clot of congealed blood.” {An implanted
blastocyst or a spontaneously aborted conceptus
would resemble a blood clot.) Reference is also
made to the leech-like appearance of the embryo.
(The embryo shown in Fig. 5-34 is not unlike a
leech. or bloodsucker, in appearance.) The em-
bryo is also said to resemble ""a chewed piece of
substance” like gum or wood. (The somites
shown in Figure 5-10 somewhat resemble the
teethmarks in a chewed substance.)
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The developing embryo was considered to be-
come himan at 40 10 42 days and to no longer
resemble an animal embryo at this stage. (The
human embryo begins to acquire human char-
acteristics at this stage, as shown in Figure
5-14C.) The Koran also states that the embryo
develops within “three veils of darkness.” This
probably refers to (1) the maternal anterior abdo-
minal wall. (2) the uterine wall, and (3) the amnio-
chorionic membrane. Space does not permit
discussion of several other interesting refer-
ences to human prenatal development that ap-
pear in the Koran.

THE RENAISSANCE

During the fifteenth century, Leonardo da Vinci
made accurate drawings of dissections of the
pregnant uterus and associated fetal membranes
(Fig. 1-4) and introduced the quantitative ap-
proach by making measurements of embryonic
growth.

THE MICROSCOPE

In 1651, Harvey studied chick embryos with
simple lenses and made new observations, espe-

B

Figure 1-5 A, Photograph of a 1673 Leesu-
wenhoek microscope. 8, Drawing of a lateral view
illustrating its use. The object was held in front of
the lens on the peint of the short rod, and the screw
arrangement was used to adjust the object under
the lens.

Figure 1=6 Copy of a seventeenth century draw-
ing by Hartsoeker of a sperm. The miniature human
being within it was thought to enlarge after the
sperm entered an ovum.

cially on the circulation of blood. He also studied
development of the fallow deer, but. when unable
to observe early stages, concluded that the em-
bryos were ““secreted by the uterus.”™

Early microscopes were simple (Fig. 1-3), but
they opened a new field of observation. In 1672
de Graaf observed little chambers in the rabbit’s
uterus and concluded that they could not have
been secreted by the uterus, but must have come
from the organs that he called ovaries. Undoubt-
edly, these little chambers were what we now call
blastocysts. He described vesicular ovarian folli-
cles, which are still sometimes called graafian
follicles in his honor.

Malpighi, in 1675, studying what he believed
were unfertilized hen’s eggs, observed early em-
bryos. As a result, he thought the egg contained a
miniature chick. In 1677 Hamm and Leeuwen-
hoek, using an improved microscope, first ob-
served human spermatozoa, but they misunder-
stood the sperm’s role in fertilization: They
thought it contained a miniature human being
(Fig. 1-6).

Wolff, in 1759, refuted both versions of the
preformation theory after observing parts of the
embryo develop from “"globules’™ (probably blas-
tocysts). He examined unincubated eggs and
could not see the embryos described by Malpighi.
He proposed the layver concept, whereby division
of the zygote produces layers of cells from which
the embryo develops. His ideas formed the basis
of the theory of epigenesis, which states that
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development results from growth and differentia-
tion of speciahzed cells.

The preformation controversy flinally ended
around 1775, when Spallanzani showed that both
the ovum and the sperm were necessary for
development of a new individual. From his ex-
periments, including artifical insemination in
dogs, he concluded that the sperm was the fertiliz-
Ing agent.

In 1818, Saint Hilaire and his son made the first
significant studies of congenital malformations.
They did experiments in animals that were de-
signed to produce developmental abnormalities,
initiating what is now known as the science of
reratology.

In 1827, about 150 years afier the discovery of
the sperm, von Baer described the oocyte in the
ovarian follicle of a dog. He also observed divid-
ing zygotes in the uterine tube and blastocysts in
the uterus. and contributed much knowledge
about the origin of tissues and organs from the
layers described by Malpighi. His significant and
far-reaching contributions resulted in his later
being regarded as “‘The Father of Modern Em-
bryology .’

THE CELL THEORY

Great advances were made in embryology when
the cell theory, stating that the body was com-
posed of cells and cell products, was established
in 1839 by Schleiden and Schwann. This concept
soon led to the realization that the embryo devel-
oped from a single cell, the zveore.

THE CHROMOSOMES

In 1859, Charles Darwin published On the Ori-
gin of Species, in which he emphasized the hered-
itary nature of variabiliry among members of a
species as an important factor in evolution.

The principles of heredity were developed in
1865 by an Austrian monk named Gregor Mendel.
but medical scientists and biologists did not un-
derstand the significance of these principles in the
study of mammalian development for many
years.

Flemming observed chromosomes in 1878 and
suggested their probable role in fertilization. In
1883, von Beneden observed that mature germ
cells have a reduced number of chromosomes. He
also described some features of meiosis, the proe-
ess whereby the chromosome number is reduced.
In 1902 Sutton and Boveri declared independently
that the behavior of the chromosomes during
germ cell formation and fertilization agreed with
Mendel’s principles of inheritance. In the same
year, Garrod reported alcaptonuria as the firsr
example of mendelian inheritance in human
beings. Many consider him the **Father of Medi-
cal Genetics.”

The first significant observations on Auman
chromosomes were made in 1912, when von Win-
ficarier reported that there were 47 chromosomes
in the cells of the body. In 1923, Painrer conclud-
ed that 48 was the correct number; this conclu-
sion was widely accepted until 1956, when Tjin
and Levan reported finding only 46 chromosomes
in embryonic cells. Their descriptions and pho-
tomicrographs were so superior to those of previ-
ous workers that few cytologists doubted the
accuracy of their counts.

Once the normal chromosomal pattern was
firmly established, it scon became evident that
some persons with congenital abnormalities had
an abnormal number of chromosomes. A new era
in medical genetics resulied from the demonsira-
tion by Lejeune et al. in 1939 that infants with
mongolism (now called Down syndrome) have 47
chromosomes instead of the usual 46 in their body
cells. Tt is now known that chromosomal aberra-
tions are a significant cause of congenital malfor-
mations and embryonic death. About 8 per cent of
all conceptuses are known to be chromosomally
abnormal.

DESCRIPTIVE TERMS

In descriptive anatomy and embryology,
several terms relating to position and direc-
tion are used, and various planes of the body
are referred to in sections. Before reading
this book, it would be helpful to become
familiar with the language of anatomy, which
forms the basis of medical language.

All descriptions of the adult are based on
the assumption that the body is erect, with
the upper limbs by the sides and the palms
directed anteriorly (Fig. 1-7A4). This is called
the anatomical position. The terms anierior,
or ventral, and posterior, or dorsal, are used
to describe the front or back of the body or
limbs, and the relations of structures within
the body to one another. For embryos, the
terms dorsal and ventral are commonly used
(Fig. 1-7 B).

Superior and inferior are used to indicate
the relative levels of different structures
(Fig. 1-7A). For embryos, the terms cranial
(cephalic) and caudal are commonly used to
denote relationships to the head and tail
ends, respectively (Fig. 1-7B). When the
suffix -ad is affixed to either of these terms, it
implies movement toward the region con-
cerned, e.g.. craniad (cephalad) means fto-
ward the head, and caudad refers to move-
ment toward the tail region.

The term rostral is used to indicate the
relationships of structures to the nose (Fig.
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Figure 1-7 Drawing illustrating descriptive terms of position. direction, and planes of the body. A, Lateral
view of an adult in the anatomical position, B, Lateral view of a five-week embryo. C and D, Ventral views of six-
week embryos. E, Lateral view of a seven-week embryo,




INTRODUCTION

TO ISLAMIC ADDITIONS

There are many references in the Qur’an
and the Hadith of Prophet Muhammad (peace
be upon him) to indicate signs of Allah in his
creatures. The Qur’an and Hadith on many
occasions encourage man to examine and
think deeply about Allah’s creation. Modern
investigations using modern techniques, in the
several fields mentioned in the Qur’an and the
Hadith, have yielded surprisingly similar
results. In essence there is an agreement
between explicit statements in Qur’an, the
Hadith revealed 1400 years ago, and present
day facts which have been proved by scientific
evidence.

The attention of Muslim and non-Muslim
scientists was drawn to this amazing
agreement between Qur’anic texts and the
Hadith on one hand and proven scientific facts
on the other. Professor Kieth L. Moore and
his colleagues in recognition of this
agreement, have given place in this book for
the presentation of our comparative studies,
which will no doubt serve the purpose of
furthering learning and science and also as an
inducement for thought and contemplation.
After a study which lasted ten years, the
famous French physician, Maurice Bucaille
has addressed the French Medical Academy in
1976 and expressed the complete agreement of
The Qur’an and The Hadith and the findings
of modern science. He posed the question to
the Academy to explain this observation. The
only explanation which was produced by
unbiased scientists was that the Qur’an must
consist of the word of Allah and His
knowledge. In this series of additions, we give
some comparative researches in the field of
embryology for Muslim scientists and place
them before the international community of
scientists in academies, universities and
institutions of research.

It is expected that many will be amazed as
many were amazed before them. This
astonishment will increase when it is learnt
that the above observation was revealed in
The Qur'an:
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“Soon will We show them our signs
in the (fartherest)  Regions
(universe) and in themselves until it
becomes manifest to them that this
is the Truth. Is it not enough that
your lord is witness on all things”?

(Sura Fussilat, Ayah 53)

Embryologists will be surprised to find in
the Qur’anic texts, revealed to Prophet
Mohammad (peace be upon him) 1400 years
ago, and in his Hadith, information on the
stages of development of the embryo. The
most comprehensive terminology is used to
refer to each stage and the sequence is
accurately and consistantly recorded. The
texts tell us of the initial stages of creation of
the embryo and the important developments
in each stage. We are told of the relationship
of the conceptus to the uterus and about the
laws of heredity. Such information has been
recently learnt by scientists with the help of
refined methods and modern techniques. The
Embryologists will be surprised to learn that
specific days have been mentioned in the
Hadith when specific developments take
place. The texts also describes the uterus and
the “three veils of darkness” that surround the
conceptus. These texts reveal facts which were
misunderstood by man for ages after the
revelation of the Qur’an in the 7th century
A.D. Tt goes without saying that the total
agreement of science with Qur’anic texts will
become clear because the Qur’an is the word
of Allah Whose knowledge is the truth.

The Qur’anic revelaiions were preserved
word by word and letter by letter without any
alternation. The Hadith has also been
recorded and preserved by the will of Allah by
men who used the strictest of methods for
recording of the traditions of Prophet
Mohammad (peace be upon him).

In the comparative study contained in the
addenda each “Ayah” of the Qur’an or text of
the Hadith was thoroughly researched in
Qur'anic interpretations, the most reliable
books of Hadith and five Arabic language
references for the meaning of the words. The
exact sources are givenin the list of references.
The interpretations were discussed with a
number of contemporary Muslim scholars.
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The scientific and medical aspects were
obtained from well known specialised
reference works. Interviews and discussions
were also held with a number of
internationally eminent embryo-logists,
obstetricians and gynaecologists. This was our
means of ascertaining the religious as well as
the scientific aspects of the study. It was
evident that the scientists saw the congruence
of the texts presented to them with scientific
facts.

Qur’an:
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“And those to whom knowledge
has come, see that the (Revelation)
sent down to you from your Lord,
is the Truth, and that it guides to the
Path of the Exalted (In Might),
Worthy of all Praise”.

(Surah Saba, Ayah 6)

Science has come accross many historic
controversies with religions where the clergy
had put their views and related it to God. It
was Allah’s revelations to scientists that

-

proved to them these misconceptions and
elucidated the truth of His own words. Those
who had controversy with particular religions
had not considered the “whole religion” and
therefore had to live with the uncertainties of
limited human knowledge which is still
growing day after day.

All physicians in the world agree that each
cell in the human body has a specific role or
purpose for which it is there. This purpose ties
it with the purpose of tissues, organs, systems
and the whole body. Thus, there is infinite
wisdom in each part which makes up the
whole. It follows, therefore that man was
created for a purpose and wisdom not realised
by those who think that they exist aimlessly.

Those who are believers in science and
knowledge, open their hearts to the truth
which can be proven by the scientific method.
We are all promised by Allah that He will
show us his miracles.

(... 03 Bali s adis)
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“And Say: Praise be to Allah, Who
will soon show you His Signs, So
that you shall know them”

(Surah Al-Naml, Avah 93)

Aftention: The Qur’anis defined as the word of Allah which was revealed to Prophet Mohammad
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(peace be upon him) in Arabic. Therefore, words not mentioned in the Qur’an cannot
be said to be words of Allah. The words presented in the translation of the Qur’an
represent the meanings understood by the interpretters from reading the Qur’an. In
the translations given in the additions sometimes an exact equivalent English word
could not be found and therefore, transliteration was the only alternative.
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The citations included in the addenda
appeared in the Qur’an and the Hadith during
the 7th century A.D., The Prophet
Mohammad was himself illiterate and was
living among illiterate people. Further, the
Arabs at that time worshiped idols, believed in
horoscope, magic and were superstitious and
very actively opposed the views advanced by
the Prophet through his revelations. The Jews,
were equally superstitious and believed that
intercourse induldged from behind resulted
into the birth of a baby suffering from Squint.
The Quotation below gives the background of
the people in that era as stated by the Prophet.
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“We are an illiterate people who
can neither write nor calculate . . . "
(Sahih Al-Bukhary, Fath Al-Bari

vol. 4, p. 126)

This fact is further supported by the
recorded history of that time when only few
literate people existed among the masses, so
much so that the Quran and Hadith
encouraged people to read and write.

Fath Al-Bari (vol. 9, p. 14) and Sahih
Muslem Sharh Al-Nawawy, vol. 7, p. 192,
have also recorded that during the era of
Prophet Mohammad, those who could write,
were using stones, palm leaves and leather to
do so. These facts clearly point out the
ignorance of the people who could not have
known the facts discovered during scientific
progress many centuries later.

Such were the conditions then, when the
account about human development appeared
in the Qur’an. This clearly indicates that it
could not have been the knowledge of man,
but it must have been revealed by Allah to the
Prophet Mohammad.

HISTORICAL CONFLICT WITH
LACK OF SCIENTIFIC FACTS

1. Before Islam and for a long time afterwards
it was predominantly believed that the embryo
originated from menstrual blood. This state of
affairs continued until the advent of the
microscope made it possible to prove
otherwise. Muslim scholars from the begining
consistantly rejected this theory in all

historical writings because they knew from the
Qur’an and the Hadith that the embryo is
created from the male and female fluids. This
is stated in the Qur’an :
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“Does man believe that he is left
uncontrolled (without purpose)?
Was he not a drop of (germinal)
fluid emitted? Then he became
alagah (leech like), then did Allah
make (him) and then fashioned
(Straightened and smoothed) him”

(Surah Al-Qyama, Ayah 36, 37, 38)

~ The Quran went further and prohibited
intercourse during menstruation which was
described as harmful.

SR S a o el e,
(- SR BASEYS (ol
YYY AT EEN 5,
“They ask you about (intercourse
during) menstruation; say it is a
harm, so keep away from wornen
during menstruation and do not
approach them untill they are
clean”

(Surah Al-Baqarah, Ayah 222)
“Sexual intercourse during the menstrual
flow may lead to infection of the uterus and
fallopain tubes, as well as increase the risk of
endometriosis  with its many clinical
complications. Because of increased
congestion of pelvic blood vessels there is
often intense pain and discomfort. Male
urinary tract infection and the development of
infertility have also been reported. Allah in
His infinite wisdom and in His mercy has
already enlightened us of this fact, as cited in
the Qur'an”. (Persaud and Azzindani, 1983).
2. It was widely believed up to the middle of
the 18th century that the new being is present
in the gamete in a miniature form (preforma-
tion theory). The idea that the embryo passes

* See also M. Tahir & Abdul-Majeed A. Azzindani (1983), &th Saudi Medical Conference Proceedings.
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through stages of development was discovered
at the end of the 19th century.

The Qur’an and the Hadith on the other
hand, state this fact on several occasions e.g.,

FoPharos2s

-4 P AP E R

2 s dzll m,du.::ulz.u, ,m
L:J.H_,_,ai,;u,@m,iv o)

J;‘G
:ad_-...zuj] L,.m..ns

o B }‘f SRR
u.a |_,'UI-L9— ST “)..._.5‘_1-|;

VE-V Y LY CIJ;D‘,J.I By

“We created man from a
quintessence (gentle extraction) of
clay. We then placed him as a drop
(Nutfah 1 ) in a place of rest
firmly fixed. Then we made the
drop into an ‘Alagah ( ik )
(leech-like) and then we changed
the leech-like structure into a
Mudghah ( i&2: ) (chewed-iike
substance) then we made out of that
Mudghah bones (Skeleton) (Izarn

sze ) then We clothed the
bones with flesh (muscles) (Lahm

o+ ) then we developed out of
him another creation. So blessed be
Allah the best to creat.”

(Surah Al-Mu’minun, Ayat 12-15)

The controversy about the preformation
theory continued in Europe during the 17th &
18th centuries. During the same period
Muslim scholars had something different to
offer from the Qur’an and the Hadith. They
knew that the Qur’an stated that the beginings
of man were already determined (planned) in
Nutfah (drop of fluid, see p. 32a). They also
knew from the Hadith that the creation of
organs, with which they were familiar,
occured after the 42nd day (6th week, see p.
86a).

There were also controversies on the role of
the father and the mother. Even after the
discovery of the microscope, the preformation
theory continued to find acceptance among
scientists. Some believed that there was a
preformed miniature fetus in the head of the
sperm (Swammerdam, 1637-1680). Another
school who relied on the work of DeGraaf
(1641-1693), believed that the preformed
individual was in the ovum and therefore the
mother had the main role and not the father.
These two points of view continued until
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Maupertuis  (1698-1759) propagated the
theory of biparental inheritance.

Following upon this step forward, it was
generally accepted by scientists that both
parents shared in the origins of the offspring.
One thousand and two hundred years before
the above controversy the fact of the role of
the parents was clearly stated in the Qur’an
and the Hadith:
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“O mankind! We created you from
male and female”.
(Surah Al-Hujurat, Ayah 13)
(von AR T )
Yol Al Gy
“Verily, We created man from
mixtures of germinal drop”.
(Surah Ad-Dahr, Ayah 2)

This was interpreted as mixtures of male
and female fluids.

In the Hadith it is recorded that one of the
Jews asked the Prophet (peace be upon him):
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“0, Mohammad, what is man
created from?” The Prophet
replied: “O jew, (he is) created
from both: from the man’s Nutfah
and from the women’s Nutfah
(Nutfah: drop or part of fluid)”.
(Al-Musnad, by Al-Imam Ahmad)

In conclusion it appears that human
knowledge had at one time contradicted some
of the facts brought by Islam on some aspects
of reproduction. It is also realised that as man
discovers new facts he finds himself repeating
what had already been stated by Qur’an and
Hadith. After answering about 80 questions
on various aspects of embryology, all of which
were derived from Qur’an and Hadith. Prof.
Keith L. Moore, found that his answers were
in full agreement with the information in the
Qur’an and the Hadith. He said: “If I was
asked these questions 30 years ago, I would not
have been able to answer half of them for fack
of scientific information”.



ESSENTIAL
INFORMATION

ALLAH : i

The name of the one and only God, the Creater, who is
perfect in all characteristics, worthy of worship and who
has sent His messengers to mankind.

THE QUR’'AN : aty-s)
This is the word of Allah revealed to Prophet
Mohammad (peace be upon him) precisely transmitted to
us by groups of people from other groups where agreement
on falsehood is impossible. It is the miraculous word of
Allah and when read, it 1s considered a form of worship.

THE PROPHET MOHAMMAD : s
The Prophet Mohammad the last and final prophet born

570 A.D., Allah bestowed him with Prophethood at the

age of 40 years, and died at the age of 63.

AL-HADITH : el
The tradition of the Prophet which consists of his

sayings, his practice and acknowledgements.

MEANINGS OF QUR’AN AND HADITH :Qﬁ-lJaTﬂigw

The imterpretation of the Qur’an and Hadith has been
based on meanings derived from the reference sources
included in the References for the meanings of words in
Qur’an and Hadith, page 458 k.
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ISLAMIC TERMS

The following terms have been taken from
Qur’an. The relevent references are quoted
below. The terminology is based on easily
understood actions and changes in the shape
of the conceptustl),

T
g o

AD-DAFQ® L
(Forceful Emission of Fluid):
Forceful emission of male and female

secretions including ovulation.

1

SULALAH MIN MA’A®) sbe on UM
(Gentie Extraction from fluid):
Gentle extraction of one sperm from
the male germinal fluid and the ovum
from the follicular fluid. It also covers
the gentle extraction of the Zygote
from its surrounding fluid.

AMSHAJ® (mixtures) aa
Mixing of sperm and ovum.
AL-KHALQ® k!

(Coming into being):
Begining of a human individual from
the fertilized ovum.

AL-TAQDEER®) i
(Determination of characters)

AL-HARTH®
(Ploughing & Sowing):

It implies implantation.

|

NUTFAH(:8) iiba

(Drop or small part of fluid):
Its real meaning can only be deduced
from the text of Qur’an; eyidently it is
a comprehensive term and includes
male and female gametes and part of
their natural envirenments of fluid. It
also includes zygote, morula and
blastocyst till implantation in the
uterus.

12f

‘ALAQAH®?) igle
(Leech or Blood Clot, or any thing
suspended or attached to a surface):

This term is Qur’an refers to the pre-
somite embryo (of about 15-22 + 2
days) which looks like a leech. This is
deduced from the Ayah under
references which describes changing
of the ALAQAH into MUDGHA.
The concept of this term meaning
blood clot was used by ancient
scholars who depended on the outside
appearance of the aborted conceptus.

MUDGHAH() i
(Chewed Substance):
This term refers to the somite stage of

the embryo (of about 23-40 + 2 days).

AL-1ZAM(10) alla o1
(Skeleton) g
AL-KISA BIL-LAHM(!!) @"-UL' LSt

(Clothing with flesh):
The Skeleton becomes clothed with
muscles.
AL-NASH’AH(12) s
(Growth or coming into being):
It refers to the fetal stage when there
is| growth of the body and coming of

the soul.

TAISEER AL-SABEEL!!Y)

(To make the passage easy):
This implies making the passage of the
baby through the birth canal easy.

AL-GHAYDH('®) o
(Decrease or penetration):
It implies a decrease in amount of
male and female secretions which
penetrate into the uterus and uterine

tubes.

IZDIAD AL-RAHEM('¥) o Al Sha)l
(Increase in the size of Uterus):
It implies an increase in the size of the
uterus as a result of pregnancy.



(1) Moore, K.L. and Azzindani, A. (1983) 8th Saudi Medical conference.
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{2) Surah At-Tariq, 6. “He is created from a drop emitted™
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(3) Surah As-Sajda, 8. “Then He made his progeny from a quintessence of the nature of a fluid despised”.
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(4) Surah Ad-Dahr, 2. “Verily we created mar from mixtures of a germmal drop
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(5) Surah Abasa, 19. “He created a new individual from a ‘Nutfah’ and immediately planned or progmmmed him”.
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(6) “Your wives are as a tilth unto you”, Surah Al-Bagara, Ayah 223,
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(7} “Was he nor a drop of germinal fluid”, Surah Al-Qyama, Ayah 37.
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(B) “Then we placed him a drop (Nutfah) in a place of settlement firmly ﬁxed Surah Al-Mu'minun, Ayah 13.
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(9) “Then we created the drop into a leech like structure then of that leech like structure we made a chewed like substance”
Surah Al-Mu'minun, Ayah 14,
Ve af agailt gy (Lo LR AL ELS L) O
(10) “Then we made ot of that chewed like substance bones (Skeletal system)”, Surah Al-Mu'minun, Ayah 14.
V4 B R SRR ) O
(11) Ibid, 14. “Then We clothed the bones with flesh (muscles)”.
VE &1 Oge gl 8y g ( :,;H' SN 4. ) on
(12) Ibid 14. “Then we developed out of him another ereation”. Surah Ar-Mu’minun, Ay ah 14.
WY o i (F:}’;'.ZSJ_.J SOLEEEGR.) oD
(13) “Froma deop He created him, and immediately planned or programmed him, then He makes his passage easy”.
Surah Abasa. ayat 19, 20

Ay i (... A A e )mu&_‘myu_c:j&;_u,y;,ﬂ ) 08
(14) “Allah knows that every female bears, and what is penetrate decreasing in the womb and what is increasing”. . .
Surah Al-Rahd, Ayah 8.
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THE BEGINNING OF
DEVELOPMENT

The First Week

He who sees things grow from the beginning will have
the finest view of them.

— Aristotle
Greek philosopher, 384-322 B.C.

Human development begins at fertiliza-
tion. when a sperm unites with an ovum to
form a unicellular organism called a zygore
(Gr. zveotos, yoked together). This cell
marks the beginnings of each of us as a
unique individual.

Although it is a very large cell, the zygote
is just visible to the unaided eve as a tiny
speck. It contains genes (units of genelic
information) in duplicate that are derived
from the mother and the father. The uni-
cellular organism, or zygote, becomes pro-
gressively transformed into a multicellular
human being through the division, migration,
growth, and differentiation of cells.

GAMETOGENESIS

Gametogenests is the process of formation
and development of specialized generative
cells or gametes (germ cells). This process,
which involves the chromosomes and the
cytoplasm of the gametes, prepares these

cells for fertilization (union of the male and

female gametes). During gametogenesis, the
chromosome number is reduced by half, and
the shape of the cells is altered.

The sperm and the ovum (the male and
female germ cells or gametes) are highly
specialized sex cells (Fig. 2-1) that contain
half the usual number of chromosomes. The
number is reduced during meiosis, a special
type of cell division that occurs during game-
togenesis. This maturation process is called
spermatogenesis in males and oogenesis in
females (Fig. 2-2).

There are hro successive meiotic divi-
sions. In the first meiotic division (the re-
14

duction division). homologons chromosomes
(a “matched pair.” one from each parent)
pair during prophase and then separate
during anaphase. with one representative
of each pair going to each pole. By the end
of the first meiotic division, each new cell
formed (secondary spermatocyte or second-
ary oocyte) has the haploid chromosome
number. ie.. half the original number of
chromosomes of the preceding cell (primary
spermatocyte or primary oocyte). This dis-

Junction of paired homologous chromo-

somes is the physical basis of segregation,
the separation of allelic genes at meiosis.
~ The second meiotic division Ffollows the

first division without DNA replication and

without @ normal interphase. Each chromo-
some’ (which has two parallel strands. or
chromatids) divides. and each half, or
chromatid, is drawn to a different pole.
Thus. the haploid number of chromosomes
is retained. and each daughter cell formed by
meiosis has this reduced number, with one
representative of each chromosome pair.
For more details and easy-to-follow illu-
strations of meiosis, see Thompson  and
Thompson (1980),

The significance of meiosis is that it pro-
vides for constancy of the chromosome
number from generation to generation by
producing haploid sex cells. Meiosis also
allows independent assortment of maternal
and paternal chromosomes among the ga-
metes. Crossing over, by relocating seg-
ments of the maternal and paternal chromo-
somes. serves to “‘shuffle’” the genes and
thereby produce a recombination of genetic
material,

Some embryologists consider gametogen-



NUTFAH (DROP) i

THE BEGINNING OF DEVELOPMENT

1. NUTFAH (i) .
2. NUTFAH AL-AMSHAJ (- il adkdt)

Al-Nutfah in Arabic Nutfah means a drop
or a small part of fluid. Its actual meaning with
reference to the context in the Qur'an will
include male and female gametes and part of
the surrounding fluid. This is illustrated by the
following citation:

S L A bt f,-»;,’fl
Jemdigt Lt dads LI

Y L Aald) &)

“was he not a drop or part of
germinal fluid (mani) emitted or
programmed”

{Surah Al-Qiyama, Ayah 37)

Here “mani” ( &*
female germinal fluid.

The Prophet's Hadith confirms the fact that
the offspring 1s created from part of the
germinal fluids.

) means male or

w8

Raws -LJ_,JI o0& L B ol n
Al ol -~ S = s s

“Not from all the fluid is the
offspring created”

(Sahih Muslim: Kitab Al-Nekah,

Bab Al-Azl)

It is also known that not all parts of the
ejaculate are equally potent in the fertilization
process. “In the first portion of the ejaculate
are the spermatozoa, epididymal fluids, and
the secretions from the Cowper and prostate
gland flmds. In the last portions of the
ejaculate are the secretions of the seminal
vesicles. Most spermatozoa appear in the first
part of the ejaculate, which is made primarily
of prostatic secretions. Thus spermatozoa in
the initial portion of the ejaculate have better
motility and survival than those in the later
portions, which are chiefly vesicular in
origin”. (E.S_.E. Hafez, Human reproduction,
1979).

Al-Nutfah Al-Amshaj: In Arabic Amshaj
means mixture and Al-Nutfah Al-Amshaj
shall mean mixtures of male and female
germinal fluids or cells. All Islamic scholars
unanimouly agree on deriving this meaning
from the above expression. This is evidently
clear from the following quotation:

YAl S By

“Verily We created Man from
mixture of germinal drop”
(Surah Ad-Dahr, Ayah 2)

" See also Keith L. Moore (1982) 7th Saudi Medical Conferance Proceedings; and Keith L. Moore & Abdul-Majeed A.
Azzindani (1983), 8th Saudi Medical Conference Proceedin gs.
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GAMETOGENESIS 15

acrosome

middle piece

/princ'epal pieceltaii

/

end piece

cytoplasmic sheath

follicular cells of
corona radiata

zona pellucida

Figure 2-1 A. Drawing showing the main parts of a human sperm (x 1250). The head, composed most-
ly of the nucleus, is covered by the acrosome (acrosomal cap), an organelle containing Iytic enzymes that
are believed to have an important role during fertilization (see Fig. 2—13). The sperm tail consists of three
regions: the middle piece, the principal piece, and the end piece. The mitochondria in the middle piece are
believed to generate the energy for sperm motility. B, A sperm drawn to about the same scale as the oocyte.
Because sperms were at one time regarded as parasites, they were given the name spermatozoa (“'semen ani-
mals”). C, Drawing of a human secondary oocyte (%200}, surrounded by the zona pellucida and the corona

radiata.

esis the first phase of development, because
oogenesis and spermatogenesis create the
conditions from which subsequent embryo-
genesis arises. Disturbances during game-
togenesis., e.g., mondisjunction (Fig. 2-3),
result in abnormal gametes that cause abnor-
mal development, such as occurs with tri-
somy 21, or Down syndrome (see Fig. 8-4).

SPERMATOGENESIS

The term spermatogenesis refers to the
entire sequence of events by which sperma-
togonia are transformed into spermatozoa,
or sperms. This maturation process begins at
puberty (about 14 years) and continues into
old age.

The spermatogonia, which have been dor-
mant in the seminiferous tubules of the testes
since the fetal period, begin to increase in
number at puberty. After several mitotic
divisions, the spermatogonia grow and un-
dergo gradual changes that transform them
into primary spermatocytes (Fig. 2-2), the
largest germ cells in-the tubules. Each prima-
ry spermatocyte subsequently undergoes a
reduction division, called the first meiotic
division, to form two haploid secondary
spermatocytes that are about half the size of

primary spermatocytes. Subsequently, these
secondary spermatocytes undergo a second
meiotic division to form four haploid sperma-
tids that are about half the size of secondary
spermatocytes. The spermatids are gradually
transformed into four mature sperms by an
extensive process of differentiation known
as spermiogenesis. Spermatogenesis, the
process of transformation of a spermato-
gonium into a mature sperm, takes about 64
days (Clermont, 1963).

The mature sperm (Figs. 2-14 and 2-12)
is a free-swimming, actively motile cell con-
sisting of a head and a rail, or flagellum. The
head, forming most of the bulk of the sperm,
consists of the nucleus, whose chromatin is
greatly condensed. The anterior two thirds of
the nucleus is covered by the acrosome, a
membrane-limited organelle containing en-
zymes that are believed to facilitate sperm
penctration of the corona radiata and zona
pellucida during fertilization (Fig. 2-13).

The tail of the sperm consists of three
segments: the middle piece, the principal
piece, and the end piece. The tail provides
the motility of the sperm, which assists in
its transport to the site of fertilization. The
middle piece of the tail contains the energy-
producing cytoplasmic and mitochondrial




NORMAL GAMETOGENESIS

SPERMATOGENESIS OOGENESIS
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46, XX
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Figure 2-2 Drawings comparing spermatogenesis and oogenesis. Oogonia are not shown in this figure
because all oogonia differentiate into primary cocytes before birth. The chromosome complement of the
germ cells is shown at each stage. The number designates the total number of chromosomes, including the
sex chromosomel(s) shown after the comma. Note that (1) following the two meiotic divisions, the diploid num-
her of chromosomes, 46, is reduced to the haploid number. 23; (2) four sperms form from one primary sper-
matocyte, whereas only one mature ovum results from maturation of a primary oocyte: and (3] the cytoplasm is
conserved during cogenesis to form one large cell, the mature oocyte or avum.

23.X 23,X 23, 23,
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GAMETOGENESIS 17

apparatus. The junction between the head
and the tail is called the neck (Fig. 2-1).

OOGENESIS

The term oogenesis refers to the entire
sequence of events by which ocogonia are
transformed into ova. This maturation proc-
ess begins before birth, but it is not complet-
ed (if it occurs at all) until after puberty.

Prenatal Maturation. During early fetal
life, the oogonia proliferate by mitotic divi-
sion. All these oogonia enlarge to form pri-
mary oocyfes before birth; for this reason,
oogonia are not shown in Figures 2-2 and
2-3. As the primary oocyte forms, ovarian
stromal cells surround it and form a single
layer of flattened follicular cells. The primary
oocyte enclosed by this layer of flattened
follicular cells constitutes a primordial folli-
¢le, or unilaminar follicle (Fig. 2-84). When
the primary oocyte enlarges at puberty, the
single layer of flattened, follicular cells sur-
rounding it becomes cuboidal and then co-
lumnar, forming a prirmary follicle (Fig. 2-2).
When the primary follicle has more than one
layer of cuboidal follicular cells, it is often
called a growing follicle (Fig. 2-8B).

Primary oocytes begin the first meiotic
division before birth, but the completion of
prophase does not occur until after puberty.
The primary oocytes remain in suspended
prophase (dictyotene) for several years, until
sexual maturity is reached and the reproduc-
tive cycles begin at puberty. Apparently, the
follicular cells surrounding the primary oo-
cyte secrete a substance called oocyre maru-
ration inhibitor (OMI), which acts to keep
the meiotic process of the oocyte arrested
(Page et al., 1981). This long duration of the
first meiotic division may account in part for
the relatively high frequency of meiotic
errors such as nmondisjuncrion (failure of
paired chromosomes to disjoin) that occur
with increasing maternal age.

It must be stressed that no primary oo-
cytes form after birth, in contrast to the
continuous production of primary spermato-
cytes in the male after puberty.

Postnatal Maturation. The primary oo-
cytes remain dormant in the ovaries until
puberty. As a follicle matures, the primary
oocyte increases in size and a deeply staining
membrane, the zona pellucida, forms around
it (Figs. 2-1C and 2-8B). Shortly before

ovulation (36 to 48 hours), the primary oo-
cyte completes the first meiotic division.
Unlike the corresponding stage of sperma-
togenesis, however, the division of cyto-
plasm is unequal. The secondary oocyte re-
ceives almost all the cytoplasm (Fig. 2-2),
and the first polar body receives hardly any.
The first polar body is a small, nonfunctional
cell that soon degenerates. At ovulation the
nucleus of the secondary oocyte begins the
second meiotic division, but progresses only
to metaphase, when division is arrested. If
fertilization occurs, the second meiotic divi-
sion is completed and most cytoplasm is
again retained by one cell, the mature oocyte
(Fig. 2-2). The other cell, the second polar
body, is small and soon degenerates. As soon
as the second polar body is extruded, matu-
ration of the ovum 1s complete.

The secondary oocyte released at ovula-
tion is surrounded by the zona pellucida and
a layer of follicular cells called the corona
radiata (Fig. 2-1C). Compared with ordinary
cells it is truly large, but it is just visible to
the unaided eye as a tiny speck.

It is generally believed that about 2 million
primary oocytes are usually present in the ovaries
of a newborn female infant, but many regress
during childhood so that by puberty only 30 to 40
thousand remain. Of these, only about 400 be-
come secondary oocytes and are expelled at ovu-
lation during the reproductive period. The number
of oocytes ovulated is greatly reduced in women
who take contraceptive (birth control) pills be-
cause the hormones in these pills prevent ovula-
tion,

COMPARISON OF THE SPERM AND
THE OVUM

The sperm and ovum are dissimilar in
several ways because of their adaptation to
specialized roles. The mature ovum is mas-
sive compared with the sperm (Fig. 2-1) and
is immotile, whereas the microscopic sperm
is highly motile. The ovum has an abundance
of cytoplasm containing yolk granules,
which provide nutrition during the first few
days of development. The sperm bears little
resemblance to an ovum or any other cell
because of its sparse cytoplasm and special-
ization for motility.

With respect to sex chromosome constitu-
tion, there are two kinds of normal sperm
(Fig. 2-2): 23, X and 23, Y, whereas there is
only one kind of normal ovum: 23, X.




ABNORMAL GAMETOGENESIS

SPERMATOGENESIS OOGENESIS

ovary
testis
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. 46,%X
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Figure 2-3 Drawings showing how nondisjunction, an errar in cell division, results in faulty chromosome
distribution in germ cells. (Although nondisjunction of sex chromoscmes is illustrated, a similiar defect may
ocecur during division of autosomes.) When nondisjunction occurs during the first meiotic division of sperm-
atogenesis, one secondary spermatocyte contains 22 autosomes plus an X and a Y chromosome, and the other
one contains 22 autosomes and no sex chremosome. Similarly, nondisjunction during oogenesis may give
rise to an oocyte with 22 autosomes and two X chromosomes (as shown), or to one with 22 autosomes and no
sex chromosomes. (See Fig. 8-3 for other drawings illustrating.nondisjunction.)
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STRUCTURE OF THE UTERUS 19

In the foregoing descriptions, and in Figures
2-2 and 2-3, the number 23 indicates the toral
number of chromosomes in the complement, in-
cluding the sex chromosome. This number is
followed by a comma and an X or Y to indicate
the sex chromosome constitution: e.g., 23, X
indicates that there are 23 chromosomes in the
complement, made up of 22 autosomes and 1 sex
chromosome (an X in this case).

ABNORMAL GERM CELLS

The ideal maternal age for reproduction
appears to be from 18 1o 30 years of age
(Smith etal., 1978). The likelihood of asevere
chromosomal abnormality in the embryo
increases significantly after the age of 35. It
is also undesirable for the father to be older
than this because the likelihood of a fresh
gene mutation (alteration) increases with pa-
ternal age. The older the father at the time of
conception, the more likely he is to have
accumulated mutations that the embryo
might inherit (Thompson and Thompson,
1980). This relationship does not hold for all
dominant mutations and is not an important
consideration in older mothers.

Chromosomal Abnormalities. During
meiosis, homologous chromosomes some-
times fail to separate and go to opposite
poles of the cell. As a result of this error of
cell division, known as nondisjunction, some
germ cells have 24 chromosomes-and others
have only 22 (Fig. 2-3).

If 2 germ cell with 24 chromosomes fuses with a
normal one during fertilization, a zygote with 47
chromosomes forms. This condition is called #ri-

Al B.

somy because of the presence of three representa-
tives of a particular chromosome, instead of the
usual two. If a germ cell with only 22 chromo-
somes fuses with a normal one, a zygote with 45
chromosomes forms. This condition is known as
monosamy because only one representative of a
particular chromosome is present, instead of the
usual pair. For a description of the clinical condi-
tions associated with numerical disorders of chro-
mosomes, see Chapter 8.

Morphological Abnormalities. Up to 10 per
cent of the sperms in an ejaculate may be grossly
abnormal (Fig. 2-48), but it is generally believed
that they do not fertilize oocytes owing to their
lack of normal motility. Most, if not all, morpho-
logically abnormal sperms are unable to pass
through the mucus in the cervical canal. X-rays,
severe allergic reactions, and certain antisperma-
togenic agents have been reported to increase the
percentage of abnormally shaped sperms in man.
Such sperms are not believed to affect fertility
unless their number exceeds 20 per cent.

Although some oocytes may have two or three
nuclei, they probably never mature. Some abnor-
mal follicles containing two (Fig. 2-44) or more
oocytes may develop, but this phenomenon is
infrequent in human females. Although such com-
pound follicles could result in multiple births, it is
believed most of them never mature and never
expel their oocytes at ovulation,

STRUCTURE OF THE UTERUS

A brief description of the histological
structure of the uterus is given here as a basis
for understanding reproductive cycles, im-
plantation of the blastocyst, and placenta-
tion.

The wall of the uterus consists of three

Figure 2-4 Drawings of germ cells. A, Primary follicle containing two primary oocytes. If this follicle
matured and the oocytes were expelled and fertilized, they would give rise to dizygotic (nonidentical) twins,
B, Various types of abnormal sperms. Although 10 per cent of the sperms may be abnormal, they are not be-
lieved to fertilize oocytes or to affect fertility unless 20 per cent or more are abnormally formed. Defective and
immobile sperms are unable to penetrate the cervical mucus.




20 THE BEGINNING OF DEVELOPMENT

layers (Fig. 2-54): (1) a very thin outer
serosa, or perimetrium; (2) a thick middle
smooth muscle layer. or myometrinm; and
(3) a thin inner layer. or endomeirivum.
During the secretory phase of the menstru-
al cycle (Fig. 2-6), three layvers of the endo-
metrinm can be distinguished (Fig. 2-5B}:
(1) a thin superficial compact layerconsisting
of densely packed. stromal cells around the

uterine cavity

Area enlarged in B
endometrium
myometrium

perimetrium

straight necks of the glands: (2) a thick
spongy laver composed of edematous stroma
containing the dilated, tortucus bodies of the
glands; and (3) a thin hasal laver containing
the blind ends of the glands. This deep layer
has its own blood supply and is not sloughed
off during menstruation. The other two, the
compact and spongy layers, disintegrate and
are shed at menstruation and parturition (de-

uterine tube

_-ampulla

'O%z@infundibulum
Jﬂ{{‘l
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Figure 2-5 A, Diagrammatic frontal section of the uterus and uterine tubes. The ovaries and vagina are also

indicated. B, Enlargement of the area outlined in A.



A PLACE OF SETTLEMENT"

FIRMLY FIXED

(Quarar Makeen) (=3 )

“THE UTERUS”
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“Then We placed him a drop
(Nutfah) in a place of settlement
firmly fixed”,

(Surah Al-Mu'minun, Ayah 13)

The mother’s womb, which is firmly fixed in
the body, for settlement of the conceptus is
referred to in the Qur’an as “Quarar Makeen”
(see fig. 7-2 and 7-9). There is no proper
English equivalent to this expression which
could give a complete concept as implied by
“Quarar Makeen”. This expression means
settling of the conceptus in the womb and
refers to the ideal situtation of the latter in the
mother’s body for formation and growth of a
new being. This phrase is comprehensive in its
meanings and covers all the known facts and
those which are likely to be added later
because “Quarar” is comprehensive enough to
cover any additional information regarding
the uterus and “Makeen” could cover any
future knowledge about the relationship of the
uterus to the body.

Proceedings.

“THREE VEILS OF DARKNESS”

The embryo passes from one stage of
development to another whithin three covers
which have been expressed by the Qur’an as
“Three veils of darkness”. These are taken to
mean the following:

a) The abdominal wall,

b) Uterine Wall,

¢) The placenta with its choriono-amniotic
membranes.

5 e o B )
(. . ;;ff: h):M—LL"’”: 3

TS

“He created you in the wombs of
your mothers from one stage to
another and all along three veils of
darkness surrounded you”.

(Surah Al-Zumar, Ayah 6)

Interpretions of the Qur’an have agreed on
the above meaning, see Fig. 7-9.

* See also Nawab M. Khan; Jean Henri Baudet & Abdul-Majeed A. Azzindani (1983), 8th Saudi Medical Conference
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(Fig. 2-7) to the anterior lobe of the hypoph-
ysis  (pitaitary). This causes the | cyclic
release of the gonadotropic hormones,
follicle-stimulating hormone | (FSH), and
luteinizing hormone (LH).

THE OVARIAN CYCLE |

The gonadotropins (FSH and LH) produce
evclic changes in rthe ouraries| (development
of follicles, ovulation, and corpus luteum
formation) known as the ovarian cycle. In
each cycle, FSH promotes growth of 5 to 12
primary follicles; however, usually only one
of them develops into a mature follicle and
ruptures through the surface'of the ovary,
expelling its oocyte (Fig. 2-10). Hence, 4 to
11 follicles degenerate and never mature. As
the oocyte and follicle degenérate,’ they are
replaced by connective tissue, forming a
COFpus atreticum. |

Follicular Development. Development

nucleus of
primary oocyte

follicular
cells

10y

of a follicle is characterized by (1) growth
and differentiation of the primary oocyte, (2)
proliferation of follicular cells, (3) formation
of the zona pellucida, and (4) development of
a connective tissue capsule, the rheca folli-
culi, from the ovarian stroma (Fig. 2-6). The
follicular cells divide actively, producing a
stratified layer around the oocyte (Fig. 2-8B).
The follicle soon becomes oval in shape and
the ococyte eccentric in position, because
proliferation of the follicular cells occurs
more rapidly on one side. Subsequently,
fluid-filled spaces appear around the cells;
these spaces soon coalesce to form a single
large cavity, the follicular antrum (Fig. 2-
8C).

When the antrum forms, the ovarian folli-
cle is called a secondary or vesicular follicle.
The primary oocyte gets pushed to one side
of the follicle, where it is surrounded by a
mound of follicular cells, the cumuius oo-
phorus, and projects into the antrum (Figs.
2-8C and 2-9).

cumulus
aophorus

Zona
pellucida

Figure 2-8 Photomicrographs of sections from adult human ovaries. A, Ovarian cortex showing two pri-
mordial follicles containing primaryjoocytes that have completed the prophase of the first meiotic division and
have entered the dictyotene stage, a ‘'resting’’ stage between prophase and metaphase (x250). B, Growing
follicle containing a primary oocyte, surrounded by the zona pellucida and a stratified layer of follicular cells
(x250). C, An almost mature follicle with a large antrum. The oocyte, embedded in the cumulus cophorus, does
not show a nucleus because it has been sectioned tangentially (x100). (From Leeson, C. R., and Leeson, T. S.:
Histology. 4th ed. Philadelphia, W. B. Saunders Co., 1981))
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Figure 2-9 Photomicrograph of a human primary oocyte in a secondary or vesicular follicle, surrounded by
follicular cells of the cumulus cophorus. The zona pellucida is a refractile, deeply staining layer of uniform
thickness. It is a gel-like, neutral glycoprotein that protects the cocyte. (From Bloom, W., and Fawcett, D. W.:
A Textbook of Histology. 10th ed. Philadelphia, W. B. Saunders Co., 1975. Courtesy of L. Zamboni.)

Early development of follicles is induced
by FSH, but the final stages of maturation
require LH as well. Growing follicles pro-
duce estrogen, a female sex hormone that
regulates development and function of the
reproductive organs. Estrogens are mainly
formed by the inner layer of the theca folli-
culi (Fig. 2-6), known as the theca interna.

Ovulation. Around midcycle (14 days),
under the influence of FSH and LH, the
mature ovarian follicle undergoes a sudden
growth spurt, producing a cystic swelling or
bulge on the surface of the ovary. A small
oval avascular spot, the srigma, soon ap-
pears on this swelling (Fig. 2-104). Prior to
ovulation, the secondary oocyte and some
cells of the cumulus oophorus detach from
the interior of the distended follicle (Fig.

2-10B). At ovulation there is a surge of LH
release that appears to cause the stigma to
balloon out, forming a vesicle. The stigma
then ruptures, expelling the secondary oo-
cyte with the follicular fluid (Figs. 2-10D and
2-11). The oocyte is surrounded by the zona
pellucida and one or more layers of follicular
cells that quickly become radially arranged
as the corona radiata (Figs. 2-1C and 2-
10C).

The surge in the release of luteinizing
hormone also seems to induce resumption of
the first meiotic division of the primary oo-
cyte. Hence, mature ovarian follicles con-
tain secondary oocytes (Fig. 2-10).

A variable amount of intermenstrual pain,
called mittelschmerz (Ger. mittel, mid + schmerz,
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Figure 2-10 Diagrams illustrating ovulation. The
stigma ruptures and the secondary oocyle is ex-
pelled with the follicular fluid. The diameter of a
secondary oocyte, freshly ovulated. is about0.10 mm.

pain). accompanies ovulation in some women,
This may be used as a sign of ovulation, but
there are better ones; e.g., the basal body tem-
perature usually shows a slight rise at ovulation.

Some women do not ovulate owing to an inade-
quate release of gonadotropins: as a result they
are unable to become pregnant. In some of these
patients ovulation can be induced by the adminis-
tration of gonadotropins or by administration of
an ovulatory agent (clomiphene citrate). This drug
stimulates the release of pituitary gonadotropins
(FSH and LH), which usually results in matura-
tion of the ovarian follicle, ovulation, and devel-
opment of the corpus luteum. The incidence of
multiple pregnancy increases up to ten fold when
ovulation is induced. Apparently, the fine control
of FSH output is not present in these cases, and
multiple ovulations occur, leading to multiple
pregnancies and often spontaneous abortions
(Hack et al., 1970). ®

The Corpus Luteum. Shortly after ovu-
lation, the walls of the follicle and the theca
folliculi collapse and are thrown into folds
(Fig. 2-10D). Under LH influence, they de-
velop into a glandular structure known as the
corpus luteum (Fig. 2-6), which secretes
mainly progesterone, but also produces
some estrogen. These hormones, particular-
ly progesterone, cause the endometrial
glands to secrete and generally to prepare the
endometrium for blastocyst implantation
(see Fig. 3-1). '

If the ovum is fertilized, the corpus luteum
enlarges to form acorpus luteum of pregnan-
¢y (see Fig. 6-4B) and increases its hormone
production. When pregnancy occurs, degen-
eration of the corpus luteum is prevented by
chorionic gonadotropin, a hormone secreted
by the trophoblast of the chorion (see Fig.
3-6).

If the ovum is not fertilized, the corpus
lutuem begins to degenerate about 10 to 12
days after ovulation and is called a corpus
luteurn of menstruation. In each case the
corpus luteum is subsequently transformed
into a white scar called a corpus albicans.

THE MENSTRUAL CYCLE

The cyclic changes occurring in the en-
dometrium constitute the wrerine (endome-
trial}) cycle, commonly referred to as the
menstrual cycle because menstruation is an
obvious event (Fig. 2-6).

The normal endometrium is a mirror of the
ovarian cycle because it responds in a rather
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precise manner to the fluctuating concentra-
tions of ovarian steroids (Page et al., 1981).

The 28-day menstrual cycle shown in Fig-
ure 2-6 is by no means constant in length. In
90 per cent of healthy yvoung women, the
length of the endometrial cycles ranges be-
tween 23 and 35 days. Almost all these
variations result from alterations in the dura-
tion of the proliferative phase (Page et al.,
1981).

The typical cycles illustrated in Figure 2-6 are
not always realized because the ovary may not
produce a mature follicle. As a result, ovulation
does not occur, In an anevulatery cycle the en-
dometrial changes are minimal. The proliferative
endometrium develops as usual: however, be-
cause there is no ovulation and no corpus Iuteum
formation, the endometrium does not progress (o
the secretory phase but continues to be of the
proliferative type until menstruation begins.

Anovulatory cycles may be produced by admin-
istering sex steroid hormones. The excess hor-
mones act on the hypothalamus and hypophysis,
resulting in an inhibition of secretion of the hypo-
thalamic releasing factors and pituitary gonado-

|Figure 2-11 Photomicragraph of
a section of a rabbit ovary taken just
after rupture of a mature ovarian fol-
licle during ovulation. The secondary
oocyte, previously torn away from
the cumulus cophorus (Fig. 2-10),
has been carried with the gelatinous
fallicular fluid out of the follicle and
the ovary into the peritoneal cavity.
The follicular cells adhering to the
secondary aoocyte constitute the cor-
ona radiata. (From Page. E W,
Villee, C. A., and Villee, D. B.: Human
Reproduction. Essentials of Repro-
ductive and Perinatal Medicine. 3rd
ed. Philadelphia, W. B. Saunders Co.,
1981. Courtesy of Dr. Richard J.
Blandau.)

tropic hormones essential for ovulation. Suppres-
sion of ovulation is the basis for the success of
hirth control pills, e.g.. a combination of estrogen
and progestin, These hormones act by sup-
pression of the madeyle surge im LH. which
normally causes ovulation. In 90 per cent of
cases. the interval between cessation of oral
contraception and the occurrence of pregnancy
is 12 months. when no other method of con-
traception is used.

Ovarian hormones cause cyclic changes in
the structure of the reproductive tract, nota-
bly the endometrium. Although divided into
three phases for descriptive purposes (Fig.
2-6). it must be stressed that the menstrual
cycle is a continuous process; each phase
gradually passes into the next one.

The Menstrual Phase. The first day of
menstruation is counted as the beginning of
the menstrual cycle. The functional layer of
the uterine wall is sloughed off and discarded
during menstruation, which typically occurs
at 28-day intervals and lasts for three to six
days.

The Proliferative (Follicular) Phase.

|
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This phase (days 6 to 14) coincides with the
growth of ovarian follicles and is con-
trolled by estrogens secreted by the theca
interna surrounding the follicles. There is a
two- to threefold increase in the thickness of
the endometrium during this phase of repair
and proliferation. Early during this phase, a
continuous surface epithelium covers the en-
dometrium; the glands increase in number
and in length, and the spiral a]rteries elongate
but do not reach the surface during this
phase.

The Secretory (Luteal) Phase. This
phase (days 15 to 28) coincides with the
formation and growth of the corpus luteum.
The progesterone secreted by the corpus
luteum stimulates the glandular epithelium to
produce a material rich in glycogen. The
glands become wide, tortuous, and saccular,
and the endometrium thickens, partly as a
result of the increased fluid in the stroma. As
the spiral arteries grow into the superficial
compact layer, they become increasingly
coiled. If the oocyte released at ovulation is
fertilized, the blastocyst normally begins to
implant in the endometrium on about the
sixth day of the secretory phase (Fig. 2-17).
or the twentieth day of the menstrual cycle
(Fig. 2-6).

When fertilization does not occur, the se-
cretory endometrium enters into anischemic
(premenstrual) phase during the last day or
two of the menstrual cycle (Fig. 2-6). The
ischemic phase is usually considered to be
the last part of the secretory phase. The
ischemia (localized deficiency of blood) gives
the endometrium a pale appearance and
occurs as the spiral arteries constrict inter-
mittently. This intermittent constriction of
spiral arteries results from the decreasing
secretion of hormones by the degenerating
corpus luteum. In addition to' vascular
changes, the hormone withdrawal results in a
stoppage of glandular secretion, a loss of
interstitial fluid, and a marked shrinking of
the endometrium.

Toward the end of the ischemic part of the
secretory phase, the spiral arteries become
constricted for longer periods. Eventually,
blood begins to seep through the ruptured
walls of the spiral arteries into the surround-
ing stroma. Small pools of blood soon form
and break through the endometrial surface,
resulting in bleeding into the uterine lumen
and the beginning of another menstrual
phase.

As small pieces of the endometrium be-

come detached and pass into the uterine
cavity. the torn ends of the arteries bleed
into the uterine cavity, resulting in an aver-
age loss of 35 ml of blood. Eventually, over
three to six days, the entire compact layer
and most of the spongy layer are discarded in
the menstrual flow. The remnants of the
spongy layer and the basal layer remain to
undergo regeneration during the subsequent
proliferative phase of the endometrium. Con-
sequently, rhe cycelic activity of the ovary is
intimately linked with cyvclic changes in the
endometrium (Fig. 2-6).

If pregnancy does not occur, the reproduc-
tive or menstrual cycles normally continue
until the end of a woman’s reproductive life,
usually between the ages of 47 and 52. If
pregnancy occurs, the menstrual cycles stop
and the endometrium passes into a pregnan-
cy phase. With the termination of pregnancy,
the ovarian and menstrual cycles resume
after a variable period of time (usually 6 to 10
weeks if the woman is not breast-feeding her
baby).

GERM CELL TRANSPORT AND
VIABILITY

Oocyte Transport. At ovulation, the
secondary oocyte is carried in a stream of
peritoneal fluid produced by the sweeping
movements of the fimbriae of the uterine
tube (Fig. 2-10A). These finger-like process-
es move back and forth over the ovary and
“sweep’’ the secondary oocyte into the in-
Sundibutum of the tube. The oocyte then
passes into the ampulla of the uterine tube,
largely as a result of the beating action of
cilia on some tubal epithelial cells, but partly
by muscular contraction of the tubal wall. It
has been estimated that it takes the oocyte
about 25 minutes to reach the site of fertiliza-
tion in the ampulla of the uterine tube (Fig.
2-18).

Sperm Transport. Usually 200 to 500
million sperms are deposited on the cervix
and in the posterior fornix of the vagina at
intercourse (Fig. 2-5.4). The sperms pass by
movements of their tails through the cervical
canal, but passage of sperms through the
uterus and uterine tubes appears to be assist-
ed by muscular contractions of the walls of
these organs. The prostaglandins present in
the seminal plasma may stimulate uterine
motility at the time of intercourse and assist
in the movement of sperms through the uter-
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Figure 2-=12 Scanning electron micrograph of several human sperms Each of these male germ cells con-
sists of a head and a long tail. The head is formed principally by the nucleus, which contains the genetic traits
that are transmitted by the male to the zygote during fertilization. The tail provides the motility thal assists in
the transport of the sperm to the fertilization site. (From Page. E. W., Villee, C. A., and Villee, D B . Human
Reproduction. Essentials of Reproductive and Perinatal Medicine. 3rd ed. Philadelphia, W. B. Saunders Ca.,

1981. Courtesy of J. E. Flechon and E. 5. E. Hafez\)

us and the uterine tubes to the site of fertil-
ization (Page et al., 1981). It is not known
how long it takes sperms to reach the fertil-
ization site, but the time of transport is
probably short. Settlage et al. (1973) found a
few motile sperms in the ampulla of the
uterine tube 5 minutes after their deposition
near the uterine ostium (external os), but
some sperms took up to 45 minutes to travel
to the fertilization site. Only 300 to 500
sperms reach the fertilization site.

Sperm Counts.  During evaluation of fertility in
a man, a clinical analysis of the semen is made.
The average volume of the ejaculate is about 3.5
ml, and the sperms account for less than 10 per
cent of this fluid. The rest consists of seminal
plasma secreted by the ducts and accessory
glands of the male reproductive tract.

In normal males there are usually more than 100
million sperms per ml of semen (Fig. 2-12). Al-
though there is much variation in individual cases,
men whose semen contains 20 million sperms per
ml, or 50 million in the total specimen, are proba-
bly fertile. Men with less than 20 million sperms
per ml of semen are likely to be sterile, especially
if the specimen contains immotile and abnormal
sperms (Fig. 2-4B).

The reduction in the number of sperms during
passage through the female reproductive tract is

mainly the result of filtering of abnormal and
poorly motile sperms by the cervical mucus.
Many sperms also invade the endometrial glands,
where they die and are ingested by phagocytes,

Fertilization Site. The usual site of fer-
tilization is the ampulla of the uterine tube,
its longest and widest part (Figs. 2-54 and
2-18). It is generally believed that fertiliza-
tion cannot be delayed until the oocyte
reaches the uterus, since it becomes overripe
and undergoes degeneration. The final fate of
unfertilized oocytes is dissolution in the uter-
us.

|

GERM CELL VIABILITY

Ova.! Studies on early stages of develop-
ment indicate |that the ovum is usually fer-
tilized within 12 hours after expulsion of the
secondary oogyte at ovulation, and observa-
tions have shown that in vitro the unfer-
tilized human secondary oocyte dies within
12 to 24 hours.

. Sperms. Most sperms probably do not
survive for more than 24 hours in the female
genital tract. However, there is suggestive
evidence that some sperms may be able to
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SULALAH( iy | )

GERM CELL TRANSPORT
AND VIABILITY

“Sulalah  Min Ma'a” ( ;L U3 )
“Sulalah“ in Arabic means gentle éxtraction
from fluid. Its meaning in the context used in
Qur’an is clear from the following:

(. — Y‘,f%:f.hsc_;;‘jli;_;‘ﬁ-*:' e ); )
A Bl 6y

“Then He made his progeny gently
extracted from lowly fluid]’.
(Surah As-Sajdah, Ayah 8)

The fluid refers to both male and female
germinal fluids containing gametes and it is
now a known scientific fact that both ovum
and sperm are gently extracted from their
environments in the process of fertilization.

The whole concept is illustrated in fig. 2-10 C
& D, p. 25. The ovum is observed to be
extracted in a long stream of follicular fluid.
Similarly one sperm out of millions is drawn
out from the seminal fluid.

Further, it is now common knowledge to
embryologists that only one sperm and one
ovum are involved in the normal process of
fertilization. This fact was stated by Prophet
Mohammad in the Hadith below:

W -U_g-“ I:!'}{\g [y J..é' als 5
(Il b — 2 I s’ — e )
“Not from all the fluid is the
offspring created”.

(Sahih Muslim, Kitab Al-Nekah,
Bab Al-Azl)

* See also M. Tahir & Abdul-Majeed A, Azzindani (1983). 8th Saudi Medical Conference Proceedings.
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fertilize an ovum for as long as ITB& days
after insemination. Many sperms are stored
in the crypts or aggregations of cervical
glands and within the cervical mucus. They
obtain oxygen by diffusion through the cervi-
cal plasma (Elstein, 1978). These sperms are
gradually released for three or four days into
the body of the uterus and |pass into the
uterine tubes. This storage of sperm ensures
a constant release of sperms and thereby
increases the chances of fertilization.

L
o

perivitelline space !

cytoplasm of cocyte

&

After being frozen to low temperatures,
semen may be kept for years (Hancock,
1970: Friedman, 1977). Children have been
born after artificial insemination of women
with semen that had been stored for several
years. Thus, frozen-storage of semen could
result in a man, long-dead, fathering a child
by means of artificial insemination.

Capacitation of Sperms. Before a mature
motile sperm can penetrate the corona radia-
ta and zona pellucida surrounding a second-

zona pellucida

corona radiata
second meiotic metaphase

first polar body

plasma membrane
of oocyte

sperm nucleus acrosome perforations enzymes sperm in cytoplasm
confaining containing in acrosome breaking down of cocyte without its
chromosomes enzymes wall zona pellucida plasma membrane

| | \

Figure 2-13 Diagrams illustrating the acrosome reaction and sperm penetration of an oocyte. The detail of
the area outlined in A is given in B. 1./Sperm during capacitation. 2. Sperm undergoing the acrosome reaction.
3, Sperm digesting a path through the zona pellucida by the action of enzymes released from the acrosome.
4, Sperm after entering the cytoplasm of the oocyte. Note that (1) the plasma membranes of the sperm and the
aocyte have fused, and (2) the head and tail of the sperm enter the oocyle. leaving the sperm’s piasma mem-
brane attached to the oocyte's plasma membrane.
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ary oocyte, it must undergo capacitation, an
activation process that takes about seven
hours. It is generally accepted that this proc-
ess consists of enzymatic changes that result
in the removal of a glvcoprotein coat and
seminal plasma proteins from the plasma
membrane over the acrosome. No morpholo-
gical changes are known to occur during the
capacitation process.

Usually, sperms are capacitated in the
uterus or the uterine tubes by substances in
the secretions of the female genital tract.
Follicular fluid is also known to have capaci-
tating properties. During in vitro fertiliza-
tion, capacitation is induced by artificial
means using macromolecular components in
the medium, such as gammaglobulin free
serum, serum dialysate, follicular fluid, adre-
nal gland extracts, albumin, and dextran
(Zaneveld, 1978). The process is enhanced
when follicular fluid is added to the me-
dium.,

The Acrosome Reaction. An acrosome
reaction may occur after capacitation of a
sperm. This sequence of events, occurring
during passage of the sperm through the
corona radiata (Fig. 2-13B). consists of
structural changes. The outer membrane of
the acrosome fuses at many places with the
overlying cell membrane of the sperm head,
and the fused membranes then rupture, pro-
ducing multiple perforations through which
the enzymes in the acrosome escape. Proges-
terone seems to stimulate the acrosome reac-
tion (Austin, 1975). It is present in large
amounts in the follicular fluid released at
ovulation (Figs. 2-10 and 2-11) and between
the follicular cells of the corona radiata.
Enzymes that are believed to facilitate pas-
sage of the sperm through the corona radiata
and the zona pellucida are released from the
acrosome during the acrosome reaction.
Hyaluronidase enables the sperm to pene-
trate the corona radiata. Trypsin-like sub-
stances and a zona lysin digest a pathway for
the sperm through the zona pellucida.

FERTILIZATION

Fertilization is the sequence of events that
begins with contact between a sperm and a
secondary oocyte, and ends with the fusion
of the nuclei of the sperm and ovum and the
intermingling of maternal and paternal
chromosomes at the metaphase of the first
mitotic division of the zygote (Fig. 2-14).

Embryonic development commences with
feriilization; hence, the beginning of fertiliza-
tion is the start of stage 1 of development.
The fertilization process requires about 24
hours and occurs as follows (Fig. 2-13):

1. The sperm passes through the corona
radiata. Dispersal of these follicular cells
appears to result from the action of enzymes
released from the acrosome, principally iya-
luronidase. This enzyme is believed to effect
removal of the corona radiata cells surround-
ing the secondary oocyte. Probably move-
ments of the tail of the sperm also help it to
penetrate the corona radiata.

2. The sperm penetrates the zona pelli-
cida, digesting a path by the action of en-
zymes released from its acrosome. The en-
zyme acrosin appears to cause lysis of the
zona pellucida, thereby forming a path for
the sperm ta follow. It has been shown
experimentally that inhibition of acrosin pre-
vents passage of sperms through the zona
pellucida (Propping et al., 1978).

Once the first sperm passes through the
zona pellucida, a zona reaction occurs that
renders | this | layer impermeable to other
sperms. Alterations in the physiochemical
characteristics of the zona pellucida are as-
sociated with the zona reaction, but no mor-
phological changes have been detected. The
zona reaction is believed to be produced by
cortical granules released from the second-
ary cocyte. They contain [ysosomal enzymes
that induce thle zona reaction.

Although several sperms may penetrate the
zona pellucida, usually only one sperm eniers the
ovum and fertilizes it. Two sperms may partici-
pate in fertilization during an abnormal process
known as dispermy; this seems to be a relatively
common occurrence in humans (Carr, 1971). The
resulting triploid embryos (69 chromosomes) may
appear guite normal, but they nearly always abort.
A few triploid infants have been born, but they all
died shortly after birth (Carr, 1971). There is some
experimental evidence that aged ovcyres do nol
release cortical granules after sperm penetration
of the zona pellucida. As a result, the zona
reaction does not take place, and multiple pene-
tration of sperms occurs. Polyspermy is unlikely
to pmflucc a viable embryo.

3. The sperm head attaches to the surfuce
of the secondary oocyte; the plasma mem-
branes of the oocyte and sperm fuse and then
break down at the point of contact. The head
and tail of the sperm enter the cytoplasm
of the oocyte, leaving the sperm’s plasma
membrane attached to the oocyte’s plasma
membrane.
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Please refer to Page 14a. The interpretation

of the Ayah: L 15—
(- pttiadls. ity )
(verily We created man from mixture of
germinal drop) to mean mixing of male and
female gametes to form the Zygote. “Al-
Nutfah Al-Amshaj" is a peculiar combination
of Nutfah, which is a noun refehng to a single
drop and Al-Amshaj an adjective, which is
used in plural form. The grammatic rules of
the language permit singular nouns or
pronouns to be described by a singular
adjective. Al-Amshaj is a plural adjective used
with the singular noun Al-Nutfah. After
mixture of the male and female gametes, the
Zygote still remains “Nutfah” and in this
|

context the word “Al-Nutfa Al-Amshaj” will
mean a combination of many things mixedina
single drop (Nutfah) i.e., the maternal and
paternal chromosomes with their genetic
material and other contents of the Cell.
“Amshaj” is a plural adjective capable of
agreeing with the concept of Nutfah being a
multi-faceted single entity.

Thus the Qur’an as early as the 7th Century
A.D. refuted all older notions and theories
about the beginings of the Human conceptus
because these did not take into account the
dual nature of fertilization. This information
was discovered by scientists many centuries
after the revelation in the Qur’an.
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Figure 2-14 Diagrams illustrating fertilization (developmental stage 1), the procession of events beginning
when the sperm contacts the secondary oocyte's plasma membrane and ending with the intermingling of
maternal and paternal chromosemes at metaphase of the first mitotic division of the zygote. A, Secondary
oocyte surrounded by several sperms. (Only four of the 23 chromosome pairs are shown ) 8, The corona radiata
has disappeared; a sperm has entered the oocyle, and the secand meiotic division has occurred, forming a
mature ovum. C, The sperm head has enlarged to form the male pronucleus. O, The pranuclei are fusing. E, The
chromosames of the zygote are arr{anged on a mitotic spindle in preparation for the first cleavace (mitotic)
division.
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4. The secondary oocyte completes the
second meiotic division, forming a mature
ovum and the second polar body (Fig. 2-
14B). The nucleus of the ovum is known as
the female pronucleus.

5. Once within the cytoplasm of the
ovum, the tail of the sperm rapidly degener-
ates, and its head enlarges to form the male
pronucleus (Fig. 2-14C).

6. The male and female pronuclei ap-
proach each ether in the center of the ovum,
where they come into contact and lose their
nuclear membranes. Then the maternal
and paternal chromosomes intermingle at
metaphase of the first mitotic division of the
zvgote.

RESULTS OF FERTILIZATION

1. Restoration of Diploid Number. Fu-
sion of the two haploid germ cells produces a
zygote, a diploid cell with 46 chromosomes,
the usual number for the human being.

Meiosis is the special form of cell division
that results in the chromosome number
being reduced by half. Thus, meiosis pro-
vides for the constancy of chromosome
number from generation to generation by
producing haploid germ cells.

2. Species Variation. Because half the
chromosomes come from the mother and
half from the father, the zygote contains a
new combination of chromosomes that is
different from those of the parents. This
mechanism forms the basis of biparental
inheritance and results in variation of the
human species.

Meiosis allows independent assortment
of maternal and paternal chromosomes
among the germ cells. Crossing over of
chromosomes, by relocating segments of
the maternal and paternal chromosomes,

serves to ‘“shuffle” the genes, thereby
producing a recombination of genetic
material.

3. Sex Determination. The embryo’s
sex is determined at fertilization by the kind
of sperm that fertilizes the ovum. Hence, it is
the father rather than the mother whose
gamete determines the sex of their offspring.
Fertilization by an X-bearing sperm pro-
duces an XX zygote, which normally devel-
ops into a female, whereas fertilization by a
Y-sperm produces an XY zygote, which nor-
mally develops into a male.

As discussed in Chapter 13, sexual devel-
opment is a complex process that is suscepti-

ble to alteration by environmental factors,
particularly sex hormones. However, the
chromosomal | sex established at fertiliza-
tion is usually the same as the phenotypic
sex that develops during the fetal period.

Cnntr'ol of the Sex of the Embryo. Because the
sex of the embryo is determined by whether the
sperm C‘J:-n_tributgts an X or a ¥ chromosome to the
zygote, and because X and Y sperms arc formed
in equal numbers. the expectation is that the sex
ratio at fertilization (primary sex ratio) should be
1.00 (100 boys per 100 girls). However, there are
more maleé babies than female babies born in all
countries. In North America, for example, the sex
ratio at birth (secondary sex ratio) is about 1.03
(105 boys per 100 girls).

The secondary sex ratio could be altered if
parents were to reguest termination of pregnan-
cies in which the fetus is not of the sex that they
prefer, Although it is technically possible to deter-
mine thr sex of the unborn fetus by examining
cells in|the amniotic fluid (see Chapter 6 and
Figure 6-13). mpst physicians would not perform
amniocentesis and abortion for the sole purpose
of controlling the sex of the embryo.

Various in vitro techniques have been devel-
oped in jan attempt to separate X- and Y- bearing
sperms using (1)} the differential swimming abili-
ties of the two types of sperm, (2) different speeds
of migration in an electric field, and (3) microscop-
ic differences in the X and Y sperms.

Others claim |that the timing and management
of sex+l intercourse can enable a couple to
choose the sex of their child. However, no meth-
od of controlling the human embryo’s sex has
been shown to change the sex ratio consistently.

Maost| scientists are unconvinced that any of
the current methods of controlling the embryo’s
sex are of any valwe in altering the human sex
ratio.

4. Initiation of Cleavage. Fertilization
initiates development by stimulating the zy-
gote to undergo a series of rapid mitotic cell
divisions called cleavage.

C]ealeage of a secondary oocyte may occur
without fertilization as part of a process known
as parthenogenesis; this may occur naturally or
may be "ll'tiﬁl:ag)-’ induced.

ParthI nogendsis is a normal event in some
species, For example, some eggs laid by a gueen
bee are not fertilized but develop parthenogeneti-
cally into haploid males. In a few other species
{e.g., rabbits), an unfertilized secondary oocyte
can be experimentally induced to undergo parth-
enogenetic development. No verified case of
par.rheq‘ogenes;’; has been reported in humans. In
a suqucted case, an exhaustive battery of blood
grouping. histocompatibility, and other tests
would be required to provide proof. (For more
information, see Karp, 1976.)

|
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1. CREATION

2. PROGRAMMING JF’LANNING)

3. SEX DETERMINAiTlON

|
1. CREATION (¢ 31y

Khalagah in Arabic this means creation of a
new being and aptly explains fusion of male
and female gametes to form the Zygote. “This
Cell marks the beginning of éach of us as a
unique individual”, p. 14. Crossing over of
chromo-somes by relocating segments of
maternal and paternal chrome SOMES, SErves
to shuffle the genes.

2. PROGRAMMING ( &'y — ¥

Qadarah in Arabic mcani_ “planned or
programmed” and when preceded by the
conjunction “FA™ ( (3 ) indicates a rapidly
occurring process. In the ayah given below,
“FAOQADARAH" 1s interpretted to mean
that immediately upon formation of the
Zygote, the future programming of the new
individual is laid down. This is the result of
union of male and female pronuclei, which
had already undergone shuffle jof genes in the
process of “cross over” of chromosomes. The
Ayah says:

RO Grrgene o2
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“He created him from ‘‘Nutfah”
and immediately laid down the
plan or programme of its (future
development)”.

(Surah ‘A{bam,! Avah 19)

3. SEX DETERMINATION( o~ dif ) — ¥

The information about sex determination is
beautifully narrated in the Qur’an :

R S i (IR o
(ﬁ?asjl'-‘léﬂ-‘ﬂrx ‘5:»'..5“52 L-fﬂ"ge-f 'Csif*'.-’-'j_r )
£9060 ol gndl dypw

“And He created the two sexes
male and female from a drop when
ejaculated or planned”.

(Surah An-Najm, Ayah 43, 46)

“Tumna” ( s~ )in Arabic means “ejacu-
lated” or “planned”. “*Nutfah Idha Tumna”
( &d 130 g4kt ) refers to the sperm when the
meaning “ejaculation” is applied and can refer
to the formation of the Zygote after the union
of the sperm and the ovum, when it is taken to
mean “planning”.

Although participation of an X and Y
chromosome bearing sperms determines the
sex, the new individual cannot be formed
without the ovum. Here the second meaning
of “Tumna” (planned or programmed) can be
applied.

What we know today with regards to sex
determination bears out what was revealed in
the Qur’an in the 7th century.

|
* See also Joe Leigh Simpson & Abdul-Majeed A. Azzindani (1983), 8th Saudi Medical Conference Proceedings.
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There is evidence that the human oocyte may
start to undergo parthenogenetic cleavage, but
this does not result in organized development
(Beatty, 1957). It has been suggested that on rare
occasions an oocyte in an ovag’an follicle may

undergo parthenogenetic cleavage and give rise to
an ovarian teratoma (Simard, 1957).

Cloning in humans has not been reported in the
scientific literature, but a clone of African clawed

toads has been produced (Gurdon
is & group of identical cells derive
by fission (as in bacteria) or by n
sion (as in cleavage). Experime
production resulting in live-born n
has not been reported in the scie
The possibility of experimental

. 1962). A clone
:d from one cell
nitotic cell divi-
ntal clonal re-
ormal offspring
ntific Jiterature.
cloning in hu-

mans has been discussed widely since Rorvik
(1978) wrote about the subject. In his supposed-
ly factual story, the nucleus of a :secondary
oocyte was inactivated by an unspecified tech-

nigue, and the nucleus from a
an adult man was inserted into

somsﬁi]c cell of
the opcyte. An

embryo, or clone, that supposedly developed

from the renucleated oocyte was
the uterus of a female farm labore
is not accepted by the majority
COMUMUNILY.

CLEAVAGE

As the zygote, a single cell
the uterine tube, it undergoe
divisions known as cleavage.
development begins with the
division of the zygote and enc
tion of the blastocyst (Fig. 2-1

Division of the zygote into

transplanted to
r. Rorvik’s story
of Ihé| scientific

. passes down

s mitotic cell

This|phase of
first mitotic

1s with forma-

5).

two daughter

cells called blastomeres occur

s during stage

2 of development (Fig. 2-154), about 30
hours after fertilization. Sul#sequ{em divi-
sions follow one another, forming progres-
sively smaller blastomeres (Fig. 2-15D).
The morula (L. morus, mulberry), a solid
ball of 12 to 16 blastomeres, forms about
three days after fertilization, The morula
enters the uterus as it is forming.

If nondisjunction (failure of] two members
of a chromosome pair to _ﬂisjoi_ﬁj during
anaphase of cell division) happens at an
early cleavage division of a zygote, an
individual with two or more cell lines with
different chromosome numbers is produced.
Such individuals in whom |mosaicism is
present are termed mosaics. About 1 per
cent of patients with Down syndrome (Fig.
8-4) are mosaics with a nq'ixture of 46-
chromosome and 47-chromosome tissues.
These persons have relatively mild|stigmata
of the Down syndrome, an& they have a

higher risk than normal persons of having
children with this syndrome if the mosaicism
affects the germ cells.

BLASTOCYST FORMATION

During stage 3 of development (about four
days), cavities appear inside the compact
mass of cells forming the morula, and fluid
soon passes into these cavities from the
uterine cavity. As the fluid increases, it sepa-
rates the cells into two parts: (1) an outer cell
layer, the trophoblast (Gr. irophe, nutrition),
which gives rise to part of the placenta, and
(2) a group of centrally located cells, known
as the inner cell mass (or embryoblast),
which gives rise to the embryo. The fluid-
filled spaces soon fuse to form a single large
space, known as the blastocyst cavity, or
blastocoele. At this stage of development,
the conceptus is called a hlastocyst (Figs.
2-15E and 2-164). The inner cell mass now
projects into the blastocyst cavity, and the
trophoblast forms the wall of the blastocyst
(Figs. 2-15F and 2-16B). The blastocyst lies
free in the uterine secretions for about two
days, then the zona pellucida degenerates
and disappears (Figs. 2-15F and 2-164).

During stage 4 of development (5 to 6
days), the blastocyst attaches to the endome-
trial epithelium (Fig. 2-174). As soon as the
trophoblast attaches to this epithelium, it
starts proliferating rapidly and gradually dif-
ferentiates into two layers: (1) an inner cyto-
trophoblast (cellular trophoblast), and (2) an
outer svncytiotrophoblast (syntrophoblast,
syncytial trophoblast) consisting of a multi-
nucleated protoplasmic mass in which cell
boundaries disappear and the mass of
trophoblast becomes a syncytium (Fig. 2—
17B). The finger-like processes of the syncy-
tiotrophoblast grow into the endometrial epi-
thelium and start to invade the endometrial
stroma. By the end of the first week, the
blastocyst is superficially implanted in the
compact layer of the endometrium.

During stage 5 of development (7 to 12
days), as the blastocyst is implanting, early
differentiation of the inner cell mass occurs.
A flattened layer of cells, the hypoblast
(primitive endoderm), appears on the surface
of the inner cell mass facing the blastocyst
cavity at about seven days (Fig. 2-17RB).
Recent evidence indicates that the hypo-
blast is probably displaced to extraem-
bryonic regions (see Chapter 4 and Fig. 4-1).
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polar body

zona pellucida

blastomere

A.  2-cell stage

C. B-cell stage ‘D. Imorula
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Figure 2-15 Drawings illustrating cleavage of the zygote anb farmation of the blastocyst. A to D show
various stages of cleavage (developmental stage 2). The period of the rnorjula begins at the 12- to 16-cell stage
and ends when the blastocyst forms, which occurs when there are 50 to 60 blastomeres present. £ and F are
sections of blastocysts (developmental stage 3). The zona pellucida has disappeared by the late blastocyst
stage (five days). The polar bodies shown in A are small, nonfun&tionai celis that soon degenerate.



THE CONCEPTUS

A PART OF A DROP
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“He created him from (a part of)
Nutfah’. |
(Surah ‘Abasa, Ayah 19)

“EMBRYONIC AREA"

|

In spite of the fact that the NLtfah Al-
Amshaj (fertilised ovum) is a small Ihmg, yet
the embryo does not develop from all its
components. The inner cell mass contains the
cells which later contribute to the formation of
the embryonic area from whlch the ‘embryo
actually develops.

Figs. 2-15 and 3-2 clearly indicate that only a
small portion of cells, derived by repeated
division of the Zygote, take part in the
formation of the actual embryo, Ayah 19 of
Surah ‘Abasa accommodate this fact:

e
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“He created him from a part of

“Nutfah” and then immediately

programmed him (his future)”.
(Surah *Abasa, Ayah 19)

“Min Nutfah” (i '» ) implies that
only a small number of the total cells produced
by Nutfah shall take part in formation of the
embryo.

When Nutfah enlarges, part of it becomes
embryonic and the greater part becomes
nutritive and protective in function. These
groups of cells are derived from a single

“Nutfah”. Reference to figs. 2-14 and 2-15 and
3-2 make this concept quite clear.
This meaning is reinforced by the Hadith:
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“Not from all the fluid is the
offspring created and if Allah
willed to create a thing, nothing can

make Him powerless”.
(Muslem: Kitab Al-Nikah,
Bab Al-Azl)
The latter part of the Hadith tells us that
nothing can make “Allah” powerless if He
willed to create and it very clearly reinforces
our current observations that pregnancy could
occur inspite of numerous contraceptive
measures known including section and ligation

of the Fallopian tubes.
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1. CREATION

2. PROGRAMMING (PLANNING)

3. SEX DETERMINATION

1. CREATION (38') -\

Khalaqah in Arabic this medns creation of a
new being and aptly explains|fusion of male
and female gametes to form the Zygote. “This
Cell marks the beginning of each of us as a
unique individual”, p. 14. Crossing over of
chromo-somes by relocating segments of
maternal and paternal chrompsomes, serves
to shuffle the genes. '

2. PROGRAMMING ( 24! ) — ¥
Qadarah in Arabic meam'; “planned or
programmed” and when preceded by the
conjunction “FA” ( _s ) indicates a rapidly
occurring process. In the ayah given below,
“FAQADARAH" is intcrpr':f:ttcd to mean
that immediately upon formation of the
Zygote, the future programming of the new
individual is laid down. This is the result of
union of male and female pronuclei, which
had already undergone shuffle|of genes in the
process of “cross over” of chromosomes. The

Avyah says:
1] 3.;__] e By e |

“He created him from “Nutfah”
and immediately laid down the
plan or programme of its (future

development)”.
(Surah *Abasa, Ayah 19)

3. SEX DETERMINATION( 3! & ) — ¥

The information about sex determination is
beautifully narrated in the Qur’an :

N e 2] f o h sarsr o o
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“And He created the two sexes
male and female from a drop when
ejaculated or planned” .

(Surah An-Najm, Ayah 45, 46)

“Tumna” (& )in Arabic means “ejacu-
lated” or “planned”. “Nutfah Idha Tumna”
(&= 131 3abs ) refers to the sperm when the
meaning “ejaculation” is applied and can refer
to the formation of the Zygote after the union
of the sperm and the ovum, when it is taken to
mean “planning”.

Although participation of an X and Y
chromosome bearing sperms determines the
sex, the new individual cannot be formed
without the ovum. Here the second meaning
of “Tumna” (planned or programmed) can be
applied.

What we know today with regards to sex
determination bears out what was revealed in
the Qur’an in the 7th century.

* See also Joe Leigh Simpson & Abdul-Majeed A. Azzindani (1983), Sth Saudi Medical Conference Proceedings.
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There is evidence that the human oocyte may
start to undergo parthenogenetic cleavage, but
this does not result in organized development
(Beatty, 1957). It has been suggested that on rare
occasions an oocyte in an ovarian follicle may
undergo parthenogenetic cleavage and give rise to
an ovarian teratoma (Simard, 1957).

Cloning in humans has not been reported in the
scientific literature, but a clone of African clawed
toads has been produced (Gurdon, 1962). A clone
is a group of identical cells derived from one cell
by fission (as in bacteria) or by mitotic cell divi-
sion (as in cleavage). Experimental clonal re-
production resulting in live-born normal offspring
has not been reported in the scientific literature.
The possibility of experimental cloning in hu-
mans has been discussed widely since Rorvik
(1978) wrote about the subject. In his supposed-
ly factual story. the nucleus of a secondary
oocyte was inactivated by an unspecified tech-
nique, and the nucleus from a somatic cell of
an adult man was inserted into the oocyte. An
embryo, or clone, that supposedly developed
from the renucleated oocyte was transplanted to
the uterus of a female farm laborer. Rorvik’s story
is not accepted by the majority of the scientific
community.

CLEAVAGE

As the zygote, a single cell, passes down
the uterine tube, it undergoes mitotic cell
divisions known as cleavage. This phase of
development begins with the first mitotic
division of the zygote and ends with forma-
tion of the blastocyst (Fig. 2-15).

Division of the zygote into two daughter
cells called blastomeres occurs during stage
2 of development (Fig. 2-154), about 30
hours after fertilization. Subsequent divi-
sions follow one another, forming progres-
sively smaller blastomeres (Fig. 2-15D).
The morula (L. morus, mulberry), a solid
ball of 12 to 16 blastomeres, forms about
three days after fertilization. The morula
enters the uterus as it is forming.

If nondisjunction (failure of two members
of a chromosome pair to disjoin during
anaphase of cell division) happens at an
early cleavage division of a zygote. an
individual with two or more cell lines with
different chromosome numbers is produced.
Such individuals in whom mosaicism is
present are termed rmosaics. About 1 per
cent of patients with Down syndrome (Fig.
8-4) are mosaics with a mixture of 46-
chromosome and 47-chromosome tissues.
These persons have relatively mild stigmata
of the Down syndrome, and they have a

higher risk than normal persons of having
children with this syndrome if the mosaicism
affects the germ cells.

BLASTOCYST FORMATION

During stage 3 of development (about four
days), cavities appear inside the compact
mass of cells forming the morula, and fluid
soon passes into these cavities from the
uterine cavity. As the fluid increases, it sepa-
rates the cells into two parts: (1) an outer cell
layer, the trophoblast (Gr. trophe, nutrition),
which gives rise to part of the placenta, and
(2) a group of centrally located cells, known
as the inner cell mass (or embryoblast),
which gives rise to the embryo. The fluid-
filled spaces soon fuse to form a single large
space, known as the blastocyst cavity, or
blastocoele. At this stage of development,
the conceptus is called a blastocyst (Figs.
2-15E and 2-164). The inner cell mass now
projects into the blastocyst cavity, and the
trophoblast forms the wall of the blastocyst
(Figs. 2-15F and 2-16B). The blastocyst lies
free in the uterine secretions for about two
days, then the zona pellucida degenerates
and disappears (Figs. 2-15E and 2-164).

During stage 4 of development (5 to 6
days), the blastocyst attaches to the endome-
trial epithelium (Fig. 2-17A4). As soon as the
trophoblast attaches to this epithelium, it
starts proliferating rapidly and gradually dif-
ferentiates into two layers: (1) an inner cyfo-
trophoblast (cellular trophoblast), and (2) an
outer symcytiotrophoblast (syntrophoblast,
syncytial trophoblast) consisting of a multi-
nucleated protoplasmic mass in which cell
boundaries disappear and the mass of
trophoblast becomes a syncytium (Fig. 2-
17B). The finger-like processes of the syncy-
tiotrophoblast grow into the endometrial epi-
thelium and start to invade the endometrial
stroma. By the end of the first week, the
blastocyst is superficially implanted in the
compact layer of the endometrium.

During stage 5 of development (7 to 12
days), as the blastocyst is implanting, early
differentiation of the inner cell mass occurs.
A flattened layer of cells, the hypoblast
(primitive endoderm), appears on the surface
of the inner cell mass facing the blastocyst
cavity at about seven days (Fig. 2-17B).
Recent evidence indicates that the hypo-
blast is probably displaced to extraem-
bryonic regions (see Chapter 4 and Fig. 4-1).
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polar body
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Figure 2-15 Drawings illustrating cleavage of the zygote and formation of the blastocyst. A to D show
various stages of cleavage (developmental stage 2). The period of the morula begins at the 12- to 16-cell stage
and ends when the blastocyst forms, which occurs when there are 50 to 60 blastomeres present. E and F are
sections of blastocysts (developmental stage 3). The zona pellucida has disappeared by the late blastocyst
stage (five days). The polar bodies shown in A are small, nonfunctional cells that soon degenerate.



THE CONCEPTUS

A PART OF ADROP
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“He created him from (a part of)
Nutfah™.
(Surah ‘Abasa, Ayah 19)

“EMBRYONIC AREA”

In spite of the fact that the Nutfah Al-
Amshaj (fertilised ovum) is a small thing, yet
the embryo does not develop from all its
components. The inner cell mass contains the
cells which later contribute to the formation of
the embryonic area from which the embryo
actually develops.

Figs. 2-15 and 3-2 clearly indicate that only a
small portion of cells, derived by repeated
division of the Zygote, take part in the
formation of the actual embryo, Ayah 19 of
Surah ‘Abasa accommodate this fact:
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“He created him from a part of

“Nutfah” and then immediately

programmed him (his future)”.
(Surah ‘Abasa, Ayah 19)

“Min Nutfah” ( i ‘» ) implies that
only a small number of the total cells produced
by Nutfah shall take part in formation of the
embryo.

When Nutfah enlarges, part of it becomes
embryonic and the greater part becomes
nutritive and protective in function. These
groups of cells are derived from a single
“Nutfah”. Reference to figs. 2-14 and 2-15and
3-2 make this concept quite clear.

This meaning is reinforced by the Hadith:
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“Not from all the fluid is the

offspring created and if Allah

willed to create a thing, nothing can
make Him powerless”.

(Muslem: Kitab Al-Nikah,

Bab Al-Azl)

The latter part of the Hadith tells us that
nothing can make “Allah™ powerless if He
willed to create and it very clearly reinforces
our current observations that pregnancy could
occur inspite of numerous contraceptive
measures known including section and ligation
of the Fallopian tubes.
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Figure 2-16 Photomicrographs of sections of human blastocysts (developmental stage 3) recovered from
the uterine cavity (<600). A, Four days; the blastocyst cavity is just beginning to form and the zona pellucida is
deficient over part of the blastocyst. B, Four and a half days: the blastocyst cavity has enlarged and the inner
cell mass and trophoblast are clearly defined. The zona pellucida has disappeared. (From Hertig, A. T., Rock,
J.. and Adams, E. C.: Am. J. Anat. 98:435, 1956. Courtesy of Carnegie Institution of Washington.)

endometrial
gland

endometrial
capillary

endometrial
epithelium

Figure 2-17 Drawings of sections illustrat-
ing early stages of implantation. A, Six days; the
trophoblast is attached to the endometrial epi-
thelium at the embryonic pole of the blastocyst
B, Seven days: the syncytiotrophoblast has
penetrated the epithelium and has started to in-
vade the endometrial stroma

Some students have difficulty interpreting
illustrations such as these, because in histologi-
cal studies it is conventional to draw the endo-
metrial epithelium upward. whereas in embryo-
logical studies the embryo is usually shown with
its dorsal surface upward. Because the embryo
implants on its future dorsal surface, it would
appear upside-down if the histological conven-
tion were followed. |n this book. the histological
convention is followad when the endometrium
is the dominant consideration (e.g.. Fig. 2-58),
and the embryological convention is used when
the embryo is the center of interest. as in these
illustrations.
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In vitro fertilization of human ova and cleavage
of the zygote have been achieved by several
investigators (Edwards, 1974; Steptoe and
Edwards, 1976: Elliott, 1979: Grobstein, 1979).
Most studies have been carried out on infertile
women with occluded uterine tubes, with the in-
tention of establishing pregnancy by transferring
a morula (cultured in vitro) into the uterus, This
technique offers hope to some infertile women
who wish to have children. Synchronizing the
endometrium and the cleavage stage of the
zygote appears to present the major problem with
this technigue, because in vitro development is
20 to 30 per cent retarded as compared with
normal in vivo development.

Abnormal Zygotes and Spontaneous
Abortion. About 15 per cent of all zygotes
result in detectable spontaneous abortion,
but this estimate is undoubtedly low because
the loss of zygotes during the first week is
thought to be high. The actual rate is un-
known because the women do not know they
are pregnant at this early stage. Clinicians
frequently have a patient who states that her
last menstrual period was delayed by one or
two weeks and that then her menstrual flow
was unusually profuse. Very likely, such a
patient has had an early spontaneous abor-
tion,

Early abortion occurs for a variety of
reasons, one being the presence of chromo-

morula

eight-cell four-cell two-cell

somal abnormalities in the zygote. Carr and
Gedeon (1977) estimate that about half of all
known spontaneous abortions occur because
of chromosomal abnormalities. Hertig et al.
(1959), while examining specimens recov-
ered from early pregnancies. found sever-
al clearly defective zygotes, some so abnor-
mal that survival would not have been likely.
This early loss of zygotes, once called preg-
nancy wastage, appears to represent a dis-
posal of abnormal conceptuses that could not
have developed normally, i.e., a natural pre-
natal screening of embryos. Without this
screening, about 12 per cent instead of 2
to 3 per cent of infants would be congenitally
malformed (Warkany, 1981).

SUMMARY OF FIRST WEEK

Some sperms deposited in the vagina pass
through the cervical canal, the uterine cavi-
ty, and along the uterine tube to its ampulla,
where fertilization usually occurs, When the
secondary oocyte is contacted by a sperm, it
completes the second meiotic division. As a
result, a mature ovum and a second polar
body are formed. The nucleus of the mature
ovum constitutes the female pronucleus.

After the sperm enters the ovum’s cyto-

zygote

stage stage stage

growing follicles

posterior
wall

of the
uterus

endometrium

myometrium

mature ovulation fimbria

follicle secondary

oocyte
Figure 2-18 Diagrammatic summary of the ovarian cycle, fertilization, and human development during the
first week. Developmental stage 1 begins with fertilization and ends when the zygote forms. Stage 2 (days 2
to 3) comprises the early stages of cleavage (from 2 to about 16 cells or the morula). Stage 3 (days 4 to §5)
consists of the free unattached blastocyst. Stage 4 (days 5 to 6) is represented by the blastocyst attaching to
the center of the posterior wall of the uterus, the usual site of implantation.



THE KEY OF AN’

EMBRYO’S FUTURE

MUFTAH AL-GHAYB | £ ki
AL-GHAYDH 2!

FROM GERMINAL FLUIDS TO
IMPLANATION

Allah (praise and glory be to Him) said:
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“Allah knows what every female
womb bears and what is penetra-
ting into the womb or decreasing
and what is increasing”.
(Surah Ar-Ra‘ad, Ayah 8)

And Allah’s messenger (Prophet Mohammad,
peace be upon him) said:
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“None knows the future of what is

decreasing or penetrating into the
wombs except Allah’.

(Sahih Al-Bukhari: Kitab Al-Tafsir)

The above sura and Hadith can be taken to
consider the period of early embryogenesis
from insemination to early implantation of the
fertilized ovum. The key word in both the
Ayah and Hadith is “Al-Ghaydh” which could
mean:

(1) Passing through or Penetration of fluid
into depth, like water going into the
depth of the earth.

(2) Decrease in amount.

The above Ayah and Hadith refer to some-
thing which is passing through the female
generative system, which is decreasing and/or
increasing in size and it is something whose
future at this stage is known to no one except
“Allah”. This “something” evidently is a
reference to the male and female generative
materials and later to the zygote.

When different meanings of the key word,

“Al-Ghaydh” are applied to the Ayah and
Hadith above, these evidently point to the
development processes taking place up to the
stage of early implantation.

It is scientifically proven that of millions of
sperms in the seminal fluid only one takes part
in the process of fertilization of the ovum, and
only one ovum, out of hundreds of thousands,
is extracted from the ovary. So “Al-Ghaydh”
will mean a decrease in the amount of the
Germinal materials used in fertilization.

When “Al-Ghaydh” is taken to mean
“passing through”, it will cover the period of
the journey the ovum takes to reach the uterus
and during this period the ovum will be
penetrated by the sperm to form the zygote.

It is clear from the above that the word “Al+
Ghaydh” had been very aptly and correctly
selected and we shall not be far from being
correct to say that the “Al-Ghaydh” stage of
development will cover from insemination to
early implantation.

The above Hadith says that only “Allah”
knows about the future of the conceptus in the
stage of “Al-Ghaydh”. It is quite evident that
at an early stage of development like this,
there is no way of knowing about the existence
of pregnancy let alone information about the
future of the conceptus. But scientifically, we
know that soon after the zygote is formed, the
future and identity of the new being has been
determined and this is known to Allah only.

The following is an extract from Johnson &
Azzindani (1983) on the above topic:

There are several steps in determining the
indentity of a new individual. At the time of
ejaculation several million spermatozoa are
deposited in the vagina, adjacent to the
uterine cervix. This fluid contains several
hundred million spermatozoa, most of which
are capable of uniting with an ovum to initiate
a new life.

The total volume of semen is reduced by the

* Sce also E. Marshal Johnson & Abdul-Majeed A. Azzindani (1983). 8th Saudi Medical Conference Proceedings.
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passage of some of the spermatozoa into the
cervical canal in the direction of a potential
ovum. This is the first step after insemination
in determining the nature of the future
embryo. The female’s counterpart in deciding
the future embryo’s nature occurs when from
among the thousands of ova available in the
ovaries, only one is passed into the oviduct.
This is the second step.

Of the several hundred spermatozoa
reaching the ovum only one will penetrate the
female gemete’s cytoplasmic membrance and
this is a third step in deciding the nature of the
future person and it too is covered by the stage
of Ghaydh ( ‘=% ). As a result of
fertilization the dominant and recessive genes
possessed by the parental chromosomes
establish the new individual's genetic
potential.

Through all of these reproductive and
development events the future expression of
inherited potential is largely decided and
though they themselves are generally not
directly observable, their effects will become
evident to all, later in life. The Hadith says
that the key to the embryo’s future is decided,
at Ghaydh.

According to the Hadith, the keys of the
unknown are five which no one knows but

36b

Allah, and one of these unknowns is the future
of the stage of “Al-Ghaydh™.
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“The keys of the unknown are five,
no one knows them but Allah; no
one knows what is in the future
except Allah, and no one knows the
future of what in the wombs are
decreasing or what is penetrating
into them, except Allah”.

(Sahih Al-Bukhari: Kitab Al-Tafsir)

From the above ayah it is understood that
the relationship of the conceptus with the
uterus is in two stages: Al-Ghaydh (=l )
and Izdiad Al-Rahem (g3 3Lsj)), the
preamble of the above Hadith tells us that the
key to the future of the conceptus is decided at
Al-Ghaydh and that no one but Allah knows
it. The stage of Al-Ghaydh can be taken to
include “Al-Harth” or implantation.
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plasm, the head of the sperm separates from
the tail and enlarges to become the male
pronucleus. Fertilization is complete when
the maternal and paternal chromosomes in-
termingle during metaphase of the first mito-
tic division of the zvgore, the cell that gives
rise to a human being.

As it passes along the uterine tube, the
zygote undergoes cleavage (a series of mito-
tic divisions) into a number of small cells
called blastomeres (Fig. 2—-18). About three
days after fertilization, a ball of 12 to 16
blastomeres, called the morula, enters the
uterus. A cavity soon forms in the morula,
converting it into a blastocyst consisting of
(1) aninner cell mass, or embryoblast, which
gives rise to the embryo, (2) a blastocyst
cavity, or blastocoele, and (3) an outer layer
of cells, the trophoblast, which encloses the
inner cell mass and blastocyst cavity.

The zona pellucida disappears (days 4 to 5)
and the blastocyst attaches to the endome-
trial epithelium (days 5 to 6). The trophoblas-
tic cells then invade the epithelium and un-
derlying endometrial stroma. Concurrently,
the hypoblast (primitive endoderm) begins to
form on the ventral surface of the inner cell
mass. By the end of the first week, the

blastocyst is superficially implanted in the
endometrium,

At least 15 per cent of zygotes are lost
during the first week of development, com-
monly as the result of chromosomal abnor-
malities,

SUGGESTIONS FOR ADDITIONAL
READING

Allen. R. C.: The moment of fertilization. S¢i. Am.
201:124, 1959. A well-written article with a particular-
ly good discussion of fertilization by an expert in the
field.

Edwards, R. G., and Fowler, R. E.: Human embryos in
the laboratory, Sci. Am. 233:44, 1970, A description
of techniques and an explanation of the way ova are
fertilized in vitro.

Page, E. W.. Villee, C. A.. and Villee, D. B.: Human
Reproduction. Essentials of Reproductive and Peri-
natal Medicine. 3rd ed. Philadelphia. W. B. Saunders
Co., 1981. A good review of the reproductive process-
es, including a good account of the hormonal control
of reproduction. A clinical textbook,

Shettles, L. B.: Fertilization and early development
from the inner cell mass; in E. E. Philipp, J. Barnes,
and M. Newton (Eds.): Scientific Foundations of
Obstetrics and Gynecology. London, William Hein-
emann Ltd., 1970, pp. 132-158. A pioneer in the study
of early embryos, Dr. Shettles tells how he obtains
human oocytes at ovulation, fertilizes them in a Petri
dish, and observes cleavage of the zygote.

CLINICALLY ORIENTED PROBLEMS

. What is the main cause of numerical aberrations of chromasomes? Define
this process. What is a common result of this defect?

. All blastomeres of a morula were found to have an extra set of chromosomes.
Explain how this could happen.

. In about 50 per cent of infertile couples, the difficulty is attributable to some
factor in the woman. What do you think would be a major source of female
infertility?

. Some people have a mixture of 46- and 47-chromosome ceils (e.g., some
Down syndrome patients are maosaics). Read about mosaicism in Chapter 8.
How do mosaics form? Would children with mosaicism and the Down syn-
drome have the same stigmata as other infants with this condition? Would
mosaics have a higher risk than normal people of producing children with
chromosomal aberrations?

The answers to these questions are given at the back of the book.
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FORMATION OF THE
BILAMINAR EMBRYO

As implantation of the blastocyst contin-
ues during the second week, morphological
changes occur in the inner cell mass that
produce a bilaminar embryonic disc com-
posed of epiblast and hypoblast (Fig. 3-1A4).
As described in Chapter 4, the epiblast gives
rise to all three germ layers of the embryo
(ectoderm, mesoderm, and endoderm). The
hypoblast represents the primitive embry-
onic endoderm. which is probably displaced
to extraembryonic regions. It is now be-
lieved that most or all embryonic endoderm
is derived from the epiblast (see Fig. 4-1).
As the bilaminar embryonic disc forms, the
amniotic cavity, the yolk sac, the connecting
stalk, and the chorion develop.

Crowley (1974) refers to the second week
of development as “‘the period of twos™
because two embryonic lavers form (epiblast
and hypoblast) from the inner cell mass; two
cavities develop (amniotic cavity and pri-
mary yolk sac); and rwo layers of trophoblasi
differentiate (cytotrophoblast and syncytio-
trophoblast).

IMPLANTATION

STAGE 5 (7 TO 12 DAYS)*

As it would be a rare occurrence for a student
to require the details of embryonic staging with-
out being able to consult a reference book, it is
sufficient for him or her to remember general

*Although early development is a continuous process,
it is helpful to divide human embryonic development
into stages for comparison of specimens in different
laboratories and for utilization in teratological studies
(descriptive and experimental work on abnormal em-
bryos). The embryonic “stages are based on the appar-
ent morphological state of development, and hence are
not directly dependent on either chronological age or on
size'' (O'Rahilly, 1973). Stages 1 to 4 and the beginning
of stage 5 occur during the first week.
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The Second Week

statements (e.g., implantation of the blastocyst is
the main characteristic of stage 5). and to refer
to this book. or a similar one, for details if and
when they are required.

Stage 5 comprises embryos that are im-
planted to a varying degree and are previl-
lous, that is, chorionic villi have not started
to develop. Implantation of the blastocyst is
the main characteristic of stage 5. Invasion
of the endometrium begins on day 7 (Fig.
2-17B) and the trophoblast differentiates into
two types: cytotrophoblast and syncytiotro-
phoblast. Both embryonic and maternal tis-
sues are involved in implantation.

The actively erosive syncytiotrophoblast
invades the endometrial stroma containing
capillaries and glands, and the blastocyst
slowly sinks into the endometrium. Hertig
(1968) describes the syncytiotrophoblast as
“invasive. ingestive, and digestive.”" The
stromal cells around the implantation site
become laden with glycogen and lipids, and
they become polyhedral in appearance.
Some of these cells, called decidual cells
(Fig. 7-1B), degenerate in the region of the
penetrating syncytiotrophoblast and provide
a rich source of material for embryonic nutri-
tion. Later, the conceptus will receive nu-
trients directly from the maternal blood.

As more trophoblast contacts the endome-
trium, it proliferates and differentiates into
two layers (Fig. 3-14): (1) the cytotropho-
blast, which is mitotically active and forms
new cells that migrate into the increasing
mass of syncytiotrophoblast; and (2) the syn-
cvtiotrophoblast at the embryonic pole (ad-
jacent to the developing embryo). which
rapidly becomes a large, thick, multinu-
cleated protoplasmic mass in which no cell
boundaries are discernible (Fig. 3-18). The
cells of the cytotrophoblast divide, and many
of them migrate into the syncytiotrophoblast,
where they fuse and lose their cell mem-
branes to form a syncytium. Mitoses can



AL-HARTH &5
IMPLANTATION

It is stated in the Qur’an :

Ay =2 o § B AT M e B
(... A2d3 s ESEAS0)

YYP Ll 3R By
“Your wives are as a tilth unto you;
so approach your tilth when or how

you will”.
(Surah Al-Bagarah, Ayah 223)

According to the interpretation of Al-
Tabari this means: Your women are the field
for planting your children and you can enter
them however you wish; and whenever you
wish. According to Al-Bukhari, told by Jabir,
(may Allah be pleased with him), the occasion
on which the above Ayah was revealed was
“the jews used to say: if the woman was
approached from behind the child will have a
squint” so this Ayah was revealed.

This indicated that the jews used to
propagate that if the coital act was in the
vagina but the approach was from behind the
child would have a squint. The Prophet’s
companions enquired from him about the
truth of this. The answer came in this Ayah
which explains to people that the women’s
vagina is like fertile land and that the sperm is
like the seeds and that children are like plants
(Al-Qurtubi, D.671AH).

Abu Hayyan (654-754AH), also explains

that coitus is like ploughing and planting, the
sperm is similar to the seed, the uterus is like
the soil and the child is like the plant.

On the same Ayah it was also explained that
the place where people were ordered to enter
their women was the place of planting and not
the place of the stool, (Al-Nasfi, D.701AH).

In the above Ayah is a description which is
borne out by present day knowledge of the
passage of Nutfah. Its entrance in the mothers
genital tract during coitus is similar to the
process of ploughing and planting.

The entry of the sperms into the uterus is
similar to the planting of seeds in the land. The
entry of the sperm into the ovum also carries
meanings similar to ploughing and planting.
And finally the implantation of the fertilized
ovum (Nutfah-Amshaj) is also similar to the
planting of a seed. See fig. 2-17, 18 and 3-1,
3-7).

Harth is one word which had conveyed to
Islamic scholars centuries ago the meaning
and wisdom they had understood. These
meanings have also been confirmed by
modern science in minute detail which the
ancient scholars could not understand.

In conclusion it has been without knowledge
of this word, Al-Harth, that embryologists
have used the same word: Implantation, which
in Arabic means Al-Ghars = Al-Harth.
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Figure 3-1 Drawings illustrating the implanta-
tion of a blastocyst into the endometrium (develop-
mental stage 5). Actual size of the conceptus is
about 0.1 mm. A, Drawing of a section through a
blastocyst partially implanted in the endometrium
(about 8 days). Note the slit-like amniotic cavity. B,
An enlarged three-dimensional sketch of a slightly
older blastocyst after removal from the endo-
metrium. Note the extensive syncytiotrophoblast at
the embryonic pole and the much larger amniotic
cavity. C, Drawing of a section through a blastocyst
of about 9 days implanted in the endometrium.
(Based on Hertig and Rock, 1945). Note the spaces
or lacunae appearing in the syncytiotrophoblast;
These soon begin to communicate with the endo-
metrial vessels. B

amnion

bilaminar
embryonic
disc

exocoelomic
membrane

blastocy st
cavity

- cytotrophoblast
amnion

maternal
blood

in
lacunae

bilaminar
embryonic

disc

a exo —
T coelomic
membrane

primary exiraembryonic  endometrial
yolk sac mesoderm epithelium




42 FORMATION OF THE BILAMINAR EMBRYO

be seen in the cyrotrophoblast, but never in
the syneytiotrophoblast.

While this trophoblastic development
occurs, small spaces appear between the
inner cell mass and the invading trophoblast.
By day 8. these spaces have coalesced to
form a slit-like amniotic cavity (Fig. 3—-14).
Concurrently, morphological changes occur
in the inner cell mass resulting in the forma-
tion of a flattened, essentially circular plate
of cells called the embryonic disc. It consists
of two layers: (1) the epiblast, consisting of
high columnar cells related to the amniotic
cavity: and (2) the hypoblast, consisting of
cuboidal cells adjacent to the blastocyst cavi-
ty. The epiblast is a thick laver that is
particularly active mitotically. The epiblast
gives rise to all or nearly all the cells of the
embryo. Most of or all the cells of the hypo-
blast are displaced laterally, where they con-
tribute to the formation of the extraembry-
onic membranes.

As the amniotic cavity enlarges. it ac-
quires a thin epithelial roof called the am-
nion. The cells forming the amnion, called
amnioblasts, probably arise from cytotro-
phoblastic cells. The embryonic epiblast
forms the floor of the amniotic cavity and is
continuous peripherally with the amnion
(Fig. 3-18B).

Concurrently, other cells delaminate from
the cytotrophoblast and form a thin exo-
coelomic membrane (Fig. 3—-18). This mem-
brane is continuous with the hypoblast of the
embryonic disc and circumscribes a large
cavity called the exocoelomic cavity, or the
primary (primitive) yolk sac. Further de-
lamination of trophoblastic cells gives rise
to a layer of loosely arranged cells, the
extraembryonic mesoderm, around the am-
nion and the primary volk sac (Fig. 3-1C).

[solated spaces, or cavities, called lacunae
appear in the syncytiotrophoblast around
day 9 (Fig. 3-1C) and soon become filled
with maternal blood from ruptured capil-
laries and secretions from eroded endome-
trial glands. This nutritive fluid, called em-
bryotroph. passes to the embryonic disc
(future embryo) by diffusion,

The joining of uterine vessels with the
lacunae in the syncytiotrophoblast repre-
sents the beginning of the uteroplacental
circulation. When maternal blood flows into
the svacyvtiotrophoblastic lacunae, its nu-
tritive substances become available to the

embryonic tissues over the very large sur-
face of the syncytiotrophoblast. As both
arterial and venous branches of the maternal
blood vessels come into communication with
the syncytiotrophoblastic lacunae, blood

syncytio-
tropho-
blast

lacunar
network

amnion

cytotro-
phoblast

— extra-
embryonic
mesoderm

exocoelomic closing primary
membrane plug yolk sac
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Figure 3-2 Drawings of section through im-
planted blastocysts (developmental stage 5¢). A, 10
days; B, 12 days. (Based on Hertig and Rock, 1941.)
This stage of development is characterized by the
intercommunication of the lacunae filled with
maternal blood Note in B that large cavities have
appeared in the extraembryonic mesoderm, form-
ing the beginning of the extraembryonic coelom.
Also note that extraembryonic endodermal cells
have begun to form on the inside of the primary
yolk sac.
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Figure 3-3 Photograph of the endometrial sur-
face showing the implantation site of a human
embryo of about 12 days; the implanted conceptus
causes a small elevation (arrow) (x8). (From Hertig,
A. T.. and Rock, J.: Contr. Embryol. Carneg. Instn.
29:127, 1941. Courtesy of the Carnegie Institution of
Washington.)

circulation is established. Oxygenated blood
passes into the lacunae from the spiral ar-
teries, and deoxygenated blood is removed
from them via the veins of the uterus.

The 10-day conceptus is completely em-
bedded in the endometrium (Fig. 3-2A). For
a day or so, the defect in the surface epithe-
lium is indicated by a closing plug, consisting
of a blood clot and cellular debris. By day 12
the almost completely regenerated epithe-
lium covers over the blastocyst (Fig. 3-2B);
this produces a minute elevation on the en-
dometrial surface (Figs. 3-3 and 3-44). This
type of implantation, during which the con-
ceptus becomes completely embedded within
the endometrium, is called interstitial im-
plantation and occurs in humans and a few
other species.

Adjacent syncytiotrophoblastic lacunae
fuse to form intercommunicating lacunar
networks (Fig. 3-2B), which give the syncy-
tiotrophoblast a sponge-like structure (Figs.
3-4 and 3-5). These lacunar networks de-
velop first at the embryonic pole and form
the primordium of the intervillous spaces of
the placenta. The endometrial capillaries
around the implanted embryo first become
congested and dilated to form sinusoids, and
then the syncytiotrophoblast erodes them.
Maternal blood now seeps directly into the
lacunar networks and soon begins to flow
slowly through the lacunar system, estab-
lishing a primitive uteroplacental circula-
tion. The erosion of the endometrium con-
tinues until the placenta forms (see Fig.
4-12).

The failure of maternal tissue to reject the

conceptus has puzzled embryologists and
immunologists for some time. A current view
is that the syncytiotrophoblast does not
contain or exhibit transplantation antigens,
and for this reason the conceptus is not re-
jected (Page et al., 1981).

The endometrial stromal cells around the
conceptus enlarge and accumulate glycogen
and lipid; these cellular changes, together
with the vascular and the glandular alter-
ations, are referred to as the decidual reac-
tion. Although initially confined to the area
immediately around the conceptus, the de-
cidual reaction soon occurs throughout the
endometrium.

As these changes occur in the trophoblast
and the endometrium, the extraembryonic
mesoderm increases (Fig. 3-24), and by day
11 isolated coelomic spaces are visible within
it. These spaces rapidly fuse to form large
isolated cavities of extraembryonic coelom
(Figs. 3-2B and 3-4B). The embryonic disc
increases slightly in length, but it is still small
(0.1 to 0.2 mm). The hypoblast (primitive
embryonic endoderm) extends beyond the
rim of the embryonic disc and along the
inside of the dorsal part of the primary yolk
sac (Fig. 3-2B).

STAGE 6 (13 TO 14 DAYS)

This stage is characterized by the first
appearance of chorionic villi. Proliferation of
the cytotrophoblast produces local masses,
or clumps. that extend into the syncytio-
trophoblast and indicate a first stage (pri-
mary chorionic villi) in the development of
chorionic villi (Fig. 3-5A4).

The isolated coelomic spaces in the extra-
embryonic mesoderm have fused to form a
single large space called extraembryonic
coelom. This fluid-filled cavity surrounds the
amnion and the yolk sac, except where the
amnion is attached to the trophoblast by the
connecting stalk (Fig. 3-5B). As the extra-
embryonic coelom forms, the primary yolk
sac decreases in size, and a smaller sec-
ondary volk sac develops. It is formed by
hypoblastic cells that grow out from the
embryonic disc inside the primary yolk sac
(Figs. 3-2B and 3-54).

The coelom splits the extraembryonic
mesoderm into two layers (Fig. 3-54 and B):
(1) extraembrvonic somatic (somatopleuric)
mesoderm, lining the trophoblast and cover-
ing the amnion, and (2) extraembryonic
splanchnic (splanchnopleuric) mesoderm,
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Figure 3-4 A, Section through the implantation site of the 12-day embryo shown in Figure 3-3. The em-
bryo (developmental stage 5¢) is embedded in the compact layer of the endometrium (<30). B, Higher mag-
nification of the conceptus and surrounding endometrium (x100). Intercommunicating lacunae containing
maternal blood are visible in the syncytiotrophoblast. (From Hertig, A. T., and Rock, J.: Contr. Embryol. Carneg.
Instn. 29:127, 1941, Courtesy of the Carnegie Institution of Washington.)
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Figure 3-5 Drawings of sections through im-
planted human embryos (developmental stage 6),
based mainly on Hertig et al., 1956. In these drawings
note that (1) the defect in the surface epithelium of
the endometrium has disappeared; (2) a small sec-
ondary yolk sac has formed inside the primary yolk
sac as it is 'pinched off"; (3) alarge cavity, the extra-
embryonic coelom, now surrounds the yolk sac and
the amnion, except where the amnion is attached to
the chorion by the connecting stalk; and (4) the
extraembryonic coelom splits the extraembryonic
mesoderm into two layers; extraembryonic somatic
mesoderm lining' the trophoblast and covering the
amnion, and extraembryonic splanchnic mesoderm
around the yolk sac. The trophoblast and extraem-
bryonic somatic mesoderm together form the
chorion, which eventually gives rise to the fetal part
of the placenta. A, 13 days, illustrating the decrease
in relative size of the primary yolk sac and the early
appearance of primary chorionic villi at the embry-
onic pole. B, 14 days, showing the newly formed
secondary yolk sac and the location of the pro-
chordal plate (future site of mouth) in its roof. C,
Detail of the prochordal plate area outlined in B.
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Figure 3-6 A, Detail of the section (outlined in B.) of the wall of the chorionic sac. B, Sketch of a 14-day
conceptus illustrating the chorionic sac and the shaggy appearance created by the primary villi (x8). C, Draw-
ing of a transverse section through a primary villus (x300). Developmental stage 6 is characterized by the

appearance of primary chorionic villi.

around the yolk sac. The extraembryonic
somatic mesoderm and the trophoblast to-
gether constitute the chorion (Fig. 3-54).
The chorion forms a sac, the chorionic sac,
within which the embryo and its amnion and
yolk sac are suspended by the connecting
stalk (Fig. 3-68). The extraembryonic coe-
lom becomes the chorionic cavity.

The amniotic sac (with the embryonic epiblast
forming its *‘floor’”) and the yolk sac (with the
embryonic hypoblast forming its “roof’) are
analogous to two balloons pressed together (site
of embryonic disc) and suspended by a cord (the
connecting stalk) from the inside of a larger bal-
loon (the chorionic sac).

The embryo is still in the form of a flat
bilaminar embryonic disc, but the hypoblas-
tic cells in a localized area have become
columnar to form a thickened circular area,
called the prochordal plate (Fig. 3-5B and
C). The prochordal plate indicates the future
site of the mouth and appears to serve as an
important organizer of the head region. It is
believed to give rise to mesenchyme in the
head region and to the endodermal layer of
the oropharyngeal membrane (see Fig.
4-6C).

IMPLANTATION SITES

Intrauterine Sites (See Figs. 2-18 and
3-7). The blastocyst usually implants in
the midportion of the body of the uterus,
slightly more frequently on the posterior
than on the anterior wall. Implantation al-

most always occurs close to a maternal cap-
illary, suggesting some type of tropism to-
ward maternal blood (Page et al., 1981).

Implantations in the lower segment of the
uterus near the internal ostium (os) result in
placenta previa, a placenta that covers or
adjoins the internal ostium. Placenta previa
may cause severe bleeding during pregnancy
or at delivery.

Extrauterine Sites (Fig. 3=7). Implan-
tation often occurs outside the cavity of the
uterus. It includes tubal, cervical. and inter-
stitial types. Over 90 per cent of ectopic im-
plantations occur in the uterine rube (Figs.
3-7, 3-8, and 3-9). About 60 per cent of
tubal pregnancies are in the ampulla or in-
fundibulum of the uterine tube (Figs. 3-74
and F). The incidence of tubal pregnancy
varies from 1 in 80 to 1 in 250 pregnancies,
depending on the socioeconomic level of the
population studied (Page et al., 1981).

There are several causes of ectopic tubal
pregnancy, but it is usually related to factors
that delay or prevent transport of the divid-
ing zygote to the uterus, for example, alter-
ations resulting from pelvic inflammatory
disease. In some cases, the blockage results
from a previous tubal infection that has
damaged the mucosa, causing adhesions be-
tween its folds.

Ectopic tubal pregnancies usually result
in rupture of the uterine tube and hemor-
rhage during the first eight weeks, followed
by death of the embryo (Figs. 3-8 and 3-9).
Tubal rupture and subsequent hemorrhage
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Figure 3-7 Drawing illustrating various implantation sites: the usual site in the posterior wall is indicated
by an X. The approximate order of frequency of ectopic implantations is indicated alphabetically (A, most
frequent to H, least frequent). A to F, Tubal pregnancies. G, Abdominal pregnancy. H, Ovarian pregnancy.

uterine tube chorionic sac

embryo

Figure 3-8 Photographs of a tubal pregnancy. A, The uterine tube has been sectioned to show the con-
ceptus implanted in the mucous membrane (x3). B, Enlarged photograph of the normal-appearing four-week
embryo (% 13). Ectopic pregnancies occur most often in the ampulia of the uterine tube, This serious condition
may be caused by a delay in the passage of the dividing zygote along the tube. Ectopic tubal pregnancy results
in death of the embryo and usually sudden massive bleeding from the ruptured tube.
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1 2 3 4 5| 6 7] a8
Figure 3-89 Photograph showing the gross appearance of an unruptured ectopic pregnancy located in the
ampulla of the uterine tube. When the charionic sac distends the tube partial separation of the placenta and
rupture of the tube often occur. Spurts of blood escape from the ruptured tube and its infundibulum (shown at
the left). Tubal rupture and the associated hemorrhage constitute a threat to the mother's life. (From Page
E. W. Villee. C. A and Villee, D. B.: Human Reproduction. Essentials of Reproductive and Perinatal Medicine.

3rd ed. Philadelphia, W. B. Saunders Co., 1981.)

constitute a threat to the mother’s life and
so are of major clinical importance.

When blastocysts implant in the isthmus of the
uterine tube, the tube tends to rupture early,
because this part of the tube is narrow and rela-
tively unstretchable. Abortion of the embryo from

embryo chorionic sac ovary

this site often results in extensive bleeding, proba-
bly because of the rich anastomoses between
ovarian and uterine vessels in this area. When
blastocysts implant in the uterine, or intramural,
part of the tube. they may develop into fetuses (12
1o 16 weeks) before expulsion occurs. However,
when such an interstitial ectopic pregnancy Tup-

yolk sac

Figure 3-10 Photographs of an ovarian pregnancy. A, The ovary has been sectioned to show the embryo
and its membranes, which occupy almost the entire ovary. 8, Enlarged photograph of the normal-appearing
five-week embryo (x6). Ovarian pregnancy is very rare and leads to death of the embryo and bleeding from
the ovary
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Figure 3-11 Drawing illustrating an abdominal
pregnancy. Although a blastocyst expelled from the
uterine tube may attach to any organ or to the
mesentery of the intestines, it commonly attaches to
the peritoneum of the rectouterine pouch.

tures, it opens up a large uterine sinus that bleeds
profusely (Lawson and Stewart, 1967). Blasto-
cysts that implant in the ampulla or on the fim-
briae of the uterine tube are often expelled into
the peritoneal cavity, where they commonly im-
plant in the rectouterine pouch (Fig. 3-11).

Simultaneous intrauterine and extrauter-
ine pregnancy is unusual. The ectopic preg-
nancy is masked initially by the presence of a
pregnant uterus. Usually the extrauterine
pregnancy can be terminated (e.g., by re-
moval of the involved uterine tube) without
interfering with the intrauterine pregnancy.

Cervical pregnancy is very rare (Fig. 3-7).
Some of these pregnancies are not recog-
nized because the conceptus is expelled
early in the gestation. In other cases. the
placenta of the embryo becomes firmly at-
tached to the fibrous and muscular parts of
the cervix, often resulting in bleeding and
subsequent surgical intervention, e.g., hys-
terectomy (excision of the uterus).

Blastocysts may implant in the ovary (Fig.
3-10) or in the abdominal cavity (Fig. 3-11).
but ovarian and abdominal pregnancies are
extremely rare.

In exceptional cases, an abdominal pregnancy
may progress to full term, and the fetus may be
delivered alive. Usually an abdominal pregnancy
creales a serious condition because the placenta
often attaches to vital structures and causes con-
siderable bleeding. Rarely, an abdominal preg-
nancy is not diagnosed, and the fetus dies and
becomes calcified, forming a so-called stone fetus,
or lithopedion (Gr. lithos, stone, - paidion, child).

EARLY ABORTIONS

Abortion is defined as the termination of
pregnancy before 20 weeks’ gestation, i.e.,
before the period of viability. Almost all
abortions during the first three WCCKS occoir
spontaneously; that is. they are not induced.
The frequency of early abortions is difficult to
establish because they often occur before the
woman is aware she is pregnant. An abortion
just after the first missed period is very likely
to be mistaken for a delayed menstruation,

Hertig et al. (1959) studied 34 embryos
recovered from women of known fertility,
and found 10 of them so abnormal that they
probably would have aborted by the end of
the second week. The incidence of chromo-
some abnormalities in early spontaneous
abortions in one study was about 61 per cent
(Boué et al., 1975). Summarizing the data of
several studies, Carr and Gedeon (1977) es-
timated that about 50 per cent of all known
spontaneous abortions result from chromo-
somal abnormalities. The higher incidence of
early abortions in older women probably
results from the increasing frequeny of non-
disjunction during oogenesis (see Fig. 2-3),

Hertig (1967) estimated that of the 70 to 75
per cent of blastocysts that implant, only 58
per cent survive to the end of the second
week. He further estimated that 16 per cent
of this latter group would be abnormal and
would soon abort.

Witschi (1970) estimated that from one
third to one half of all Zygolies never survive
to implant. Failure to implant may result
from a poorly developed endometrium, but
probably in many cases there are chromo-
somal abnormalities in the zygote.

Exposure of embryos to teratogens
(agents that produce congenital malforma-
tions or increase their incidence) during the
first two weeks usually does not cause con-
genital malformations (see Fig. 8-14), but
some agents kill the blastocyst or cause early
abortions.

SUMMARY OF IMPLANTATION

[mplantation of the blastocyst begins at
the end of the first week and ends during the
second week. The process may be sum-
marized as follows:

I. Zona pellucida degenerates (days 4 to
5). Disappearance of the zona pellucida is
brought about by enzymatic lysis. The lytic
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enzymes are released from the acrosomes of
the many sperms that partially penetrate the
zona pellucida.

2. Blastocyst attaches to endometrial

___ epithelium (days Sto 6).

3. Syncytiotrophoblast erodes endometrial
epithelium and stroma as it differentiates into
an inner cellular layer, the cytotrophoblast,
and an outer layer lacking cell boundaries.
the syncytiotrophoblast (days 7 to 8). The
erosion of the uterine mucosa results from
proteolytic enzymes produced by the syncy-
tiotrophoblast,

4. Lacunae appear in syncytiotrophoblast
(day 9).

5. Blastocyst sinks beneath surface of the
endometrial epithelium (days 9 to 10).

6. Lacunar networks form by fusion of
adjacent lacunae (days 10 to 11).

7. Syncytiotrophoblast invades endome-
trial sinusoids, allowing maternal blood to
seep into the lacunar networks and establish
a uteroplacental circulation (days 11 to 12).

8. Defect in endometrial epithelium dis-
appears (days 12 to 13).

9. Marked decidual reaction occurs in the
endometrium around the conceptus (days 13
to 14).

Inhibition of Implantation. The admin-

A. DAYSB B.

trophoblast

D. DAY 12

DAY 9

istration of relatively large doses of estrogen
(*morning-after” pills) for several days after
sexual intercourse will prevent pregnancy by
inhibiting implantation of the blastocyst that

‘may develop. 1t may also accelerate passage

of the dividing zygote along the uterine tube
(Seeman et al., 1980). Normally, the endo-
metrium progresses to the secretory phase of
the menstrual cycle as the zygote forms, un-
dergoes cleavage, and enters the uterus.

The large amount of estrogen, usually
administered as the synthetic estrogen di-
ethvistilbestrol (DES), disturbs the normal
balance between estrogen and progesterone
that is necessary for preparation of the endo-
metrium for implantation of the blastocyst
(see Fig. 2-6). When the secretory phase
does not occur. implantation cannot take
place. and the blastocyst soon dies. Because
this treatment results in the death of the
blastoeyst rather than in prevention of its
formation. use of this method is largely re-
stricted to special cases in which impreg-
nation is not desired, e.g., after a rape or
failure of a contraceptive method in a woman
over 40. Another reason this method is not
used routinely for birth control is that the
treatment is associated with a relatively high
frequency of nausea, vomiting, and other

C. DAY 10

amnion embryo

Figure 3-12 Drawings of sections of human blastocysts during the second week, illustrating the rapid
expansion of the trophoblast and the relatively minute size of the embryos (x 25); the sketches indicated by the

arrows show the actual size of the blastocysts.
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adverse effects. Contraception is preferable
to contraimplantation,

'SUMMARY OF SECOND WEEK

Rapid proliferation and differentiation of

the trophoblast occur as follows: (Fig. 3-12):
(1) An inner cellular layer, the cytotrophob-
last, and an outer syncytium, the syncytio-
trophoblast, form; (2) lacunae develop in the
syncytiotrophoblast and soon fuse to form
lacunar networks; (3) the trophoblast erodes
maternal sinusoids and endometrial glands:
(4) a primitive uteroplacental circulation is
established as blood seeps into the lacunar
networks; (5) primary chorionic villi form
on the external surface of the chorionic sac:
and (6) implantation is completed as the con-
ceptus is wholly embedded within the endo-
metrium, and the defect in the surface epi-
thelium is healed (Fig. 3-12E).

The various endometrial changes result-
ing from adaptation of the maternal tissues to
implantation of the blastocyst are known
collectively as the decidual reaction.

Concurrently, the primary yolk sac forms
and extraembryonic mesoderm arises from
the inner surface of the trophoblast. The
extraembryonic coelom forms from spaces
that develop in the extraembryonic meso-
derm. The primary yolk sac becomes smaller
and gradually disappears as the secondary
volk sac develops.

As these changes occur (1) the amniotic

cavirty appears as a slit-like space between
the cytotrophoblast and the inner cell mass;
(2) the inner cell mass differentiates into &
bilaminar embryonic disc consisting of
epiblast related to the amniotic cavity and
hypoblast adjacent to the blastocyst cavity;
and (3) the prochordal plate develops as a
localized thickening of hypoblast, indicating
the future cranial region of the embryo and
the site of the future mouth.

SUGGESTIONS FOR ADDITIONAL
READING

Gasser, R. F.: Atlas of Human Embryos. Hagerstown,
Harper & Row, Publishers, 1975. An excellent collec-
tion of photomicrographs and drawings of specimens
from the renowned Carnegie Collection. The impor-
tant events in each week of development are present-
ed in outline form,

Hamilton, W. J., and Mossman, H. W.: Human Em-
bryology. Prenatal Development of Form and Func-
fivn. 4th ed. Cambridge, W. Heffer and Sons, Ltd.,
1972, pp. 83-117. A well-illustrated account of im-
plantation of the blastocyst and development of the
amniotic cavity, yolk sac. and embryonic disc.

Rugh, R.. and Shettles, L. B.: From Conception to
Birth. The Drama of Life's Beginnings, New York,
Harper & Row, Publishers, 1971, pp. 1-28. A very
readable account of events occurring during the first
weeks of development. Although written for pros-
pective parents, the descriptions should be helpful to
beginning students.

Villee, D. B.: Human Endocrinology. A Developmental
Approach. Philadelphia, W. B. Saunders Co., 1975,
Pp. 1-17. A summary of events occurring during the
first weeks of life. You would probably find this
less-exhaustive coverage of this complex subject
helpful in getting an overview of embryogenesis,

CLINICALLY ORIENTED PROBLEMS
. Is it advisable to make a radiological examination of a healthy 22-year-old

female’s chest during the last week o
- A woman who had been raped during

f her menstrual cycle? Why or why not?
her fertile period was given large doses

of estrogen (25 mg of diethyistilbestrol (DES) twice daily for five days) to inter-
rupt a possible pregnancy. If she happened to be pregrant, what do you think
would be the mechanism of action of the DES? What do laypeople call this

type of treatment?

. A 23-year-old woman reported to her doctor with severe lower abdominal

pain. She said that she had missed two menstrual periods. A diagnosis of
ectopic pregnancy was made. What is the most likely site of the extrauterine
gestation? Be specific. How do you think the doctor would treat the case?

. A 30-year-old woman had an appendectomy toward the end of her menstrual
cycle; 8'/» months later she had a child with a congenital malformation of the
brain. Could the surgery have produced the eongenital malformation? Discuss
briefly.

The answers to these questions are given at the back of the book.
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. FORMATION OF THE
' TRILAMINAR EMBRYO

The Third Week

The third week is characterized by the
Jormation of the primitive streak (Fig. 4-1)
and the three germ layers, from which all
tissues and organs of the embryo develop.
The third week is a period of rapid develop-
ment of the conceptus. coinciding with the
Jirst missed menstrual period (see Fig. 1-1),

Cessation of menstruation is often the first
sign that a woman may be pregnant. Rela-
tively simple and rapid tests are now avail-
able for detecting pregnancy as early as the
third week. These tests depend on the pres-
ence of human chorionic gonadotropin
(hCG). a hormone produced by the tropho-
blast and excreted in the mother's urine,
Bleeding at the expected time of mensirua-
tion does not rule out pregnancy because
there may be hemorrhage from the implanta-
tion site in some cases. This implantation
bleeding results from leakage of blood into
the uterine lumen from disrupted blood ves-
sels around the implantation site. When such

primitive knot

dorsal surface of

embryanic disc\/

migrating cells
Figure 4-1

L

bleeding is interpreted as menstruation, an
error occurs in determining the expected
delivery date of the baby,

There is no absolute sign of pregnancy during
the early weeks because a gravid (pregnant) uter-
us may be mimicked by several other conditions,
e.g., fibroid tumors of the uterus and ovarian
tumors. Furthermore, a positive pregnancy test
does not always indicate that an embryo is devel-
oping. After the death of an embryo, tumors such
as noninvasive hydatidiform mole and highly ma-
lignant tumors. called chorionepitheliomas, may
develop from the chorionic epithelium and pro-
duce hCG.

Early confirmation of pregnancy is possible
with ultrasound technignes. Using gray-scale
imaging, a pregnancy can be detected around the
time of the first missed period (Carlson, 1977).
Early confirmation of pregnancy is clinically im-
portant in patients with infertility who have oligo-
menorrfiiea (scanty menstruation), or in patients
who have persistent bleeding during the first
trimester (Depp, 1977).

primitive groove in
primitive streak

cut edge of amnion

mesoblast

Drawing of the cranial half of the embryonic disc during the third week. The disc has been cut

transversely to show the migration of mesenchymal cells from the primitive streak. This illustration also in-
dicates that the definitive embryonic endoderm probably also arises from the epiblast. Presumably. the hypo-

blastic cells are displaced to extraembryonic regions.
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The third week has been referred to as the
“period of threes” (Crowley. 1974) because
three germ layers develop and three impor-
tant structures form (the primitive streak,
the notochord, and the neural tube).

GASTRULATION

The process by which the bilaminar em-
brvonic disc is converted into a trilaminar
embryonic disc is called gastrulation. Many
cells of the epiblast detach themselves from
neighboring cells and migrate inwardly to
form a loose network of tissue called me-
soblast, which spreads laterally and cranially
to form a layer between the epiblast and the
hypoblast known as the intraembryonic
mesoderm. Some mesoblastic cells invade
the hypoblast and displace the hypoblastic
cells laterally. This newly formed layer is
known as the embryonic endoderm. The
cells that remain in the epiblast form the
layer called the embryonic ectoderm. Hence,
the epiblast is the source of embryonic ec-
toderm, embryonic mesoderm, and most, if
not all, embryonic endoderm. The cells of
these three germ layers divide. migrate,
aggregate, and differentiate into the tissues
and the organs of the embryo (see Fig. 5-5).

The ectoderm gives rise to the outer
epithelia (e.g., the epidermis) and the nerv-
ous system. The endoderm is the source of
the epithelial linings of the respiratory pas-
sages and the digestive tract, including the
glandular cells of associated organs such as
the liver and pancreas. The mesoderm gives
rise to smooth muscular coats, the connec-
tive tissues, and the vessels supplying these
organs. Mesoderm is also the source of blood
cells and bone marrow, the skeleton, striated
muscles. and the reproductive and excretory
organs.

Gastrulation begins on about day 14 and
ends on about day 19. Formation of the
primitive streak and the notochord are the

important processes occurring during gastru-
lation. During this phase of development.
the embryo is sometimes referred to as a
gastrula. At the end of gastrulation, the em-
bryo is said to be triploblastic.

THE PRIMITIVE STREAK

During developmental stage 6, usually on
day 15, a thickened linear band of epiblast
known as the primitive streak appears cau-
dally in the midline of the dorsal aspect of the
embryonic disc (Figs. 4-1 and 4-24). The
primitive streak results from the conver-
gence of epiblastic cells toward the midline
in the posterior part of the embryonic disc.
As the primitive streak elongates by addition
of cells at its caudal end, its cranial end
thickens to form a primitive knot (Figs. 4-2C
and 4-3B). Concurrently, a narrow primitive
groove develops in the primitive streak,
which is continuous with a depression in the
primitive knot known as the primitive pit
(Fig. 4-2C and D).

When the primitive streak appears, it is
possible to identify the embryo’s craniocau-
dal axis, its cranial and caudal ends, its
dorsal and ventral surfaces, and its right and
left sides.

By the end of stage 6 of embryonic devel-
opment (about 16 days), intraembryonic
mesoderm begins to appear (Figs. 4-1 and
4-2B). As soon as the primitive streak be-
gins to produce mesoblastic cells destined to
become intraembryonic mesoderm, the epi-
blast is referred to as the embryonic ecto-
derm, and the hypoblast is called the em-
bryonic endoderm.

The intraembryonic mesoderm forms as
follows: Cells of the epiblast move medially
toward the primitive streak and enter the
primitive groove. These cells lose their at-
tachment to the cells of the epiblast and
migrate inwardly between the epiblast and

Figure 4-2 Drawings “iustrating formation of the trilaminar embryonic disc (developmental stage 6, days
15 to 16). The small sketch at the upper left is for orientation; the arrow indicates the dorsal aspect of the
embryonic disc as shown in A. The arrows in all other drawings indicate migration of mesenchymal cells be-
tween the ectoderm and endoderm. A, C, and E, Dorsal views of the embryonic disc early in the third week,
exposed by removal of the amnion. B, D, and F, Transverse sections through the embryonic disc at the levels
indicated. The prochordal plate is indicated by a broken line because it is a thickening of endoderm that can-

not be seen from the dorsal surface (see Fig. 4-5C).
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the hypoblast (Figs. 4-1 and 4-2). These
wandering mesoblastic cells immediately
begin to pass laterally and form a network of
cells called the mesoblast. Some mesoblastic
cells become organized into a layer called
the intraembryonic mesoderm.

Mesoblastic cells are often called mesen-
chymal cells. These embryonic cells migrate
and have the potential to proliferate and
differentiate into diverse types of cells (fibro-
blasts, chondroblasts, and osteoblasts). Me-
senchymal cells form a loosely woven tissue
called mesenchyme, or embryonic connec-
tive tissue. It forms the supporting tissue of
the embryo, e.g.. most connective tissues of
the body and the stromal components of all
glands.

During developmental stage 7 (about 16
days), mesoblastic cells migrate cranially
from the primitive knot and form a midline
cord known as the notochordal process
(Figs. 4-2C and 4-3B). This process grows
between the ectoderm and the endoderm
until it reaches the prochordal plate, a small
circular area of columnar endodermal cells

(Figs. 3=5C and 4-2A4). The rod-like noto-
chordal process can extend no farther be-
cause the prochordal plate is firmly attached
to the overlying ectoderm, forming the
oropharyngeal (buccopharyngeal) mem-
brane (Fig. 4-6C).

Other mesoblastic cells from the primitive
streak and the notochordal process migrate
laterally and cranially until they reach the
margins of the embryonic disc. There they
join the extraembryonic mesoderm covering
the amnion and the yolk sac (Fig. 4-2F).
Most extraembryonic mesoderm in human
embryos is derived from the cytotrophoblast
(see Chapter 3), but some of it may arise
from the primitive streak, as in other mam-
mals. Some cells from the primitive streak
migrate cranially on each side of the noto-
chordal process and around the prochordal
plate. where they meet cranially in the car-
diogenic area (Fig. 4-2E), the future site of
the heart.

Caudal to the primitive streak there is a
circular area known as the cloacal membrane
(Figs. 4-3 and 4-5F). The embryonic disc

prochordal plate oropharyngeal neural fold
membrane
cronial primitive
énd knot
neural -
O . plate = —
/.'F‘.\ =. U
FX notochordal s
Cer —_— ==
RF process ==
B primitive newly added cells
cavdal streak
end
cloacal membrane notochord
STAGE 6 STAGE 8 STAGE 9 STAGE 9

B. (about 18 days)

C. (about 20 days)

Figure 4-3 Sketches of dorsal views of the embryonic disc showing how it lengthens and changes shape
during the third week. The primitive streak lengthens by addition of cells at its caudal end; the notochordal
process lengthens by migration of cells from the primitive knot. The notochordal process and adjacent
mesoderm induce the overlying embryonic ectoderm to form the neural plate, the primordium of the central

nervous system (see also Fig. 4-8).

D. (about 21 days)



THE LEECH STAGE*

(‘ALAQAH STAGE) (1l )

‘Alagah in Arabic means Leech, a
suspended thing, or a blood clot. The leech is
pear shaped and thrives on blood sucking. Fig.
4-3 clearly indicates that the shape of the
embryo resembles a leech and this
resemblance will be more marked if seen from
the side (Fig. 5-3) where projection of the
neural folds form a median prominance. At
this stage the cardiovascular system has
started appearing and the embryo, is now
dependant on the maternal blood for its
nutrition like a leech; this aspect is clearly
shown in fig. 4-10.

Reference to fig. 4-12a shows the embryo
(‘Alaqah) suspended in the chorionic cavity by
the body stalk and is surrounded by fluids of
the amnion and yolk sac. If the conceptus at
this stage aborts spontaneously, it will
resemble a blood clot, the meaning given to it

by ancient people from the outer appearance
of the abortus.

There is a gap of a few days between the
stages of implantation (Nutfah) and *Alagah
and this period is clearly explained by the
following Ayah:

( T P G

VEAT O

“Then We made the drop into an
‘Alaqah (Leech like)".
(Surah Al-Mu'minun, Ayah 14)

The word “Thumm” in Arabicis a conjunc-
tion indicating a time lag and the Aya will,
therefore, mean that after some time we
created the “Nutfah™ into ‘Alaqah .

" See also Keith L. Moore (1982), 7th Saud Medical Conference Proceedings,
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Figure 4-4 Photographs of an infant with a large sacrococcygeal teratoma, probably of primitive streak
origin. These tumors are much more common in females than in males, and they often become malignant
during infancy. (Courtesy of Dr. Jan Hoogstraten, Children's Centre, Winnipeg, Canada.)

remains bilaminar here and at the oropharvn-
geal membrane because the embryonic ecto-
derm and endoderm are fused at these sites,
thus preventing migration of mesenchymal
cells between them. By the middle of the
third week. intraembryonic mesoderm sepa-
rates the embryonic ectoderm and endoderm
everywhere except (1) at the oropharyngeal
membrane cranially; (2) in the midline crani-
al to the primitive knot where the notochor-
dal process extends: and (3) at the cloacal
membrane caudally,

Fate of the Primitive Streak. The primitive
streak actively forms intraembryonic mesoderm
until about the end of the fourth week: thereafter.
production of mesoderm from this source slows
down. The primitive streak quickly diminishes in
relative size and becomes an insignificant struc-
ture in the sacrococcygeal region of the embryo
(Fig. 4-3D). Normally it undergoes degenerative
changes and disappears, but, rarely, primitive
streak remnants persist and give rise to a tumor
known as ateratoma (Fig. 4-4). As these cells are
derived from pleuripotent primitive streak cells,
the tumors often contain various types of tissue.
Teratomas not derived from the primitive streak
are usually located on or near the testes or the
ovaries. In some of these tumors, structures have
been reported that can be interpreted as disorgan-
ized fetal parts.

Changes in the Embryonic Disc (Fig.
4-3). Initially the embryonic disc is flat
and essentially circular, but it soon becomes
pear-shaped and then elongated as the noto-
chordal process grows and the notochord
forms. Expansion of the embryonic disc
occurs mainly in the cranial region; the cau-
dal end remains more or less unchanged.
Much of the growth and elongation of the

embryonic disc results from the continuous
migration of cells from the primitive streak
(Figs. 4-1 and 4-2).

DEVELOPMENT OF NOTOCHORD

In the lower chordate Amphioxus, the noto-
chord forms the only skeleton of the adult animal,
In the human embryo, it forms a midline axis and
the basis of the axial skeleton (the bones of the
cranium, vertebral column, ribs, and sternum: see
Chapter 15).

The notochord is a cellular rod that devel-
ops from the notochordal process and de-
fines the primitive axis of the embryo (Figs.
4-5 and 4-6). As the notochordal process
develops, the primitive pit extends into it to
form a lumen known as the notochordal
canal (Fig. 4-5B to E). The notochordal
process is now a tubular column of cells that
extends cranially from the primitive knot to
the prochordal plate.

The notochord develops as follows: (1)
The floor of the notochordal process fuses
with the underlying embryonic endoderm:
(2) degeneration of the fused regions occurs;
(3) openings appear in the floor of the no-
tochordal process, bringing the notochordal
canal into communication with the yolk sac
(Fig. 4-6B): (4) the openings rapidly become
confluent and the floor of the notochordal
canal disappears (Fig. 4-6C); (5) the remains
of the notochordal process form a flattened
grooved plate. known as the notochordal
plate (Fig. 4-6D); (6) beginning at the cranial
end, the notochordal plate infolds to form the °
notochord (Fig. 4-6F and G): (7) the embry-
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Figure 4-5 Drawings illustrating early stages of notochord development. The small sketch at the upper left
is for orientation; the short arrow indicates the dorsal aspect of the embryonic disc. A, Dorsal view of the
embryonic disc during stage 7 (about 16 days), exposed by removal of the amnion. The notochordal process
is shown as if it were visible through the embryonic ectoderm. B, C, and E, Sagittal sections at the plane shown
in A, illustrating successive stages in the development of the notochordal process and canal. Stages shown in
C and E occur during stage 8 (about 18 days). D and F, Transverse sections through the embryonic disc at
the levels shown.
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NEURULATION

The Neural Tube (Figs. 4-3
4-8). The formation of the neu
neural folds, and their closure
neural tube is called newrulation
ends during developmental stage
26 days, when closure of th
neuropore occurs (see Fig, 5-
neurulation, the embrvo is so
ferred to as a neurula.

As the notochord develops. th

the neuren-

and 4-5 to
ral plate, the
to form the
This period
12 at about
€ posterior
30). During
metimes re-

¢ embryonic

ectoderm over it thickens to form the neural

plate (Figs. 4-3B and 4-5C and
mental evidence (see Chapter
that neural plate formation is ind

D). Experi-
5) indicates
uced by the

developing notochord and the paraxial meso-
derm on each side of it. The ectaderm af the
neural plate, called neuwroectoderm, gives
rise to the central nervous system, consist-
ing of the brain and the spinal cord.

The neural plate first appears cranial to the
primitive knot, and dorsal to the potochordal
process and the mesoderm adjacent to it
(Fig. 4-3B). As the notochord| forms and
clongates, the neural plate broadens and
eventually extends cranially as|far as the
oropharyngeal membrane (Fig.|4-3C). On
about the eightecenth day, the neural plate
invaginates along its central axis to form a
neural groove with neural folds dn each side
(Figs. 4-3D and 4-6 to 4-8). By the end of
the third week, the neural folds have begun
L0 move together and fuse. conyverting the
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neural plate into a neural tube (Figs. 4-7F
and 4-8D).

The neural tube separates itself from the
surface ectoderm, and the free edges of the
ectoderm fuse so that this layer becomes
continuous over the back of the embryo.
Subsequently, the surface ectoderm differen-
tiates into the epidermis of the skin.

The Neural Crest (Figs. 4-8 and 18-8).
As the neural folds fuse, some ectodermal
cells lying along the crest of each neural fold
lose their epithelial affinities and attachments
to the neighboring cells. As the neural tube
separates from the surface ectoderm, these
mesoblastic neural crest cells migrate in-
wardly and inyade the mesoblast on each
side of the neural tube. They appear as an
irregular flattened mass. called the newral
crest, between the neural tube and the over-
lying surface ectoderm. Initially continuous
across the midline, it soon separates into
right and left parts that migrate to the dorso-
lateral aspect of the neural tube, where they
give rise to the sensory ganglia of the spinal
and cranial nerves. Many mesoblastic neural
crest cells begin to migrate in lateral and ven-
tral directions and disperse. Although these
cells are difficult to identify. special tracer
techniques have revealed that they dissem-
inate widely and have important derivatives.

Neural crest cells give rise 1o the spinal
ganglia and the ganglia of the autonomic
nervous system. The ganglia of the cranial
nerves (V, VII, IX, and X) are also partly
derived from the neural crest. In addition to
forming ganglion cells, neural crest cells
form the sheaths of nerves (Schwann cells)
and the meningeal covering of the brain and
the spinal cord (at least the pia mater and
arachnoid). They also contribute to the for-
mation of pigment cells. the suprarenal (ad-
renal) medulla, and several skeletal and mus-
cular components in the head (see Chapter
10 and Fig. 18-8).

Congenital Malformations of the Cen-
tral Nervous System. Because of the pri-
mordium of the central nervous system
(neural plate) appears during the third week
and gives rise to the neural folds. disturbance
of neurulation may result in severe abnor-
malities of the brain and spinal cord (see
Fig. 15-10).

Available evidence suggests that the pri-
mary disturbances (e.g.. a teratogenic drug)
affect the neural epithelium itself and result
in failure of closure of the neural tube in
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the brain and/or the spinal cord regions.
Extroversion of the neural tissue then
occurs, and the exposed tissue degenerates.
In anencephaly, the brain is represented by a
mass of degenerated neural tissue exposed
on the surface of the head (see Fig. 18-19).

Allantois. The allantois (Gr. allantos,
sausage) appears on about day 16 as a rela-

FORMATION OF THE TRILAMI

ve
ol
of

and the ne

th

tivel
culu
(Fig
brya
has
storé
The
hum

NAR EMBRYO

ure 4-8 Diagrammatic trans-
rse(sections through progressively
ler embryos. illustrating formation
the neural groove, the neural tube,
ural crest up to the end of
week.

:ig

> fourth

y tiny, finger-like outpouching or diverti-
m from the caudal wall of the yolk sac
4.58,|C, and E). The allantois in em-
s of Te tiles, birds, and some mammals
a respiratory function and/or acts as a
age place for urine during embryonic life.
allantois remains very small in the
an embryo, but it is involved with early




PRIMITIVE CARDIOYASCULAR SYSTEM
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myocoele, appears within each

4-7F), but it soon becomes occ
During the somite period, the

used as one of the criteria for
the embryo's age (see Table 5-

triangular in
cavity, the
somite (Fig.
uded.

somites are
determining
1).

DEVELOPMENT OF INTRAEMBRYONIC

COELOM

The intraembryonic coelom fifst appears
as a number of small, isolated coelomic
spaces within the lateral mesoderm and the
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cardiogenic mesoderm (Fig. 4-74 and B).
These spaces soon coalesce to form a
horseshoe-shaped cavity, the intraembryon-
ic coelom (Fig. 4-7E), which is lined by
flattened epithelial cells. These cells will
form the mesothelium lining the peritoneal
cavity.

The intraembryonic coelom divides the
lateral mesoderm into two lavers (Fig. 4-
D): a somatic (parietal) layer continuous
with the extraembryonic mesoderm covering
the amnion: and a splanchnic (visceral) layer
continuous with the extraembryonic meso-
derm covering the yolk sac. The somatic
mesoderm and the overlying embryonic ec-
toderm form the body wall, or somatopleure
(Fig. 4-7F), whereas the splanchnic meso-
derm and the embryonic endoderm form the
splanchnopleure, or wall, of the primitive
gut.

During the second month, the intraem-
bryonic coelom is divided into the bady
cavities: (1) the pericardial cavity, (2) the
pleural cavities, and (3) the peritoneal cavi-
{y. For a description of the division of the
intraembryonic coelom, see Chapter 9.

PRIMITIVE CARDIOVASCULAR SYSTEM

Angiogenesis (Gr.angeion, vessel + gene-
sis, production), or blood vessel formation,
begins in the extraembryonic mesoderm of
the yolk sac, the connecting stalk, and the
chorion during stage 6 (13 to 15 days); em-
bryonic vessels begin to develop about two
days later. The early formation of the cardio-
vascular system is correlated with the ab-
sence of a significant amount of yolk in the
ovum and the yolk sac and the consequent
urgent need for vessels to bring nourishment
and oxygen from the maternal circulation.

Blood and blood vessel formation may be
summarized as follows: (1) Mesenchymal
cells, known as angioblasts, aggregate to
form isolated masses and cords known as
blood islands (Fig. 4-94 to C); (2) spaces
appear within these islands (Fig. 4-9D): (3)
angioblasts arrange themselves around the
cavity to form the primitive endothelium
(Fig. 4-9 E); (4) isolated vessels fuse to form
networks of endothelial channels (Fig. 4-
9F); and (5) vessels extend into adjacent
areas by endothelial budding and by fusion
with other vessels formed independently.
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Figure 4-8 Successive stages in the development of blood
of the chorionic sac during stage & (about 18 days). B, Dorsal
the amnion. C to F. Sections of blood islands showing prog
blood vessels.

fusion of
adiacent vessels

4 blood vessels. A, The yolk sac and a portion
w shdwing the embryo exposed by removing
ive stages in the development of blood and

nitive heart forms in a similar

Primitive plasma and blood cells develop The pri
from the endothelial cells as the vessels — manner from mesenchymal cells in the
develop on the yolk sac and allantois (Fig.  cardiogenit area (Figs. 4-6B and 4-9B).
4-9E). Blood formation does not begin Paired, lopgitudinal endothelial channels,
within the embryo until the fifth week, when called | endocardial heart tubes, develop be-
it first occurs in various parts of the embry-  fore the erld of the third week and begin to
onic mesenchyme, chiefly in the liver and  fusc into the primitive heart tube. By the
later in the spleen, the bone marrow, and the  twenty -first day. the fusing heart tubes have
lymph nodes. Mesenchymal cells surround- linked| up tvith blood vessels in the embryo.
ing the primitive endothelial vessels differen- the| connecting stalk, the chorion, and the
tiate into the muscular and the connective yolk sac t¢ form a primitive cardiovascular
tissue elements of the vessels. system (Fig. 4-10). The circulation of blood
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has almost certainly started by the end of the days old). Afterblood vessels have developed
third week. Thus, the cardiovascular system in the villi, they are called tertiary chorionic
is the first organ system to reach a func- villi (Figs. 4-10 and 4-12D). Vessels in
tional state. these villi soon become connected with the
embryonic heart via vessels that differentiate
- in the mesenchyme of the chorion and in the
DEVELOPMENT OF CHORIONIC VILLI connecting stalk (Fig. 4-10). By the end of
Shortly after the primary chorionic villi developmental stage 9 (about 21 days), em-
appear during stage 6 (see Fig. 3-6), they bryonic blood begins to circulate through the
begin to branch. By the end pf this stage capillaries of the chorionic villi. The villi ab-
(about 15 days), mesenchyme his grown into sorb nutriments from the maternal blood in
the villi, forming a core of loose connective the intervillous spaces and excrete wastes
tissue. The villi at this stage. ¢alled secon- from the embryo into them.
dary chorionic villi, cover the entire surface Concurrently, the cytotrophoblast cells of
of the chorion (Figs. 4-11 and 4-124 and the chorionic villi penetrate the syncytiotro-
B). Soon mesenchymal cells within the villi phoblastic layer and join to form a cvio-
begin to differentiate into blood capillaries. trophoblastic shell (Fig. 4-12C). which at-
forming an arteriocapillary venous network taches the chorionic sac to the endometrial
between stages 7 and 9 (embryos 15 to 20  tissues. Villi that are attached to the mater-

dorsal intersegmental arterids tertiary villus

anterior cardinal dorsal connecting
veins aorfce stalk

Hec rf

tubes umbilical

arteries

vitelline

tn;:c:llcai l—_ll____chcarion

veins

vitelline arteries

vascular plexus on yolk sac

Figure 4-10 Diagram of the primitivé cardiovascular system in an embryo during stags 9 of development
(about 20 days), viewed from the left sids, showing the transitory stage of paired symmetrical vessels. Each
heart tube continues dorsally into a donsal aorta that passes caudally. Branches of the aorlae are (1) umbiiical
arteries, establishing connections with vessels in the chorion: (2) vitelline arteries to the volk sac; and (3) dorsal
interssgmental arteriss to the body of the embryo. An umbilical vein returns Dlood from the chorion and
divides into right and left umbilical veihs within the embryo. Vessels an the yolk sac form a vascular plexus
that is connected to the heart by vitelling veins. The anterior cardinal veins return blood from the head region.
The umbilical vein is shown in red because il carries oxygenated blood and nutrients from the chorion
{embryonic part of the placenta) to the embryo. The arteries are colored medium red to indicate that they are
carrying partially deoxygenated blood dnd waste products to the chorion.
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e
Figure 4-11 Photomicrograph of a sectio

nal tissues via the cytotrophoblastic shell are
called stem or anchoring villi. The villi that
grow from the sides of the stem villi are
called branch villi, and it is through them that
the main exchange of material between the
blood of the mother and the embryo takes

place.

SUMMARY OF THIRD WEEK

Major changes occur as the bilaminar em-
bryonic disc is converted into a frilaminar
disc. composed of three germ layers. This
process is called gastrulation.

The Primitive Streak and Intraem-
bryonic Mesoderm (Figs. 4-1 and 4-

n through th
during stage 6 of development (about 15 days) (x15). Note the
chorionic villi, especially at the embryonic pole (C). (Modified
Histology. 4th ed. Philadelphia, W. B. Saunders Co., 1981.)

e endometri
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FORMATION OF THE TRILAMINAR EMBRYO

im showing an implanted embryo (B),

large chorionic cavity (A) and many secondary

rom Leeson, C. R, and Leeson, T. 5.

rimitive streak appears towards
developmental stage 6 (about 15
midline thickening of the embry-
t. It gives rise to cells that mi-
ally, laterally, and cranially be-
epiblast and the hypoblast. As

primitive streak has begun to

i
pmdui;a se mesenchymal cells, the epi-
blast layer

is known as the embryonic ec-

and the hypoblast is known as the

endoderm. The cells produced by

primitive streak soon organize into a

layer, the intraembryonic meso-

Notochord Formation (Figs. 4-2, 4-3,

4-6). The primitive knot gives




i

chorionic
cavity

SUMMARY OF THIRD WEEK 67
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Figure 4-12 Diagrams illustratiig further development of the chorionic villi and placenta. A, Sagittal
section of an embryo during developmental stage 7 (about 18 days). B, Section of a secondary chorionic villus.
C. Secticn of an implanted embryo|during developmental stage 9 (about 21 days}). D, Section of a tertiary
chorionic villus. The fetal blood in the capillaries is separated from the maternal blood surrounding the villus
by the placental membrane, compagsed of the endothelium of the capiliary, mesenchyme, cytotrophoblast,

and syncytiotrophoblast.

rise to the cells that form the rotochordal
process during developmental stage 7 (about
16. days). Cells from the primitive streak
migrate to the edges of the embryonic disc,
where they join the extraembryonic meso-
derm covering the amnion and| the yolk sac.
By the end of the third wegk, mesoderm
exists between the ectoderm and the endo-
derm everywhere except at the oropharyn-
eeal membrane, in the midling occupied by

the notochord (a derivative of the notochor-
dal process), and at the cloacal membrane.
The primitive pit extends into the noto-
chordal process to form the notochordal
canal. Openings develop in the floor of the
notochordal canal that soon coalesce,
leaving the notochordal plate. The noto-
chordal plate infolds to form the notochord.

Neural Tube and Neural Crest Forma-
tion (Figs. 4-3 and 4-5 to 4-8). The
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neuwral plate appears as a midline thicken- embryp lshortly thereafter. Spaces appear
ing of the embrvonic ectoderm, cranial to the within| aggregations of mesenchyme (hlood
primitive knot. A longitudinal newral groove islandy), W'hﬂh soon become lined with en-
develops, which is flanked by neural folds; dotheljum and unite with other spaces to
these folds meet and fuse to form the newral form g primigive cardiovascular system. At
inthe. The development of the neural plate the end of thel third week, the primitive heart
and its infolding to form the neural tube is is represgnted by paired endocardial heart

called newrulation. As this process occurs. tibes lhat arg joined to blood vessels in the
some cells migrate ventrolaterally to form embryp and |in the extraembryonic mem-
the newral crest. branes| The primitive blood cells are derived
Somite Formation (Fig. 4-7). The mes- mainly fiom the endothelial cells of blood
oderm on each side of the notochord thick- vessels in the|yolk sac and the allantois.
ens to form a longitudinal column of paraxial Villii Formation (Fig. 4-12). Primary
mesoderm. Division of the paraxial meso- choriopia villi become secondary chorionic
derm into pairs of somites begins cranially by vifjii af they|acquire mesenchymal cores.
the end of the third week. Beforg the end of the third week, capillaries
Coelom Formation (Fig. 4-7). The in-  develop in the villi, transforming them into
traembryonic coelom arises as isolated tertiary chorjonic villi. Cylotrophoblastic

spaces in the lateral mesoderm and in the  extensjons frém the villi mushroom out and
cardiogenic  mesoderm.  These coelomic  join to|fofm a cvtotrophoblastic shell that an-

spaces subsequently coalesce to form a sin- | chors thg chofrionic sac to the endometrium.
g!c. hO_l‘ﬁe-‘ihOfl'fihElPl?d cavity that eventually The rapid development of chorionic villi
gives rise to the body cavities. during| the third week greatly increases the

Blood and Blood Vessel Formation  ifuce ajea gf the chorion for the exchange

(Figs. 4-9 and 4-10). Blood vessels first | of putrients 4nd other substances between
appear on the yolk sac. around the allantois. ' the maternal 4nd embryonic circulations.
and in the chorion. They develop within the

T e
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CLINICALLY ORIENTED PROBLEMS

1. A 30-year-old woman became pregnant two months after discontinuing use of
the “pill” (oral contraception), and then had|an earfy spontaneous abortion.
What might have caused the abortion? What would the doctor likely have told
the patient?

2. A 25-year-old woman with a history of regular menstrual cycles was five days
overdue on menses. Owing to her mental condition|and the undesirability of
a possible pregnancy, the doctor decided to do a “menstrual extraction,”
or uterine evacuation. The tissue removed was examined for evidence of a
pregnancy. What findings would indicate an gar|y pregnancy? How old would
the products of conception be?

3. What major system undergoes early development|during the third week?
What severe congenital malformation might result from teratological factors
during this period of development?

4. A female infant was born with a large tumor sfituated between the rectum and
the sacrum. A diagnosis of protruding sacrococcygeal teratoma was made,
and the mass was surgically removed. What is the probable embryological
origin of this tumor? Explain why these tumaors often contain various types of
tissue derived from all three germ layers. Does an infant's sex make him or her
more susceptible to the development of one pf thesg tumors?

5

The answers to these questions are given at the|back of the book.
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The embryonic period is a very important
period of human development because the
beginnings of all major external and internal
structures develop during these five weeks.
By the end of the embryonic period, all the
main organ systems have begun to develop,
but the function of most organs is minimal.
As the organs develop. the shape of the
embryo changes. Because the tissues and
organs are developing, exposure of an em-
bryo to teratogens during this period may
cause major congenital malformations. Mor-
phogenesis, the development of form, is an
elaborate process during which many com-
plex interactions occur in an orderly se-
quence.

A teratogen is an agent that produces or
raises the incidence of congenital malforma-
tions. These agents (e.g., drugs and viruses)
have their effect during the stage of active
differentiation of an organ or a tissue. Thali-
domide, the best-known teratogen in
humans, caused major limb malfermations
and other congenital defects in infants whose
mothers had ingested this drug during early
pregnancy (also see Chapters 8 and 17).

FOLDING OF THE EMBRYO

The significant event in the establishment
of general body form is folding of the flat
trilaminar embryonic disc into a somewhat
cylindrical embryo. This folding in both lon-
gitudinal and transverse planes is caused by

THE EMBRYONIC

-PERIOD

Fourth to Eighth Weeks

rapid growth of the embryo. particularly of
the neural tube. The rate of growth at the
sides of the embryonic disc fails to keep pace
with the rate of growth along the long axis as
the embryo increases rapidly in length.
Although described separately in the fol-
lowing sections, it must be emphasized that

folding at the cranial and caudal ends and at

the sides goes on simultaneously. Concur-
rently, there is relative constriction at the
junction of the embryo and the volk sac.

FOLDING OF THE EMBRYO IN THE
LONGITUDINAL PLANE

Folding of the ends of the embryo pro-
duces head and tail folds that result in the
cranial and caudal regions moving, or
“swinging.” ventrally as if on hinges (Fig.
514, to Dy).

The Head Fold (Fig. 5-2). At the end of
the third week, the neural folds begin to
develop into the brain and project dorsally
into the amniotic cavity. Soon the forebrain
grows cranially beyond the oropharyngeal
membrane and overhangs the primitive
heart. Concomitantly, the septum transver-
sum (mesoderm cranial to the pericardial
coelom), the primitive heari, the pericardial
coelom, and the oropharyngeal membrane
turn under onto the ventral surface.

During folding, part of the yolk sac is
incorporated into the embryo as the foregut;
it lies between the brain and the heart and

Figure 5-1 Drawings of embryos during the fourth week illustrating folding in both longitudinal and
transverse planes. A, Dorsal view of an embryo al stage 10 (about 22 days). The continuity of the
intraembryonic coelom and extraembryonic coelom is illustrated on the right side by removal of a portion of
the embryonic ectoderm and mesoderm. B,,C, and D, Lateral views of embryos at stages 11, 12, and 13 (about
24, 26, and 28 days, respectively). A, to D;, Longitudinal sections at the plane shown in A,. A, to D;, Transverse
sections at the levels indicated in A, to D,. As the result of organ formation, the shape of the embryo changes,

and major features of body form are established.
70
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Figure 5-1 See legend on opposite page.
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Figure 5-2 Drawings of longitudinal sections of
the cranial region of four-week embryos showing the
efiect of the head fold on the position of the heart
and other structures. A, Stage 10 (22 days). B, Stage
12 (26 days). Note that the septum transversum,
heart, pericardial coelom, and oropharyngeal mem-
brane turn under onto the ventral surface. Observe
also that part of the yolk sac is incorporated into the
embryo as the foregut

ends blindly at the oropharyngeal membrane
(Fig. 5-2B). This membrane separates the
foregut from the stomodewm, or primitive
mouth cavity. After folding, the septum
transversum lies caudal to the heart, where it
subsequently develops into the ventral part
of the diaphragm (see Fig. 9-7).

The head fold also affects the arrangement
of the intraembryonic coelom. Before fold-
ing, the coelom consists of a flattened
horseshoe-shaped cavity (Fig. 5-14,): after
folding, the pericardial coelom lies ventrally,
and the pericardioperitoneal canals run dor-
sally over the septum transversum and join

the peritoneal coelom (Fig. 5-3B). At this
stage the peritoneal coelom on each side
communicates widely with the extraem-
bryonic coelom (Fig. 5-34 and B).

The Tail Fold (Fig. 5-4). Folding of the
caudal end of the embryo occurs a little later
than that of the cranial end. The tail fold
primarily results from dorsal and caudal
growth of the neural tube. As the embryo
grows. the tail region projects over the cloa-
cal membrane; eventually this membrane
lies ventrally (Fig. 5-4B).

During folding, part of the yolk sac is
incorporated into the embryo as the fiindgut
(Fig. 5-48). The terminal part of the hindgut
soon dilates slightly to form the cloaca; it is
separated from the amniotic cavity by the
cloacal membrane. Before folding, the primi-
tive streak lies cranial to the cloacal mem-
brane (Fig. 5-4A): after folding, it lies caudal
to this membrane (Fig. 5-48). The conneci-
ing stalk now attaches to the ventral surface
of the embryo. and the allantois is partially
incorporated into the embryo.

FOLDING OF THE EMBRYO IN THE
TRANSVERSE PLANE

Folding of the sides of the embryo pro-
duces right and left lateral folds (Fig. 5-1A,
to D). Each lateral body wall. or soma-
topleure, folds toward the midline, rolling
the edges of the embryonic disc ventrally and
forming a roughly cvlindrical embryo. As the
lateral and ventral body walls form. part of
the yolk sac is incorporated into the embryo
as the midgut (Fig. 5-1D, and D). Concur-
rently. the connection of the midgut with the
volk sac is reduced to a narrow volk stalk.
After folding, the region of attachment of the
amnion to the embryo is reduced to a rela-
tively narrow region, the wmbilicus, on the
ventral surface.

As the midgut is separated from the yolk
sac, it remains attached to the dorsal abdom-
inal wall by a thick dorsal mesentery (Fig.
S_1D,). As the umbilical cord forms. ventral
fusion of the lateral folds reduces the region
of communication between the intraem-
bryonic and extragmbryonic coeloms to a
narrow communication that persists until
about the tenth week (see long arrow in Fig.
5-1D.). As the amniotic cavity expands and
obliterates the extraembryonic coelom, the
amnion forms the epithelial covering for the
umbilical cord (Figs, 5-1D, and 7-17).
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Figure 54 Drawings of longitudinal sections of the caudal area of four-week embryos, showing the effect
of the tail fold on the pesition of the cjoacal membrane and other structures. A, Stage 12 (26 to 27 days). Note
that part of the yolk sac is incorporated into the embryo as the hindgut, and that the terminal part of the hindgut
soon dilates to form the cloaca. Obserye the change in position of the primitive streak. the allantois, the cloacal

membrane, and the connecting stalk
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Figure 5-5 Scheme illustrating the origin and derivatives of
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GERM LAYER DER|VATIVES

The three germ layers (embryonic ecto-
derm, mesoderm, and endoc erm) give rise 1o
all the tissues and organs of the embryo. In
addition to the derivatives shown in Figure
5-5. other tissues may originate from these
germ layers under different normal or experi-
mental influences: i.e., the pecificity of the
germ layers is not rigidly fixed. The cells of
each germ layer divide, migrate. aggregate,
and differentiate in rather precise patterns as
they form the various organ systems. Tissues
that develop from the different germ layers
are commonly associated in the formation of
an organ (organogenesis).

thickening forms

epithelium

A

wall of forebrain  surface ettoderm

mesoderm

evagination

orm

groove develops

optic vesicle

walls fuse
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In general, the main germ laver derivatives
are as follows:

EctopermM, This layer gives rise to the
central nervous system (brain and spinal
cord), the peripheral nervous system, the
sensory epithelia of the eve, the ear, and the
nose. the epidermis and its appendages (hair
and nails), the mammary glands, the hypo-
physis (pituitary gland), the subcutaneous
glands. and the enamel of teeth.

Neural crest cells, derived from ectoderm
(see Figs. 4-8. 5-5. and 18-8), give rise 10
the following: cells of the spinal, cranial, and
arionomic ganglia; ensheathing cells of the
peripheral nervous system: pigment cells of
the dermis: muscle, connective tissues, and

folds meet and fuse tube forms

optlic
lens placode cup

lens vesicle

fused area disappears duct forms

ridges fuse two vessels form

1\

Figure 5-6 Diagrams illustrating various developmental processes used to form A, Tubes (e.g., neural tube),
B, Vesicles (e.qg., optic vesicle), and C| Ducts (e.g., semicircular duct); and to divide D, Tubular structures (eg.,

large blood vessels).
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bone of branchial arch origin (see Chapter
10); the suprarenal (adrenal) medulla, and
the pia-arachnoid (leptomeninges)

MesoDERM. This layer gives rise to car-
tilage, bone and connective tissue, striated
and smooth muscles, the heart, blood and
lymph vessels and cells, the kidneys, the
gonads (ovaries and testes) and the genital
ducts, the serous membranes lining the body
cavities (pericardial, pleural, and peritoneal),
the spleen, and the cortex of the suprarenal
(adrenal) gland.

ENDODERM. This layer gives rise to the
epithelial lining of the gastrointestinal and
respiratory tracts, the parenchyma of the
tonsils. the thyroid gland, the parathyroid
glands, the thymus, the liver, and the pancre-
as, the epithelial lining of the urinary bladder
and the urethra, and the epithelial lining of
the tympanic cavity, the tympanic antrum,
and the auditory tube.

CONTROL OF DEVELOPMENT

Development results from genetic plans
contained in the chromosomes. The genetics
of human development is a subject that is
still very poorly understood (Thompson and
Thompson, 1980). Much of our knowledge of
human development has come from studies
in animals, because there are ethical prob-
lems associated with the use of human em-
bryos for laboratory studies.

Most developmental processes depend
upon a precisely coordinated interaction of
genetic and environmental factors. There are
several control mechanisms that guide dif-
ferentiation and ensure synchronized devel-
opment, e.g., tissue interactions, regulated
migrations of cells and cell colonies, con-
trolled proliferations, and cell death. Each
system of the body has its own developmen-
tal pattern, but most processes of morpho-
genesis are similar and are relatively simple
(Fig. 5-6). Underlying all these changes are
basic inducing and regulating meghanisms.

Induction. For a limited time during
early development, certain embryonic tis-
sues markedly influence the development of
adjacent tissues. The tissues producing these
influences or effects are called inductors or
organizers. Induction involves two tissues:
(1) the inducing tissue or inductor, and (2)
the induced tissue. In order to induce, an
inductor must be close to, but not necessari-
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ly in com-:ict with. the tissue to be induced.

In birds,

tive streak, the
mesoderm act
nervous system (Fig. 5-7).

central
Oncel t

established by

obably in humans, the primi-
notochord, and the paraxial
as primary organizers of the

and pk

he basic embryonic plan has been
primary inductors, a chain of

secondqry indjictions occurs. Development

of the gye

is a/good example (Fig. 568): (1)

development of the forebrain is induced by

primary

izers, probably the notochor-

Tgan
dal proc;}s and the paraxial mesoderm; (2)
the forebrain [then reacts to the secondary
inductive actipn of adjacent mesenchyme,

produc

an| evagination called an optic

vesicle] which soon becomes an oplic cup,

the primordiu

vesicle induces the adjacent surface ecto-

derm of
placode

\the head to thicken into a lens
Figs| 5-6B and 5-8E), which soon

invaginates tq form a lens vesicle, the pri-

mordium

lens, and (4) the lens induces

the epidermis [over it to become the corneal

epithelium (s

Chapter 19).

The tlature off the inductive agents is not clearly

understoo

d at present, but it is generally accepted

that some substance (protein in nature) passes

from the

induding tissue to the induced tissue.

Yamada (1967) states, “The possibility is not

completel
cules are

specific
treatment
pepsin |de

the conclusion

ably baun
more info
chemical
(1975).

excluded that a group of small mole-

e relal factors and are carried by some
acromolecules.” The observation that
of indlucing substances with trypsin and
stroyh their inductive action has led to
that inducing substances are prob-
d to proteins or ribonucleoproteins, For
rmation on the morphological and bio-
aspects of differentiation. see Balinsky
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The details
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of organ formation are given

with discussipns of the various systems (see

Chapters 11
summ

tions

to 20). The following descrip-
rize the main developmental

events and changes in external form. Useful
criterja for estimating developmental stages

Th
13). |Du
23 days)
the so

Fourth Week (Stages 10 to
rind stage 10 of development (22 to
, th

ites

in hufa[: enbryos are listed in Table 5-1.

embryo is almost straight and
produce conspicuous surface

elevations (Higs. -84 and B and 5-9). By the

end of stagg

10, the neural tube is closed
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neural tube
induced normal

plate. C, Dorsal view of an embry
through the embryo at the level s

of
section D,

ochordal
bcess

77

primitive

streak tissue
induces
formation

of neural plate

presumptive
epidermis
transplanted
over
notochordal
process becomes
neural plate

normal neurql
tube

notochord

transplanted
piece of
notochord

showing a normal and an induced neural tube,
own, illustrating the secondary neural tube that was induced by the

D, Transverse section

Figure 5-7 A and B, Dorzal viewjtof avian embryonic discs illustrating experimental induction of the neural

transplanted piece of notochord. (B

opposite the somites but is widely open at

the rostral and caudal neurop
9B).

res (Fig. 5-

By stage 11 of development (about 24

days), the first (or mandibular)

ond (or hyoid) branchial arches

(Figs. 5-8C, 5-10 and 5-11). Th
tion, or mandibular prominence
arch will give rise to the lower |
dibie, and a rostral extension of
lary prominence. will contribute
Jaw. or maxilla (see Fig. 10-2

and the sec-
are distinct
€ major por-
, of the first
aw, Or rman-
it, the maxil-
to the upper
0). A slight
by the head

curve is produced in the embryo
and tail folds. and the heart produces a large
ventral prominence (Figs. 5-8¢] and 5+-10).

sed on experiments by Waddington, 1952.)

|
or folding, of the embryo in the longitudinal
plane has given the embryo a characteristic

-shaped curvature. Narrowing of the con-
nection between the embryo and the yolk sac
has been produced by folding in the trans-
verse plane (Fig. 5-1C,). The | upper limb
buds also become recognizable as small
swellings on the ventrolateral body walls
during stage 12 (Fig, 5-8D). The otic pits, the
primordia of the inner ears, are also clearly
visible.

The fourth pair of branchial arches and the
buds are present by stage 13 of
development, about 28 days (Figs. 5-8F and
5-13). Lens placodes, ectodermal thicken-

lower limb

Three pairs of branchial arche

s are visible

by stage 12 of development (abdut 26 days)

(Figs. 5-8D and 5-12), and the r.
pore is closed. The forebrain
prominent elevation of the head,

stral neuro-
produces a
and flexion,

mgs indicatin

g the future lenses of the eyes,

are visible on the sides of the head. By the

end of the fourth week,

the attenuated tqil

with its somites is a characteristic feature

(Fig. 5-13).

Text continued on page 85
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TABLE 5-1 CRITERIA FOR ESTIMATING DEVELOPMENTAL STAGES IN
HUMAN EMBRYOS

Age* Figure Carnegie No. of Length

(Days) Reference Stage Somites (mm){ Main Characteristics}

20-21 5-14, 9 -3 1.5-3.0 Ddep newral groove and first somites
présent. Head fold evident.

22-23 5-\8/1 10 D) 2.0- 3.5 Ebryo  straight or slightly curved.

5-88 Neural tube forming or formed -op-
5-9 posite somites, but widely open at
roktral and caudal neuropores. First and
setond pairs of branchial arches visible.

24-25 5-8C 11 13-20 2.5- 45 Embryo curved owing to head and tail

? 5-10 folds. Rostral neuropore closing. Otic

5-11 placodes present. Optic vesicles formed.

26-27 5-8D 12 21-29 3.0- 5.0 Upper limb buds appear. Caudal neuro-

5-12 pdre closing or closed. Three pairs of
branchial arches visible, Heart promi-
nence distinct. Otic pits present.

28-30 5-8E 13 30-35 4.0- 6.0 Elnbryo has C-shaped curve. Upper

5-13 Jimb buds are flipper-like. Four pairs of
bianchial arches visible. Lower limb
bids appear. Oric vesicles presenl.
Lens placodes distinct. Attenuated rail
present,

31-32 5-144 14 & 5.0- 7.0 Upper limbs are paddle-shaped. Lens
pits and nasal pits visible. Optic cups
present.

33-36 5-14B 15 7.0- 9.0 Hand plates formed. lens vesicles

| present. Nasal pits prominent. Lower
limbs are paddle-shaped. Cervical sinus
visible,

37-40 16 8.0-11.0 Koot plates formed. Pigment visible in
retina,  Auricular hillocks developing.

41-43 5-14C 17 11.0-14.0 Digital, or finger, rays appear. Auricular

5-15 Hillocks outline future auricle of ex-

rnal ear. Trunk beginning to straighten.
Eerebml vesicles prominent,

44-46 5-16 18 13.0-17.0 igital, or toe, rays appearing. Elbow
gion visible, Eyelids forming. Notches
tween finger rays. Nipples visible.

47-48 5-174 19 16.0-18.0 imbs extend venrally. Trunk elongat-

5-18D g and straighiening. Midgut herniation

rominent.

49-51 5-17B 20 18.0-22.0 pper limbs longer and bent at elbows.

5-18B ingers distinct bt webbed. Noiches

etween foe rays. Scalp vascular plexus
ppears.

5253 5-194 21 22.0-24.0 ands and feet approach each other.
ingers are free and longer. Toes
istinct but webbed, Stubby tail present.

54-55 22 23.0-28.0 ves free and longer. Eyelids and
uricles of external ears are more de-

veloped.

56 5-19B 23 _ 27.0-3110 Head more rounded and shows human

5-20 characteristics. External genitalia still
have sexless appearance. Distinet bulge
still present in umbilical cord: caused
by herniation of intestines. Tail has
disappeared.

See footnotes on fucing page
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optic sulcus
neural groove neural folds fusing
to form primary
somite brain vesicles
rostral—
neuropores
¥ caudal neural somibis
& tube
caudal
neuropore
i ‘_ T B T actual length
A 22 * 1day 23 t 1day B.
rostral neuropore closing otic pit third branchial fourth branchial
mandibu arch arch
arch
upper
forebrain limb bud
_— prominence
ear
promin- .
T, hyoid
arch —
somites
caudal Tif
s tail - limb bud
pore 1_ ]—-
i 24 * 1day D 26 * 1day E.

Figure 5-8 Drawings of four-weeg
development (22 ta 23 days) showing &
stages 11, 12, and 13 of development

28 * Iday

k embryos. A and B, Dorsal views of embryos during stage 10 of
to 12 somites, respectively. C, D, and E, Lateral views of embryos during
(24 to 28 days) showing 18, 27, and 33 somites, respectively.

*There is still uncertainty about the ag
were based on comparison with macaqgu

embryos at stage 23 are now g

example,
by Streeter.

TThe embryonic lengths indicate the u
when specimens of poor quality are incl

length (G'L); in subsequent stages crown-r

fBased on Streeter (1942, 1945, 1948,
$At this and subsequent stages, the nu

e of embryos in some embryonic stages. The ages given by Streeter (1951)
e embryos and are now known to be inaccurate for stages 14 to 23, For
enerally believed 1o be at least 56 days and not 47 + | days as described

ual range, but do not indicate the full range within a given stage, especially
ded (O'Rahilly, 1973), In stages 10 and 11, the measurement is greatest
Hmp (C'R) measurements are given (Fig. 5-21).

and 1951). O'Rahilly (1973), and Nishimura et al, (1974),
mber of somites is difficult to determine and so is not a useful criterion.
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AL-MUDGHAH" i .2

Chewed-Like Substan

The embryo at 24-25 days is
stage (fig. 5-10). It changes info
stage (fig. 5-12) at 26-27 days,

ce

in the Alagah
the Mudghah
also see table

5-1, p. 78. This quick change is described in the
Qur’an by using the conjunction (& )“FA”
which in Arabic indicates a quick sequence of

events.

(0 =i in e )

VE LT D gl By

“Then we change

the leech-like

structure into a chewed-like subs-

tarice” .

(Surah Al-Mwminun, Ayah 14)

Fig. 5-12 shows the embryo i
stage which resembles a chew

the Mudghah
substance in

having irregular surface sho ing somites,

resembling teeth prints on a s
has been chewed.

The Mudghah stage in Fig.
changes in shape while ma
appearance of somites resemb
prints.

stance which

-8 also shows
fntaining the
ing the teeth

The Qur'an describes Mudighah to be

consisting of differentiated and
ted components.

* See also Keith 1.. Moore (1982), 7th Sa

undifferentia-

B T P R

- s T IE S CRA AN
o bl adliypu '
“Then out of a chewed-like
substance partly differentiated and

partly undifferentiated”,
(Surah Al-Haj, Ayah 5)

This superb Qur’anic Ayah for an embryo of
about 1 cm. gives a description of its internal
state by explaining that although the anlage of
all organ systems have formed, their function
has yet to appear. The organs and systems are
partly differentiated and partly undifferentia-
ted. As more and more differentiation oceurs,
the functions appear accordingly,

(. . LZ_LE’ gL o m;m; )
Vi L O b 3y g

“Then of that leech-like structure
we made a chewed-like substance,
then we made out of that chewed-
like substances a skeleton (bones)”

(Surah Al-My’minun, Ayah 14)

Thus the Qur’an has given a clear sequence
of development by describing the changes of
‘Alagah 0 Mudghah and Mudghah to
Skeleton. This sequence is supported by
present day Embryology.

1di Medical Conference Proceedings.
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Figure 5-11 Photograph of a 3.1-m
25 days). The embryo lies within its am
the well-developed chorionic villi. (Cou
West Germany.)

GHTS OF THE EMBRYONIC PERIOD

human embryo with 13 somites during stage 11 of development (24 to
niotic sac and is attached to the chorion by the connecting stalk. Note
rtesy of Professor E. Blechschmidt, University of Géttingen, Gottingen,
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chorionic villi

chorionic sac

chorionic
cavity

amnion
yolk sac

forebrain
hyoid arch prominence
mandibular

third arch

branchial
arch

heart
prominence

somite tail

duf;ng stage 12 of development (26 to 27 days).
«E). B, Higher magnification of the 3.5-mm
d (Fig. 5-8D) is not visible in this pho-

Figure 5-12 A, Photograph of an embryo inits amniotic sac
The embryo was exposed by opening the chorionic sac™{
(erown-rump length) embryo (% 18). Although present, the uppér limb b

tograph.
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Figure 5-13 Photograph of an
embryo during stage 13 (28 days).
The embryo has a characteristic
C-shaped curvature, four branchial
arches, and upper and lower limb
buds. The lower limb bud (Fig.
5-8E) is not recognizable in this
photograph. The heart prominence
is easily recognized. The ventrally-
curled attenuated tail, with its so-
mites, is a characteristic feature of
this stage. (Courtesy of Professar
Hideo Nishimura, Kyoto University,
Kyoto, Japan.)

IGHTS OF THE EMBRYONIC PERIOD
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Figure 5-14 Drawings of lateral
elbow views of embryos during the fifth and
sixth weeks. A, Stage 14, B, Stage 15.
C| Stage 17. Note that the tail is under-
B gping retrogressive changes. Com-
pare with Fig. 5-13.
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THE FIRST

FORTY DAYS®

JAM'A ALKHALQ (Compilation) (  slsdi zis )

In an embryo of 40 days which is about 1 cm.
long all the main organ systems have their
anlage gathered together as mentioned in the
Hadith (Sulman and Azzindani, 1983).

by Gl il i 3 e pasd 81 Gy
5 J Ol o fle 5 4 53
f‘ﬂ‘uéua}‘?é)u"ilj_)'wlﬁw'p@&u,

“In every one |of you all
components of your creation are
gathered fogether by 40 days and in
that it is an “‘Alagah” like that,
then in that it is @ “Mudghah” like
that”.
(Muslim: Kitap Al-Qadar and

Bukhari, but without the\words “in thar”

Jam'a Al-Khalg ( @#|\a&> ) is a
comprehensive word and covers the following:
1. Meeting of the sperm and ovum
2. Meeting of the materndl and paternal
chromosomes at fertilization.
3. Appearance of the anlage of all organs
and systems
4. The organs and systems appear collected
in a small area i.e. in an embryo of about
1 cm. long.
. The embryo is curved in “C” shaped
manner so that its varjous parts are
nearer to each other.
All the above events happen in the first 40
days.
According to this Hadith when organs and
systems have developed during the first 40
days period, the embryo has also passed
through the complete “‘Alagah” and
“Mudghah” stages during the same period.
The above Hadith, however, had been
interpreted to mean that each of the stages
took 40 days in sequence. However, there is
another Hadith which explicitly|states that the

N

stage of creation of the specific differentiated
organs start after the first 42 days.

e iy o il oy,
craly e 3l ) ad K )
IS L6 - U8 5 ot a5

« T L5 2l oty adi ¢ L,.ﬂ
(3 O - s oy,

“When  forty-two nights  have
passed over the “drops” Allah
sends an angel to it, who shapes it
and makes its ears, eyes, skin, flesh
and bones. Then he says, O! Lord,
is it male or female? and your Lord
decides and the angel records it”.
{Musiim: Kitab Al-Qadar)

This Hadith indicates that the Nutfah,
‘Alagah and Mudghah stages are completed
before 42 days. Further, the bones stage which
follows the Mudghah (Ayah 14, Al-
Mu’minun) is now stated to occur after 42 days
according to this Hadith. If the interpretation
of the first Hadith is correct this will mean that
the bones appear after 120 days. The Hadith
used the phrase “like that” which can be
interpreted as a repetition of the time period
or as a repetition of the completion of form in
each of the stages of ‘Alagah ahd Mudghah.
Thus the phrase is “Mujmal” general; but in
the second Hadith it is explicitly (Mubayyan)
stated that the bones start to differentiate after
42 days. The rule followed by Muslim scholars
interprets the “Mujmal” in the light of
“Mubayyan” which clarifies the generalisation
and gives the specific meaning and intention of
the speaker.

As early as 651 A.H. Ibn Azzamlakani had
reached the conclusion that the stages of
‘Alagah and Mudghah were completed during
the first forty days:

* See also Joe Leigh Simpson & AbdultMajeed A. Azzindani (1983), 8th Saudi Medical Conference Proceedings.
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D

yolk sac yolk stalk

Figure 5-16 A, Photograph of an embryo during stage 18 (44
opening the chorionic sac (%2.8). B, Higher magnification of the

Note the low position of the ear at this stage and the notches betwger
plate.
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scalp
external ear
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Figure 5-17 Drawings of lateral views of embryos during stages 1
the limbs extend ventrally and that there are noiches between the

fingers with webbing between them. Beginning at stage 20,
(subcutaneous capillary plexus) is a good indicator of the stage

to
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16 da
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the
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of
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ys) in its amniotic sac, exposed by
crown-rump length) embryo (»5).
inger rays (Fig. 5-14C) in the hand
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51 days

days) and 20 (51 days). A, Note that
rays. B, Observe the short, stubby
tion of the scalp vascular plexus
pment.



|IZAM STAGE'
BONES STAGE

THE SEVENTH WEEK |

The Qur’an uses specific ferms to discribe
different stages. It is observed that the shape
of the embryo determines the selection of the
term used for each stage, |e.g. the Nutfah
changes to *Alagah when it lpses its drop-like
appearance. Similarly the ‘Alagah changes to
Mudghah according to the change in shape.

It is mentioned in the Qurt}m: '

'ef/_:r:-’“']/.:’/.’n)

(...

VE AT S g

“Then we made out of that chewed-
like substance bonds” |
(Surah Al-Mu’tninun, Ayah 14)

eUé.fJ\ "Urj.n

Accordingly the stage which follows the
Mudghah stage will be called the bones (Izam)
stage for the same reason.

The anlage of the skeleton (Fig. 15-13
C&D) which formed in the embryo during the
“Mudghah stage™ (between 25-40 days)
transforms  into  cartilaginous  models
indicating the shape of future bones. Thus, the
shape of the embryo changes from “Mudghah
shape” to one determined by the form of the
skeleton. The embryo is now in the Bones
(Izam) stage (Fig. 15-13 E).

In the bones stage, various organs take up
new positions in relation to the growth of the
skeleton. This stage is of special significance in
that it gives the embryo human features. For
more information on bone development see
page 356a. :

" See also Keith L. Moore (1982), 7th{Saudi Medical Conference Proceedings.
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CLOTHING WITH FLESH'

STAGE OF ALKISA'A BILLAHM, MUSCLES g5 stS31 i o

VE AT Oy By

“Then We clothed the bones with
Jlesh. s a
(Surah Al-Mu minun, Ayah 14)

The above Ayah explicitly states that the
bones are formed first and that this is followed
by the formation of flesh or muscles which
take their position around the bones (clothing
the bones). the primordia of both the bone and
muscle are formed during the first 40 days (see
fig. 15-5) in the form of myotomes and
selertomes. The primordia do not have the
shapes or forms of bones or muscles. The
whole embryo at this stage does not have a
human appearance.

During the seventh week-the skeleton
begins to spread throughout the body and the
bones take their familiar shapes. The embryo
then starts to acquire the human appearance.

* See also Keith L. Moore (1982), 7Tth Saudi Medical Conference Proceedings.
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At the end of|the seventh week and during
the eighth wegk the muscles take their
positions around the bone forms, “definitive
muscles of trunk, limbs and head are well
represented angl fetus is capable of some
movement”.

With the cpmpletation of this stage
“Alkisa’a Billam” at the end of the eighth
week the embryp becomes a fetus and thus the
stage of Nash’nh begins as stated by the
remainder of th¢ above Ayah.
|
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“Then| We clothed the bones with
flesh; [then We developed out of
him another creature. So blessed be
Allah,|the best to create™.

(Burah Al-Mu'minun, Avah 14)




AFTER THE 42nd DAY

Figs. 5-16 to 5-20 show the embryo after 42
days. The developmental events after 42 days
are described in the Hadith:

o Ca A STy ol adkdl e b
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“When forty twa nights have
passed over the Nutfah, Allah
sends an angel to il, who shapes it
and makes its ears, eyes, skin, flesh
and bones. Then he|says, “O Lord!
Is it male or female?” And your
Lord decides what |He 'tw'shes and
then the angel records it.

(Muslim: Kitab Al-Qadar)

By the beginning of the sgventh week of
development the embryo has acquired a
skeleton, mostly cartilaginous, which gives
form to the body of the embryo and recogniz-
able human characteristics. |After the 42nd
day, the limb buds are longer with differentia-
ted fingers and toes. The tail|bud; which was
previously conspicuous, has regressed almost
completely.

SYIR (PRELCI[PyNIpres

The eyes migrate from the sides to their
definitive position and the primordia of the
face merge to confer human features.

The anlage of the eyes and ears make their
appearance before the seventh week, but they
do not have a human appearance as yet. After
the 24th week, the fetus can hear sound, and
by the 28th week, the retina becomes sensitive
to light. External, middle and internal parts of
the ear are formed after the 42nd day and then
acquire its function and recognizable human
shape.

The skeletal system, muscles and skin are
fully developed and with recognizable human
characteristics after the 42nd day. The skin is
differentiated into epidermis and hypodermis,
more characteristic of the adult by 12 weeks.
(Persaud and Azzindani, 1983).

According to the description on page 88 of
this book the embryo has now unquestionably
human characteristics.

During the 4th week the anlage of the
external genitalia appear and not until the 9th
week do they show any distinguishing sexual
characteristics. The male fetus can be clearly
distinguished from the female only by the 12th
week (Persaud and Azzindani, 1983).

According to the Hadith, while all other
organs and systems are well formed and have
acquired human characters, the morpholo-
gical appearance of the external genitalia (by
which sex can be identified with the naked
eye) is not distinct enough to permit sexual
indentification (see page 88). The Angel
asking about the sex is a reference to this fact.

* Seealso T.V.N. Persaud & Abdul-Majeed A. Azzindani (1983), 8th Saudi Medical Conference Proceedings.
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C

Figure 5-18 A, Photograph of an embryo in its amniotic sac, exposed by opening the cherionic sac (x2). B,
Higher magnification of this 18.5-mm (crown-rump length) embrye during stage 20 (49 to 51 days) (%7). Note
the webbed fingers and the notchegbetween the toe rays. G, Photograph of aslightly younger six-week embryo,

exposed by removal from the ch

rionic and amniotic sacs (x4). D, Higher magnification of this 18-mm

(crown-rump length) embryo at stage 19 (47 to 48 days) (x7). The large ventral abdominal prominence is
caused mainly by the liver; most of the intestine is in the proximal portion of the umbilical cord.
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Figure 5-19 Drawings of lateral views of embryos during the eighth week. A, Stage 21 (52 days). B, Stage 23
(56 days). Note its human characteristics and that the scalp vascular plexus|is near the vertex, or crown, of the

head.

but it is stubby (Fig. 5-194). The scalp
vascular plexus has appeared and forms a
characteristic band around the head (Fig. 5~
17B).

By the end of the eighth week, the regions
of the limbs are apparent, the fingers have
lengthened, and the toes are distinct. All
evidence of the tail disappears by the end of
the eighth week (Figs. 5-198 and 5-20). The
scalp vascular plexus now forms a band near
the vertex (crown) of the head (Fig. 5-
19B).

The embryo now has unquestionably
human characteristics. The head is more
round and erect, but is still disproportion-
ately large, constituting almost half of the
embryo. The neck region has become es-
tablished, and the eyelids are more obvious.
The abdomen is less protuberant, and the
umbilical cord is relatively reduced in size.
The intestines are still within the proximal
portion of the cord (Fig. 5-20).

During the eighth week, the eyes are
usually open, but toward the end of the
week, the eyelids may begin to meet and
become united by epithelial fusion. The auri-
cles of the external ears begin to assume
their final shape, but they are still low-set.
Although sex differences exist in the appear-

ance of the exfternal genitalia, they are not
distinct enough to permit accurate sexual
| identification t¢ be made by lay persons.

DISORDERS OF EMBRYONIC
DEVELOPMENT

As has been described, the embryonic
period refers tg the five weeks during which
|rmorphogenesis| (development of shape) and
|organogenesis [(formation of organs) occur,
Consequently, [it is the time during which the
embryo is most susceptible to factors that
may interfere |with its development. Most
congenital malformations originate during
this critical pgriod of embryonic develop-
ment.

Dysmorphist (abnormality of shape) can
result from a|variety of mechanisms: (1)
single-gene dispprders such as achondropla-
sig (see Fig. [8-12); (2) chromosome dis-
|orders such as Down syandrome (see Fig.
[8-4); (3) multifactorial inheritance, resulting
from a combingition of genetic and environ-
mental factors| which accounts for much of
[the normal vafiation in families and many
common congénital malformations such as
cleft lip (see Fig. 10-26); and (4) teratogene-
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Figure 5-20 Photograph of a 23-mm (crown-
rump length) embryo during stage{ 23 (56 days) (x2).
The intestine is still in the umbilical cord (arrow).
The digits are clearly defined. The regions of the
limbs are apparent, and the tail| has disappeared.
Note the relatively large head.

sis (production of abnormalities by drugs,
chemicals, and viruses known as terato-
gens). Exposure of an embryp to a teratogen
(e.g., thalidomide) during thefearly embryon-
ic period is likely to cause a congenital
malformation (see Fig. 17-4)

Abuse of alcohol and heavyy smoking dur-
ing pregnancy are well-established causes of
intrauterine growth retardation (Golbus,
1980). Many drugs and chemicals are tera-
togenic in rodents, but they have demon-
strated no teratogenicity in humans. Unfor-
tunately, drugs known to be|nonteratogenic
or “‘safe’” in animals may cause human mal-
formations if given during |the embryonic
period. Hence, obstetricians [and other phy-
sicians who care for the emhryo expose the
pregnant patient onlyv to the imost necessary
therapeutic agenis, and only [then after con-
sidering their possible effects|on the embryo.
For a complete discussion of the causes of

congenital malformations, see Chapter 8.
|

ESTIMATION OF EMBRYONIC AGE

Determination of the starting date of pregnancy
may be difficult, partly because it depends on the
mother’s memory. Two reference points are com-
monly used for estimating age: (1) the onset of the
last menstrual period (LMP), and (2) the time of

Jertilization. The probability of error in establish-

ing the last normal menses is highest in women
who become pregnant after cessation of oral con-
traception; this is because the interval between
discontinuance of the hormones and onset of
ovulation is highly variable (Page et al., 1981). In
addition, uterine bleeding (or ''spotting’”) some-
times occurs after implantation of the blastocyst
and may be incorrectly regarded as menstruation.
In spite of these possible sources of error, LMP is
commonly used by clinicians to estimate the age
of embryos.

It miist be emphasized that the zygote does not

Jorm until about two weeks after the onset of the

last normal menstrual period. Consequently, 14 =
2 days must be deducted from the so-called men-
strual age to obtain the actual or fertilization age
of an embryo. The day fertilization occurs is the
most accurate reference point for estimating age:
this is commonly calculated from the estimated
time of ovulation because the ovum is usually
fertilized within 12 hours after ovulation,

Because it may be important to know the
fertilization age of an embryo, e.g., for deter-
mining its sensitivity to teratogenic agents
(see Chapter 8), all statements about age
should indicate the reference point used, i.e.,
weeks after LMP or days after ovulation, or
the estimated time of fertilization.

Estimates of age of recovered embryos
(e.g., after abortion) are determined from ex-
ternal characteristics and measurements of
length (Table 5-1). Size alone may be an un-
reliable criterion because some embryos un-
dergo a progressively slower rate of growth
prior to death. The changing appearance of
the developing limbs is a very useful criterion
for estimating embryonic age,

Methods of Measurement (Fig. 5-
21). Because embryos of the third and
early fourth weeks (stages 6 to 10) are nearly
straight, measurements indicate the greatest
length (GL). The sitting height, or crown-
rump length (CR), is most frequently used
for older embryvos. In those with greatly
flexed heads, the CR length is actually a
neck-rump measurement (Fig. 35210).
Standing height, or crown-heel length (CH),
is sometimes measured for eight-week-old
embryos. CH measurements are often diffi-
cult to make on formalin-fixed embryos be-
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Figure 5-21 Sketches showing methods of measuring the length of em

Crown-rump length, D,, Crown-heel length.

cause such embryos are not easy to straight-
en.

Because the length of an embryo is only
one criterion for establishing age, one must
not refer to the 5-mm stage (O‘Rahilly, 1973).
If the Carnegie embryonic staging system
(Table 5-1) is used internationally, detailed
comparisons may be made between the find-
ings of one person and those of another.

The size of the embryo in a pregnant
woman can be estimated using gray-scale
ultrasound measurements (Chilcote and Aso-
kan, 1977). At 4 weeks (6 weeks after LMP),
the embryo, the amnion, and the yolk sac
compose a structure over 5 mm long that is
detectable with careful scanning. After the
fifth week (7 weeks after LMP), discrete
embryonic structures can be visualized, and
“‘crown-rump’’ measurements are predictive
of embryonic age with an accuracy of = 1 to
4 days. Furthermore, after the sixth week (8
weeks after LMP), dimensions of the head
and trunk can be obtained and used for
assessment of embryonic size (Chilcote and
Asokan, 1977).

SUMMARY OF EMBRYONIC PERIOD

Early in the embryonic period, longitudin-
al and transverse folding converts the flat
trilaminar embryonic disc into a C-shaped
cylindrical embryo. The formation of head,
tail, and lateral folds is a continuous se-
quence of events and results in a constriction
between the embryo and the yolk sac. The
dorsal part of the yolk sac is incorporated
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the estimated time of fertiliz4tion, (3) meas-
urements of length, and (4) external charac-
teristics. The age of an embiyo can also be
estimated using gray-scale ultrasound meas-
urements.

SUGGESTIONS FOR ADDITIONAL
READING

Balinsky, B. L.: An fniroducition to Embrvology, 4th ed.
Philadelphia, W. B. Saunders Co., [1975, pp. 208-220.
A very good analysis of the nature of induction as well
as a good description of the mechanism of action of
inducing substances.
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Gasser, F.: Atas of Human Embryvos. Hagerstown,
Harper & Row, Publishers, 1975, pp. 25-297. An
excellent atlas describing embryos in the Carnegie
Embryoiogical Collection. The important events are
presented in outline form. There are many photomi-
crographs of represeniative levels through the em-
bryos. You are urged to browse through this atlas.

Rugh, R., and Shettles, L. B.: From Conception to
Birth. The Drama of Life's Beginnings. New York,
Harper & Row, Publishers, 1971. Although this book
was written for prospeciive mothers by a radiobiolo-
gist and 4an obstetrician, you are urged to peruse it
because it 1s a well-written and instructive book. The
photographs of embryos — many in color — are su-
perb and will make you glad you examined this
book.

CLINICALLY ORIENTED PROBLEMS

1. A 28-year-old woman|, who has been a heavy cigarette smoker since her teens,
was informed that she was in the second month of pregnancy. What would the
doctor likely tell the| patient about her smoking habit and the use of other

drugs?

Why is the embryonit period such a critical stage of development?

Can one predict the possible harmful effects of drugs on the human embryo
from studies performed in experimental animals?

Why may information about the starting date of a pregnancy provided by a

patient be unreliable/?

The answers to these questions are given at the back of the book.
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Figure 6-1 Drawings of fetuses,
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6-6), and weight gain is phenomenal during
the terminal weeks (Table 6-2 and Fig. 6-
12)

Fetuses weighing up to 500 gm at birth
usually do not survive. The term abortion is
applied to all pregnancies that terminate be-
fore the period of viability (Table 6-2). If
given expert postnatal care, fetuses weighing
500 to 1000 gm may survive and are referred
to as immature infants. Fetuses weighing
between 1000 and 2500 gm are called prema-
ture infants, and most of them survive. How-
ever, prematurity is one of the most common
causes of perinatal death.

During a pregnant woman's first prenatal
visit to a doctor, the age of the embryo or
fetus is estimated. The date of the last men-
strual period (LMP) is a time-honored guide

IN WEEKS

about ane-fifth actual size. Head hair begins to appear at about 20 weeks.

recognizable by 24 weeks, and the eyes recpen by 26 weeks. Fetuses born
survive, but intensive care is required. The mean duration of pregnancy is
n, with a standard deviation of 12 days. In clinical practice, it is customary
the first day of the last menstrual period (LMP), assuming that conception
menses. Thus when a doctor refers to a pregnancy of 20 weeks, the true
s only 18 weeks.
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to establishing gestational age, and it is reli-
able in most cases. To determine the actual
age, or fertilization age, two weeks must be
deducted from the gestational age because
development does not begin until about two
weeks after LMP. Page et al. (1981) state:

When, in the patient’s opinion, the last menses
was normal and the date is known with certainty,
the probability of error is no more than 5 per cent.
An exception would be those women who con-
ceive shortly after discontinuing oral contracep-
tives or those women who do not have regular
cycles.

ESTIMATION OF FETAL AGE

The gestational period may be divided into
days, weeks, or months (Table 6-1), but
confusion arises if it is not stated whether the
time is calculated from (1) the onset of the
last menstrual period (LMP), or (2) the es-
timated day of fertilization. Most uncertainty
arises when months are used, particularly
when it is not stated whether calendar
months (28 10 31 days) or lunar months (28
days) are meant. Unless otherwise stated,
age in this book is calculated from the esti-
mated time of fertilization, and months re-
fer to calendar months. [z is best to express
fetal age in weeks and to state whether the
beginning or the end of a week i1s meant
because statements such as “in the tenth
week’ are nonspecific,

Clinically, the gestational period is com-
monly divided into three parts or trimesters,
-each lasting three calendar months. By the
end of the first trimester, all major systems
are developed and the crown-rump length of
the fetus is about the width of one’s palm
(Fig. 6-7). At the end of the second trimester
(26 weeks after LMP, but only 24 weeks
after the estimated day of fertilization), the
fetus is usually too immature to survive if
born prematurely, even though its length is
now equal to about the span of one’s hand.
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TABLE 6-1 COMPARISON OF QESTATIONAI TIME UNITS
Reference Point Days Weeks‘ Calendlir Months Lunar Months
Fertilization™® 266 38 | Ry Qs
Last Menstrual Period 280 40 B/ 4 10

#*The date of birth is calculated as about 266 days after t lc estimated day of fertilization, or 280 c!ays atter the on-
set of the last normal menstrual period. From fertilization to the end of the enfbryonic period, age is best expressed
in days; thereafter age should be given in weeks, Because vvulation and fertilization are usnally separated by not

" more than 12 hours, these events are more or less interchangeable in expressing | renatal age.
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AL-NASH'AH ( sl=3 )

“THE FETAL PERIOD”

vz el

Vi Al Ol 8y

“Then We develaped out of him

another creation”

(Surah Al-Muy'minun, Ayah 14)

At the end of the 8th wgek clothing with

muscle occurs (Al-Kisa Bil{L.ahm) (

Ll

L ) and before the 12th week there is a

period of slow growth and
the twelvth week there

development. By

are [important

developments as well as the beginning of
notable changes in the size of the fetus (see fig.

6-6).

The verb “ansha’a” carrJes two meanings

(a) to initiate and (b) to caus¢ to develop; both
of these meanings apply to the fetal period.

New developments pertai
these meanings are given

1ing to the first of
by the following

extract from Persuad and Azzindani (1983):

A B Gl )

DEVELOPMENT "

“At twelve weeks gestation, centers of
ossification are present in most bones. The
limbs are differentiating and nails can be
detected on the fingers and toes. Lanugo hair
is present on the skin, which is now fully
differentiated into epidermis and hypodermis.
The testes have begun their descent and the
internal genitalia (uterus, fallopian tubes,
vagina) are developing. At this stage, a male
fetus can be distinguished from a female on the
basis of the external genital organs. Voluntary
and smooth musculature are established.
Fetuses at this stage of development reveal
spontaneous movements, and reflex muscular
contractions can be elicited by an external
stimulus™.

Other developments, pertaining to the
second meaning, are the general growth of
body and various organs in size as well as the
structual nature of the tissues. The distinction
of the external genitalia by inspection can also
be made at about the 12 th week.

Many Muslim scholars believe that soon
after the embryonic period which ends by the
clothing of bones with flesh, the ‘soul’ comes
into the conceptus.

* See also T.V.N. Persaud & Abdul-Majeed A. Azzindani (1983), $th Saudi Medical Conference Proceedings.
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TABLE 6-2 CRI

TERIA FOR ESTIMATING FERTILIZATION AGE
DURING THE FETAL PERIOD

CR Foot
Age Length Length
(weeks) (mm)* (rnern)*

Fetal

eight

Main External Characteristics

PREVIABLE FETUSES

9 50 7 8 Eves closing or closed. Head more rounded. External genitalia still
not distinguished as male or female, Intestines in umbilical cord,

10 61 9 14 Intestine in abdomen. Barly fingernail development.

12 87 14 45 Sex distinguishable externally. Well-defined neck.

14 120 20 110 Head erect. Lower limbs well developed.

16 140 27 200 Ears stand out from head.

18 160 33 320 Vernix caseosa present. Early toenail development.

20 190 39 460 Head and bady hair (lanugo) visible,

VIABLE FETUSESH

22 210 45 630 Skin wrinkled and red.

24 230 50 820 Fingerndils present. Lean body.

26 250 55 1000 Eves partially open. Evelashes present.

28 270 59 300 Eyes open. Good head of hair. Skin slightly wrinkled.

30 280 63 700 Toenails| present. Body filling out. Testes descending.

32 300 68 2100 Fingernails reach finger tips. Skin pink and smooth.

36 340 79 2900 Body usually plump. Lanugo hairs almost absent. Toenails reach toe
tips. Flexed limbs; firm grasp.

38 360 83 400 Prominefit chest; breasts protrude, Testes in scrotum or palpable in

inguinal canals. Fingernails extend beyond finger tips.

age. The method for taking CR (¢
i These weights refer to fetuses i
usually weigh about 5 per cent les
iThere is no sharp limit of deve
which survival is assured, but exp
3500 gm or whose fertilization age
before the period of viability.

*These measurements are averan

of patients (e.g., those wo
pelves and/or those fetuses y
growth retardation andfor ¢
malities).

3 (Bti\g'ing. 1965).

men with small
with intrautering
pngenital abnor-
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No formal system of fe
numbers has been proposed f
as has been established for the
but it is helpful to consider th
development that occur in peri
weeks.

Nine to Twelve Weeks.

ning of the ninth week, the
almost half of the fetus (

al staging using
r the fetal period,
embryonic period,
e changes in fetal
ods of four to five

At the begint
head constiiuies
Fig. 6-2). Sub-

sequently. growth in body length accelerates

res and so may not apply to specific cases; dimensional variations increase with
wn-rump) measurements is illustrated in Figure 5-21.
at have been fixed for about two weeks in 10 per cent formalin. Fresh specimens

opment, lage, or weight at which a fetus automatically becomes viable or beyond
erience has shown that it is rare for a baby to survive whose weight is less than
is less than 22 weeks. The term aboriion refers to all pregnancies that terminate

rapidly so that by the end of 12 weeks the CR
length has more than doubled (Table 6-2).
Growth of the head slows down consider-
ably, however, compared with the rest of the
body (Figs. 6-2, 6-3, and 6-4). The face is
broad, the eyes widely separated, and the
gars low-set. The eyelids are now closed
(Fig. 6-3B).

At the beginning of the ninth week, the
legs are short and the thighs are relatively
small (Figs. 6-2 and 6-3). At the end of 12
weeks, the upper limbs have almost reached
their final relative lengths, but the lower
limbs are still not so well developed and are
slightly shorter than their final relative
length.

The external genitalia of males and fe-
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12 14
FERTILIZATION AGE IN WEEKS

Figure 6-2 Diagram illustrating the changing proporlions of the body dpring the fetal period. By 36 weeks,
the circumferences of the head and the abdomen are ap broximately equal_|After this, the circumference of the
abdomen may be greater. All stages are drawn to the same total height.

chorionic villi amniotic sac

chorionic sac

Figure 6-3 Photographs of a nine-week fetus in the amniotic sac expoged by removal from its chorionic
sac. A, actual size. The remnant of the yolk sac is indicated by an arrow. B, lenlarged photograph of the fetus
(%2). Note the following features: (1) large head, (2) cartilaginous ribs, and (B) intestines in the umbilical cord
(arrow). Ultrasound crown-rump measurements of the fetus can ascertain fetal age with an accuracy of + one
to four days. Determination of fetal size, especially of |the head, allows |the obstetrician to improve the
management of patients (e.g., women whose fetuses ay have congenital malformations such as hydro-
cephalus; see Fig. 18-34), [




FETAL PERIOD-

(PERIOD OF NASHIAH)  ( 8Ladl | 5by

Let us consider the following Ayah:

(&) Aty et e asbal <)
AY gl i 5

“Who (Allah) created you, made
you even and straight and then
modified you. In \whatever form
(facial features) He\wanted. He pur
you tagether”.

(Surah Al-Infitar, Ayah 7,8)

“SAWWAK” ( 4w )|means to make
even and straight. The pluripotent cells of the
embryo begin to follow variqus lines of diffe-
rentiation and modify into different functional
moieties. This process is essential for straight-
ening and the formation of organs essential for
viability (table 5-1 stages 5-11 mm.). Also at

this stage body surface is becoming more even
and its configuration is straighter (fig. 5-17 A
& B). .

“ADDALAK"” ( &llis ) in Arabic has
many meanings; but in this context it means
modifying in form and shape to create a
definitive thing. Changes shown in Fig. 6-2can
be taken to indicate the concept of the word
“*Addalak™ as used in The Qur’an.

“FA'TADDALAK” ( &lis ) as stated
above shall be taken to mean “then
immediately modified your form” since
“*Addalak™ is qualifying the latter part of the
Ayah which means that Allah constructed you
in any shape He liked, this is done, of course
by modifications.

A group of Muslim scholars interpreted this
Ayah by considering that *“*Addalak™ is
linguistically placed (‘Atf bayan oL ake )
to explain what comes after it i.c., the
acquisition of human features.

* See also T.V.N. Persaud & Abdul-Majeed A Azzindani (1983), 8th Saudi Medical Conference Proceedings,
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Figure 64 Photographs of (4
(B) cross section of the mother's
carpus luteum of pregnancy (s
luteum secretes both estrogen
important hormones for the m3
nancy. Actual size.
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10-week fetus and
ovary showing the
rrow). The corpus
and progesterone,
intenance of preg-

males appear somewhat similar uniil the end

of the ninth week. Their ma

ure fetal form is

not established until the twelfth week. Intes-

tinal coils are clearly visible

within the prox-

imal end of the umbilical ¢ord (Fig. 6-3B)

until the middle of the tenth
intestines return to the abdc
Al the beginning of this pd

week, when the
men (Fig. 6-5).
riod, the liver is

the major site of eryrhropoigsis. By the end

of the twelfth week, this acti
the liver and begins in th
starts to form between the 1

vity decreases in
> spleen. Urine
inth and twelfth

weeks and is excreted info the lamniotic

fluid.

Although this period is often
initial activity because the fetu
(Hooker, 1936, and Rugh and
these movements by the relativ
too slight to be felt by the moth
the 12 weeks, stroking the lips ¢
respond by sucking, and if the e

were made on spontaneously a

called the stage of
5 reacts [to stimuli
Shettles, 1971),
cly small fetus are
ler. By the end of
auses the fetus ta
velids are stroked

orted fetuses.)

there is a reflex response. ('l"gcse observations

Thirteen to Sixteen We

very rapid during this period

Figs. 66 and 6-7). At the en

ks. Growth is
(Tablg 6-2 and
d of this period,

the head is relatively small
that of the 12-week fetus (Fi

compared with
| 6-2}| and the

lower limbs have lengthened! Ossification of
the skeleton has progressed rapidly and
shows clearly on x-ray films [of the mother’s
abdomen by the beginning ¢f the sixteenth
week. Scalp hair patterning is determined

during this period and gives

a clue to early

fetal brain development (Smith, 1973). By 16

weeks, the ovaries are dif

ferentiated and
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have many primordial follicles containing
oogonia (see Fig. 13-21).

Seventeen to Twenty Weeks. Growth
slows down during this period, but the fetus
still increases its CR length by about 50 mm
(Table 6-2). The lower limbs reach their final
relative proportions (Fig. 6-8), and fetal
movements, known as guickening, are com-
monly felt by the mother. The mean time that
intervenes between a patient’s first detection
of fetal movements and delivery is 147 days,
with a standard deviation of + 15 days (Page
et al., 1981).

The skin is covered with a greasy cheese-
like material known as vernix caseosa; it
consists of a mixture of a fatty secretion from
the fetal sebaceous glands and dead epider-
mal cells. This vernix protects the fetus’s
delicate skin from abrasions, chapping, and
hardening. The bodies of twenty-week fe-
tuses are usually completely covered with

Figure 6-5 Photograph of an 11-week fetus ex-
posed by removal from its chorionic and amniotic
sacs (%1.5). Note the relatively large head and that
the intestines are no longer in the umbilical cord,
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no hair is visible. Because there is
visible. Fetuses at this age are unal
immature. The alveolar surface areg

Fr
Figure 6-8 Photograph of a 17F99k! fel'!us.AcrusJ
I

fine downy hair called lanugo
hold the vernix on the skin.
head hair are also visible at
period.

Brown fat forms during this
site of heat production, par]
newborn infant. This specialis
sue produces heat by oxidiz
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: thJS r%uay help
the end of the

time and is the
icularly in the
zed adipose tis-
ing fatty acids

(Reid, 1972). Brown fat is chi_cﬂyl* found (1)

Eyebrows and|

size. Note that the ears stand out from the head and that

o subcutaneous fat and the skin is thin, the blood vessels of the scalp are
e to survive if borh prematurely, mainly because their respiratory system is
a is insufficient, and the vascularity of the lungs is underdeveloped.

on the floor of the anterior triangle of the
neck surrounding the subclavian and carotid
vessels, (2) posterior to the sternum, and (3)
in the perirenal area (Young, 1968, and Page
et al., 1981). Brown fat has a high content of
mitochondria, giving it a definite brown
hue.

By 18 weeks, the uterus of a female fetus is
completely formed, and canalization of the
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Figure 6-=9 Photographs of a 25-week fetus. A, In the uterus. B, Actual size. Note the wrinkled skin and
rather lean body caused by the scarcity of subcutanecus fat. Qbserve that| the eyes are beginning to open. A
fetus of this size might survive if born prematurely, hence it is considered a viable fetus. Termination of
pregnancy is illegal after the period of viability (Table 6+2). |
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(AL-QABLIYAH LIL-H

There is no sharp limit
survival of the fetus is assured
has shown that a fetus whose
is less than 22 weeks, rarely s
2). Considering the two “Ay
can be taken to mean that thg
viable at about 6 months.
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“His separation is al
vears’.
(Surah Lu

B

22 weeks 1.e. five and half Gregor

AYAH) (

beyond which
but experience
fertilization age
rvives (table 6-
ah” below, this
fetus becomes
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Al lohpales . )

regnancy and
gonths”.
haqaf, Ayah 15)
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the end of two

gman, Ayah 14)
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Thus the total period of breast feeding plus
the period of pregnancy is stated as thirty
months. It is also stated that for two years the
child is fed on the mother’s breast at the end of
which he is weaned. The two texts taken
together leave only 6 months* of pregnancy.
Thisis about the same period which has been
established for viability table 6-2.

This interpretation was derived by Ali Ibn
Abi Talib (may Allah be pleased with him)
from the above two Ayahs and another Ayah:

S5l Gl

a2

S B

7 G005
(.. 2@

Y A8 5,a0 6, e

“Mothers shall breast feed their
offspring for two whole years, for
those who want to complete the
breast feeding”.

(Surah Al-Bagarah, Ayah 233)

This interpretation was also agreed to by
Khalifa Othman (may Allah be pleased with

him) and
companions.

a group of the Prophet's

an months are equal to about six lunar months.

100 a
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“The duration of pregnancy and
seperation is thirty months”
{Surah Al-Ahqgaf, Ayah 15)
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Vil bedd By e
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gl @ity

“His seperation is at the end of two
vears”
(Surah Lugman, Ayah 14).
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y The Qur’an ?
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pregnancy is 6 months, during which the fetus
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pendant on his mother for its

survival. Howgver, if born immature at the
end of a minimlrm of 6 months of pregnancy,

the child can s
mother with ou
months not acc
to this period g
mother’s body.

rvive outside the body of the
tside support. Thus the last 3

ounted for, in fact correspond
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fein] b g : S
Figure 6-10 Photograph of a 28-week hl:tus in the uterus. Actual size. Note that the fetus is upside down;
this is the normal presentation at this period of gestation. A portion of the wall of the uterus and parts of the
chorion and amnion have been removed to show the fetus. Infants born at this stage usually survive because
their lungs are capable of breathing air. This fetus and its mother died as the result of injuries sustainaed in an

automobile acecident.
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vagina has begun. By 20 weeks, the testes of
a male fetus have begun their descent, but
are still on the posterior abdominal wall.
Twenty-one to Twenty-five Weeks.
There is a substantial weight gain during this
period. Although still somewhat lean, the
body of the fetus is better proportioned (Fig.

Figure 6-11 Photograph of a 36-week fetus. Half ac
Note the plump body resulting from the deposition of
automobile accident, and the fetus died before it could

PERIOD

6-9), The skin i
ly during the ¢
skin is more tfa
colorin fresh s
capillaries is ¥
cells of the lu
fant, a surfac

s usually wrinkled, particular-
arly part of this period. The
nslucent and is pink to red in
cimens because blood in the
sible. By 24 weeks. alveolar
have begun to make surfac-
-active lipid that maintains

ual size. Fetuses 4
subcutaneous fat.

be delivered by ¢4

t this size and age usually survive.
This fetus' mother was killed in an

sarean section.
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alveolar patency. Although [all organs are |
rather well developed, a 22- t¢ 25- {vee:k fetus
may die within a few days {f born prema-
turely, mainly because its respiratory system
is still immature.
Twenty-six to Twenty-nine Weeks. A |
fetus may now survive if bon prematurely
(Table 6-2) because the lungslare capable of
breathing air, and because |the lungs and
pulmonary vasculature have developed suffi-
ciently to provide gas exchange (see Fig.|
11-8). In addition, the central nervous sys-
tem has matured to the stage|at which it can
direct rhythmic breathing njovements and
control body temperature. The eyes reopen
during this period, and head @nd lanugo hair |
are well developed (Fig. 6-10). Considerable
subcutaneous fat has now formed under the
skin, smoothing out many the wrinkles.
Dunng this period, the quantfity of white fat
in the body increases to about 3.5 per cent of
body weight (Widdowson, 1974). Ervthro-
poiesis in the spleen ends by|28 weeks, and
the bone marrow becomes thel major site of
this process,
Thirty to Thirty-four Weeks. The pupil-
lary light reflex is present |by 30 weeks.
Usually by the end of this period, the skin is
pink and smooth, and the upper| and lower |
limbs often have a chubby ppeamnce At
this stage, the quantity of white fat in the
body is about 7 to 8 per cent jof body weight
(Widdowson, 1974).
Thirty-five to Thirty-eight Weeks. Fe-
tuses at 35 weeks have a firm grasp and
exhibit a spontaneous oriendtation [to light
(Page et al., 1981). Most fetuses during this
““finishing* period are plump|(Fig. 6-11). Az
36 weeks, the circumference ¢f the head and
the abdomen are approximately equal. After
this, the circumference of theg abdomen may |
be greater than that of the head. I
There is a slowing of growth as the time of
birth approaches (Fig. 6-12). Fetuses usually
reach a CR length of 360 mm and weigh
about 3400 gm. By full term, the amount of
white fat in the body is about 16 per cent of
body weight (Widdowson, 1974). The fetus
lays down about 14 gm of fat 4 day during the
last few weeks of gestation. 1h/general, male
fetuses grow faster than femfales, and male
infants generally weigh more than female in-
fants at birth. Succeeding pregnancies tend
to last slightly longer, and tesult in larger
babies.
By full term (38 weeks after feruhzatlon
or 40 weeks after LMP), the skm is usualiy
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WEEKS FROM FERTILIZATION

Figure 6-12 Graph showing the rate of fetal
growth during the last trimester. (Adapted from
Gruenwald, P.: Am. J Obstet. Gynecol. 94:1112,
1966.) Average refers to babies born in the United
States. After 36 weeks the growth rate deviates from
the straight line. The decline, particularly after full
term (38 weeks), probably reflects inadequate fetal
nutrition caused by placental changes.

white or bluish-pink in color. The chest is
prominent and the breasts protrude in both
sexes. The testes are usually in the scrotum
in full-term male infants; descent begins at
about 28 to 32 weeks. Thus premature male
infants commonly have undescended testes.
Usually, the testes descend during early in-
fancy.

Although the head at full term is much
smaller in relation to the rest of the body
than it was during early fetal life, it still is
one of the largest parts of the fetus, an im-
portant consideration with regard to its
passage through the cervix and vagina, the
birth canal (see Figs. 7-10 and 7-11).

Not all low-weight babies are premature. About
one third of “premature infants” with a birth
weight of 2500 gm or less are actually small or
undergrown for their gestational age (Lucey,
1972). This has become apparent only in the last
few vears since good intrauterine fetal growth
charts have become available. These infants,
sometimes called ‘*small for dates,”” often result
from placental insufficiency. It is important to
distinguish between babies who are of low birth
weight because of intrauterine growth retardation
(Warkany, 1971) and those who are light because
of a shortened gestation. Intrauterine growth re-
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tardation may be caused by placental insuffi-
ciency, but genetic and environmental factors are
also known to cause such retardation (Warkany,
1971). These infants show a characteristic lack of
subcutaneous fat, and the skin is wrinkled, sug-
gesting that white fat has actually been lost.
Brown fat is also reduced or absent.

Time of Birth. The expected time of
birth is usually 266 days or 38 weeks after
fertilization, or 280 days or 40 weeks after
LMP (Table 6-1). Prolongation of pregnancy
for two to three weeks beyond the expected
time of birth is common (8 to 12 per cent).
Some infants in prolonged pregnancy devel-
op the postmaturity syndrome. These infants
are usually thin and have dry ‘‘parchment-
like’” skin.

The common method of determining the
expected dare of delivery 18 to count back
three calendar months from the first day of
the last menstrual period and then add a year
and one week. In women with typical 28-day
menstrual cycles, this method is quite accu-
rate. However, if the woman's cycles have
been irregular, miscalculations of two to
three weeks may occur. In addition, bleeding
sometimes occurs in pregnant women at the
time of the first missed period (about two
weeks after fertilization). Should the woman
interpret this implantation bleeding as men-
struation, the estimated time of birth would
be miscalculated by two or more weeks.

FACTORS INFLUENCING FETAL
GROWTH

The fetus requires substrates for the pro-
duction of energy and for growth. With the
exception of a few metals, such as iron, all
gases and nutrients pass freely to the fetus
from the mother via the placental membrane
(see Fig, 7-8).

Glucose, Insulin, and Amino Acids.
Glucose is a primary source of energy for
fetal metabolism and growth: amino acids
are also required (Page et al,, 1981). These
substances are derived from the mother’s
blood via the placenta. The insulin required
for the metabolism of glucose is secreted by
the fetal pancreas; no significant quantities of
maternal insulin reach the fetus because the
placental membrane is relatively imperme-
able to insulin. Insulin is believed to stimu-
late fetal growth. The role of insulin as a
“‘growth hormone’ is fully discussed by
Villee (1975). For a comprehensive account
of fetal growth in humans, see Miller and
Merritt (1979) and Page et al. (1981).
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tion and of biochemical, immunological and hor-
monal adjustment.

~George W. Corner

Perinatology is the branch of medicine
primarily concerned with the fetus and new-
born infant, generally covering the period
from about 26 weeks after fertilization to
about 4 weeks after birth. The subspecialty
known as perinatal medicine combines cer-
tain aspects of obstetrics and pediatrics.

The fetus is now commonly regarded as a
patient on whom diagnostic and therapeutic
procedures may be performed. Studies con-
cerned with the fetus are sometimes called
fetology. Several technigues are now avail-
able for assessing the status of the human
fetus and for providing prenatal treatment.

AMNIOCENTESIS

Amniotic fluid is sampled by inserting a
hollow needle through the mother’s anterior
abdominal wall and uterine wall into the
amniotic cavity (Fig. 6-13). A syringe is then
attached and amniotic fluid withdrawn. Be-
cause there is relatively little amniotic fluid,,
amniocentesis is difficult to perform prior to
the fourteenth week.

Amniocentesis is relatively devoid of risk,
especially when the procedure is performed.

Placenta
Uterine wall

Amniotic cavity

ng the technigue of amniocentesis. A needle is inserted through the lower
all into the amniotic cavity. A syringe is attached and amniotic fluid is with-
g., for cell culturgs or protein studies). Amniocentesis is relatively devoid of
vith Ultrasonography for placental localization. The risk of injuring the fetus
by using ultrasound, The technique is usually performed at 15 to 16 weeks of

gestation. Prior to this stage of development, there|is relatively little amniotic fluid, and the difficulties in ob-

taining it without endangering th
of amniotic fluid (polyhydramnios
patients by amniocentesis.

b mother or the fetus are consequently greater. There is an excessive amount
) in the case illustrated in this figure. This excess fluid is removed from some
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Figure 6-14 Nuclei of cells in amniotic fluid obtained by amniccentesis. A, Chromatin-positive nucleus

indicating the presence of a femals fetus; the sex chromatin is indicated by|

nucleus indicating the presence of a male fetus. No sex chromatin is visible.

Y-chromatin-positive nucleus indicating the presence of g

male fetus. The la

an intensely fluorescent body obtained after staining the cell in quinacrine
and Fuchs, F.. Sex chromatin and antenatal sex diaghaosis; in K. L. M

Philadelphia, W. B. Saunders Co., 1966. C, Courtesy of

Genetics and Department of Anatomy, University of Manitoba and Health

ada.)

by an experienced obstetrician who is guided
by ultrasonography (Fig. 6-15) for placental
localization. Amniocentesis is the most com-
mon technique for detecting genctic dis-
orders and is usually performed at 15 to 16
weeks of gestation (Le., after LMP),

The following are common indications for
amniocentesis: (1) late maternal age (i.e.,
40 years or older); (2) previous birth of a
trisomic child (e.g., Down syndrome): (3)
chromosomal abnormality in either parent
(e.g., chromosome-translocation); (4) women
who are carriers of X-linked recessive dis-
orders (e.g., hemophilia); (5) neural tube
defects in family: and (6) carriers of inborn
errors of metabolism.

Fetoprotein Measurements. Chemical
components are known to leak from skin
defects of fetuses with neural tube defects
into the amniotic fluid (see Chapter 18). The
concentration of a-fetoprotein (AFP) in the
amniotic fluid surrounding fetuses with spina
bifida cystica and anencephaly is remarkably
high (Brock, 1976). Thus, it is possible to
detect the presence of these severe abnor-
malities by measuring the concentration of
o-fetoprotein in amniotic fluid. Incidentally,
these malformations also cause the o-
fetoprotein to rise in the maternal serum;
however, studies of maternal blood for «-
fetoprotein are not so reliable at present as
those on amniotic fluid. It is generally be-
lieved that closed neural tube defects (e.g.,
spina bifida with meningomyelocele, Fig. 18-
16) cannot be detected through assay of
w-fetoprotein. Closed neural tube defects re-
present about 5 to 10 per cent of the total
number of neural tube defects (Brock,
1976).
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beiences Centre, Winnipeg, Can-

amniotic fluid is likely to be

useful diagndstic tool for detecting the
resence or absence of open newral tube
defecrs, e.g., agencephaly (see Fig. 15-10)

s of spina bifida (see Fig.
s of mothers who have al-

neady had a child with a neural tube defect.

Id help to decide whether

the pregnancy should be terminated.
Spectrophotometric Studies.

Examination
v this method may be used for

ssessing the degree of ervthroblastosis fetalis
also called hemdlytic disease of the fetus and

dition results from destruction

f fetal red blood dells by maternal antibodies (sec

Patterns. Fetal sex can be

iagnosed by notipg the presence or absence of
cells recovered from amniotic

and B). By use of a special
the Y chromosome can also be
Is of male fetuses (Fig. 6-14C).
sex can be useful in diagnosing
vere sex-linked hereditary dis-
ophilia or muscular dystrophy
1966, and Page et al., 1981).
/er, are not routine and are not
to satisfy the parents’ curiosity

Fetal sex can also be deter-
the sex chromosomes of cul-

ired amniotic cells. These studies are more com-

an autosomal abnormality such
syndrome is suspected. Inborn
n in fetuses can also be detect-
cultures. Enzyme deficiencies
by incubating cells recovered
and then detecting the specific
s in the cells. For a list of the
ic disorders that can be diag-

Itures permit prenatal diagno-
ases for which there is no

osed before birthE see Page et al., 1981. Amnio-
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effective treatment at present, and they afford the
opportunity to terminate the pregnancy ( Laurence
and Gregory, 1976). Possible problems in the use
of cultured amniotic fluid cells for biochemical
diagnosis are discussed by Littlefield (1971) and
Thompson and Thompson (1980).

INTRAUTERINE FETAL TRANSFUSION

Some fetuses with erythroblastosis fetalis can
be saved by receiving intrauterine blood transfu-
sions, The blood is injected through a needle
inserted into the fetal peritoneal cavity (for techni-
cal details, see Allen and Umansky, 1972). Over a
period of five to six days, most of the cells pass
into the fetal circulation via the diaphragmatic
lymphatics (Pritchard and Weisman, 1957). Intra-
uterine blood transfusions are seldom given nowa-
days, owing to the treatment of Rh negative
mothers of Rh positive fetuses with anti-Rh im-
ruanaglobulin,

FETOSCOPY

Using fiberoptic lighting instruments, one may
directly visualize parts of the fetal body. It is
possible to scan the entire fetus, looking for
congenital malformations such as cleft lip. The
fetoscope i1s usually introduced through the an-
terior abdominal wall and the uterine wall into the
amniotic cavity, similar to the way the needle is

Figure 6-15 Ultrasound scan ofa
30-week fetus that appears to be
sucking its thumb. It reminds one of
the cover photograph. The biparietal
diameter of the head can be deter-
mined and compared with the ab-
dominal diameter. Determination of
these measurements facilitates es-
timation of the age and weight of the
fetus. (From Thompson, J. S., and
Thompson, M. W.: Genetics In Medi-
cine. 3rd ed. Philadelphia, W. B.
Saunders Co., 1980. Courtesy of
Stuart Campbell.)

inserted during amniocentesis (Fig. 6-13). One
not only can see the fetus, but also take biopsies
of skin or blood samples. Probably the optimal
time for doing this procedure is at 18 weeks of
pregnancy, because the amniotic sac is large
enough to allow easy entry of the trochar, and the
fetus can be maneuvered for inspection (Kaback
and Valenti, 1976, and Persaud, 1979).

The procedure takes more time than amniocen-
tesis and creates a higher risk of infection or of
spontaneous abortion. Such examinations may
have a role to play in the future if the intrauterine
diagnosis and treatment of conditions in the fetus
are developed.

ULTRASONOGRAPHY

A chorionic sac may be visualized during
the embryonic period by using ultrasound
techniques: placental and fetal size. multiple
births, and abnormal presentations can also
be determined (Gosink, 1981, and MacVicar,
1976).

Ultrasonic scans give accurate measire-
ments of the biparietal diameter of the fetal
skull, from which close estimates of fetal

length can be made (Page et al., 1981). Thus
**small for date™ fetuses can be detected. In
most cases. the male genitalia can be visual-
ized by ultrasound. Figure 6-15 illustrates
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how details of the fetus can be observed in
good ultrasound scans.

Ultrasound examinations are also helpful
in diagnosing at a very early stage abnormal
pregnancies, e.g., the so-called blighted em-
bryvo (a pregnancy in which there is a
chorionic sac with no embryo, or one in
which there is a hydatidiform mole).

Recent advances in ultrasonography have
made this technique a major tool for prena-
tal diagnosis of fetal abnormalities such as
the following: anencephaly, hydrocephaly,
microcephaly, fetal ascites, and renal agene-
sis (Persaud, 1979; Sanders and James, 1980;
Page et al., 1981). Because of the cost,
ultrasonography for estimation of gestational
age and for the determination of congenital
malformations is not routine. It is indicated
in high-risk obstetrical patients (e.g., when
there is a medical indication for induction of
labor).

AMNIOGRAPHY AND FETOGRAPHY

In amniography and fetography, a radi-
opaque substance is injected into the amniot-
ic cavity in order to outline the amniotic sac
and the external features of the fetus (Per-
saud, 1979). A water-soluble contrast me-
dium is used in amniography, and in fetog-
raphy an oil-soluble contrast medium is in-
jected. The latter medium is apparently
absorbed by the vernix caseosa.

The examinations are usually conducted
15 to 18 weeks after LMP on women who
are, usually owing to evidence of elevated
amniotic fluid fetoprotein, suspected of hav-
ing fetuses with open neural tube defects or
other severe congenital malformations,

Another benefit of amniography and fetog-
raphy is that these methods allow one to
study the gastrointestinal tract via observa-
tion of normal swallowing of the contrast-
containing amniotic fluid (Balsam and Weiss,
1981). Fetuses with esophageal airesia (see
Fig. 11-5A4), duodenal atresia (see Fig. 12—
5B), and omphalocele (see Fig. 12-16) can be
diagnosed prenatally using these tech-
niques.

It is likely that ultrasonography will ulti-
mately replace amniography and fetography
for prenatal diagnosis of neural tube defects
because ultrasound techniques use no ioniz-
ing radiation and are noninvasive (i.e.. they
do not involve puncture of the fetal mem-
branes).

SUMMARY OF FETAL PERIOD

The fetal period begins nine weeks after
fertilization and ends at birth. It is primarily
characterized by rapid body growth and dif-

ferentiation of organ systems. An obvious

change is the relative slowing of head growth
compared with that of the rest of the body.
Lanugo and head hair appear, and the skin is
coated with vernix caseosa by the beginning
of the twentieth week. The eyelids are closed
during most of the fetal period but begin to
reopen at about 26 weeks. Until this time,
the fetus is usually incapable of extrauterine
existence, mainly because of immaturity of
the respiratory system.

Until about 30 weeks, the fetus appears
reddish and wizened because of the thinness
of the skin and the relative absence of subcu-
taneous fat. Fat usually develops rapidly
during the last six to eight weeks, giving the
fetus a smooth and plump appearance. This
terminal period is devoted mainly to building
up of tissues and to preparing systems in-
volved in the transition from intrauterine to
extrauterine environments, primarily the re-
spiratory and cardiovascular systems.

Fetuses born prematurely during the 26- to
36-week period usually survive, but full-term
fetuses have the best chance of survival.

Changes occurring during the fetal period
are not so dramatic as those appearing in the
embryonic period, but they are very impor-
tant. The fetus is less vulnerable to the
teratogenic effects of drugs, viruses, and
radiation, but these agents may interfere
with normal functional development, espe-
cially of the brain and the eves (see Chapter
8).

Various techniques are available for as-
sessing the status of the ferus and for diag-
nosing certain diseases and developmental
abnormalities before birth. The physician
can now determine whether or not a fetus
has a particular disease or a congenital mal-
formation by using amniocentesis and ultra-
sonography. The prenatal diagnosis can be
made early enough to allow selective abor-
tion of a defective fetus if this is the mother's
decision and if the procedure is legal.

SUGGESTIONS FOR ADDITIONAL
READING

Cheek, D. B., Graystone, J. E., and Niall, M.: Factors
controlling fetal growth. Clin. Obster. Gynec. 20:925,
1977, A comprehensive review of factors, especially
hormones. that play a role in the growth of a fetus.
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Gosink, B. B.: Diagnostic Ultraspund. 2nd ed. Philadel-
phia, W. B. Saunders Co., 1981. A complete introduc-
tion to applications of ultrasound through ¢linical ex-
ercises,

Mandelbaum, B.. and Evans, T. N.: LLife in the amniotic
fluid. Am. J. Obstet. Gynecol. 104:365, 1969. Amnio-
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graphy, fetal radiography, and angiography are pre-
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role that these technigues have in assessing the status
of the fetus.

Page. E. W.: Human fetal nutrition and growth. Am. J.
Obstet, Gynecol., 104:378, 1969. A review of intrau-
terine nutrition of the fetus in which fetal metabolism,
alterations of maternal metabolism affecting the fetus,
maternal nutrition. and the factors that regulate or
interfere with fetal growth are discussed.
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THE FETAL

MEMBRANES AN

PLACENTA

The chorion, the amnion, the yolk sac, and

the allantois constitute the
fetal membranes. These mem
from the zygote but do not fo

embryonic or

ranes develop
m parts of the

embryo, with the exception of portions of the
yolk sac and allantois. The dofsal part of the

yolk sac is incorporated into

he embryo as

the primordium of the primitive gut (see Fig.

5-1). The allantois is represen

d in the adult

as a fibrous cord, the median ymbilical liga-
ment, which extends from the|apex| of the

urinary bladder to the umbiliclis.

The placenta has two components: (1) a

fetal portion developed fro

the chorion,

and (2) a maternal portion formed by the

endometrium. Before birth, t
branes and placenta perform

| mem-
the following

e fetal

functions and activities: prmﬁcrion, nietri-

tion, respiration, excretion,
production. At birth, or pariur
membranes and placenta are

nd harmone
tion, the fetal
expelled from

the uterus as the afterbirth (Fig, 7-10F).

THE DECIDUA
The term decidua (L. decia

uus, a falling

off) is applied to the functions
gravid, or pregnant, endometri
that it is shed at parturition.

are a characteristic feature of

(Fig. 7-1B); these large, pal
dometrial stromal cells ¢
amounts of glycogen and li
significance of decidual cells
stood at present, but it has
that they may provide some no
the embryo and protect the
against uncontrolled invasion b
blast (Ramsey, 1965). It has aj

1l layer of the
, indicating
decidual cells
the decidua

ntain | large
ids. The full
is not under-
en suggested
rishment for
ternal tissue
y the tropho-
s0 been sug-

gested that decidual cells may be involved in

hormone production (Dallen
and Nette, 1964).
Three regions of the decidua

bach-Hellweg

aire identified

according to their relation to the implanta-
tion site (Fig. 7-2): (1) The part underlying
the conceptus and forming the maternal com-
ponent of the placenta is the decidua basalis;
(2) the superficial portion overlying the con-
ceptus is the decidua capsularis; and (3) all
the remaining uterine mucosa is the decidua
parietalis.

PLACENTAL DEVELOPMENT AND
STRUCTURE

Previous descriptions have traced the
rapid proliferation of the trophoblast and
development of the chorionic sac and its villi
(see Chapters 3 and 4). By the beginning of

Figure 7-1 Photomicrographs of sections of the
endometrium. A, During the secretory phase of the
menstrual cycle (Chapter 2). Note the appearance of
the stromal cells around the glands. B, The decidua
during the second month of pregnancy, showing the
characteristic pale-staining decidual cells, These
glycogen- and lipid-laden cells are highly modified
stromal cells (=80).
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INCREASE IN SIZE OF THE UTERUS

(IZDIAD AL-RAHEM

(& knowledge on some

When Al-Ghaydh stage o
(which may be taken to include
implantation) is completed the

|the Nutfah
the process of
embryo estab-

lishes contact with the mothe[’s circulation
and thus receives the required amounts of
nutrients which are necessary for its develop-

ment. A rapid stage of development follows
and the size of the uterus then begins to
increase (Izdiad Al-Rahem) sed fig. 7-2.

If we refer to the stage of Al-Ghaydh (p.
36a) we note that the key to|the embryo’s
future is decided at this stage and no one
knows this but Allah. One of these aspects is
the sex of the embryo.

We understand from the interpretation of
Al-Bukhari of Sura Alra’d that|the key to the
future of the embryo (p. 36a) lies in the stage
of Al-Ghaydh, On the otherhand the
following Ayah informs us that/the conceptus
passes through two stages :

Tore p woww okl
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AW el g

“Allah knows whal) every female
bears and what is pgnetrating and
decreasing in the womb and what is
tRCreasing.....

(Surah Al-Ra'd, Ayah 8)

a) The stage of Al-Ghaydh: This includes the
key to the future according|to Al-Bukhari

(told by Abdullah Tbn Omat, may Allah be
pleased with both).

o P30S )
aspects of the embryo’s condition)

b) The stage of Izdiad: This is outside the
aspects which are part of the key to the
embryo’s future, as concluded from the
above Ayah. Therefore, Izdiad Al-Rahem
is a stage open to human knowledge as it
lies outside the keys to the future, which
only Allah knows.

The Hadith tells us on many occasions that
Angels after the first 40 days know many
things about the embryo’s future e.g. sex,
happiness etc. This can be taken to indicate
that it is also possible for man and others to
know somethings about the embryo’s future.
This is possible in the stage of Izdiad Al-
Rahem which, as explained above, lies outside
the keys of the future which only Allah knows.
This conclusion was drawn by Ibn Kathir (vol.
3, pp 454-6).
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“....and also no one knows what is in the
wombs, of what Allah wants to create, except
Allah, Glory be to Him; but if Allah willed it
to be male or female, unhappy or happy, He
informed the Angels who are concerned with
that and those He wished to inform of His
creatures’”.
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regeneration of the endometrium during the
subsequent uterine cycle, or menstrual cycle
(see Fig. 2-6).

The shape of the placenta is determined by
the form of the persistent area of chorionic
villi (Fig. 7-2F); usually this is circular,
giving the placenta a discoid shape (Fig.
7-4). As the villi invade the decidua basalis,
they leave several wedge-shaped areas of
decidual tissue called placental septa (Fig.
7-6). The placental septa divide the fetal part
of the placenta into 10 to 38 irregular convex
areas, composed of lobes and lobules, called
cotyledons (Fig. 7-124). Each cotyledon
consists of two or more main stem villi and
their many branches.

The Intervillous Spaces {Figs. 7-2D
and 7=5). The blood-filled intervillous
spaces are derived mainly from the lacunae
that developed in the syncytiotrophoblast
during the second week (Fig. 3-1C). During
subsequent invasion by the syncytiotropho-
blast, these spaces enlarge at the expense of
the decidua basalis. Collectively. the spaces

Figure 7-4 Photograph of a human chorionic sac

villous areas of the chorion. Actual size. To visualize hg

abortion, see Figs. 7-2E and 7-5. The villous charion,
fetal placenta because it is the fetal component of the
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intervillous space to attach firmly to the
decidua basalis by way of the cytotropho-
blastic shell. In addition to anchoring the
chorionic plate to the decidua basalis, the
anchoring villi give origin to branches called
free, or floating, villi because they float in the
blood-filled intervillous spaces.

In placentas such as those in humans, the
syncytiotrophoblast is highly invasive; as a
result, there is considerable necrosis of the
decidua basalis and deposition of fibrinoid
material (Fig. 7-7C). A more or less continu-
ous layer of fibrinoid material, often called
Nitabuch's layer, forms and separates the
fetal and maternal parts of the placenta.
Placental separation occurs deep to this
layer during the third stage of labor (Fig.
7-10F: thus it is shed with the placenta.

PLACENTAL CIRCULATION

The placenta essentially provides a large
area where materials may be exchanged
across the placental membrane interposed
between the fetal and maternal circulations
(Figs. 7-7 and 7-8). Although the circula-
tions of the fetus and the mother are separai-
ed by the placental membrane consisting of

feral rissues, they are contiguous (L. con-

tigrus, in contact).

Fetal Placental Circulation (Fig. 7-6).
Deoxygenated blood leaves the fetus and
passes through the umbilical arteries to the
placenta. Where the cord attaches to the pla-
centa. these arteries divide into a number
of radially disposed vessels (Fig. 7-12B) that
branch frecly in the chorionic plate before
entering the villi.

The blood vessels form an extensive
arterio-capillary-venous system within the
villus (Fig. 7-74), bringing the fetal blood
very close to the maternal blood (Figs. 7-6
and 7-8). There is normally no gross inter-
mingling of fetal and maternal blood. The
oxygenated fetal blood passes into thin-
walled veins that follow the placental arteries
back to the site of attachment of the umbili-
cal cord, where they converge to form the
umbilical vein. This large vessel carries the
oxygenated blood to the fetus (Fig. 7-6). For
further details of the fetal circulation, see
Chapter 14 and Figure 14-38.

The rate of blood flow in the fetal placental
circulation is relatively high and is regulated
by the interaction of blood pressure and
vascular resistance. For a discussion of the
control of fetal placental circulation and the
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fetal
umbilical vein circulation
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Figure 7-6 Schematic drawing of a section through
villous chorion (fetal placenta) to the decidua basalis (ma
(3) the maternal placental circulation. Maternal blood
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Ramsey, 1965))

effects of oxygen, carbon dioxide, and drugs,
see Martin (1968).

Maternal Placental Circulation (Fig. 7-
6). Blood in the intervillous space is tempo-
rarily outside the maternal circulatory sys-
tem; it enters the intervillous space through
80 to 100 spiral arteries, or endometrial
arteries (see Figs. 2-5B and 7-6). The flow
from these vessels is pulsatile and is pro-
pelled in jet-like fountains or streams by the
maternal blood pressure. The entering blood
is at a considerably higher pressure than that
in the intervillous space and so spurts toward
the chorionic plate, often called the “‘roof”
of the intervillous space. As the pressure
|dissipates, the blood slowly flows around
and over the surface of the villi, allowing an
|exchange of metabolic and gaseous products
{with the fetal blood. The maternal blood
eventually reaches the decidual plate, often
called the “‘floor” of the intervillous space,
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drugy or other chemicals present in the maternal
plasma will also be found in the feral plasma.

Electron micrographs of the syncytiotro-
phoblast show that its free surface has many
microvilli that increase the surface area for
exchange between the maternal and fetal
circulations. After 20 weeks, (1) the cyto-

cytotrophoblast

fetal capillary

trophoblast no longer forms a continuous
layer, (2) the relative amount of connective
tissue is reduced, and (3) the number and
size of the fetal capillaries increase.

As pregnancy advances, the placental
membrane becomes progressively thinner,
and many capillaries come (o lie very close
to the synf-_vn'o:mphubf.:a.u (Fig. 7-7C). At
some sites, the syncytiotrophoblastic nuclei
form nuclear aggregations, oOr syneviial
knots (Fig. 7-7C). These knots continually
break off and are carried into the maternal
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endothelium of
fetal capillary

placental —
membrane
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Figure 7-7 A, Drawing of a ghorionig villus 5n|owlng the arterio-capillary-venous system carrying fetal |

fetus, whereas the vein carries

oxygenated blood and nutrients fo the fetus. 8 and| C, Drawings of sections through a chorionic villus at 10}
weeks and at full term, réspectively. The villi are bathed externally in maternal blood. The placental membrane, |
composed of fetal tissues, separdies the maternal blood-from the fetal blood (see also Fig. 7-8). |
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circulation. Some may lodge in capillaries of
the maternal lung, where they all soon die
and disappear (Benirschke, 1972). Toward
the end of pregnancy, fibrinoid material
forms on the surfaces of villi (Fig. 7-7C); it
consists of fibrin and other, unidentified sub-
stances that stain intensely with eosin. All
the aforementioned changes result mainly
from aging and appear to cause reduced
placental function.

Hofbauer Cells (Fig. 7-7B). These cells with
large spherical nuclei and vacuolated cyloplasm
appear in the cores of villi, particularly during the
first half of pregnancy. Histochemical tests indi-
cate that their vacuoles contain mucopolysac-
charides, mucoproteins, and lipids (Boyd and
Hamilton, 1970). The complete role of these cells
is uncertain, but they have the general qualitics of
macrophages (Benirschke, 1972). Possibly, they
| are phagoeytic (Ham and Cormack, 1979).

1
‘carbon dioxide
|ureq, uric acid

' bilirubin

PLACENTAL ACTIVITIES

The placenta has three main activities: (1)
metabolism, (2) transfer, and (3) endocrine
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the placental membrane (Fig| 7-8). Labeled
maternal red blood cells have ;alsj,o been
found in the fetal circulation |(Page et al.,
1981). Thus, red blood celly may pass in
either direction through breakls in the placen-
tal membrane. (2) Other cell$ cross the pla-
centa under their own power} €.g., maternal
leucocytes and Treponema pgllidum, the or-
ganism that causes syphilis.|Some bacteria
and protozoa infect the placgnta by creating
lesions and then enter the fetal blood.
Gases. Oxygen, carbon| dioxide, and
carbon monoxide cross the placental mem-
brane by simple diffusion. [Interruption of
oxygen transport for even a fpw minutes will
endanger fetal survival (Boyd and Hamilton,
1970). The uterus near term gxtracts 20 to 35
ml of oxygen per minute from the maternal
blood (Page et al., 1981). Over ll'lalf of this
oxygen is transferred to the [fetus b; simple
diffusion alone. The placental membrane ap-

_ ACTIVITIES

proaches the efficiency of the lung for gas
exchange. The quantity of gxygen ;reachina

the fetus is primarily flow-li ited rather tha
diffusion-limited. Hence, fegal hypoxia re
sults primarily from factors that diminish
cither the uterine blood flow or the fetal
blood flow.

Nutrients. Water is ragidly and freely
exchanged between mother and fetus, and n‘r
increasing amounts as pregnancy advances,
There is little or no transfer of maternal
cholesterol, triglycerides, '
(Page et al., 1981). There is PO
fatty acids, but the amount transferred i
probably relatively small. Vitamins cross the
placenta and are essential to ormall developt
ment. Water-soluble vitamifs cross the pla-
cental membrane more quickly than fat-

soluble ones. Glucose is| quickly trans-
ferred. |
Hormones. Protein ho*fnones‘ do not

reach the fetus in significant
for a slow transfer of thyro

steroid hormones pass the
brane rather freely. Testostg
synthetic progestins cross 1
may cause masculinization
(see Fig. 8-16 and Table 8-
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quantities, each at its oW
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Antibodies. Some passive immunity is
conferred upon the fetus by placental
ransfer of maternal antibodies. The alpha
and beta globulins reach the fetus in very
small quantities, but many of the gamma
globulins, notably the IgG (7S) class, are
readily transported to the fetus. Maternal
antibodies confer on the fetus immunity to
such diseases as diphtheria, smallpox, and
measles, but no immunity is acquired to
pertussis (whooping cough) or chickenpox.
Maternul antibodies are taken up by pinocy-
tosis (Gr. pinein, to drink) of the syncytio-
trophoblast, a process involying the inges-
tion of fluids and their contained solutes. The
antibodies subsequently enter the fetal capil-
laries.

As previously stated, small amounts of
blood may pass from the fetus to the mother
through microscopic breaks in the placental
membrane. If the fetus is Rh-positive and the |
mother Rh-negative, the fetal cells may stim-
ulate the formation of anti-Rh antibody by
the mother. This passes to the fetal blood
stream and causes hemolysis of fetal Rh-
positive blood cells and anemia in the fetus.
Some fetuses with this condition, known as
hemolytic disease of the newborn (HDN), or
erythroblastosis fetalis, fail to make a satis-
factory intrauterine adjustment and may die
unless delivered early or given intrauterine
blood transfusions (discussed in Chapter 6). |

Exchange transfusions are also performed
after birth, using the umbilical vein. Most of
the infant’s blood is replaced with Rh-
negative donor blood. This technique pre-
vents death of erythroblastotic babies who
are very anemic. [t also avoids brain damage;
by preventing or controlling hyperbilirubin-[
emia (Reid et al., 1972).

When the placenta scparates at birth (Fig.
7-10F), the mother often receives a smal
transfusion of fetal blood into her circulatio
from ruptured fetal chorionic vessels. If she
is Rh-negative and the infant Rh-positive, the
fetal red cells can stimulate a permanent
antibody response in the mother. These fetal
red blood cells can be destroyed rapidly by
giving the mother high-titer anti-Rh anti-
body. In this way, she does not become
sensitized. For more information on hemos
lytic disease of the newborn, see Thompsor
and Thompson (1980) and Page et al
(1981).

Wastes. The major waste product, car
bon dioxide, diffuses across the placentd
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ven more rapidly than oxygen. Urea and
ric acid pass the placental membrane by
imple diffusion, and bilirubin is quickly
sleared.

Drugs. Most drugs and drug metabolites
ross the placenta freely by simple diffusion,
he exception being those with a structural
similarity to amino acids, e.g.. methyldopa
nd the antimetabolites. Some drugs, e.g.,
halidomide, cause congenital malformations

{'sec Chapter 8). Fetal drug addiction may
ccur after maternal use of drugs such as
peroin. Except for the muscle relaxants,
such as succinylcholine and curare, most
gents used for the management of labor
readily cross the placenta. These drugs may
cause respiratory depression of the newborn
nfant, depending on the dose and timing in
relation to delivery (Ryan, 1972). All seda-
ives and analgesics affect the fetus to some
degree (Page et al., 1981).

Drugs taken by the mother can affect the
embryo or fetus directly or indirectly by
nterfering with maternal or placental me-
abolism (Gill and Davis, 1974). The amount
bf drug or metabolite reaching the placenta is
controlled by the maternal blood level and by
he blood flow through the placenta from
both the maternal and the fetal circulations.
Infectious Agents. Cytomegalovirus,
rubella and Coxsackie viruses, and those
iruses associated with variola, varicella,
easles, and poliomyelitis may pass through
he placental membrane and cause fetal in-
ection. In some cases (e.g., rubella virus),
{ong::nita] malformations may be produced

see Chapter 8). Organisms such as Trepon-
ma pallidium, which causes syphilis, may
ross the placental membrane. The spiro-
hetes (spiral microorganisms) penetrate the
lacental membrane and enter the fetal
lood, often causing death and/or malforma-
ion of the fetus.

LACENTAL ENDOCRINE SECRETION

. Using precursors derived from the fetus,
e mother, or both, the syncytiotrophoblast
ynthesizes various hormones.
| Protein Hormones. The well-docu-
ented protein hormone products of the
lacenta are (1) human chorionic gonado-
opin (hCG), and (2) human chorionic so-
matomanunotropin (hCS), or human pla-
¢ental lactogen (hPL).
The glycoprotein hCG, similar 1o luieiniz-
ihg hormone (LH), is secreted by the syncy-
1
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ays after the
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reat potential|
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Villee, 1975).
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wring the third week, a few

completion of implantation.
he concentratipn of hCG in the maternal

rises to a maximum by the

ighth week anfl then declines to a lower

o hCG and hPL, human
ropin  (hCT) and human
(hCACTH) are
lacenta. The placenta has a
r the synthesis of biologi-
tide and protein hormones
1).

ones. The placenta plays
the production of proges-
gens. Progesterone can be
he placenta at all stages of
iting that this hormone is
maintenance of pregnancy.
'ms progesterone from ma-
| or pregnenolone.

a pregrant woiman can b("
he first trimester withour
fon. Large amounts of pro-
produced during the first
ey by the corpus luteum of
ovary (see Fig, 6-4), but the
Kes over this activity.

also produced in large
syncytiotrophoblast. The

lacenta forms them from 19 carbon precur-
ors, many of which are supplied by the fetus

GROWTH DURING

PHEGNANCY

a nonpregnant female lies
hor (Fig. 7-94). Naturally,

the uterus increages in size during pregnancy
1p accommodartd

the needs of the growing
and ). While the uterus is

increasing in sizd, it also increases in weight

and its walls becdme thinner. During the first

trimester, the ut

erus rises out of the pelvic

cpvity and usually reaches the level of the
umbilicus by 20 weeks (Fig. 7-98). By 28 1o
30 weeks, it redches the epigastric region
(Fig. 7-9C). The Increase in size of the uterus

i.
PARTUR

largely results frgm hypertrophy of preexist-
ing muscular fifers, and partly from the
development of few fibers.

ITION, OR LABOR

The birth propess by which the fetus,
placenta, and fethl membranes are expelled
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(b)

(c)

(d)

All the above mentioned factors contribute
in various ways to make the passage of the
fetus through the birth canal easy.

Obstétrics and Gyngeology 6th Edition. Mosby 1979, pp. 137, 372, 380,

Uterine Contractions'?): These begin in
the upper uterine segment which is
composed of the active contracting muscle
tissue that supplies the force necessary to
push the baby through the thin passive
lower uterine segment.

Bag of Water: With each uterine
contraction the membrances filled with
amniotic fluid bulge as a bag of water
through the cervix uteri and facilitate its
dilatation. After rupture of the water, the
menbranes provide a smooth slippery
surface for the fetus to glide down.
(Nawab and Azzindani, 1983).
Mechanism of Labour?: A series of
changes in the attitude and position of the
fetus facilitate its passage through the
irregularly shaped pelvic cavity. As an
example these changes for the occiput
position are descent, flexion. internal
rotation, extension, restitution and
external rotation.

120a







UTERII

liver

large

|)
#uterus

urinary

\  yaging |

Figure 7-8 Diagrammatic dra
pregnancy. C, 30 weeks of pred
accommadate the rapidly growing
3y weeks they reach the epigastr
muscle of her anterior abdominal

A.

amnion an

uterine wall chorion

Figure 7-10 Drawings illusts
during the first stage of labor. N
C to E, The fetus passes throug
contracts during the third stage

of the placenta results in bleeding an

intesting

bladder

121

NE GROWTH DURING PREGNANCY

umbilicus

placenia

rectum

pubic
bone

of a female. A, Not pregnant. B, 20 weeks of
nancy. Note that |as the fetus enlarges, the uterus increases in size to
fetus. By 20 weeks the uterus and fetus reach the level of the umbilicus; by |
¢ region. The mofher's abdominal viscera are displaced, and the skin and |

wings of sagittal sections

wall are greatly stretched.

"

vaginal
canal

anterior
abdominal wall

placenta

partially-separated
placenta

hematoma

rd

umbilical cord

1 1 I
aling the process of birth (parturition or labor). A and B8, The cervix is dilatin
te that the fused amnion and chorion are being forced into the cervical canal.
L the cervix and the vagina during the second stage of labor. F, As the uterﬁ
of labor, the placenta felds up and pulls away from the uterine wall. Separatio
d H’he formation of a large hematoma.
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from the mother’s reproductive tract (Fig,
7-10) is called parturition (labor, or child-
birth), The factors that trigger labor are not
clearly understood. For many years, it was
thought that the release of oxytocin from the
maternal neurohypophysis most likely ini-
tiated labor. There is now evidence that the
quantity of steroids produced by the fetal
adrenal cortex may be important in triggering
some other event in the placenta or myome-
trium that culminates in the onset of labor.
One such event may be the release of sub-
stances with oxytocic properties, i.e., sub-
stances that stimulate uterine contractions.
Current opinion is that the intermittent re-
lease of oxytocin from the maternal neurohy-

Figure 7-11 Photographs illustrating de-
livery of the baby's head during the second
stage of labor. A, The head distends the
maother's perineum, and part of the scaip
becomes visible: this is called "crowning.™
B, The perineum slips back over the face. C,
The head is delivered; subsequently the body
of the fetus is expelled. (From Greenhill, J.
B., and Friedman, E. A.; Biological Principles
and Modern Practice of Obstetrics. Philadel-
phia, W. B. Saunders Co.. 1974.)
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pophysis is miportant in determining the
trength and dutation of uterine contractions
bnee labor is established (Page et al., 1981).

HE STAGES OF| LABOR

Labor (L., tofl, suffering) is the process of
biving birth to # child. The word is synon-
ymous with the |term parturition (L. parturi-
ia, childbirth). There are three stages:

The first stage (dilatation stage) begins
when there is olpjective evidence of progres-
: the cervix. This occurs with
he onset of regyilar contractions of the uter-
s (less than 10| minutes apart and painful).
he first stage epds with complete dilatation




of the cervix. The average

first stage is about 12 hours fqr first pregnan-

cies (nulliparous patients, or
and about 7 hours for women

duration of the

THE FULL-TERM PLACENTA

primigravidas),
who have had a

child previously (multiparoys ps tients, o

multiparas), but there are wi
The second stage (expulsic

dl¢ variations. |

1 stage) begins|

when the cervix is fully dilated and ends withi

the delivery of the baby (
7-11). The average duration
das is 50 minutes. and for mu

Figs. 7-10 and

for pnlm!gravi-l

tipali*asi. 20 min-|

utes. |
The third stage (placental stage) begins
when the baby is born and [ends when the
placenta and membranes arg delf_ve'red. The
duration of this stage is ordinarily less than
10 minutes. The placenta s arates through
the spongy layer of the decidpia hasalis. After
delivery of the baby, the utefus continues ta
contract. As a result, a hgmatoma forms
behind the placenta (Fig. 7+10F) and sepa;
rates it from the decidua basplis. After deliv:
ery of the placenta, the mygmetrial contrac;
tions constrict the spiral | arteries that
formerly supplied the intervillous spaces|
These persistent contractions, which are al-
most ‘“‘tonmic’ in nature, prevent excessive
bleeding from the placental site. |

| L |
THE FULL-TERM PLACENTA |

After birth, the placenta, the 'umbilical
cord, and the associated fetal membrane,'s
(amnion and smooth choripn) are expelled
from the uterus. The placenia'(G'r. plakuos, 'p
flat cake) commonly has @ discoid shape
(Fig. 7-12), with a diametef of 15/to 20 cm
and a thickness of 2 to 3 gm. The placenta
weighs 500 to 600 gm, usually about one
sixth the weight of the fetug. The margins of
the placenta are continuoys with the rup-
tured amniotic and chorionic sacs (Figs. 76
and 7-12A and C).

Variations in Placental Shape. Usually villi

persist only where the chorio

the decidua basalis, giving ris

centa (Fig. 7-12). When villi
several variations in placental
sory placenta (Fig. 7-13), bidi
fuse placenta, and horseshoe
there are innumerable variati

is in contact with
elto a discoid pla-
persist éeisewherg.
shape occur: accep-
scoid placenta, dif-
placenta. Although
ns in the size and

shape of the placenta, most df them are of little
physiological or clinical signiffcance. |
Examination of the placentd may provide infqr-
mation about the causes of (1) placental dysfunfc—
tion. (2) fetal growth retardhtion, (3) neonatal
illness. and (4) infant death. Placental studies can
also determine if the placenta pnd membranes are
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complete, Retention of a cotyledon or an accesso-
ry placenta in the uterus may lead to late puer-
peral hemorrhage (bleeding after the first 24 hours
post partum). but retained placental tissue is more
often present in cases of delayed hemorrhage after
abortion than after a term delivery.

Maternal Surface (Fig. 7-124). The
characteristic cobblestone appearance of this
surface is caused by the 10 to 38 corvledons ,
separated by grooves formerly occupied by
the placental septa (Fig. 7-6). The surface of
the cotyledons is covered by thin grayish|
shreds of decidua basalis, which are recog-
nizable in sections of placenta examined |
under a microscope. Most of the decidua
basalis. however, is temporarily retained in
the uterus and shed with subsequent uterine
bleeding.

Fetal Surface (Fig. 7-12B). The umbili-
cal cord attaches to this surface, and its
amniotic covering is continuous with the
amnion adherent to this surface of the pla
centa. The vessels radiating from the umbili-}
cal cord are clearly visible through the
smooth transparent amnion, The umbilical
cord vessels subdivide on the fetal surface to

form the chorionic vessels, which supply thfl

chorionic villi (Fig. 7-6).

The Umbilical Cord. The attachment of
the umbilical cord is usually near the centgj
of the placenta (Fig. 7-12B), but it may
found at any point (e.g., at the edge produc
ing a batiledore placenta, Fig. 7-12D, ort
the membranes forming avelamentous insery
tion, Fig. 7-14).

As the amniotic sac enlarges, the amnio
sheathes the umbilical cord, forming the
cord’s epithelial covering (Figs. 7-16 and
7-17). The umbilical cord is usually 1to 2 cm
in diameter and 30 to 90 cm in lengt
(average S5 cm). Excessively long or sho
cords are uncommon. Long cords have
tendency to prolapse and/or to coil aroun
the fetus. Coiling of the cord around th
fetus's neck may make the cord relativel
short, interfering with delivery of the baby.

The umbilical cord usually contains twg
arteries and one vein surrounded by mucoiE
connective tissue, often called Wharton’
jelly (Fig. 7-164). Because the umbilical
vessels are longer than the cord, twisting an}
bending of the vessels is common. The ves-
sels frequently form loops, producing s¢-
called fulse knots that are of no significance.
In about 1 per cent of deliveries, there ar
true knots in the cord that may cause fetal
death (Fig. 7-15). In most cases, the knois
form during labor as a result of the fetus
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cotyledon |Jumbilical
vessels

umbilipal cord

smooth
~chorion
amnion y

N~/ il B

Figure 7-12 Photographs of full-term placentas. Abgut one-third actuhl size. A, Maternal, or uterine,
urface, showing cotyledons and grooves. Each convex cotyledon consists of a number of main stem villi with
eir many branches. The grooves were occupied by the placental septa whpn the maternal fetal portions of
e placenta were together (see Fig. 7-8). B, Fetal, or amniotic, surface show ing the blood vessels running in
ne chorionic plate (Fig. 7-6) under the amnion and converging to form the urpbilical vessels at the attachment
f the umbilical cord. C. The amnion and smooth chorion are arranged to shpw that they are (1) fused and (2)
ontinuous with the margins of the placenta. See Figures 7-5 and 7-6 alsd for visualizing the relationship
etween the amnion and the smooth chorion. D, Placenta with a marginal attachment of the cord, often

lled a battledore placenta because of its resemblance t the bat used in the medieval game of battledore
nd shuttlecock. |




Figure 7-13 Photograph of the maternal surface
of a full-term placenta with an accgssory placenta.
The accessory placental tissue geveloped from
chorionic villi that persisted a short distance from
the placenta. Retention of pieces gf an accessory
placenta in the uterus may prevent f'equ:ateg uterine ‘

contraction and lead to delayed po

rhage. About one-guarter actual size.

margin of placenta

Figure 7-15 Photograph of a 2

size. The diameter of the cord
portion closest to the fetus, indica
an obstruction of blood flow in the
Undoubtedly, this knot was a m
death of the fetus.

a true knot (arrow) in the umbilicT cord. Half actual

partum hemor-

main
placenta

accessory
placenta

Figure 7-14 Photograph of a placenta with a vela-
mentous insertion of the umbilical cord. The cord is at-
ténched to the membranes (amnian and chorion), not to
the placenta, The umbilical vessels leave the cord and run
between the amnion and smooth chorion before reaching
the placenta. The vessels are more easily torn in this lo-
cation, especially when they course over the lower uterine
segment; this latter condition is known as vasa previa. If
the vessels rupture before birth, the fetus loses blood and
could be near exsanguination at birth.

0-week fetus with

is greater in the
ing that thers was
umbilical arteries. |
njor cause of the
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mucoid

umbilical arteries
amnion

Figure 7-16 Transverse sections through full-term umbilical cords. A,
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umbilical vei

connective t

n

B

umbilical artery
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ssue

umbilical
vein

Normal. B, Abnormal, showing only

one artery (%3.) The umhilical cord of one in 200 fetuses|has only one umi:)ilicai artery; and about 15 per cent of

fetuses with this condition have cardiovascular malformations. (From Javg
Abartion. 1957. Courtesy of The Blakiston Division, McGraw-Hill Book Col
Inc. Used by permission of McGraw-Hill Book Compan

passing through a loop of the cord. Because
the knots are usually Ioose, they have no
clinical significance. If a true knot forms
early in pregnancy and tightens owing to
fetal movements, the knot may interfere with
the fetal circulation and cause death and
abortion of the fetus (Fig. 7-15).

Simple looping of the cord around the
fetus occasionally occurs (Fig. 7-18). In
about one fifth of all deliveries, the cord is
looped once around the neck without in-
creased fetal risk (Page et al., 1981).

In about 1 in 200 newborns, only one
umbilical artery is present (Fig. 17-16B), a
condition that may be associated with fetal
abnormalities, particularly of the cardiovas-
cular system (Benirschke and Driscoll,
1967). Page et al. (1981) state that absence of
an umbilical artery is accompanied by a 15 to
20 per cent incidence of cardiovascular mal-
formations in the fetus. Absence of an umbil-
ical artery results from either agenesis or
- degeneration of this vessel early in develop-
ment.

AMNION AND AMNIOTIC FLUID

The ammnion is a membranous sac that
surrounds the embryo (Fig. 7-174 and B)
and, later, the fetus (Figs. 7-17C and D and
7-18). Formation of the amniotic cavity and
the amnion was described in Chapter 3.

y.)

gins of the eim
junction with
ventral surfacs
(Fig. 7-17B).
gradually oblit
sheathes the u
thelial coverirn
epithelial cellq
crovilli that |p
transfer, e.g.,
dissolved subg

Origin of An
fluid may be s
but most a
derived from t
across the amj
contribution bj

cidua parietali.

rt, C. T.: Spontaneous and Habitual
Copyright © 1957 by McGraw-Hill,

Because the amnion is attached to the mar-

bryonic disc (Fig. 7-174), its
the embryvo is located on the
e after folding of the embryo
As the amnion enlarges, it
prates the chorionic cavity and
imbilical cord, forming its epi-
g (Fig. 7-17C and D). The
of the amnion possess mi-
robably play a role in fluid
the exchange of water and
tances via vessels in the de-

nniotic Fluid. Initially some
ecreted by the amniotic cells,
iotic fluid is undoubtedly
e maternal blood by transport
hion. The fetus also makes a
/ excreting urine into the am-

niotic fluid; by
liter of urine i

20 weeks, an
volume then

third trimester

from placental

placental blood
sence of kidneyys), the absence of the fetal

late pregnancy, about a half-
added daily.

Volume of Amniotic Fluid. The volume
of amniotic flujd normally increases slowly,
reaching about{30 ml at 10 weeks, 350 ml at

1000 ml by 37 weeks. The
ecreases sharply. Low vol-

umes of amnigtic fluid (e.g., 400 ml in the

, a condition called oligohy-

dramnios, is bglieved to result in most cases

insufficiency with diminished
flow. In renal agenesis (ab-
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Figure 7-17 Drawings illustra
nion becomes the outer covering
cord and how the yolk sac is par

chorion

ing how the am-|
of the;umbiﬁca!
ially incorporated|

into the embryo as the primitive gut. Formation of the|

placenta and the degeneration of
also shown. A, three weeks. B,
weeks. D, 20 weeks.

charionic villi are
our weeks. G, 10

THE AMNION

cess of 2000 ml (polyhydramnios) may occur
when the fetus does not drink the usual |
amount of fluid. This condition is often asso-
ciated with malformations of the central ner-
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urine contribution ‘to the amniotic fluid |
causes oligohydramnios.

An accumulation of amniotic fluid in ex-

vous system, é.g., anencephaly (see Fig.
18-19). In other malformations, such as

esophageal atresia (see Fig. 11-54), amniot-

ic fluid accumulates because it is unable to |
pass to the stomach and the intestine for
absorption. Multiple pregnancy (e.g., twin-
ning) is also a predisposing cause of polyhy-
dramnios.

Exchange of Amniotic Fluid. Studies
using radioactive isotopes have shown that
water in the amniotic fluid changes every
three hours (Gadd, 1970). Large volumes of
fluid move in both directions between the |
fetal and maternal circulations, mainly via
the placental membrane. Fetal swallowing of
amniotic fluid is a normal occurrence. Most |
of the fluid passes into the gastrointestinal
tract, but some of it also passes into the |
lungs. In either case, the fluid is absorbed
into the fetal circulauon and then passes into
the maternal circulation via the placental
membrane. In the final stages of pregnancy,
the fetus swallows up to 400 ml of amniotic
fluid per day. Some fluid also passes from the
amniotic cavity into the maternal blood
through the amniochorionic membrane (Fig. ‘

T—5)

Composition of Amniotic Fluid. The
fluid in the amniotic cavity is a solution in
which undissolved material is suspended. It
consists of desquamated fetal epithelial cells
and approximately equal portions of organic
and inorganic salts, in 98 to 99 per cent
water. Half the organic constituents are pro-
tein; the other half consists of carbohy-
drates, fats, enzymes, hormones, and pig-
ments. As pregnancy advances, the |
composition of the amniotic fluid changes.as
fetal excreta are added. Because fetal urine
is added to amniotic fluid, studies of fetal
enzyme systems, amino acids, hormones,
and other substances can be conducted on
fluid removed by amniocentesis (see Fig.
6-13). Studies of cells in the amniotic fluid |
permit diagnosis of the sex of the fetus and‘
the detection of fetuses with chromosomal
abnormalities (e.g., trisomy 21 resulting in
the Down syndrome). '

Significance of Amniotic Fluid. The|
embryo, suspended by the umbilical cord,
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floats freely in amniotic fluid. This buoyant
medium

1. permits symmetrical external growth of
the embryo;

2. prevenis adherence of the amnion to
the embryo;

3. cushions the embryo against injuries by
distributing impacts the mother may receive;

4. helps control the embryo's body tem-
perature by maintaining a relatively constant
temperature; and

5. enables the fetus to move freely, thus
aiding musculoskeletal development.

THE YOLK SAC

Early development of the yolk sac is de-
scribed in Chapters 3 and 5. By nine weeks,
the yolk sac has shrunk to a pear-shaped
remnant, about 5 mm in diameter, which is
connected to the midgut by the narrow yolk
stalk (Figs. 634 and 7-17C). By 20 weeks,
' the yolk sac is very small (see Fig. 8-17D);
- thereafter, it is usually not visible,

Significance of the Yolk Sac. Although
the human yolk sac is nonfunctional as far as

Figure 7-18 Photographs of a 12-week fetus withi
umbilical cord is looped around the left ankie of the fetus. Coiling of the cold around parts of the fetus affects
their development when the coils are so tight that the circulation in that part of the fetus is affected.
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yolk storage is concerned, it is essential for
several reasons:

1. It appeais to have a role in the rransfer
of nutrients to|the embryo during the second
and third wepks while the uteroplacental
circulation is being established.
relopment occurs in the wall
jac beginning in the third week
(see Fig. 4-9)| and continues to form there

which gives rise to the epithelium of the tra-
chea, the bropchi, and the lungs (see Chap-
ter 11)and'of the digestive tract (see Chapter
12).

4. The primprdial germ cells appear in the
wall of the ydlk sac in the third week and
subsequently migrate to the developing sex
glands or gonads (see Fig. 13-20), where
they become the germ cells (spermatogonia
0T 00gonia),

Fate of the|Yolk Sac. At 10 weeks, the
small yolk sa¢ lies in the chorionic cavity
between the amnion and the chorionic sac

the amniotic sa¢. Actual size. In B, note that the
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weeks. C, Three months. D, Adult.
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small and rather solid (Fig. 7
persist throughout pregnancy

nizable on the fetal surface of the p
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D | per cent of
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(see Fig. 12-11). In about
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the ileum known as Meckel
(see Figs. 12-17 and 12-18).

THE ALLANTOIS

The early development of |t
described in Chapter 4. Dur
month, the extraembryonic
allantois degenerates, but a
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some time.
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though the allantois does not function in
human embryos, it is important for two rea-
sS0Nns:

1. Blood formation occurs in its wall dur-
ing the third to fifth weeks.

2. Its blood vessels become the umbilical
vein and arteries (Fig. 7-194 and B).

Fate of the Allantois. The intraem-
bryonic portion of the allantois runs from the
umbilicus to the urinary bladder, with which
it is continuous (Fig. 7-19B). As the bladder
enlarges, the allantois involutes to form a
thick tube called the wrachus (Fig. 7-19 C).
After birth, the urachus becomes a fibrous
cord called the median umbilical ligament,
which extends from the apex of the urinary
bladder to the umbilicus (Fig. 7-19D).

MULTIPLE PREGNANCY

Multiple births are more common nowd-
days, owing to overstimulation of ovulation
that occurs when human gonadotropins are
administered to women with ovulatory fail-
ure (Fig. 7-30). In the United States, rwins
occur once in every 90 pregnancies. Triplets
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usually occur once in 90 pregnancies, qua-
druplets once in 90°, and quiniuplets once in
904,

TWINS

Twins may originate from two zygoes
(Fig. 7-20), in which case they are dizygotic,
or fraternal, or from one zygote (Fig. 7-21),
i.e., monozygotic, or identical. The fetal
membranes and placenta(s) vary according
to the derivation of the twins, and, in the
case of monozygotic twinning, the type of
membranes formed depends upon the time at
which twinning occurs. If duplication of the
inner cell mass occurs after the amniotic
cavity forms (about 8 days), the embryos will
be within the same amniotic and chorionic
sacs (Fig. 7-254).

As previously stated, twins occur about
once in 90 pregnancies; about two thirds of
these are dizygotic twins. The frequency of

two two-cell
zygotes stage

= Y
L 'y
-
N e
= ST,
O-@

blastocyst sta ge
and implantation

separate

sacs

Figure 7-20 Diagrams illustrating how dizygotic twin
membranes and placentas are shown for instances in wh
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through anastomosed placental vessels. If placen-
tal vascular anastomoses occur i human dizygo-
fic twins, in cases in which one fefus is a male and
the other one a female, masculinization of the
female fetus does not occur, but|the anastomotic
condition may give rise to chimenas, i.e., persons

with populations of blood cells df two genotypes |

that are from different zygotes.
Dizygotic Twins (Fig. 7-420). Because
they result from the fertilization of two ova
by two different sperms, dizy otic twins may
be of the same sex or of different sexes. For
the same reason, they are po more alike
genetically than brothers or jsisters born at
different times. Dizygotic twins always have
two amnions and two chorions, but the
chorions and placentas may be fused.
Monozygotic Twins (Fig. 7-21). Be-|
cause they result from the fertilization of one|
ovum, monozygotic twins are of the same
sex, genetically identical, and very similar in
physical appearance. Physical differences
between identical twins arc|caused by en-|
vironmental factors, e.g., anastomosis of
placental vessels resulting in differences in
blood supply from the placenta (Fig. 7-22).
Monozygotic twinning usually| begins
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1

anastomosis of
placental vessels

Diagrams illustrating how monozygotic twins develop from one zygote by division of the inner
mechanism by which monozygotic (identical) twins develop. Such twins

around the end of the first week and results
from division of the inner cell mass into two
embryonic primordia. Subsequently, two
embryos, each in its own amniotic sac, de-
velop within one chorionic sac. The twins
have a common placenta and often some |

Figure 7-22 Photograph of the fetal surface of a
placenta from monozygotic twins. The separate am-
nions are rolled at the center. There are several large
vascular communications between the circulations
of the placentas. A large arteriovenous shunt is
visible at the left {arrows), and direct artery-to-artery i
anastomosis crosses the midline (under the am-
nions) from one placental half to the other. (Courtesy
of Dr. K. Benirschke, University of California, San
Diego.) ;
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Figure 7-23 Monozygotic (or “identical™) twins
showing a wide discrepancy in size resulting from an
uncompensated arteriovenous anastomosis of pla-
cental vessels. Blood was shunted from the smaller
twin to the larger twin, producing the so-called fetal
transfusion syndrome. (Courtesy of Dr. Harry Me-
dovy, Children’s Centre, Winnipeg, Canada.)
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placental vessgls join, but usually these anas-
tomoses are|well-balanced so that neither
twin suffers (Benirschke, 1972). Occasion-
ally, however| there exists a large arterio-
venous anastomosis that causes a circulatory
disturbance and results in physical differ-
ences in the twins (Figs. 7-22 and 7-23). In
some cases, there is also a variety of congen-
ital malformatibns.

Early divisign of embryonic cells (2 to 3
days) results i monozygotic twins who have
two amnions, [two chorions, and two pla-
centas that mdy or may not be fused (Fig.
7-24). In such cases, it is impossible to
determine frgm the membranes alone
whether the twins are monozygotic or dizy-
gotic. To determine the relationship of twins
of the same' pex and with similar blood
groups, one must wait until other charac-
teristics develpp, e.g.. eye color, finger-
prints, and sq forth (Smith and Penrose,
1955). The establishment of zygosity of twins
has become important, particularly since the
introduction of organ transplantation. For
example, wher a piece of skin is removed
from one individual and grafted to another, it
will continue t§ grow only if the donor and
host are monogygotic twins. About 30 per
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two
cmi'mions

fused
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fwo
alrnnlons

Fused Placentgs

fused chorioﬁi: sacs

Figure 7-24 Diagrams illustrating how some monozygotic twins may develop from one zygote. Division
may occur anywhere from the two-cell to the morula stage, producing two idlentical blastocysts. Each embryo
subsequently develops its own amniotic and chorionic sdes. The placentas jmay be separate or fused.
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Figure 7-25 Diagrams illustrating :
disc results in two embryos within one amniotic sac.
incomplete division resulis in va

cent of monozygotic twins fesult from early
division of the embryonic cglls (Fig. 7-24).

Iate division of embryonic cells (9 to 15
days) results in monozygoti¢ twins that are in
one amniotic sac and one chorionic sac (Fig.
7-25A). Such twins are rarely delivered alive
because the umbilical cords|are frequently so
entangled that circulation ceases and one or
both fetuses die. It has be¢n estimated that
the frequency of monoam otic twins among
monozygotic twins is about 4| per cent
(Bulmer, 1970).

Conjoined Twins. If the inner cell mass,
or the embryonic disc, does not divide com-
pletely, various types of conjoined twins
may form (Figs. 7-25B and C, 7-26 and

_27). These are named [according to the
regions that are attached, e.g., “‘thoracopa-
gus’’ indicates that there i anterior union lof
the thoracic regions (Fig. 7-26). It has been
estimated that about once|in every 40 man-

MULTIPLE PREGNANCY

how monozygotic twins may rarely develop. Division of the embryonic
A, Complete division gives rise 1o separate twins. B and C,§

ious types of conjoined twins.
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single placenta

parasitic 'twin

ozygotic twin pregnancies, the twinning is
incomplete and conjoined (" Siamese'’) twins
result. In some cases, the twins are connect:
ed to each other by skin only or by cutaneons
and other tissues, e.g., liver (Fig. 7-264)
Some conjoined twins can be successfullvé
separated by surgical procedures (de Vries
1967). For descriptions of other possiblé
types of conjoined twins, sce Rergsm
(1967).

OTHER MULTIPLE BIRTHS u

Triplets occur once in about 8100 pregnan-
cies and may be derived from (1) one zygo
and be identical; (2) two zygotes and consist
of identical twins and a single infant (Fig.
7-28): or (3) three zygotes and be of the same
sex or of different sexes. In the last case, tl'éc
infants are no more similar than siblings f_l'O?’l
three separate pregnancies.
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G : B D :
Figure 7-27 A, Conjoined twins showing extensive anterior fusion and an omphalocele (arrow). The low
a condition known as sirenomelus. B, Parasitic fetus with well-developed low

limbs of the left fetus are fused.
limbs and pelvis attached to the 'shur_axiof an otherwise normal male infant. C and D, Two views of conjoined
ceps abnormality with two faces and fusion of the cranial and thoracic regiofis

twins showing the so-called jan|ceps
aqely,ithif. condition is extremely rare.

(cephalothoracopagus). Fortun




136

(upper right).

Similar combinations occur in guadruplers
ig. 7-29), quintuplets, sextuplets, and sep-
plets (Fig. 7-30).

Superfetation is the implantation of one or
ore blastocysts in a uterus that already
ontains a developing embryo. This phenom-
non occurs in some mammals, but evidence
at it occurs in humans is inconclusive. The
Jondition is most unlikely because ovulation

iamniotic dichorionic placenta

: T l:-?_' L
diamniotic’ monochorionic placenta

igure 7-29 Photograph of the placentas from
quadruplets. The upper two placentas (and the fe-
tuses) were derived from two zygotes, whereas the
lower, fused placenta was from monozygotic twins.
| (From Benirschke, K.: Obstet. Gynecol. 18:309,
| 1961.)
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Figure 7-28 A, Photograph of 20-week triplets: monozy
Fhotograph of their fused placentas shows the twin place
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known to occurli

eft) and a single female (right). B.
ta with two amnigns (left) and the single placenta

jted as soon as implantation

f one blastocyst occurs (see Chapter 2).

fon is the fertilization of two

or more ova aroupd the same time by sperms
from different males. This phenomenon is

some mammals (e.g., cats

and dogs), but [has not been proved in

humans (Greenhi

and Friedman, 1974);

however, in one|case that occurred a few

years ago in Bo

, Germany, a judge ruled

on the basis of blood group studies that the

dizygotic twins i

In addition to|

from the zygote

anes and most

1 question had different fa-

thers. Obviously] both inseminations oc-
curred within a fgw hours.

SUMMARY

the embryo, the fetal mem-
of the placenta originate
| The placenta consists of

two parts: (1) a feal portion derived from the

villows chorion, |

fo

gether in effectj
fetal circulation i

nal circulation by

ed by the dec
arg held together
cytotrophoblastic

4nd (2) a maternal portion
dua basalis. The two parts
by anchoring villi and the
shell, and they work to-
rig placental transfer. The
s| separated from the mater-
a thin layer of fetal tissues

known as the plackntal membrane (placental

barrier). It is a|

fermeable membrane that

allows water, oxygen, other nutritive sub-

st

ces, hormones, and noxious agents to

pass from the mother to the embryo (fetus).
Some products of excretion pass from the

The principal a

bryo (fetus) to

the mother.
aiivities of the placenta are
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Figure 7-30 Photograph of septuplets, five females and two males, of about 17 weeks. Study of the fetal
membranes indicated that they were probably derived from seven ova. (From Turksby, R. N., et al.: Obstet.
Gynecol. 30:692, 1867.)

(1) metabolism, (2) transfer, and (3) endo-
crine secretion. All three activities are essen-
tial to maintaining pregnancy and to promot-
ing normal embryonic development.

The fetal membranes and the placenta(s) in
multiple pregnancy vary considerably, de-
pending on the derivation of the embryos and
the time at which division of the embryonic
cells occurs. The common type of twins is
dizygotic, with two amnions, two chorions,
and two placentas that may or may not be
fused. Monozygotic twins, the less common
type, represent about a third of all twins, and
they are derived from one zvgote. These
twins commonly have two amnions, one
chorion, and one placenta. Twins with one
amnion, one chorion. and one placenta are
always monozygotic, and their umbilical
cords are often entangled. Other types of
multiple birth (triplets and so forth) may be
derived from one or more zygotes.

The yolk sac and the allantois are vestigial
structures, but their presence is essential to
normal embryonic development. Both are
early sites of blood formation, and the dorsal
part of the yolk sac is incorporated into the
embryo as the primitive gut.

The amnion forms a sac for amniotic fluid
and provides a covering for the umbilical
cord. The amniotic fluid has three main

functions; it provides (1) a protective buffer

for the embryo or fetus, (2) room for fetal
movements, and (3) assistance in the regula-
tion of fetal body temperature.

SUGGESTIONS FOR ADDITIONAL
READING

Boyd, J. D., and Hamilton, W. J.: The Human Pla-
centa. Cambridge, W. Heffer and Sons, Ltd., 1970.
An excellent reference text on the placenta, describ-
ing early development and maturation of the placenta.
The electron micrographs and colored illustrations are
superb.

Page, E. W., Villee, C. A., and Villee, D. B.: Human

Repraduction Essentials of Reproductive and Peri-
natal Medicine. 3rd ed. Philadelphia. W, B. Saunders
Co., 1981.
This book presents the essential foundations of ob-
stetrics. gynecology, perinatal medicine, and the
basic sciences of reproductive endocrinology, bio-
chemistry, physiology, and genetics.

Phillipp, E. E., Barnes, J., and Newton, M. (Eds.):

Scientific Foundations of Obsterrics and Gynecology.
London, William Heinemann, Ltd., 1970.
This book describes the basic scientific information
on which the clinical practice of obstetrics and gyne-
cology depends. It contains contributions from many
authors; subjects of special interest are "*The Mem-
branes’' by G. Bourne; **Development of the Human
Placenta” by W. J. Hamilton and J. D. Boyd: *'The
Liquor Amnii”" by R. L. Gadd: '*The Neurohypophy-
sis and Labour’” by G. W. Theobald; **The Endocrine
Functions of the Placenta™ by E. C. Amoroso and D.
G. Porter; and “*Ultrasonics'' by C. N. Smyth.

Thompson, J. S., and Thompson, M. W.: Genetics In
Medicine. 3rd ed. Philadelphia, W. B. Saunders Co.,
1980, pp. 214-216.
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A very good account of hemolytic disease of the new-
born, including the factors influencing its develop-
ment. This text gives an excellent, concise presenta-
tion of genetics and its application to medical
problems.

Villee, D. B.: The placenta: in D. B. Villee (Ed.):

Human Endocrinology. A Developmental Approach.
Philadelphia, W. B. Saunders Co.. 1975, pp. 19-35.
A concise review of the development, metabolism.
and hormone production of the placenta. Emphasis is
given to the role of the placenia as an endocrine organ
in pregnancy.

CLINICALLY ORIENTED PROBLEMS

. How does a doctor calculate the estimated delivery date (EDD) of a baby? How
could this EDD be confirmed in a high-risk obstetrical patient?

. A pregnant woman was told that she had polyhydramnios (hydramnios) and
asked you to explain what the term means. What would be your answer? What
conditions are often associated with polyhydramnios? Explain why it occurs.

. Does twinning run in families? Is maternal age a factor? How would you
determine whether twins were monozygotic or dizygotic?

. During the examination of an umbilical cord, you noticed that there was only
one umbilical artery. How often does this malformation occur? What kind of
fetal abnormalities might be associated with this condition?

The answers to these questions are given at the back of the book.
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CAUSES OF
CONGENITAL

MALFORMATIONS

We ought not to set them aside with idle thoughts or
idle words about “curiosities” or “chances.” Not one
of them is without meaning; not one that might not

become the beginning of excellent knowledge, if only

we could answer the question — why is it rare or being

rare, why did it in this instance happen?

—James Paget, Lancet 2:1017, 1882.

Congenital malformations are anatomical
abnormalities present at birth (L. congeni-
tus, born with). They may be macroscopic or
microscopic, on the surface, or within the
body. Teratology is the study of abnormal
development and the causes of congenital
malformations.

Until the early 1940's, it was generally
accepted that human embryos were protect-
ed from environmental agents by their fetal
membranes and their mother's abdominal
walls and uterus. Gregg (1941) presented the
first well-documented evidence that an en-
vironmental agent (rubella virus) could pro-
duce congenital abnormalities if present dur-
ing the critical stages of development.
However, it was the observations of Lenz
(1961) and McBride (1961) that focused at-
tention on the role of drugs in the etiology of
human congenital malformations. It is now
estimated that nearly 10 per cent of human
developmental abnormalities result from the
actions of drugs, viruses, and other environ-
mental factors (Persaud, 1979).

About 20 per cent of deaths in the perinatal
period are attributed to congenital malforma-
tions (MacVicar, 1976). Malformations are
observed in about 2.7 per cent of newborn
infants, and, during infancy, congenital ab-
normalities are detected in an additional 3
per cent (McKeown, 1976).

140

Human Teratology

It is customary to divide the causes of
congenital malformations into (1) generic
factors (chromosomal abnormalities or mu-
tant genes) and (2) environmental factors,
but many common congenital malformations
are caused by a number of genetic and en-
vironmental factors acting together. This is
called multifactorial inheritance and is dis-
cussed on page 161.

MALFORMATIONS CAUSED BY
GENETIC FACTORS

Numerically, genetic factors are probably
most important as the causes of congenital
malformations (Warkany, 1981).

Any mechanism as complex as that un-
derlying mitosis or meiosis may occasionally
malfunction. Carr (1970) estimated that chro-
mosomal abnormalities are present in about
1 of 200 newborn infants. Chromosome com-
plements are subject to two kinds of change:
(1) numerical, and (2) structural, and they
may affect either the sex chromosomes or
the autosomes. In rare cases, both kinds of
chromosomes are affected.

Genetic factors initiate mechanisms of
malformation by biochemical or other means
at the subcellular, cellular, or tissue level.
The mechanism initiated by the genetic fac-
tor may be identical with or similar to the
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causal mechanism Initiated by a teratogen
(e.g., a drug). A reratogen is any agent that
can produce a congenital malformation or
raise the incidence of the malformation in
the population.

Persons with chromosomal abnormalities
usually have characteristic phenotypes (e.g.,
Down syndrome) and often look more like
other persons with the same chromosomal
abnormality than like their own siblings
(brothers or sisters). The characteristic ap-
pearances result from a genetic imbalance
that disrupts normal development.

NUMERICAL CHROMOSOMAL
ABNORMALITIES

Numerical abnormalities of chromosomes
usually arise as the result of nondisjunction.
This is an error in cell division in which there
is failure of the paired chromosomes or sister
chromatids to separate or disjoin at ana-
phase. This error may occur during a mitotic
division or during the first or second meiotic
division (Fig. 8-3).

Normally, the chromosomes exist in pairs;
the two chromosomes making up a pair are

Figure 8-1
female karyotype. Caspersson et al. (1970) observed that when chromosomes are stained with quinacrine
mustard or related compounds and examined by fluorescent microscopy, each pair of chromosomes stainsin a
distinctive pattern of bright and dim bands, called Q bands. They form the basis of the classification of
chromosomes. (Courtesy of Dr. M. Ray, Department of Pediatrics, Division of Genetics, and Department of
Anatomy, University of Manitoba and the Health Sciences Centre, Winnipeg, Canada.)

called homologues. Thus, human females
have 22 pairs of autosomes plus two X
chromosomes, and males have 22 pairs of
autosomes plus one X and one Y chromo-
some (Fig. 81). One of the two X chromo-
somes in females forms a mass of X-
chromatin, or sex chromatin (Fig. 8-9B),
which is not present in cells of normal males
(Fig. 8-94) or in females lacking a sex chro-
mosome (Fig. 8-2). Although sex chromatin
studies, employing conventional methods,
are useful in diagnosing errors of sex devel-
opment (Moore, 1966), they provide no in-
formation about the presence or absence of
the Y chromosome. However, Pearson et al.
(1970) demonstrated that the Y chromosome
can also be detected in interphase cells by
means of quinacrine fluorescence staining.
Each Y chromosome in a cell forms an
intensely fluorescent body in interphase (Fig.
8-9D), and thus the number of Y-chromatin
bodies observed indicates the number of Y
chromosomes present. Sex chromatin stud-
ies alone do not provide any information
about autosomal abnormalities. For this in-
formation, studies of chromosomes must be
done,

A, Normal male karyotype with Giemsa banding (G banding). 8, Similar bands in a normal
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Figure 8-2 Females with Turner syndrome (X0 sex chromosome complement). A, Newborn infant. Note the
webbed neck and lymphedema of the hands and feet. B, 13-year-old girl showing the classic features: short
stature, webbed neck, absence of sexual maturation, and broad, shield-like chest with widely spaced nipples.
(From Moore, K. L.: The Sex Chromatin, Philadelphia, W. B. Saunders Co., 1966.) C, G-banding karyotype. Note
the presence of only one X chromosome. (Courtesy of Dr. M. Ray, Department of Pediatrics, Division of
Genetics, and Department of Anatomy, University of Manitoba and the Health Sciences Centre, Winnipeg, Can-

ada.)
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Changes in chromosome number represent
either aneuploidy or polyploidy.

Aneuploidy. Any deviation from the
diploid number of 46 chromosomes is called
aneuploidy. An aneuploid is an individual or
a cell that has a chromosome number that is
not an exact multiple of the haploid number
of 23 (e.g., 45 or 47). The principal cause of
aneuploidy is nondisjunction during a mei-
otic cell division. This results in an unequal
distribution of one pair of homologous chro-
mosomes to the daughter cells. One cell has

FEMALE

Nondisjunction

two chromosomes and the other has neither
chromosome of the pair. As a result, the
embryo’s cells may be Avpodiploid (usually
45, as in Turner syndrome, Fig. 8-2) or
hyperdiploid (usually 47, as in Down syn-
drome, Fig, 8-4),

Monosomy. Embryos missing a chro-
mosome usually die; hence, monosomy of an
autosome is extremely rare in living persons
(Thorburn and Johnson, 1966, and Challa-
combe and Taylor, 1969). About 97 per cent
of embryos lacking a sex chromosome also

MALE

- Meiosis T ——n

-«+—Meiosis [IT—m

Oocyte (ovum)
contains
24

chromosomes

Polar bodies
degenerate

S
N
All sperms

contain 23 chromosomes

Lygote

contains 47 chromosomes

Figure 8-3 Diagram showing the first meiotic nondisjunction in a female resulting in an abnormal oocyte
(ovum) with 24 chromosomes and how subsequent fertilization by a normal sperm produced a zygote with 47

chromosomes.
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TABLE 8-1 TRISOMY OF THE AUTOSOMES
Disorder Incidence Usual Characteristics Figures References
Trisomy 21 or 1:800 Mental deficiency; brachycephaly, 8-4 Breg (1975)
Down syndrome* flat nasal bridge; upward slant o Fraser and Nora (1975)
palpebral fissures; protruding Hook (1978)
tongie; simian crease, clino- Smith (1976)
dactyly of 5th finger; congenital Vaughan et al. (1979)
heart defects, Warkany (1971)
Trisomy 18 1:8000 Mental deficiency; growth 8-5 Breg (1975)
syndrome? retardation; prominent occiput; Fraser and Nora (1975)
short sternum; ventricular septal Hook (1978)
defect; micrognathia; low-set Smith (1976)
malformed ears; flexed fingers, Thompson and
hypoplastic nails; rocker-bottom feet. IF'hompson (1980)
Trisomy 13 1:7000 Mental deficiency: sloping 8-6 Breg (1975)

syndromet

forehead: malformed ears, scalp
defects; microphthalmia;
bilateral cleft lip and/or palate:
polydactyly; posterior
prominence of the heels.

Fraser and Nora (1975)
Hamerton (1971)
Smith (1976)
Thompson and
Thompson (1980)
Warkany (1971)

*The importance of this disorder in the overall problem of mental retardation is indicated by the fact that persons
with Down syndrome represent 10 to 15 per cent of institutionalized mental defectives (Breg. 1975).
TInfants with this syndrome rarely survive beyond a few months.

Figure B-4 A, Photograph of a 3%-year-old girl, showing the typical facial appearance associated with
Down syndrome. Note the flat, broad face, oblique palpebral fissures, epicanthus, speckling of the iris, and
furrowed lower lip. B, The typical short, broad hand of this child shows the characteristic single transverse
palmar or simian crease (arrow). (From Bartalos, M., and Baramki, T. A.: Medica/ Cytogenetics. 1967 Copyright
© 1967, by The Williams and Wilkins Co., Baltimore,
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die (Carr, 1970), but some survive and devel-
op characteristics of Turner syndrome (Fig.
& 2). The incidence of XO Turner syndrome
in the newborn population is approximately 1
in 10,000 (Hook and Hamerton, 1977). The
phenotype of the 45,X Turner syndrome is
illustrated in Figure 8-2. The Turner sex
chromosome abnormality is the most com-
mon cytogenetic abnormality seen in fetuses
that are spontaneously aborted, and it ac-
counts for about 18 per cent of all abortions
that are caused by chromosomal abnormali-
ties. The error in gametogenesis (nondisjunc-
tion), when it can be traced, is usually in the
paternal gamete (i.e., the paternal X or Y
chromosome is missing), and maternal age is
not advanced (Uchida and $ummitt, 1979).

Trisomy. Ifthree chromosomes are pres-
ent instead of the usual pair, the disorder is
called trisomy. The usual cause of trisomy is
nondisjunction (Fig. 8-3), resulting in a germ
cell with 24 instead of 23 chromosomes and,
subsequently, in a zygote with 47 chromo-
somes.

Trisomy of the autosomes is associated
primarily with three syndromes (Table 8-1).
The most common condition is ¢risomy 21, or
Down syndrome (Fig. 8-4), in which three
number 21 chromosomes are present. Tri-
somy 18 (Fig. 8-5) and trisomy 13 (Fig. 8-6)

A I 1

are less common, Trisomy 22 is a very rare
syndrome (Punnett et al., 1973).
Autosomal trisomies occur with increasing

frequency as maternal age increases, partic-

ularly trisomy 21, which is present once in
about 2000 births in mothers under 25, but
once in about 100 in mothers over the age of
40 (Carter, 1970). Partial G-banding karyo-
types showing trisomies for chromosome
numbers 21, 18, and 13, are shown in Figure
8-7.

Trisomy of the sex chromosomes is a com-
mon condition (Table 8-2); however, be-
cause there are no characteristic physical
findings in infants or children, it is rarely
detected until adolescence. Sex chromatin
patterns are useful in detecting some types
of trisomy of the sex chromosomes because
two masses of X-chromatin or sex chromatin
are present in XXX females (Fig. 8-9C), and
cells of XXY males (Fig. 8-8) show one mass
of sex chromatin. The cells of XYY males
show two fluorescing Y-chromatin bodies.

Tetrasomy and Pentasomy. Some persons,

usually mentally retarded, have four or five sex
chromosomes. The following sex chromosome
complexes have been reported: in females,
XXXX and XXXXX; and in males, XXXY,
XXYY, XXXYY, and XXXXY. Usually, the
greater the number of X chromosomes present,

Figure 8-5 Photographs of an infant with trisomy 18 syndrome. A, Prominent occiput and malformed ears.
B, Typical flexed fingers. C, So-called rocker-bottom feet, showing posterior prominences of the heels.
(Courtesy of Dr. Harry Medovy, Children’s Centre, Winnipeg, Canada.)
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Figure 8-6 Female infants with trisomy 13 syndrome. Note bilateral cleft lip, sloping forehead, and
rocker-bottom feet. (From Smith, D. W.: Am. J. Obstet. Gynceol. 90:1055, 1964.)

the greater the severity of the mental retardation
and physical impairment (Neu and Gardner,
1969). The extra sex chromosomes do not accen-
tuate male or female characteristics.

Trisomy 21 aﬂﬁ - -
21 22
Tl'- 13 ﬂ _* '.' : %
B 4 YT
16 17 18

Trisomy 13w e
TR LEL
. %]
13 14 15

Figure 8-7 Partial G-banding karyotypes show-
ing trisomies for chromosome numbers 21, 18, and
13. (Courtesy of Dr. M. Ray, Department of Pediat-
rics, Division of Genetics, and Department of Anato-
my, University of Manitoba and the Health Sciences
Centre, Winnipeg, Canada.)

Mosaicism. Persons with this condition have
two or more cell lines with different karyotypes;
either the autosomes or the sex chromosomes
may be involved. Usually, the malformations are
less serious than in persons with monosomy or
trisomy, e.g., the features of Turner syndrome are
not so evident in 45,X/46,XX mosaic females as in
the usual 45X females (Moore, 1966, and Neu
and Gardner, 1975). Mosaicism usually arises by
nondisjunction during early mitotic cleavage divi-
sions. Mosaicism due to loss of a chromosome by
so-called anaphase lagging is also known to
occur, The chromosomes separate normally, but
one chromosome is delayed in its migration and is
eventually lost.

Polyploidy. Polyploid cells contamn mul-
tiples of the haploid number of chromosomes
(i.e.. 69, 92, and so forth). Polyploidy is a
significant cause of spontaneous abortion
(Carr, 1971, and Carr et al., 1972).

The commonest type of polyploidy in human
embryos is triploidy (69 chromosomes). This can
result from the second polar body failing to sepa-
rate from the oocyte (see Chapter 2) or by an
ovum being fertilized by two sperms (dispermy)
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TABLE 8-2 TRISOMY OF THE SEX CHROMOSOMES

Chromosome
Complement* Sex Incidence Usual Characteristics References
47, XXX Female 1:1000 Normal in appearance; usually Fraser and Nora (1975)
fertile: may be mentally Hook (1978)
retarded. Neu and Gardner (1975)
Miller (1964)
47.XXY Male 1:1000 Klinefelter syndrome: small Ferguson-Smith (1966)
testes, hyalinization of Fraser and Nora (1975)
seminiferous tubules; asperma- Hamerton (1971)
togenesis; often tall with dis- Neu and Gardner (1975)
proportionately long lower limbs. Thompson and
Thompson (1980)
47.XYY Male 11000 Normal in appearance; often Hamerton (1971)

tall; may have difficulty with
impulse control.

Mittwoch (1967)
Neu and Gardner (1975)
Nora and Fraser (1974)

*The number designates the total number of chromosomes. including the sex chromosomes shown after the

comma,

Figure 8-8 A, Adult male with XXY Klinefelter
syndrome. Note the long lower limbs and normal
trunk length. About 20 per cent of persons with
Klinefelter syndrome have gynecomastia (excessive
development of the male mammary glands). B, Sec-
tion of a testicular biopsy showing some seminifer-
ous tubules without germ cells and others that are
hyalinized. (From Ferguson-Smith, M. A.; in Moore,
K. L. [Ed.]: The Sex Chromatin. Philadelphia, W. B.
Saunders Co., 1966.)

Figure 8-9 Oral epithelial nuclei stained with cresyl echt violet (4, B, and C) and quinacrine mustard (D)
(%2000). A, from normal male. No sex chromatin is visible (chromatin negative). 8, From normal female. The
arrow indicates a typical mass of X-chromatin, or sex chromatin {chromatin positive). C, From female with XXX
trisomy. The arrows indicate two masses of sex chromatin. D, From normal male. The arrow indicates the
Y-chromatin as an intensely fluorescent body. (A and B are from Moore, K. L., and Barr, M. L.: Lancet 2:57,
1955. D, Courtesy of Dr. M. Ray, Department of Pediatrics, Division of Genetics, and Department of Anatomy,

University of Manitoba and the Health Sciences Centre, Winnipeg, Canada.)
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almost simultaneously (Carr, 1970). Although
some fetuses with triploidy have been born alive,
they all died within a few days.

Doubling of the diploid chromosome number to
92, or tetraploidy, probably occurs during prepa-
ration for the first cleavage division (see Fig.
2-14). Normally, each chromosome replicates,
then divides into two: consequently, when the

chromosome
breaks
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zygote divides, each blastomere contains 46 chro-
mosomes. If the chromosomes divide but the
zygote does not undergo cleavage at this stage,
the zygote will contain 92 chromosomes. Division
of this zygote would subsequently result in an
embryvo with cells containing 92 chromosomes.
Tetraploid embryos abort very early, and often all
that is recovered is an empty chorionic sac (Carr,

[0

b

Break

Lost

Lost

Translocation
chromosome

Figure 8-10 Diagrams illustrating structural abnormalities of chromosomes. A, Reciprocal translocation. B,
Terminal deletion. C, Ring. D, Duplication. E, Paracentric inversion. F, Isachromosome. G, Robertsonian trans-

location.
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Figure 8-11 A, Male child with cri du chat syndrome. (From Gardner, E. J.: Principles of Genetics, 5th ed.
New York, John Wiley & Sons, Inc., 1975.) B, A partial karyotype of this child showing a terminal deletion from
the short arm end of chromosome number 5. The arrow indicates the normal short arm. (Courtesy of Dr. M. Ray,
Department of Pediatrics, Division of Genetics, and Department of Anatomy, University of Manitoba and the

Health Sciences Centre, Winnipeg, Canada.)

1971). Because this sac is derived from the zy-
gote, chromosome analysis of chorionic cells re-
veals the chromosome complement of the embryo
that died and degenerated.

STRUCTURAL ABNORMALITIES

Most structural abnormalities result from
chromosome breaks induced by various en-
vironmental factors, e.g., radiation, drugs,
and viruses (Bartalos and Baramki, 1967,
and Saxén and Rapola, 1969). The type of
abnormality that results depends upon what
happens to the broken pieces (Fig. 8-10).

Translocation. This is the transfer of a piece
of one chromosome to a nonhomologous chromo-
some. If two nonhomologous chromosomes ex-
change pieces, the translocation is reciprocal
(Fig. 8-104 and G). Translocation does not neces-
sarily lead to abnormal development. A person

with a translocation — for example, between a
number 21 chromosome and a number 14 (Fig.
£-10G) — is phenotypically normal. Such per-
sons are called translocation carriers. They have
a tendency, independent of age, to produce germ
cells with an abnormal translocation chromo-
some. About 3 to 4 per cent of persons with Down

syndrome are translocation trisomies (Breg,
1975).
Deletion. When a chromosome breaks, a por-

tion of the chromosome may be lost (Fig. 8-108).
A partial terminal deletion from the short arm end
of a chromosome number 5 (Fig. 8-11B) causes
the cri du chat syndrome (Fig. 8-114). Affected
infants have a weak cat-like cry, microcephaly,
severe mental retardation, and congenital heart
disease (Breg, 1975). The only invariable feature
is mental retardation. About | per cent of persons
with an 1.Q. below 20 have a B-group chromo-
some deletion. For descriptions of several other
conditions caused by deletions, see Bergsma
(1975), and Uchida and Summitt (1979).
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A ring chromosome is a type of deletion chro-
mosome from which both ends have been lost and
in which the broken ends have rejoined to form a
ring-shaped chromosome (Fig. 8-10C). These ab-
normal chromosomes have been described in per-
sons with Turner syndrome. trisomy 18, and other
abnormalities (Ray. 1968, and Uchida and Sum-
mitt, 1979).

Duplication. This abnormality may be repre-
sented as a duplicated portion of a chromosome
(1) within a chromosome (Fig. 8-100), (2) at-
tached to a chromosome. or (3) as a separate
fragment. Duplications are more common than
deletions, and, because there is no loss of genetic
material, they are less harmful (Thompson and
Thompson, 1980). Duplication may involve part
of a gene, whole genes, or a series of genes.

Inversion. This is a chromosomal aberration
in which a segment of a chromosome is reversed.
Paracentric inversion (Fig. 8 10F) is confined to a
single arm of the chromosome. whereas pericen-
tric inversion involves both arms and includes the
centromere. Pericentric inversion has been de-
scribed in connection with Down syndrome and
other abnormalities (Gray et al., 1962, and Allder-
dice et al., 1975).

Figure 8-12 A child with achondroplasia show-
ing short extremities, relatively large head, thoracic
kyphosis, a sharply angled upper lumbar lordosis,
and protrusion of the abdomen. Observe that the
child's ribs rest on the iliac crests. (Courtesy of Dr.
Harry Medovy, Children's Centre, Winnipeg, Can-
ada.)

Figure 8-13 The masculinized external genitalia
of a female infant with female pseudohermaphrodi-

.tism caused by congenital virilizing adrenal hyper-

plasia. The 17-ketosteroid output was elevated. The
virilization was caused by excessive androgens pro-
duced by the fetal adrenal glands.

Isochromosome. This abnormality results
from the centromere dividing transversely instead
of longitudinally (Fig. 8-10F) and appears to be
the commonest structural abnormality of the X
chromosome. Patients with this chromosomal ab-
normality often are short in stature and have other
signs of Turner syndrome. These characteristics
are related to the loss of a short arm of one X
chromosome (Neu and Gardner, 1975).

MALFORMATIONS CAUSED BY
MUTANT GENES

Probably 10 to 15 per cent of congenital
malformations are caused by mutant genes
(Gray and Skandalakis, 1973, and Vaughan
et al., 1979). Because these malformations
are inherited according to mendelian laws,
predictions can be made about the probabili-
ty of their occurrence in the affected per-
son’s children and in other relatives. Gene
mutations causing malformations are much
rarer than numerical and structural chromo-
somal abnormalities.

Although a great many genes mutate, most
mutant genes do not cause congenital malfor-
mations. Examples of dominantly inherited
congenital malformations are achondropla-
sia (Fig. 8-12) and polydactyly or extra digits
(see Chapter 17). Other malformations are
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attributed to awutosomal recessive inheri-
tance, e.g., congenital adrenal hyperplasia
(Fig. 8&13) and microcephaly (see Fig. 18-
33). Autosomal recessive genes manifest
themselves only when homozygous; as a
consequence, many carriers of these genes
(heterozygous persons) remain undetected.
McKusick (1975) listed 1218 traits as domi-
nantly inherited, 947 as recessive autosomal.,
and 171 as X-linked in humans. For details
about the genetic aspects of congenital mal-
formations, see Thompson and Thompson
(1980).

MALFORMATIONS CAUSED BY
ENVIRONMENTAL FACTORS

Although the human embryo is well pro-
tected in the uterus, certain agents, called
teratogens, may induce congenital malfor-
mations when the tissues and organs are
developing. The embryonic organs are most
sensitive to noxious agents during periods of
rapid differentiation. Damage to the primi-
tive streak during stage 6 of development
(about 15 days) could cause severe congeni-
tal malformations of the embryo, because
this primitive structure produces intraem-
bryonic mesoderm, the source of all types of
connective tissue. Because biochemical dif-
ferentiation precedes morphological dif-
ferentiation, the period during which struc-
tures are sensitive to interference often
precedes the stage of their visible develop-
ment (Fig. 8-14).

Six mechanisms can cause congenital
malformations: (1) too little growth, (2) too
little resorption, (3) too much resorption, (4)
resorption in the wrong locations, (5) normal
growth in an abnormal position, and (6) local
overgrowth of a tissue or structure (Patten,
1957).

CRITICAL PERIODS IN HUMAN
DEVELOPMENT

The most critical period in the develop-
ment of an embryo or in the growth of a
particular tissue or organ is during the time
of most rapid cell division. The ecritical
period varies in accordance with the timing
and duration of the period of increasing cell
numbers for the tissue or organ concerned.

The critical period for brain growth and
development extends into infancy. The brain
is growing rapidly at birth and continues to

do so throughout the first two years after
birth. Tooth development also continues long
after birth (see Chapter 20); hence, develop-
ment of the permanent teeth may be affected
by teiracyclines from 18 weeks (prenatal) to
16 years.

The skeletal system has a prolonged criti-
cal period of development, extending into
adolescence and early adulthood. Hence,
growth of skeletal tissues provides a very
good gauge of general growth,

Environmental disturbances during the
first two weeks after fertilization may inter-
fere with implantation of the blastocyst
and/or cause early death and abortion of the
embryo, but they rarely cause congenital
malformations in human embryos. Terato-
gens may, however, cause mitotic nondis-
junction during cleavage, resulting in chro-
mosomal abnormalities that subsequently
cause congenital malformations.

Development of the embrvo is most easily
disturbed during the organogenetic period,
particularly from day 15 to day 60. During
this period, teratogenic agents may be lethal,
but they are more likely to produce major
morphological abnormalities. Physiological
defects, minor morphological abnormalities,
and functional disturbances are likely to re-
sult from disturbances during the fetal
period. However, certain microorganisms
are known to cause serious congenital mal-
formations, particularly of the brain and
eyes, when they infect the fetus (see Table
8-3).

Each organ has a critical period during
which its development may be deranged
(Fig. 8-14). The following examples illustrate
the ways in which various teratogens may
affect different organ systems that are devel-
oping at the same time: (1) Radiation tends to
produce abnormalities of the central nervous
system and eye as well as mental retardation;
(2) the rubella virus mainly causes cataracts,
deafness, and cardiac malformations; and (3)
thalidomide induces skeletal and many other
malformations.

Embryological timetables (such as Fig.
8-14) are helpful in studying the etiology of
human abnormalities, but it is wrong to as-
sume that malformations always result from
a single event occurring during the sensitive
period, or that one can determine from these
tables the exact day on which the malforma-
tion was produced. All that one can reliably
say is that the teratogen probably had its



CAUSES OF CONGENITAL MALFORMATIONS

syaam oml 1841 eyl Buling “Juawdolaaap uewny ul spoliad [B1112 8Y) jO UONIBISN||I 21BWSY2S  pL-@ 3inbBi4

‘suabojess} 0] anjisuas sso| ase jey) sabeys sajeoipu
mo||ah ‘spolied empsuas Alybiy sejousp pey s1oajap Buidojasap Inoylim isaoosl 0} oAiqua ay) Buimol e sjjao
maj e Ajuo sabewep JiJo 'Yyieap sy ul Buynsal ‘odigwa ayl jo sjjao ay) Jo 1sow Jo |je saBewep Jaylia asueisqns
e ‘sabels uonenuadayipaud asayy Buung ‘suabojelay o) ajgiudaasns jou AjjeEnsn s1 ofigwa ay) “luawidojanap Jo

= e C-. — = |m ...||I|
T8 sinsjep jooibojorsiyd

. 1ourud

|1 =

saijijpwiouqo [pdiBojoydiow iofoui

yipap |ojpuaid

1 ]
_ 108

oijojueb jpusaixe

Yieey

squuy .__ﬂ\.rn.—

saka

_

wajsAs sNoAlaU [DueD

|
U..__U:_._&m _U_.:w_xm

e S

D8

uniq

8¢ 9€-0¢ 21 6 8

‘uabolniay §

ajpjod

_

O uonID “_0 BJIS UOWWaD sajpdipul e

£ g S

suabojpia)

o} a|qudadsns
- g —

oAiquwa Joulwojig g
uoypjup|dwi ‘sjobAz
Buipiaip jo pouad

C 1

iy =£¢M\| [s@em ul) poliad |pjay <

nwxmm}, :: TO_LGQ u_c0>»£En




THE CRITICAL PERIOD

Figure No. 8-14 and the explanation in table
5-1 (page 78) remarkably explain the events
narrated in the following Hadith.
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“When forty-two nights have
passed over 1he conceptus, Allah
( & ) sends an angel to it, who

shapes it, makes its ears, eyes, skin,
flesh and bones. Then he says O
Lord! is it male or female ? And
your Lord decides what He wishes
and then the angel records it".
(Muslem - Kitab Al-Qadar)

This is a remarkable Hadith which gives a
wonderful description about the period of
conception when different organs and tissues
are taking shape on account of various
chemicals  like:  inducers, organisers,
hormones, enzymes, etc. This is about the
same time when the Hadith says that an angel
comes and begins to model a new being. The
remarkable point about the Hadith is that it
precisely records the time when these organs
are differentiating and can be influenced by
external factors.
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effect before the end of the organogenetic
period of the structure or organ concerned as
indicated by red on the chart.

TERATOGENS AND HUMAN
MALFORMATIONS

A teratogen is any agent that can induce
or increase the incidence of a congenital
malformation. The general objective of tera-
togenicity testing of such chemicals as drugs,
food additives, or pesticides is to attempt to
identify agents that may be teratogenic dur-
ing human development.

To prove that a given agent is teratogenic, one
must show either that the frequency of malforma-
tions is increased above the "spontaneous’ rate in
pregnancies in which the mother is exposed to the
agent (the prospective approach), orthat malformed
children have a history of maternal exposure to the
agent more often than normal children (the retro-
spective approach). Both types of data are hard to
get in an unbiased form. Individual case reports are
not convincing unless both the agent and type of
malformation are so rare that their association in
several cases can be judged not coincidental.

— Fraser, 1967

Drug Testing in Animals. Although the test-
ing of drugs in pregnant animals is important, it
should be emphasized that the results are of
limited value for predicting drug effects on human
embryos. Animal experiments can only suggest
similar effects in humans. However, if two or
three species respond to a specific compound,
then, even if the malformations differ among
species, the probability of potential human hazard
must be considered high.

DRUGS AND CHEMICALS AS
TERATOGENS

Drugs vary considerably in their terato-
genicity. Some cause severe malformations
(e.g., thalidomide); other commonly-used
drugs produce mental and growth retardation
(e.g., alcohol). Pregnant women take an av-
erage of four drugs, excluding nutritional
supplements and 40 per cent of these women
take the drugs during the critical period of
human development (Golbus, 1980). Only 2
to 3 per cent of congenital malformations are
caused by drugs and chemicals. Few drugs
have been positively implicated as teratogen-
ic agents during human development (Table
8-3). Their use should be avoided in preg-
nant women and in those likely to conceive.

Discussions of these teratogenic drugs ap-
pear in regular print.

Several drugs are suspected of having tera-
togenic potential because of a few well-
documented case reports (Wilson, 1973a).
Still others must be regarded as possibly
teratogenic on the basis of scattered evi-
dence. Discussions of these drugs appear in
small print,

11 is best for women 1o avoid medication
around the time of possible conception and
throughout early pregnancy, unless there is a
strong medical reason for its use and only if it
is recognized as safe for the human em-
bryo.

Alkaloids. Nicotine and caffeine do not pro-
duce congenital malformations in human em-
bryos, but nicotine has an effect on fetal growth.
Maternal smoking is a well-established cause of
intrauterine growth retardation (IUGR). In heavy
cigarette smokers (20 or more cigarettes per day),
premature delivery is twice as frequent as in
mothers who do not smoke, and their infants
weight less than normal (see Fig. 6-12). Nicotine
causes a decrease in uterine blood flow, thereby
lowering the supply of oxygen in the intervillous
space that is available to the embryo. The result-
ing oxygen deficiency in the embryo impairs cell
growth and may have an adverse effect on mental
development. Page et al. (1981) believe that the
growth deficit results from the direct toxic effects
of smoking. Because high levels of carboxyhe-
moglobin are present in the bloods of both the
mother and embryo, this may alter the capacity of
the blood to transport oxygen. As a result, feral
hypoxia occurs,

Although caffeine is not known to be a human
teratogen, there is no assurance that excessive
maternal consumption of it is safe for the embryo.
For this reason, excessive drinking of coffee, tea,
and colas that_contain caffeine should be avoid-
ed.

Alcohol. Alcoholism is the most com-
mon drug abuse problem and affects 1 to 2
per cent of women of childbearing age
(Golbus, 1980). Infants born to chronic alco-
holic mothers exhibit prenatal and postnatal
growth deficiency, mental retardation, and
other malformations (Fig. 815 and Table
8-3). Short palpebral fissures, maxillary hy-
poplasia, abnormal palmar creases, joint
anomalies, and congenital heart disease are
present in most infants (Jones et al., 1974).
This set of symptoms is known as the fetal
alcohol syndrome (Mulvihill and Yeager,
1976). Even moderate maternal alcohol con-
sumption (e.g., 2 to 3 ounces per day) may
produce some symptoms of the syndrome
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TABLE 8-3 TERATOGENS KNOWN TO CAUSE HUMAN MALFORMATIONS

Teratogens

Congenital Malformations

Androgenic Agents
Ethisterone
Norethisterone
Testosterone

Drugs and Chemicals

Alcohol

Aminopterin

Busulfan

Phenytoin (diphenylhydantoin)

Lithium carbonate

Methotrexate

Thalidomide

Warfarin

Infectious Agents
Cytomegalovirus

Herpes simplex virus

Rubella virus

Toxoplasma gondii

Treponema pallidum

High level Radiation

Varying degrees of masculinization of female fetuses:
ambiguous external genitalia caused by labial fusion and
clitoral hypertrophy.

Fetal alcohol syndrome: intrauterine growth retardation
(IUGR); mental retardation; microcephaly; ocular
anomalies: joint abnormalities; short palpebral fissures.

Wide range of skeletal defects; IUGR :; malformations
of central nervous system. notably anencephaly.

Stunted growth: skeletal abnormalities; corneal
opacities; cleft palate; hypoplasia of various organs.

Fetal hydantoin syndrome: 1UGR; microcephaly;
mental retardation; ridged metopic suture; inner
epicanthal folds: evelid ptosis; broad depressed nasal
bridge: phalangeal hypoplasia.

Various malformations, usually involving the heart
and great vessels.

Multiple malformations, especially skeletal, involving
the face. skull, limbs, and vertebral column.

Amelia, meromelia. and other limb deformities; external
ear, cardiac, and gastrointestinal malformations.

Nasal hypoplasia; chondroplasia punctata; mental
retardation; optic atrophy; microcephaly.

Microcephaly: hydrocephaly; microphthalmia;
microgyria: mental retardation: cerebral calcifications,
Microcephaly; microphthalmia; retinal dysplasia.

Cataracts; glaucoma: chorioretinitis; deafness; microph-
thalmia; congenital heart defects.

Microcephaly; microphthalmia; hydrocephaly;
chorioretinitis; cerebral calcifications.

Hydrocephalus; congenital deafness; mental retardation.

Microcephaly; mental retardation; skeletal malformations.

(Streissguth et al., 1977), especially if the
drinking is associated with malnutrition.
“Binge drinking’’ (heavy consumption of
alcohol for [ to 3 days) during early pregnan-
cy is very likely to harm the embryo.
Androgenic Agents. Any hormone that
possesses masculinizing activities may also

affect the embryo or fetus, producing mas-
culinization of female fetuses (Fig. 8-16).
The incidence varies with the drug and the
dosage. The preparations most frequently
involved were the progestins ethisterone
and norethisterone (Venning, 1965). Proges-
tin exposure during the critical period of
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A

Figure 8-15 Photographs showing the facial appearance of an infant with the fetal alcohol syndrome. The
characteristic triad of abnormalities include growth deficiency, mental retardation, and abnormal facial fea-
tures. A, At birth. B, At one year. (A is from Jones, K. L.. and Smith, D. W.: Lancet 2:999, 1973: B is from Jones,

K. L., et al.: Lancet 1:1267, 1973.)

development is also associated with an in-
creased prevalence of cardiovascular abnor-
malities (Heinonen et al., 1977), The admin-
istration of restosterone may produce similar
masculinizing effects on female fetuses.

Oral contraceptives, containing progestin and
estrogen, taken during the early stages of an

;'ﬁ WAELT

unrecognized pregnancy, are strongly suspected
of being teratogenic agents (Nora and Nora,
1975). The infants of 13 of 19 mothers who had
taken progestogen-estrogen pills during the criti-
cal period of development exhibited the VAC-
TERAL syndrome (in the acronym vacieral, the
letters stand for vertebral, anal, cardiac, frachoe-
sophageal, renal, and limb malformations).

Figure B-16 The external genitalia of a newborn female infant showing labial fusion and enlargement of
the clitoris caused by an androgenic agent given to the infant's mother during the first trimester. The 17-keto-
steroid output was normal. (From Jones, H. W., and Scott, W. W.: Hermaphroditism, Genital Anomalies and
Related Endocrine Disorders. 1958. Copyright © 1958 by The William & Wilkins Co., Baltimore.)
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There is not sufficient evidence to indicate that
diethylstilbestrol (DES) taken during pregnancy is
teratogenic, but it may produce tumors in female
offspring. A number of young women aged 16 to
22 years have developed adenocarcinoma of the
vagina after a common history of exposure to the
synthetic estrogen in utero (Herbst et al., 1974,
and Hart et al., 1976). However, the probability
of cancer’s developing at this early age in females
exposed to DES in utero now appears to be low
(Golbus, 1980).

Antibiotics. Terracyclines pass the pla-
cental membrane and are deposited in the
embryo’s bones and teeth at sites of active
calcification (Seeman et al., 1980). Hence,
tetracycline therapy during the second and
third trimesters of pregnancy may cause
tooth defects (e.g., hypoplasia of enamel),
yellow to brown discoloration of the teeth,
and diminished growth of long bones
(Rendle-Short, 1962, and Witkop et al.,
1965). Therefore, if possible, retfracyclines
should not be administered to pregnant
women or to prepubertal children.

Deafness has been reported in infants of
mothers who have been treated with high
doses of streptomycin and dihydrostrepto-
mycin as antituberculosis agents (Golbus,
1980). More than 30 cases of hearing deficit
and VIII nerve damage have been reported
in infants exposed to streptomycin deriva-
tives in utero (Rasmussen, 1969, and Gan-
guin and Rempt, 1970).

Penicillin has been used extensively during
pregnancy and appears to be harmless to the
human embryo (Golbus, 1980).

Anticoagulants. All anticoagulants ex-
cept heparin cross the placental membrane
(see Fig. 7-8) and may cause hemorrhage in
the fetus. Warfarin is now considered to be a
teratogen. Warfarin derivatives are vitamin
K antagonists and therefore are anticoagu-
lants. There are several reports of infants
born with hypoplasia of the nasal bones and
other abnormalities whose mothers took this
anticoagulant during the critical period of
their embryo’s development (Holzgreve et
al., 1976). Second- and third-trimester expo-
sure may result in mental retardation, optic
atrophy, and microcephaly (Golbus, 1980).

As heparin does not cross the placental
membrane, it is not a teratogen and does not
affect the embryo or fetus.

Anticonvulsants. There is strong sug-
gestive evidence that frimethadione (Tri-
dione) and paramethadione (Paradione) may
cause fetal facial dysmorphia, cardiac de-
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fects, cleft palate, and intrauterine growth
retardation (JUGR) when given to pregnant
women (German et al., 1970). Loughnan et
al. (1973) reported seven cases of hypoplasia
of the terminal phalanges in infants of epilep-
tics. All mothers had taken phenytoin and a
barbiturate.

Phenvroin (diphenylhydantoin) is definite-
ly a teratogen. A fetal hydantoin syndrome is
now recognized (Hanson et al., 1976, and
Golbus, 1980), consisting of the following
abnormalities: IUGR, microcephaly, mental
retardation, a ridged metopic suture, inner
epicanthal folds, eyelid ptosis, a broad de-
pressed nasal bridge, nail and/or distal pha-
langeal hypoplasia, and hernias. Phenobarbi-
tal appears to be a safe antiepileptic drug for
use during pregnancy (Golbus, 1980).

Antineoplastic Agents. Tumor inhibit-
ing chemicals are highly teratogenic. This is
not surprising, because these agents inhibit
rapidly dividing cells, Treatment with folic
acid antagonists during the embryonic
period often results in intrauterine death of
the embryos, but the 20 to 30 per cent of
those that survive are malformed (Wilson,
1973b). Busulfan and 6-mercaptopurine ad-
ministered in alternating courses throughout
pregnancy have produced multiple severe
abnormalities, but neither drug alone ap-
pears to cause major malformations (Sokal
and Lessman, 1960). Aminopterin is a potent
teratogen that can produce major congenital
malformations (Fig. 8-17), especially of the
central nervous system (Thiersch, 1952, and
Warkany et al., 1960). Aminopterin, an an-
timetabolite, is an antagonist of folic acid.
Milunsky et al. (1968) described multiple
skeletal and other congenital malformations
in an infant born to a mother who attempted
to terminate her pregnancy by taking metho-
trexate, a derivative of aminopterin.

Corticosteroids. Cortisone causes cleft pal-
ate and cardiac defects in susceptible strains of
mice and rabbits (Fraser, 1967). The scanty data
concerning humans suggest that cortisone may be
a weak teratogen (Karnofsky, 1965, and Fraser,
1967); however, there is no conclusive evidence
that cortisone induces cleft palate or any other
malformation in human embryos.

Environmental Chemicals. In recent
years, there has been increasing concern
over the possible teratogenicity of environ-
mental chemicals, including industrial pollut-
ants and food additives. At present, none of
these chemicals has been positively implicat-
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A ' B

Figure 8-17 Aminopterin-induced congenital malformations. A, Grossly malformed embryo and its mem-

branes. (Courtesy of Dr. J. B. Thiersch, Seattle, Washington.) B, Newborn infant with anencephaly or partial
absence of the brain (From Thiersch, J. B.: in Wolstenholme, G. E. W., and O'Connor, C. M. [Eds.]: Ciba
Foundation Symposium on Congenital Malformations. London, J. & A. Ghurchill, Ltd., 1960, pp. 152-154.) c,
Newborn infant showing marked intrauterine growth retardation (2380 gm), a large head, a small mandible,
deformed ears, club-hands, and clubfeet. (From Warkany, J., Beaudry, P. H., and Hornstein, S.: Am. J. Dis.

Child. 97:274, 1960,)

ed as teratogenic in humans. However, in-
fants of mothers whose main diet during
pregnancy consisted of fish containing ab-
normally high levels of organic mercury ac-
quire fetal Minamata disease and exhibit
neurological and behavioral disturbances
resembling cerebral palsy (Matsumoto et al.,
1965. Bakir et al.. 1973). In some cases,
severe brain damage, mental retardation, and
blindness are p