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The book is dedicated to two scientists working on two sides of
the globe. They are both no more but their work lives on. They
were not connected to each other, had never met each other and
worked in very different fields within the broad parameters of
fetal growth, abortion, and continuation of pregnancy; yet they
are connected by their honest and sincere dedication to
scientific research.

Prof. A E Beer of the University of Michigan, USA, is the
father of the “Beer Baby.” He was one of the best known
Reproductive Immunologist in the world during his lifetime.
From 1977 till his death he had regular correspondence with
Dr. Niranjan Bhattacharya, then a young scientist, a
correspondence that spanned thousands of questions raised by
Dr. Bhattacharya and answered patiently and in great depth by
Dr. Beer. Once Dr. Bhattacharya went to meet him in 1986 at
Ann Abor and after a talk of over two hours felt that Dr. Beer
was not his usual self. He queried him about this, and Dr.
Beer’s answer reflects the man he was and his dedication to
science: “I am sorry but my brother is now undergoing
corrective operation for the dissecting aneurism of the aorta,
but I had given you an appointment...”

Prof. Chameli Ganguly was a Physiologist-turned-
Biochemist. She started her career as a Junior Research Fellow
under Prof. Kanailal Mukherjee, a legendary biochemist who
worked in the Institute of Post Graduate Medical Research,
Calcutta, India. She was married to science. She considered
any manipulation of scientific data as a rape of science and
would often repeat an experiment 20 times with immense
patience if the need arose. She is instrumental in supporting
this book from the conceptual phase because she believed that



it was important to globally disseminate the findings of her and
others’ work in this very challenging field of fetal growth and
development, especially to understand why the fetus survives or
why it is sometimes expelled.

The editors dedicate this book to Dr. Beer and Dr. Ganguly.
May they motivate many more to follow in their footsteps.

Prof. Niranjan Bhattacharya, Kolkata, India
Prof. Phillip G. Stubblefield, Boston, USA



Omh Ayamaramva sybhya bhabatu (Sanskrit)
Let this effort be for the welfare of all.

I met a little EIfman once,

Down where the lilies blow,

I asked him why he was so small,

and why he did not grow.

He slightly frowned and with his eyes

He looked at me through and through.

“I’m quite as big for me”, he said

“As you are big for you”.

J.K. Bangs
In Scientific Foundations of Pediatrics edited by J.A. Devis and J. Dobbing,
William Heinemann Medical books Ltd., 1981 (2nd edition).

Poets are visionaries. They can see beyond themselves. He has expressed
exactly what I want to say. The growth and development of a human fetus
within the mother’s womb is conditioned by the genetic makeup and the
micro and macro environment provided by the mother.

Back in 1964, Prof. K L. Mukherjee undertook a project for the anthro-
pometry of human fetuses. Much information is available about the growth
and development of human babies after parturition but because of the inac-
cessibility of human fetuses in intrauterine life not many studies are available
on anthropometry of fetuses. In 1964, when the medical terminations of preg-
nancy clinics were started, Prof. K L. Mukherjee had the opportunity of study-
ing the anthropometry of human fetuses at different periods of gestation.

At that time, ultrasonography was not available in all hospitals. The stud-
ies also include the structure and some functional aspects of individual
organs. Multiparous mothers undergoing the operation of hysterotomy and
ligation at the same time at the Medical Termination of Pregnancy clinic were
the subjects of the present investigation. The project was explained to the
mothers who signed the consent form for the use of the fetuses. The project
was duly cleared through the Ethical Committee of the Institute. The usual
modus operandi was as follows:

Anesthetized mothers preoperatively received an injection of ergometrine.
An incision was made above symphysis pubis. The uteri were cut through
usual steps and whole fetuses including the intact amniotic sacs were taken
out with the help of fingers and placed on an ice bucket. The fetuses were
brought to the laboratory and dissections were started within 45 min.
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The fetuses were weighed to the nearest milligram. The crown heel and
crown rump length were measured to the nearest millimeter with a tape mea-
sure. The biparital diameter at the level of the eyebrow were measured with a
thread and the length was calculated from the length of the thread.

A total of 1396 fetuses were studied during the period 1964-2007. Some
details of anthropometric measurements are available in Langman’s Medical
Embryology and Morsman’s Human Embryology. Baslinsky’s book on
embryology was a source of many informations. The reasons which prompted
us to publish the results were the large number of fetuses which were avail-
able to us.

Besides anthropometry, attempts were made to study the histological
structure and some of the characteristic biochemical functions of individual
organs of the fetuses. The following organs were specially studied: liver,
lungs, brain, intestine, kidneys, gonads, thymus, adrenal cortex and skeletal
muscle. Since our limitations for the hysterotomy extended up to 20 weeks
only, most of our studies were limited to that period of intrauterine life. The
gestation periods were calculated from the last menstrual period. Only a few
fetuses of older periods were available for studies; all of them were
stillborns.

The mothers were all normally nourished women and did not have any
sign of under nutrition. It is presumed that all the fetuses were fully nourished
for their periods of gestation. None of the mothers had anomalies of placenta.
The idea behind the study is to understand the growth of the individual fetus
along with its development and maturation of all the organs.

Growth implies both cell multiplication and accumulation of both intra-
and extracellular material. It seldom involves just cell multiplication and
matrix secretion, but simultaneously it causes cell differentiation, pattern for-
mation, and changes in form. In case of normal development, a great range of
functions is simultaneously orchestrated to produce a harmonious pattern
which is characteristic of normal development. The growth and maturation of
an organ at the cellular level comprises of four stages, viz., (1) proliferation,
(2) migration, (3) differentiation, and (4) death.

From fertilization, the embryogenesis period continues up to the tenth
week of gestation. The fetal period begins at the end of the tenth week of
gestation (eighth week of development). Since the precursors of all the major
organs are created by this time, the fetal period is described both by organ and
by alist of changes by weeks of gestational age. Because the precursors of the
organs are formed, the fetus is also not as sensitive to damage from environ-
mental exposure as the embryo. Instead, toxic exposures often cause physio-
logical abnormalities or minor congenital malformation.

There is much variation in the growth of the fetus. When fetal size is less
than expected, that condition is known as intrauterine growth restriction
(IUGR), also called fetal growth restriction (FGR). Factors affecting fetal
growth can be maternal, placental, or fetal. Maternal factors include maternal
weight, body mass index, nutritional state, emotional stress, toxin exposure
(including tobacco, alcohol, heroin, and other drugs which can also harm the
fetus in other ways), and uterine blood flow. Placental factors include size,
microstructure (densities and architecture), umbilical blood flow, transporters
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and binding proteins, nutrient utilization, and nutrient production. Fetal fac-
tors include the fetus genome, nutrient production, and hormone output.
Also, female fetuses tend to weigh less than males at full term.

Fetal growth is often classified as follows: small for gestational age (SGA),
appropriate for gestational age (AGA), and large for gestational age (LGA).
SGA can result in low birth weight, although premature birth can also result
in low birth weight. Low birth weight increases risk for perinatal mortality
(death shortly after birth), asphyxia, hypothermia, polycythemia, hypocalce-
mia, immune dysfunction, neurologic abnormalities, and other long-term
health problems . SGA may be associated with growth delay, or it may instead
be associated with absolute stunting of growth.

Kolkata, India Kanailal Mukherjee
Kolkata, India Niranjan Bhattacharya
Jamaica Plain, MA, USA Phillip G. Stubblefield






Research studies on the growth and development of the human fetus, an area
of study that has important implications for the development of a human
being, and possible diseases that the adult human may face later in life due to
problems suffered in utero, are few. This is understandable because while
studies on animal models are easier to conduct with fewer ethical restrictions,
research on human fetuses carries with it inherent difficulties and complica-
tions. However, with the development of new technologies, imaging and
other ways of monitoring growth have become easier and safer. Further, med-
ical termination of pregnancy for different purposes and reasons are permit-
ted in several countries, providing the opportunity for study and research after
obtaining informed consent from all concerned. The present book is an
attempt to bring together knowledge in this very significant field from all over
the world under the covers of one book.

The present project, which now sees fruition in a published form, actually
started a long time back as an experimental effort to study the growth and
development of the human fetus in utero after parturition by a group of
researchers, senior and junior, in Kolkata (then known as Calcutta) under the
leadership of a senior professor, Dr. K L Mukherjee. As mentioned, due to the
inaccessibility of human fetuses in intrauterine life, not many studies are
available on the anthropometry of fetuses. In 1964, medical termination of
pregnancy clinics were started by Prof. K L Mukherjee at the Institute of Post
Graduate Medical Education and Research (IPGMER), a premier research
institution situated in the SSKM Hospital, Calcutta. The setting up of the
clinic in SSKM Hospital provided the opportunity for studying of anthro-
pometry of the human fetus at different periods of gestation on the aborted
fetuses. The Medical Termination of Pregnancy Act was passed in 1971; this
specifies, among other things, that any pregnant woman, within the prescribed
weeks, can legally request her pregnancy to be terminated in selected govern-
ment hospitals, equipped for the purpose, without legal harassment, for the
purpose of family planning. The study of fetuses became much easier after
the passage of this Act, since mothers admitted for hysterotomy and ligation,
if they gave informed consent and the Ethical Committee gave clearance,
were taken as subjects and their fetuses were collected from the operation
theater of government hospitals only, for study and research.

And the ball started rolling. On the 50th year of our continued research,
we decided to publish our findings through an international book project on
the growth and development of the human fetus up to the second trimester.
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The person who had initiated the idea of publishing this book, which would
also cover research on the subject done all over the world, Prof. Chameli
Ganguly, a sincere researcher who had been part of the team since the begin-
ning, recently passed away. We expedited the entire process, convinced that
the fruits of our research should not be lost but shared with future generations
working in this and related fields, particularly since there is so little in-depth
work in this very important area with its manifold implications. The global
giant in medical publication, Springer International, was convinced of the
importance and hence this book.

When we began our study in the mid-1960s, the criteria for prematurity
was (1) babies born before term, or (2) weighing less than 2500 g at birth.
However, the situation has changed over the last 50 years of development of
medical science.

Currently the world’s smallest premature baby to have survived from birth
until hospital discharge was born 15 weeks before its due date (born:
September 4, 2004). At birth, the baby weighed just 260 g, or 8.6 oz. She was
9.8 in. long. Her mother suffered from severe pregnancy-specific gestosis.
This tiny little girl became clinically normal at 7 years, though she had to
undergo laser eye surgery for retinopathy of prematurity (ROP).

This is not an isolated case. The second smallest baby in the USA and the
world’s third smallest baby to survive long enough to leave the hospital was
born at 24 weeks because her mother suffered from similar pregnancy-
specific hypertensive disorder. She weighed just 9 ¥2 oz at birth. Supplemental
oxygen was given to her at home to treat bronchopulmonary dysplasia (BPD),
and she had to have surgery to repair a PDA and laser eye surgery for ROP. Her
brain was free from any bleeding.

Another interesting case is the birth of a boy in Germany, who was deliv-
ered in June 2009 at 25 weeks gestation. He weighed 275 g, just over 9 V2 oz.
He wears glasses and needed physical therapy during his first year of life, but
is otherwise a normal, healthy toddler. Another girl baby was born in 1989,
who became the world’s sixth smallest surviving preemie. She weighed just
280 g at birth (9.9 oz) at 26.6 weeks gestation. She is only 4 ft 7 in. tall, wears
glasses, and has asthma; she has no other long-term effects of her premature
birth.

The record for the world’s most longest surviving (till now) premature
baby belongs to James Elgin Gill, a Canadian male born at just 21 weeks
5 days in 1988. James beat all of the odds, and in 2006 was a healthy teenager
heading off to college. Another American baby girl was born at 21 weeks
6 days in October of 2006 via in vitro fertilization; her gestational age can be
pinpointed exactly, an impossibility for most infants. Although she needed
oxygen at hospital discharge, was anemic, and has mild osteopenia, she is
otherwise a normal, healthy little girl. The babies mentioned above show no
major developmental delays. However, the outcomes for micropreemies are
not always as good.

The present book started with an attempted understanding of a basic issue,
what is fetal growth?

This issue has been examined from various angles, starting with discus-
sions on the anthropometric measurements of infants born at various
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gestational periods which are an indicator of gestational age (Chap. 1), the
use of developmental immunology to understand the immunological system
of a fetus and explain why a newborn is vulnerable to many infections (Chap.
3), debates regarding the vaccination of the unborn (Chap. 2) and tracing the
actual growth of a fetus from the zygote stage through the second semester
(Chap. 5), to the search for a safe, effective, mid-trimester abortifacent, which
involved the use of antigens to disrupt the growth of the fetus and which has
revealed many hitherto unknown secrets about the growth and development
of the human fetus up to 20 weeks (Chap. 4).

The book goes on to particulars from this basic issue and delves into the
complexities of growth, structural and functional development, carbohydrate
metabolism and urea biosynthesis in the human fetus, development of the
fetal brain and the role of lipid metabolism in human fetal growth. Chapter 6
suggests that growth of individual organs in a fetus is conditioned by the
genetic potential and the environment provided by the mother and a third
component, the fetus itself. The importance of maternal circulation in the
supply of glucose to the developing fetus is highlighted in Chap. 7, and Chap.
8 studies the appearance of mucopolysaccharides, water, and electrolytes in
developing human fetal organs, namely, the liver, lungs, and brain, and finds
that in all three the water content is much higher in fetal life than in adult life
and that there is slow decrease in the water content with the progression of
development. Chapter 9 examines the biosynthesis of urea in the fetal liver up
to the second semester: one of the various findings was that very little urea
was synthesized by the fetal liver, especially in the earlier period of gestation;
the rate increased with progress of gestation but in comparison to the situa-
tion in an adult, very little urea was synthesized even in the later periods of
the gestation. It was further found that of the two possibilities of utilization of
ornithine besides the urea cycle, the proline biosynthesis and polyamine bio-
synthesis, the former pathway was found to be absent in fetal livers. Chapter
10 raises and tries to answer an interesting question: can the fetal and adulto-
genic layer be distinguished by any other characteristics? Since the functional
characteristics of the two kinds of cells also differ, can we identify any pro-
tein or other component present in the fetal layer of cells which is absent in
the adult layer? The researchers, from their experiments, found that a set of
antigens were found in adult extracts which were not present in fetal extracts.
The researchers inferred that either the adult saline extract does not have
some common fetal antigens or the differentiation of the adult adrenal gland
is associated with the appearance of a host of specific antigens. Chapter 11
traces the growth of the human fetal brain up to 28 weeks of gestation and
finds that there is a straight-line relationship between the body weight and
brain weight. The weight of the brain of fetus is around 14 % of the body
weight throughout the gestation period. The experiments also suggested that
in the case of brain, some acid soluble nucleotides are very importantly and
significantly involved in myelin synthesis and there may be higher metabolic
activity and turnover at earlier periods. Chapter 11 discusses lipid metabo-
lism in human fetal development. The authors note that the fetus requires a
substantial amount of lipids throughout its development; the lack of lipids
including cholesterol (CHO) affects growth disorders. The two lipoproteins
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(LPs) involved in supporting the placental CHO need are low density lipopro-
tein (LDL) and high density lipoprotein (HDL). Fetal steroid precursors of
estrogens regulate the uptake of maternal LPs to promote the placental pro-
gesterone synthesis. Both estrogen and progesterone are key determinants in
pregnancy maintenance and fetal growth; this is a basic role of fetal and
maternal LPs.

The next seven chapters study various implications of genes on fetal devel-
opment up to the second trimester. Chapter 13 is a study of gene regulatory
networks and epigenetic modifications in cell fate decisions during early
embryonic development. Cell differentiation takes place as the fertilized toti-
potent cell progresses along the developmental pathway. The authors discuss
gene regulatory networks and epigenetic modifications in early development
as regulation of expression of genes is the key to understanding how cell dif-
ferentiation occurs in early developmental stages. The author also discusses
master regulators involved in differentiation of the trophectoderm and the
inner cell mass, which are incompletely known and the chromatin modifiers
involved in these steps. Further, he also describes the master regulators that
control the cell fate decisions that give rise to the epiblast and the primitive
endoderm from the inner cell. Chapter 14 is a different kind of chapter; it
explores the possibilities of finding out when an embryo reaches “person-
hood.” This has major implications for fetal stem cell research because the
generation of human embryonic stem cells sometimes requires the destruc-
tion of early human embryos, and ethical questions are raised about stem cell
research. Chapter 16, by the same author, is another theoretical exploratory
chapter on the embryological basis of virgin birth. Chapter 15, by the same
author, discusses dependence of fetal hairs and sebaceous glands on the fetal
adrenal cortex and the possible control from epidermal Merkel cells and adre-
nal medulla. The role of the fetal adrenal cortex is little understood. This
chapter reviews the literature and attempts to synthesize the current under-
standing of the developmental and functional biology of the fetal adrenal
cortex. Chapter 7 discusses aneuploidy in human preimplantation embryos.
The author notes that the number of abnormal zygotes cannot simply be cal-
culated on the basis of the aneuploidy rates of gametes but may result from
abnormal fertilization. Furthermore mitotic abnormalities during cleavage
division give rise to mosaic chromosome abnormalities of the embryos.
Chapter 17 throws new light on the potential impact of maternal milk con-
sumption during pregnancy on mTORCI1-driven fetal growth. The author
notes that milk is a highly specialized, complex signaling system developed
by mammalian evolution to promote mTORC]1-driven postnatal growth but
milk is not designed by nature to promote prenatal fetal growth. Continued
consumption of cow’s milk and dairy products during adolescence, adult-
hood, and pregnancy is an evolutionarily novel behavior that may have long-
term adverse effects on human health. The authors of Chap. 19 present their
findings on genetic disease specific human embryonic cell lines. They have
detected affected embryos, which were used for derivation of the genetic dis-
ease specific hESC lines, which presently contain 87 hESC lines obtained
from embryos with single-gene and chromosomal disorders. Further, screen-
ing of 137 normal hESC lines for polymorphism in the chemokine receptor 5
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(CCRS5) CMKBRS gene resulted in detection of 12 hESC lines with CCRS-
del32 allele, including one with two copies of the gene, conferring resistance
to HIV.

The next section of the book discusses the impact of stem cells on the
growth and development of the human fetus. Stem cells are considered the
origins of all organisms. In fact, all organisms are formed and developed from
a single cell — the zygote, which is the product of oocyte fertilization by the
sperm. Through the process of cell division, the totipotent stem cell produces
all tissue types within an organism. By means of self-renewal, stem cells are
maintained during embryonic development right through to adulthood. The
basics of role of stem cells in the development of the human fetus are dis-
cussed in Chap. 20. The next chapter discusses how and possibly why a
human fetus survives in utero without being rejected by the mother (Chap.
21). This involves the mother’s immune system. The authors suggest that dur-
ing a successful pregnancy, the immunity that may cause rejection of the baby
and placenta is shut off in the mother’s uterus. Throughout the rest of the
mother’s body, her immune system is fully functional, allowing her to deal in
a proper way with any infections that may come her way. In cases of recurrent
miscarriage, this immune camouflage and protection of the embryo is per-
haps not initiated in such a way that the uterine local and systemic immune
responses of the mother are modulated in favor of a decrease in cell mediated
immunity and increase in humoral immunity.

The next few chapters go on to discuss the development of different sys-
tems like the immune system, the endocrine system, the hepatic system in the
human fetus and its impact on growth and maturation. Chapter 22 focuses on
glucose metabolism in the fetus and its relationship with fetal insulin. The
regulation of glucose, the main energy source of a fetus, is kept fairly con-
stant by the maintenance of maternal glucose concentration by increasing
rates of maternal glucose production and development of relative maternal
glucose intolerance and insulin resistance, and secondly, the transfer of
maternal glucose to the fetus by the placenta, which is buffered by placental
glucose utilization. A third regulating factor is the production of insulin by
the developing fetal pancreas, which enhances glucose utilization among the
insulin-sensitive tissues (skeletal muscle, liver, heart, adipose tissue) that
increase in mass and meet the glucose need during late gestation. Chapter 23
notes that systemic maturation is essential for the survival of a neonate, and
focuses on the maturation of the endocrine system which is necessary to gen-
erate hormones to support normal development. A bouquet of transition fac-
tors and epigenetic events act hand in hand with autocrine, paracrine and
endocrine network of hormones and growth factors leading to the evolution
of the fetal endocrine system with the hypothalamus-pituitary system provid-
ing the pivotal controlling template. However, most of the evidence in this
chapter, the author mentions, comes from animal studies. The next chapter
(Chap. 24) discusses development of the human immune system in the first
and second trimesters. The immune paradox lies in the fact that the semi-
allogenic embryo (or allogenic embryo in surrogate mothers) is not immuno-
logically rejected. She notes that the fetal immune system can tolerate
antigens (including its mother and its own organs) better than to eliminate
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antigens from its environment. Trophoblast-derived thymic stromal lympho-
poietin (TSLP) instructs decidual CD1lc+ dendritic cells (dDCs) with
increased costimulatory molecules, MHC class II, and Th2/3-type, but not
Th1-type, cytokines. TSLP-activated dDCs cause proliferation and differen-
tiation of decidual CD4+ CD252 T cells into CD4+ CD25+ FOXP3+ regula-
tory T cells (Tregs) through TGF-b1. Decidual CD4+ CD25+ FOXP3+ Tregs
promote invasiveness and HLA-G expression of trophoblasts, resulting in
preferential production of Th2 cytokines and reduced cytotoxicity in decidual
CD56brightCD162 NK cells.

The next few chapters focus on fetal hepatic development (Chaps. 25 and
26), fetal cardiovascular development (Chaps. 27 and 28), fetal neurological
development and its implications on diseases on adult life (Chaps. 29 and 30),
fetal nephrological development (Chap. 31), and fetal hematological devel-
opment (Chap. 32). The proper development of the fetal liver, heart, and all
other organs is vital to later well being. The liver is indispensable for mainte-
nance of normal homeostasis. The development of the liver is a complex pro-
cess involving an intricate web of various transcription factors which interact
among each other and are regulated by extracellular signaling (Chap. 25).
The liver is also the abode for a variety of stem cells — both for the bone mar-
row derived, which are pluripotent and home to the liver, as well as the hepatic
progenitor cells (HPC), which are more differentiated, oval cells — playing
roles in hepatocyte regeneration and response to injury (Chap. 26).
Understanding the process of development of the liver may help in the cre-
ation of new cell therapies: growing tissues ex vivo for use in transplantation
or for coaxing cells in vivo to acquire characteristics that can restore function
in disease states. So far as the heart is concerned, abnormal embryonic devel-
opment of the vascular system causes a variety of vascular anomalies.
Vasculogenesis is genetically determined with a specific sequence of forma-
tion, selective regression and remodeling that must occur in the correct
sequence to produce the typical mature vascular system. Investigation into
the genes and signaling pathways that guide this complex process are crucial
to understanding how vascular anomalies develop and may ultimately pro-
vide clues for therapeutic intervention or treatment of these conditions (Chap.
27). However, modern imaging technologies provide hope for structural car-
diac defects (Chap. 28). Once the structural cardiac defects are identified by
an obstetric sonologist, the precise details of CV defects are studied by a fetal
echocardiographer. In selected subsets of fetuses, further details may be gath-
ered with other imaging modalities. Finally, a detailed treatment policy can
be formulated well before the baby is born. Fetal growth and development
also has an impact on adult neurodegeneration. Chronic placental insuffi-
ciency may result in fetal hypoxemia which leads to synaptic dysfunction that
triggers neurodegeneration in neonates. Maternal hormonal disturbances also
affect the fetus adversely (Chap. 29). However, there are few human studies
showing the effect of in utero exposure on neurodegeneration. The next chap-
ter has collected data on low birth weight babies and observes that for over
50 years, preterm outcome studies have reported higher rates of cerebral
palsy, intellectual disability, and sensory impairment in preterm survivors as
compared with peers born at term. Chapter 31 discusses the development of
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kidneys in fetuses up to the second trimester, and claims that this organ is the
“most important organ evaluated in nature.” Chapter 32 examines fetal hema-
tological development, noting the various stages of development and observ-
ing that like primitive erythropoiesis in the yolk sac, definitive erythropoiesis
in the fetal liver is essential for continued survival of the embryo.

The next three chapters evaluate the pharmalogical implications of fetal
development and the liabilities of treating the fetus as a patient. Chapter 33
discusses twin-twin transfusion syndrome and perinatal mortality. However,
overall rates of perinatal survival have enhanced as a consequence of a scope
of treatment modalities, including amnioreduction, septostomy, and laser
ablation. Amnioreduction offers great results in right on time stage sickness,
with at least one fetus surviving in more than 85 % of cases and two surviving
in 66.7 % of cases with stage I or stage II disease. Chapter 34 also notes that
previously treatment was restricted to the neonatal period, but with recent
advancements in the basic science of medicine and surgery, there is a high
possibility to detect and treat any anomaly of the fetus prenatally. Chapter 35
focuses on structural and functional perspectives on the placental barrier and
its role in fetal development in the first two trimesters. The authors note that
the placenta plays a significant role in providing a micro niche which sup-
ports the fetal growth through transfer of nutrients and immunological prop-
erties which helps in imparting protective immunological properties to the
fetus. It also acts as a major fetomaternal barrier against pathogens from the
maternal system. It also undertakes the secretion of different hormones, cyto-
kines, growth factors, and other bioactive products essential for the fetus.

Chapters 36 and 37 explain surgery on the unborn. This is a relatively new
field and is still developing. Surgeries are being undertaken for several anom-
alies like congenital diaphragmatic hernia, thoracic malformations, twin—
twin transfusion syndrome, airway obstruction, aortic valve stenosis, and
myelomeningocele. The first chapter reviews prenatal process and a variety
of operating approaches for fetal surgery, while the second discusses an
experimental therapy involving maternal laparotomy and hysterotomy, deliv-
ering the fetus and performing the necessary fetal surgery, after which the
fetus is returned to the uterus and the pregnancy allowed to continue. The
author observes that at subsequent delivery, there was a lack of scarring and
contracture associated with the surgery. While this makes the procedure
attractive, there are risks involved in interrupting a healthy and viable preg-
nancy. He notes that perhaps more relevant, at this stage, is investigating the
biology of fetal wound healing to discover the mechanisms of scarless
healing.

Chapter 38 focuses on the relation between intrauterine growth retardation
(IUGR) and medical complications in adult life. Gross IUGR can lead to
hypertension, increased risk of metabolic like dyslipidemia, diabetes melli-
tus, and cardiovascular disorders, renal impairments in some cases, improper
brain and neurofunctional development and, in some rare cases, onset of
auto-immune diseases also like rheumatoid arthritis and systemic lupus
erythematosus.

The following six chapters are rather unique and provide very different
perspectives on human fetal growth. There are many streams of alternative
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medicine, and the fact that they have survived over hundreds of years and
sometimes millennia means that they cannot be ignored and that modern
medicine should incorporate scientific truth from wherever it can be found.
Chapters 39 and 42 provide perspectives on fetal growth and development
from the point of view of traditional Chinese medicine, which also has poten-
tial for therapeutic remedies for threatened miscarriages. Chapter 40 gives an
indication on how tribal people in India can predict the sex of a baby by
measuring the circumference of the belly of a pregnant woman during the
second trimester and observing fetal movement. Tribal medicine also pre-
scribes nutrients and discourages some kinds of food and drinks during preg-
nancy for the proper development of a fetus. The next chapter (Chap. 41)
discusses applications of Unani medicine in pregnancy, though it is generally
considered unscientific in the West. Homeopathy (Chap. 43), although the
invention of a German scientist, is also discarded by the West as a non-viable
science, though it has helped many mothers through difficult pregnancies.
Chapter 44 evaluates the potential of Ayurvedic medicine in the first two tri-
mesters of pregnancy.

Finally, the book also contains some articles which cannot be labeled in
the categories mentioned above. Chapter 45 delves into the problems of pre-
maturity. It describes the short-term and long-term complications of preterm
birth in terms of fetal development as well as injury to fragile organ systems
during the perinatal and neonatal periods. Although some randomized, con-
trolled trials demonstrate the safety and effectiveness of a few treatments for
neonates, scientific neonatal intensive care unit (NICU) treatments and inter-
ventions have not been adequately investigated. Therefore, the author recom-
mends more rigorous studies of new therapies and medications before they
are adopted. The next chapter (Chap. 46) also discusses the problems of
extreme prematurity and notes that preterm birth is the most common cause
of death among infants worldwide, and that the chances of survival without
long-term difficulties is low. Chapter 47 focuses on the idea of sequencing the
naturally aborted fetuses and its potential biological implications. The author
believes that such a resource can easily be generated in India and such a data-
base can provide answers to many crucial yet unsolved problems related to
premature delivery to rejection of the fetus. This is also likely to answer sev-
eral developmental issues that decide the progress from successful fertiliza-
tion and fetal development to a fully mature baby. The final chapter (Chap.
48) pertains to the ethics of the use of aborted human tissues for research and
therapeutic purposes. The book would not be complete without this chapter
since ethics is an intrinsic part of medical research.

The editors gratefully acknowledge all the contributors to this volume.
They have not been individually named here; instead, the editors have tried to
highlight the multiple themes that have been discussed in the book. But it is
essential at this point to say that contributors from all over the world — the
Chinese University of Hong Kong; Yale University School of Medicine; the
University of Science, Vietnam National University; Reproductive Genetic
Institute, Chicago; University of Osnabriick, Germany; Maastricht University
Medical Center, the Netherlands; Gulhane Military Medical Academy,
Ankara, Turkey; Department of Health Science and Pediatrics, Turin
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University, Italy — participated in this book project. The book also has a large
number of contributors from premier Indian medical research institutions and
other scientific institutions. The book, while beginning with the basic work
done by Prof. Kanailal Mukherjee and his team, encompasses other research
and theoretical perspectives and speculations from researchers across India.
The editors have tried to make the book as comprehensive as possible, par-
ticularly because published works in the area of human fetal growth, develop-
ment, and maturation are few and far between. Yet this is an area of growing
importance, given the emergence of stem cell biology and regenerative medi-
cine as an increasingly significant discipline because of the new potentials of
cure and therapy that it promises. However, without understanding the growth
and development of the human fetus, especially in its early stages, it will not
be possible to understand how stem cells can help in regeneration of damaged
tissues. The editors are therefore thankful to all the contributors for sharing
their knowledge in this book. However, needless to say, the editors bear no
responsibility for the views of the contributors, which are the products of
their study and research and, therefore, their own.

Prof. Niranjan Bhattacharya and Prof. Phillip G. Stubblefield






To all scientists — present, past and future — whose sincere dedication to sci-
ence and the search for truth has made science into a religion
Dr. Niranjan Bhattacharya, Kolkata, India
Prof. Phillip G. Stubblefield, Boston, USA
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Introduction

Prenatal studies of commonly used research ani-
mals do not provide good models for fetal growth
patterns. Studies of human intrauterine growth
usually are based on anthropometric measure-
ments of infants born at various gestational peri-
ods. Gestation is usually estimated in weeks from
the first day of the last menstrual period before
conception. Thus, conceptual age and the period
of actual embryonal and fetal growth may be
1-3 weeks less than the estimated gestational age.
Numerous centile charts have been constructed
which relate fetal measurements to gestational age
[1, 2]. Studies of birth weight in relation to gesta-
tional age have been carried out in large popula-
tion samples usually on a retrospective basis. They
have emphasized that maternal height, weight gain
in mid-pregnancy, parity, age, ethnic group,
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genetic factors, socio-economic factors, nutrition
before and during pregnancy and smoking during
pregnancy, all may influence fetal growth.

Fetal growth like post-natal infant growth
undoubtedly is influenced by nutrient availability
for mother and fetus and nutritional state of the
mother before and during pregnancy. The nutri-
tional state of the mother when she was herself a
fetus may also be a significant regulator of the
growth of her fetus [3].

The maximal velocity of fetal growth appears to
be between 32 and 38 weeks of gestation. During
that interval the birth weight virtually doubles. By
39 weeks the peak growth is reached. Normal full
term gestation is considered to be between 37 and
41 weeks. If born before 37 weeks, the infant is
considered premature. If born after 41 weeks it is
considered post-mature. Mean birth weight for
babies are smaller in most developing countries
than in Europe, the United States of America and
Canada. This may be due to a shorter period of high
velocity of growth, perhaps related to maternal
nutrition prenatally and during pregnancy.

Physical Growth and Its
Measurements

Although growth is a highly complex process, it
takes place in a completely ordered fashion in the
biological system. The intrauterine period of
mammalian growth can be divided into three
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distinct phases, in each of which the mode of nutri-
tion is different [4]. In the first blastocyst phase,
nutrition is derived from the uterine secretions. In
the second or embryonic phase, nutrition is derived
from the active erosive agency of the fetal tropho-
blast, while in the third fetal phase, trophoblastic
activity ceases and nutrition is derived by diffusion
from the maternal blood stream.

EM Widdowson [5] described the changes in
the body composition of the fetus during growth.
The initial division of the fertilized ovum is not
accompanied with an increase in its size, and this
may be true for a few further divisions, so that
each cell becomes progressively smaller and there
is no increase in total size. By the time the blasto-
cyst has become implanted in the wall of the
uterus, about the ninth day after fertilization, syn-
thesis of proteins from the amino acids, and water
and inorganic substances that reach it, begin to
enlarge the cells before they divide. There is an
alteration too in the timing of the divisions. The
first few occur almost simultaneously, but after a
few days, cell division becomes staggered so that
only a few cells are dividing at the same time.

The immature organism is characterized by the
large percentage of extracellular fluid within it.
When the ovum is fertilized and for the first few
generations of divisions, the new organism is
entirely cellular, so there must come a time in early
development when extracellular fluid becomes a
part of it. There is an upper limit to the size of a
cell that it can attain. This is partly because as it
grows, its volume increases with the cube of the
radius but its surface area expands with the square.
The volume determines its biochemical activity,
but the materials necessary for this activity must
pass in through the surface membrane. Further, as
the cell increases in size the ratio between the
cytoplasm and the nucleus increases, and there is
again an upper limit to the amount of cytoplasm
that the nucleus can control.

In the first 2 or 3 weeks of human develop-
ment inside the uterus, growth takes place entirely
by cell division. Differentiation soon begins and
as the organs and tissues appear, each develops
its own characteristic kind of material and its own
contribution to the weight of the organism as a
whole. With differentiation comes a slowing
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down of cell division and as this occurs the aver-
age size of the cells begins to increase. This is
accompanied by a progressive increase in the
proportion of organs occupied by cells and a
decrease in the percentage of extracellular fluid.
This process of decreasing of extracellular fluid
goes on during fetal and early postnatal life [6].

As an animal grows, its body proportions and
composition change. These alterations are brought
about by a differential rate occurring in the differ-
ent parts and tissues of the body [7]. The order in
which the various parts and tissues develop is
much the same in all species, for it is based on the
relative importance of the functions of the parts or
tissues for the survival of the animal.

The changes in the form of embryo as it devel-
ops, repeat in general, the evolution of the species
[8]. In horses, cattle and sheep, whose young are
born at an advanced stage of development and
have to follow their mother, the maximum pro-
portions of leg length occur at birth, while in rab-
bits, which are born at a less advanced stage of
development, this does not occur until later. In
general, the head and the legs form a high propor-
tion of the body weight at birth. With develop-
ment, the body first lengthens and later deepens.
The growth gradient starts at extremities and
passes inward to the loin, while the lower parts of
the ribs are the latest to develop.

When growth is limited by a low level of
nutrition, the earlier developing parts and tissues
have priority of supply [9].

The growth of the body and the changes in its
composition during development may be consid-
ered in a number of different ways. Growth and
development begin at the moment of conception
and are continuous from then on until the epiphyses
fuse and growth in height ceases, and the processes
concerned with chemical development come to an
end. Data on growth and composition of the body
before term at 40 weeks gestation are of necessity
cross-sectional. Measurement of growth in size
after births are mainly longitudinal, but measure-
ment of body composition at all ages has not been
longitudinal [6]. Before describing early growth it
is necessary to consider briefly the measurements
of growth which are available in clinical practice,
i.e., measurement of physical growth.
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Weight

Weight is still the most widely used single clini-
cal measurement of growth in intrauterine and
postnatal life. Weight can be regarded as the sum
of body fat and lean body tissue so that weight
gain represents the sum of increments in different
body components including muscles, skeleton,
adipose tissue and water. It is therefore a non spe-
cific measurement of growth. In order to provide
a more detailed assessment, other measurements
are needed and crown-heel length, head circum-
ference, biparietal diameter, etc. are now being
increasingly used. The velocity of the growth of
the body in weight and length is more rapid dur-
ing the last 3 months of gestation and the first 4 or
5 months after birth than at any other age [6].

After birth the internal organs — heart, kidneys,
lungs and liver — tend to grow parallel within the
body, and they form roughly the same percentage
of the body weight in all ages. Data based on
P Gruenwald and HN Mainh [10] and E Boyd [11]
show that before term, most organs contribute a
little more to the weight of the body than they do
during childhood and adolescence, but the spleen
stays constant at 0.3 % of the body weight from
26 weeks gestation to 13 years.

Length

The accurate measurement of crown-heel pro-
vides the best clinical measurement of skeletal
growth since, unlike weight gain, it is not influ-
enced by the accumulation of water and fat [12].

Head Circumference

Indirect measurements have been used to follow
the normal growth of the human brain. The most
common of these is cranial circumference. Some
correlations have been made between increase in
cranial circumference and the cellular growth of
the brain. Approximate formulae have been
worked out relating head circumference to brain
weight, protein and DNA content during the first
year of life [13].

Nucleic Acids

In the rat, DNA synthesis and hence, cell division
cease in the brain 20 days after birth [14]. Net
protein synthesis continues to about 99 days of
age and lipids are synthesized for varying periods
between these extremes. Thus, the total number
of cells is reached before the total protoplasmic
mass of the brain is attained. There is a phase
during which already existing cells must be
enlarging in order to account for the over-all
enlargement of the brain. Actually, careful exam-
ination of all non-regenerating organs reveals
three distinct phases of growth. The first stage of
growth is characterized by a proportional increase
in weight, protein and DNA content. The number
of cells is increasing whereas the ratios of the
size of the individual cells are not changing.
Simple hyperplasia in this case is occurring. This
phase ends as the rate of net DNA synthesis
begins to slow down and weight and protein con-
tent continue to increase at the same rate giving
rise to a transitional phase of hyperplasia and
concomitant hypertrophy which lasts until net
DNA synthesis stops. After this point, all growth
is by hypertrophy. Finally, when weight stabilizes
and net protein synthesis stops, growth is fin-
ished. The ultimate packaging of the protoplasm
into individual cells depends on the rate of DNA
synthesis. The time during the growing period
when cells are actively proliferating in any organ
is presumably under genetic control and these
times are different in different species. For exam-
ple, in the rat, cell division in the brain is over by
21 days postnatally. In the guinea pig there is
very little cell division in the brain after birth
[15]. In contrast, in the human, cell division in
the brain continues until around the end of the
first year of life [16]. The enzyme DNA poly-
merase is essential for the synthesis of DNA. It
has been shown that the activity of this enzyme
mimics the rate of DNA synthesis in the chick
brain [17] and in the rat brain. In the rat, the max-
imum rate of DNA synthesis is achieved at
around 10 days of age. Peak enzyme activity is
attained at 6-10 days of age and the activity
is highest in those regions where cell division is
most rapid [18].



EM Widdowson et al. in 1972 [19] examined
cellular growth in the human fetal liver as judged
by measurements of DNA and protein. They
found that total DNA increased rapidly from
around 15 weeks until term. The protein DNA
ratio however was virtually unchanged from 15
to 25 weeks, suggesting that during the early fetal
stages, the cell number is increasing more rapidly
than the cell size. Also, some lipid components
(diphosphoinositide, sphingomyelin, cerebro-
sides etc.) are absent in the early stages of indi-
vidual development and appear only in the last
stage of fetal development or in the first weeks of
postnatal life [20].

Proteins

Development and metabolism of macromolecules
are closely linked phenomena, since growth is nec-
essarily the result of protein and nucleic acid syn-
thesis. The fact that all the information that is
characteristic of a living human being is stored in
one fertilized cell, not only with regard to cell divi-
sions involving billions of cells, and their structural
and functional maturations but also to the time
sequence of development of these characteristic
events make us wonder with awe. There has been
much progress in our scientific understanding of
development, and much of this knowledge concerns
the mechanism of protein synthesis in response to
the transcription and translation of the genetic mes-
sage. However, there are many gaps in knowledge
about the exact way how and when the genetic mes-
sage begins to be transcribed. The rate of net protein
synthesis may be taken as an index of growth, since
the increase in the mass of the cell may result from
an increase in either the number of organelles within
the cells or an increase in the soluble cytoplasm and
both these types of increases involve synthesis of
proteins. Protein synthesis maybe of two types: one
is non-specific protein synthesis and the other is
specific protein synthesis. Non-specific protein syn-
thesis involves total protein synthesis during devel-
opment, whereas specific protein synthesis involves
the appearance or increase in the synthesis of differ-
ent enzymes or special proteins characteristic of a
particular kind of disease.
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In the century and a half or more of the history
of research into the proteins of nerve tissue, it is
possible to distinguish two principal periods, the
boundary between which is formed by the fifth
decade of the twentieth century. In that decade
radioactive methods, especially the use of amino
acids labeled with radioactive isotopes, began to
be used extensively for the study of the metabolic
conversion of proteins in the nervous system.

The first period, which began in 1811 and
which can be called the “pre-isotope” period,
lasted about 140 years and ended with the discov-
ery of the chemical topography of proteins in the
tissues of the nervous system. For several decades
in the nineteenth century, the attention of scien-
tists was concentrated chiefly on the study of the
lipid and carbohydrate composition of nerve tis-
sue. As such, protein received far less attention.
The main reason behind this was that the histo-
chemical methods existing at that time and the
biochemical methods that followed soon after
were mainly for studying lipid and carbohydrate
tissue components. Furthermore, for a long time
the important role of proteins in the activity of the
nervous system was not recognized. Studies
revealed the complexity of the protein composi-
tion and the existence of protein complex with
nucleic acids, lipids, carbohydrates and other sub-
stances in the nervous tissue. During the second
or “isotope” period, although shorter in duration
than the first, considerable progress has been
made in studying the role of proteins in the func-
tions of the nerve tissue. Because of the high sen-
sitivity and high specificity of the isotopic
indicator method, it is now possible to detect and
to determine quantitatively, conversions of matter
of such small magnitude in the living organism as
were previously beyond the limit of methods ear-
lier. Another unique feature of the isotope method
is that the transformations of biologically
important substances, especially proteins, on an
extremely small scale can be detected in the intact
organism without any significant disturbance of
the functions of the organs of the experimental
animal. In the case of dynamic equilibrium
between the two processes, as is observed in the
tissues of adult animals, the total protein content
does not appreciably change, and for that reason,
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the methods available previously could not pro-
vide information about the rates of protein synthe-
sis or breakdown which can be obtained by the
isotope technique. In developing animals, unlike
the adult, there is a steady increase in the total
content of proteins, nucleic acids, carbohydrates,
lipids and other tissue components which can eas-
ily be determined by ordinary chemical methods.
Even in this case, however, the use of labeled pre-
cursors has certain advantages, for, in conjunction
with other modern methods it can be used to
determine not only a change in the content of the
proteins, carbohydrates and other substances in
the tissue, but also the intensity and rate of the
metabolic conversion of these substances, their
individual fractions and individual components at
all stages of ontogenic development. So by
exploiting the radio isotope technique in the pro-
tein synthesis of developing organs, the differen-
tial rates of development in individual organs
during fetal life, can be estimated.

All functions of the cell and all physiological
phenomenon involve conversions of proteins.
The elucidation of the biochemical basis of the
various physiological functions of any cell,
including the most highly organized and special-
ized nerve cell, is therefore impossible without
the knowledge of the composition of proteins,
their physiochemical properties and biological
properties and the principles governing their con-
versions during cell function. Without minimiz-
ing the importance of other macro-molecular
substances of the cell, it could be said that pro-
teins do occupy a central part of biochemistry.
The multiple nature of its functions are fascinat-
ing. All physiological functions and the biochem-
ical processes on which they are based take place
with the active participation of proteins.[21].
Some proteins perform enzymatic functions in
the body, others have hormonal, protective, trans-
port, structural and other functions [22-24].

Considerable progress has been made in the
study of protein metabolism in animal tissues.
The biosynthesis of tissue proteins takes place
throughout development. In the developing
organism this process provides chiefly for differ-
entiation and growth of the tissues through the
formation of their protein spectra, while in the

later stages of ontongeny it functions chiefly for
the renewal of the tissue proteins. Several
evidences bearing on the morphogenetic changes
in proteins in the course of differentiation of the
various tissues during embryogenesis and the
early stages of post-embryonic development have
been summarized [25]. Regulation of protein
composition, distribution and metabolism play a
crucial role not only during the physiological
functioning of the nervous system but also during
cellular differentiation and during pathological
changes. Before the widespread introduction of
isotopes into biochemical research, age changes
in protein metabolism were chiefly measured by
determinations of the content of nitrogen and
total proteins in organs, by changes in the qualita-
tive composition and physiochemical properties
of proteins and their complexes with other bio-
logically important compounds and by the quan-
titative and the qualitative composition of the end
products of dissemination. The first and funda-
mental indicator of these changes was the protein
content in the brain at various stages of ontogeny.
Evidences in relevant literature [26, 27] show
that the protein content, calculated per weight of
brain tissue, increases with age, although in old
age its concentration falls [28]. During fetal life
life there is a decrease in protein content (percent
in relative population of solids) in the pig with
the progress of gestation.

The process of protein synthesis has been
extensively studied in the sea urchin [29]. In this
primitive organism, protein synthesis is acceler-
ated immediately after fertilization with an
increased concentration of DNA, and the first
signs of biochemical differentiation are apparent
at the initiation of gastrulation [30]. Similar dif-
ferentiation has also been observed at this stage
of development in the amphibian embryo [31].

Substantial age and other functionally deter-
mined changes have been discovered in the
chemical compositions [32], the structural orga-
nization [33] and the functional activity [34] of
the cell organelles. These differences are con-
cerned chiefly with the number, size and shape of
the organelles [35] and also the distribution of
protein [32], nucleic acids and free nucleotides
and lipids [33].
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Development is characterized by growth as well as
by structural and functional differentiation. In the
developing tissues and organs, specific enzyme
patterns are expressed enabling the growing organ-
isms to cope with the demands of fetal life after
separation from the mother. Hence profound altera-
tions in the enzymatic equipment of a growing and
differentiating organ may be expected to occur.

Conclusion

The timing of the successive developmental
processes is one of the most fundamental
aspects of ontogenesis. The early phases of
development depend primarily on the genetic
program. However, the sequential gene
expression is apparently under the control of
metabolic influences as the dominant though
perhaps not exclusive mechanism. For many
decades, scientists have collected descriptive
information about the morphological aspects
of development, but the study of enzymatic
development and differentiation and espe-
cially its regulation is comparatively recent.
Enzymatic difference of any given tissue is the
process whereby it acquires its characteristic
quantitative enzyme pattern. This process
involves both positive changes, the appear-
ance or increase in synthesis of enzymes de
novo, and negative changes, the diminution in
the amount of other enzymes. The fundamen-
tal problem underlying this process is that of
gene expression.

The carefully programmed normal forma-
tion of enzymes continues to a rather late stage
in mammalian development, namely to the late
fetal stage and early post natal period. It is only
when enzymatic differentiation has been com-
pleted that any organ or organism reaches full
physiological maturity and functions. The lack
of complete enzymatic development forms the
biochemical basis for the concept of ‘func-
tional immaturity’. Many clinical problems
associated with infants of low birth weight,
less matured infants and infants of diabetic
mothers are those of functional immaturity or
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alterations in the normal course of enzymatic
development. Knowledge and understanding
of the normal process of enzymatic differentia-
tion and its regulation, especially in the human
fetus and neonate are of the greatest impor-
tance in the care of the newborn with problems
of functional immaturity.
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Introduction

Shortly after the Salk and Sabin polio vaccines had
demonstrated the transformative benefits of child-
hood vaccination but long before the ill-informed
controversy over the measles—mumps—rubella vac-
cine became a concern for refusal of vaccination,
the Vaccination Assistance Act of 1962 established
a U.S. vaccination program against polio, diphthe-
ria, tetanus, and pertussis. With that effort launched
and growing attention directed at imminent vacci-
nation campaigns against influenza, measles, and
rubella, a leadership group was formed by the US
Government. That group, the Advisory Committee
on Immunization Practices (ACIP), marks its 50th
anniversary this year (2015) [1]. Vaccine refusal
not only increases the individual’s risk of disease
but also increases the risk for the whole commu-
nity. As a result of substantial gains in reducing
vaccine-preventable diseases, the memory of
several infectious diseases has faded from public
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consciousness and the risk—benefit calculus seems
to have shifted in favor of the perceived risks of
vaccination in some parents’ minds [2].

Theoretical Prospect/Potentialities
of Vaccinating the Unborn

Infections are an important cause of morbidity and
mortality worldwide and it is young infants who
often suffer from a disproportionately great inci-
dence of infection and subsequent mortality.
Currently, vaccine strategies to prevent infections
in infants generally direct initiation of immuniza-
tion at around 2—4 months and protective levels of
antibodies may not appear until 67 months of age
[3]. This strategy fails to prevent important infec-
tions of the newborn in the first month. Experience
with hepatitis B immunization of the newborn
(both passive and active) shows that it can safely
prevent neonatal infection and long term sequelae
[4]. Tetanus in neonates has been dramatically
reduced in many parts of the world in which preg-
nant women are vaccinated with tetanus toxoid [5].

Advantages and Disadvantages
of Immunization

Strategy I (maternal immunization): Advantages:
(a) a term baby has antibody at birth, and (b) there

is active immunity in the mother. Disadvantages:

1
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(a) decreased passive antibody in premature
infants, (b) passive immunity in the newborn baby
wanes progressively within 6 months.

Strategy 1  (Neonatal Immunization):
Advantages: (a) enhanced compliances at birth
with mother’s support; (b) the beginning of
active immunity of the neonate. Disadvantages:
(a) response to vaccination may be weak, and (b)
development of protective immunity may take
some more weeks.

Strategy III: Prospects of intra amniotic or intra
fetal injection after 20 weeks; on the basis of the
experimentation carried out by us (discussed in
Chapter 4), there is abortion but no fetal death was
reported in the growing fetus above 18 weeks.

Ours is possibly the first global experience with
intrafetal vaccination attempts before 20 weeks of
gestation. On the basis of our experiences we are
strongly against vaccination of the unborn through
the intra amniotic or intra fetal route, because of its
potential adverse effects as seen in the histology of
a non-aborted anencephaly fetus at 28 weeks and
non-aborted fetus at 14 weeks leaving aside the
problem of poor antibody response (depending on
gestational maturity, time of exposure and the
optimum dosage of antigen). The toxic/non spe-
cific reaction could be due to reduction in antibody
formation and other forms of immuno-incoordina-
tion in the immature fetus.

While theoretically it may appear fascinating
to vaccinate the grossly premature high risk new-
born though the intra amniotic or intra fetal route
and thus protect the premature newborn against
possible infections, our practical experience goes
strongly against such interventions at least not
before 20 weeks.

Role of Antigenic Stimulation

on Fetal Intra Uterine Growth:
Implications of Increase in Liver
Weight/Spleenic Weight/Thymic
Weight and Rise of DNA in the Fetus
Before the Process of Abortion

Antigenic (tetanus toxoid) stimulation through the
intra amniotic route showed a definite increase in
fetal liver weight, thymus weight, spleenic weight

N. Bhattacharya and S. Bhattacharya

and also an increase in cell numbers when com-
pared to the control (blank antigen) challenged
fetus. There was also some increase in essential
enzymes concerned with glutamine synthesis of
the human fetal liver glutamyl dehydrogenase and
gamma glutamyl transferase. Seeing such changes
within the wider physiological content, attention
has been increasingly drawn to the interactions
between the immunological and the neuroendo-
crine systems. Immunological cells have the
receptors which enable them to receive signals
from a wide range of hormones, corticosteroids,
insulin, growth hormones, testosterone, estradiol,
B adrenergic agents, acetylcholine, endorphin and
encephalins, but by and large, glucocorticoids and
androgens depress immune response whereas
estrogen, growth hormone, thyroxine and insulin
do the opposite [6]. These hormones work through
different cytokines/growth factors and their bind-
ing protein or proteases. Hence the precise mecha-
nism of how the antigenic stress at a critical period
of growth in vitro possibly disrupts the fine
immune-neuroendocrine coordination of the
receptor growth factor cytokine mediated action at
the cellular level, would be an interesting field of
research for future researchers in this area.

Theoretical Problem of Graft
versus Host Reaction and
Autoimmunity in the Aborted
and Non Aborted Fetus

The rise in spleenic weight and liver weight along
with the necrosis of the liver, denudation of intes-
tinal epithelium and skin lesion constitute the
cardinal features of GVH disease [7]; hence its
presence strongly suggests the possibility of graft
versus host type of injury effect with antigenic
challenge through the intra amniotic route due to
a disruption in the thymic schooling of the
T lymphocyte during the human fetal ontogeny
of the immune system. Spleenic rise in weight
from 12 weeks onwards and pre-spleenic, i.e.,
before 11 weeks, liver weight rise, which contin-
ued even after the appearance of the spleen, up to
20 weeks of the study of a human gestation with
intra amniotic antigenic challenge as well as
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study of the histology of the skin/liver, suggests
the possibility of graft vs host type of reaction
effect. This hypothesis regarding graft vs host
reaction may not hold true for the early weeks of
gestation of a fetus, that is, before 16 weeks,
because antigens cause direct stimulation of the
fetal system, resulting in congestion, hemor-
rhage, varying degrees of loss of architecture in
the early weeks and mononuclear invasion and
thrombosis in all the organs and in the placenta
with varying degrees of villitis in later weeks
(17 weeks or more). We believe that the early
acute reactions in the embryo in the pre-immune
status of the fetus (16 weeks) are hitherto
unnamed inflammations or perhaps even an auto-
immune reaction in case there is participation of
the premature immune system, while reactions in
the 17 or more weeks fetus may have a compo-
nent of graft vs host reaction as may be perceived
from the placenta with villitis, thrombosis, mono-
nuclear invasion etc. However, further specialized
immunological study, which will differentiate the
fetal leucocyte from the maternal leucocyte, can
confirm or reject our hypothesis that antigenic
intra amniotic stimulation during the early weeks
of gestation can cause an autoimmune type of
acute reaction due to poor schooling at the thy-
mus. The fetal lymphocytes would be able to dis-
tinguish properly or at least partially, its own
property (antigen) from the foreign property (anti-
gen) and the war would be at the fetomaternal
border (in the placenta). Conscription of the
immature fetal leucocytes due to antigenic stress
or war like situations in the fetus, can provoke the
much more powerful (superpower) maternal
immune systems’ sanctions which can lead to pre-
mature birth (independent immature systems
statehood for the fetus) or death and abortion
depending on the gestational maturity of the fetus.

Advantage of Hypoimmune Fetal
System in Biomedical Research

What have we learned from our study of anti-
genic stimulation of the growing human fetus in
the utero for the last 40 years? We have learned
that the growing human fetus (8-20 weeks) in
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utero can react to an antigenic challenge; for
humoral immunity (tetanus toxoid) and cellular
immunity (BCG). However, in case of tetanus
toxoid stimulation the effect widely varies, as
there is wide variation in the induction-abortion
interval. Why is this so? Is it the lower expression
of receptors, or neoantigens in the pre-immune or
the hypoimmune fetal system which make it
resistant to antigenic stimulation? The answer is
possibly in the affirmative. This could explain the
delayed response even with a very high dosage of
antigenic stimulation (2—4 cc tetanus toxoid) for
a tiny fetus weighing 8—150 g in the uterus, when
the adult dosage is 1 cc.

This hypoimmune fetal tissue has an edge
over the adult tissue in situations requiring
transplant of fetal tissue in the adult system. For
example, in case of stem cell transplantation
(umbilical cord blood stem cell) in adults or
fetal thymus transplantation (unpublished
observation), there is survival of the fetal tissue
without any graft versus host reaction in the
adult system [8—11].
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Development and Growth
of the Human Immune System
in Utero

Developmental immunology can be defined as
the study of how adaptive host defense blood
cells within an individual sequentially respond
to repetitive environmental challenges in a way
that promotes the health and survival of an indi-
vidual. According to classical principles an
individual becomes immune or protected from
re-infection in response to an antigenic encoun-
ter during an initial infection. Mature immuno-
logical competence is ultimately achieved
through cumulative adaptive changes stimu-
lated by exposure to a large repertoire of foreign
antigenic material. Since the in utero fetal
environment is sequestered from frequent
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encounters with micro-organisms, the host
defense system of the human newborn is inex-
perienced. This partially accounts for why the
human newborn is vulnerable to human micro-
bial attacks during the first 6 weeks of life.
Furthermore although many components of the
immune system of the fetus are present early in
gestation some are immature and do not become
fully functional (compared with the activity of
immune defenses of adult subjects) until some-
time after birth. Despite these limitations fetal
host defense systems are capable of active
engagement and an immune response does
occur when the fetus is infected or immunologi-
cally challenged in utero.

The cells involved in the human immune sys-
tem are derived from the stem cells originating in
the yolk sac. In the human system, fetal liver and
bone marrow takes the responsibility of the yolk
sac at 5 weeks gestation. Natural Killer (NK) cells
and T and B lymphocyte precursors are detectable
in the fetal liver at 6 weeks and 7-8 weeks gesta-
tion. The fetal thymus is colonized by T cell pre-
cursors at 8-9 weeks and pre B cells are found in
the bone marrow at 13 weeks, as evidenced due to
the attachment of cluster of differentiation (CD)
molecules in each of the sub types. Mature T and
B lymphocytes are detectable by the onset of sec-
ond trimester pregnancy. Some complement com-
ponents can be detected from 6 to 14 weeks
gestation although at a much lower level than in
the adult.
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Natural Immunity (Cellular
Component of Macrophage
Monocyte Natural Killer Cell System)

In the fetus polymorphonuclear (PMN) leucocytes
are first identified at the fetal yolk sac stage of hema-
topoiesis [1]. Mature PMN’s are not identifiable in
the fetal liver or bone marrow until approximately
14 weeks of gestation [2]. By 22-23 weeks of gesta-
tion the circulatory PMN count has increased but
still it is only 2 % of the circulatory PMN concentra-
tion measured in the cord blood of term gestational
newborns. This low PMN count is compensated
with high hematopoietic progenitor cells. This may
be due to shifting of stem cells from the liver to the
bone marrow.

Before the liver becomes the major site of hema-
topoietic activity, macrophages constitute 70 % of
the blood cells present in the liver. Circulating
monocytes do not appear in the fetal blood before
20 weeks of gestation. However, at 30 weeks gesta-
tion, monocyte concentration reaches 3—7 % of the
circulating formed blood cells. As a whole, the
influx of mononuclear phagocytes to the site of
inflammation is delayed and attenuated in the new
born. Similarly, in the case of NK cells whose num-
ber is normal in the neonatal period, the surface
membrane expression of certain antigens is altered
in comparison to adult NK cells. This may explain
the diminished cytotoxicity in vitro and vulnerabil-
ity of the newborn to viral and parasitic infection.

Natural Immunity (Humoral
Component)

Opsonin activity is reduced in the new born at
term and more so in the prematurely born at test
concentration of plasma and serum above 10 %.
This deficiency may be in part related to the
lower complement or immunoglobulin (IgM and
IgG) concentration in the new born [3].

Complement proteins are synthesized early in
gestation [4]. Synthesis of C4, C2, C3 and C5 can
be confirmed between 8 and 14 weeks of gesta-
tion. Evidence derived by several methods con-
firms that there is no transplacental passage of
complement components. Components of the
alternate pathway activity are more deficient in
concentration than classical pathway activity in
both term and pre-term infants.

N. Bhattacharya and P.G. Stubblefield

Fibronectins are a class of multifunctional high
molecular weight glycoproteins that serve to facili-
tate cell to cell to sub stratum adhesion and thus
play an important role in directing cell migration,
proliferation and differentiation. Thus fibronectins
are essential for certain aspects of embryological
development of the fetus and for hemostasis, hema-
topoiesis, inflammation and wound healing. In
many pathological conditions like sepsis, fibrosis,
etc the normal structure, physiology and functions
of fibronectin are altered in a way that contrib-
utes to the underlying tissue or organ dysfunction.
Circulatory plasma fibronection concentrations
are reduced in fetal cord blood and in the term
infant [5]. Plasma fibronectins are further reduced
in respiratory distress syndrome, birth depres-
sion, sepsis, and intra uterine growth retardation.
Fibronectin biosynthesis by macrophages in vitro
is decreased in the neonatal period [6]. Fibronectin
improves leucocyte function in vitro and promotes
neutrophilic adhesion migration, chemotaxis and
also assists killing of opsonized bacteria, yeasts etc.

Other Humoral Factors of Natural
Immunity

C reactive protein (CRP) is synthesized by the
fetus and the newborn and is one of the most
important acute phase proteins. It helps to acti-
vate the classical complement pathway by bead-
ing with the C1q. CRP binding with the bacteria
helps in the opsonization and rapid clearance of
the bacteria through the neutrophil, monocyte or
macrophage phagocytosis.

Lactoferrin is a positively charged iron bind-
ing glycoprotein present in the granules of the
neutrophils. This helps in neutrophilic reactive
oxygen intermediate production (OH), chemo-
taxis, endothelial adhesion, aggregation etc.
Neonatal cord blood neutrophils are profoundly
deficient in lactoferrin [7].

Acquired Immunity-Cell Mediated
and Antibody Mediated Responses
of T Lymphocytes

In the human, the thymus develops embryologi-
cally as an outgrowth from the third and fourth
pharangeal pouches between the sixth and
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seventh week of gestation. Lymphocytes destined
to become T cells appear among epithelial cells
during the ninth and tenth weeks [8]. However it
is not until the tenth week of gestation that the
cortex and the medulla of the thymus region
begin to demarcate and not until the 12" weeks of
gestation that Hassall’s corpuscles appear. The
undifferentiated cells that first enter the thymus at
the seventh week of gestation do not possess
either CD4 or CDS antigen but do express the T
cell markers [9]. Within the thymus, maturation
of the T cells is accompanied by the sequential
appearance of surface phenotype markers CD7
followed by CD1, CD2, CD5 and somewhat later,
CD3. As gestation progresses most cells leaving
the thymus express either the CD4 or CD8 sur-
face antigen. Those cells that lack both the anti-
gens retain the stem cell function and possess a
receptor (CD25 Tac antigen) for IL2 which plays
an essential role in promoting simultaneous
appearance of CD4 or CD 8 antigens. At this
stage, the transcribed T cell alpha chain precedes
that of the Beta chain. At the 12th week of the
intra-uterine of life in the fetus, CD3 positive
cells can be identified at the peripheral blood,
which increase progressively with the progress of
gestation and represent more than 50 % of T lym-
phocytes by the 22nd week of gestation. These
CD3 positive cells also express either the CD4 or
the CDS antigen. By the 13th week of gestation
CD3 positive cells appear in the fetal liver or
spleen and by the end of the second trimester rep-
resent more than 50 % of the T lymphocytes in
those organs. The T cell helper/suppressor ratio
(CD4/CDS ratio) in the cord blood is approxi-
mately 1.7:1 (versus the adult ratio of 2:1). In the
peripheral blood 20 % of the T cells express thy-
mocyte antigens compared with fewer than 1 %
expression in the adult [10].

Lymphokines Production and Role
in Cell Mediated Immunity

Functional responses involving the T lympho-
cytes and T cell derived lymphokines can be
demonstrated relatively early in gestation. By the
12th week of gestation, lymphocytes obtained
from the human thymus respond both to mito-
gens and to foreign histocompatiblity antigens in

mixed lymphocyte culture [11]. In addition fetal
cells stimulated with allo-antigens exhibit normal
antigen specific cytotoxicity. In contrast, the phe-
notype appearance and proportion of circulatory
cells is diminished and the production of some
lymphokines are reduced in the neonate. The
most significant defect appears to be a deficiency
of memory T cells, because expansion of the
memory T cell production is dependent on the
exposure to foreign antigens. This T cell inexpe-
rience may be partially responsible for the dimin-
ished production of gamma interferon in the
neonate [12].

B lymphocyte and Antibody Production:
B cell maturation occurs in two stages. In the
first stage undifferentiated stem cells mature
into cells identifiable as B lymphocytes. This is
an antigen independent phase that takes place
in the fetal liver and the bone marrow in
humans [13].

The second stage of lymphoid differentiation
is antigen dependent and during this phase B
lymphocytes are transformed into plasma cells.
The first recognizable cell in the B cell lineage is
the pre B cell. This cell can be detected in the
fetal liver in the seventh to eighth week of gesta-
tion. The presence of heavy chain IgM [14] could
be seen at this stage. As gestation progresses,
pre-B cell can be detected in the fetal bone mar-
row. It is at the pre-B cell stage of development
that clonal diversity is generated. Intact immuno-
globulin genes are formed by the re-arrangement
of gene segments comprising each heavy and
light chain family. Pre-B cells also give rise to
immature B lymphocyte which expresses only
surface IgM and complement receptors [15].
These cells could be detected in the fetal liver at
8-9 weeks of gestation. However, clonal anergy
could be noticed in case of exposure to self-
antigen. Cells that express other immunoglobulin
IgA or IgG can be demonstrated by the 12th week
of gestation. At a somewhat later state (the mature
B cell stage), cells express membrane bound IgG
or IgA in association with the membrane IgM or
IgD. By the 12th week of gestation, the normal
fetus has levels of circulating B lymphocytes that
are equal or higher than the adult. Fetal B lym-
phocytes can be demonstrated in highest propor-
tion in the spleen (30 %), blood (35 %) and lymph
nodes (13 %).
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Antibody Production in the Fetus
and Neonates

The fetus acquires the ability to produce serum
immunoglobulins early in gestations [16]. In
vitro studies have demonstrated the ability of
fetal cells to produce antibody (IgM) by the
eighth week gestation. IgG synthesis appears
slightly later and IgA synthesis begins at about
30 weeks of gestation. However due to the sterile
environment of the uterus the inability of the
fetus to respond to certain kinds of antibody, T
cell suppression and B cell differentiation, results
in a very little antibody level before the time of
birth [17]. At the time of birth most of the circu-
lating antibodies in the fetal system are IgG anti-
bodies passed through the placenta. Low level of
fetal IgM (less than 10 % of the adult level) are
demonstrable at term gestation and reach the
adult level by 1-2 years of age. Adult level of IgG
is attained at 4—6 years and adult IgA level is
attained at puberty.

Placental Transfer of Antibody

Although B lymphocytes are present in the fetus,
by the end of the first trimester there is very little
active fetal immunoglobulin production. Without
exposure to an antigen in the sterile environment
of growth and differentiation of the fetal system
serum immunoglobulin, levels are extremely low
until 20-22 weeks of gestation, at which time an
accelerated active transport of IgG takes place
across the placenta [18]. Only the maternal IgG is
transported due to the presence of specific placen-
tal receptors for heavy chain IgG molecules. This
active transport of IgG causes a rise of IgG con-
centration in the fetus 5-10 % higher than the
mother. Elevated levels of IgM or IgA in the cord
blood demonstrates that the infant has been
exposed to an antigen in utero and has synthesized
antibody itself. Congenital infection with syphilis
and rubella characteristically produces elevation
of the cord blood IgM concentration. Elevated
levels of both IgM and IgA also maybe found if
there is transplacental materno-fetal hemorrhage.
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The search for a safe, effective, mid-trimester
abortifacent (1978-2002) in which a group of
researchers were engaged in Calcutta, revealed
many hitherto unknown secrets about the
growth and development of the human fetus up
to 20 weeks. A major finding was that while
expulsion by intra amniotic tetanus toxoid or
auto absorption in case of BCG is the effect,
the cause is the disequilibrium of the coordina-
tion of the growth and maturation of the devel-
oping fetus. That the fetus, even at a very early
stage of growth, can react to an antigen, even
in a sterile environment leading to embryop-
athic changes at the teratogen phase (up to
9 weeks) or the pre-immune phase (10—
16 weeks), in a non-specific manner resem-
bling an acute non-specific infection, or the
hypo-immune phase (from 17 weeks onwards),
is a new finding. These finding may have seri-
ous implications for future medical research.
The major thrust areas in this context are dis-
cussed below.
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Intra Amniotic Antigens
as Abortifaecients

This article will showcase our experience of 688
cases of abortion after single intra amniotic injec-
tion of 2 cc tetanus toxoid (Table 4.1). It was
observed that if the period of gestation is ran-
domized the overall success rate of abortion after
a single injection is 92.80 % in the present study.
When the cut off period was 7 days after intra
amniotic 2 cc injection, the abortion rate was
52.8 % (363 cases) which cumulatively became
724 % (498 cases) if the cut off period was
extended for another week. On the 21st day cut
off schedule, the rate was 86.2 % of abortion (593
cases), which figure eventually shot up to 92.8 %
(638 cases) when the cut off period was 30 days.
In sum, the experience showed that with 2 cc
single intra amniotic injection of tetanus toxoid,
there was 94.74 % abortion in the 811 weeks
group and 94.05 % in the 12—15 weeks group, if
the cut off period was 1 month. However, the
induction-abortion interval varied widely. With
progression of gestation 16-19 weeks or more,
there was a gradual increase in the induction-
abortion interval as is apparent from the mean
induction-abortion interval. The success rate (if
there is a cut off period of 1 month) of a single
dose of intra amniotic injection of 2 cc schedule
progressively comes down from 94.74 % in the
8-11 weeks group to 88.61 % in the 16—19 weeks
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Table 4.1 Intra amniotic tetanus toxoid single injection 2 cc series cut off period for success rate in 30 days

Induction abortion

No. of cases | Weeks of Type of antigen interval range Success rate | Condition of
(in %) gestation used (mean = SD) (in %) abortus (living) | Dead
19 8-11 weeks Tetanus toxoid 48 hours— 94.74 - 19
2 cc single 11 days hour mean
intra-amniotic with
injection schedule | SD=96 h+24.6 h
319 12-15 weeks | Tetanus toxoid 56 h—13 days 4 h 94.05 - 319
2 cc single mean with
intra-amniotic SD=118+32.4h
injection schedule
316 16-19 weeks | Tetanus toxoid 76 h-26 days 4 h 88.61 36 fetuses all 280
2 cc single mean with above dead
intra-amniotic SD=14h+48.6 h 16 weeks fetuses
injection schedule
34 20 weeks and | Tetanus toxoid 116 h-28 days 4 h 73.67 All fetuses -
above 2 cc single mean with living

intra-amniotic

SD=186+36.4 h

injection schedule

group and eventually to 73.67 % in the 20 weeks
or more group. But after randomization of gesta-
tion from 8 to 20 weeks the overall success rate,
after single intra amniotic tetanus toxoid 2 cc
injection, was 92.80 % in the present study.

It appears from Table 4.2 that with a multiple
injection schedule of 2 cc intra amniotic tetanus
toxoid weekly among the non-aborters there
were two cases of failure on the 21st day, i.e.,
8.33 % failure (even with multiple injection). It
may be mentioned here that in the multiple injec-
tion schedule, certain associated problems can be
found. Apart from inconvenience to the patients,
there is a distinct possibility of fetomaternal
exchange. If the fetomaternal exchange is 1 %
with the USG amniocentesis protocol, it eventu-
ally becomes 3 % with the third prick/attempt on
the non-aborters. In case of clinically guided
amniocentesis (on the side of the fetal limbs or
behind the fetal back in a bigger fetus) the cumu-
lative percentage of fetomaternal exchange
would be around 10 % or even slightly more.
Under these circumstances, ascertaining the spe-
cific effects of tetanus toxoid would be difficult,
leaving aside the problem of immune paralysis,
because the effective immune response of an
antigen requires a synchronization of a number
of different physiological and immunological
events. The immune system is controlled and

regulated by the genetic background. The spe-
cific responses of all antigens are determined by
the immune response (Ir) gene and the immune
suppressor gene (Is) with the development of its
peripheral systems and sub systems including
control of protein synthesis, located at the major
histocompatibilty complex. Another problem in
the adult or mature system is the nutritional status
of the individual. Further, we are not certain
about the receptor expression in the different
afferent immune arch of the growing fetus. Seen
from a phylogenetic angle, the embryonal and
fetal growth in vitro shows a wide species varia-
tion so far as the afferent immune arch is con-
cerned. Summing up, it appears that to generate
an ideal immune response, an antigen (vaccine)
should have a few general requirements like the
(a) activation of antigen presenting cells to initi-
ate the antigen processing, (b) the activation of
both B and T cells to provide memory cells, (c)
the generation of response to a variety of epit-
opes, (d) the persistence of the antigen so that the
immune system remains stimulated for a long
time. And most importantly, (e) safety.

All ante-natal mothers globally receive rou-
tine intra-muscular vaccination of tetanus toxoid.
In this study, the objective was to observe the
impact of tetanus toxoid which is an antigen,
when it 1is injected intra-amniotically or
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intra-fetally in an immature or a growing immune
system on the growth, maturation and develop-
ment of the fetus. It may be mentioned here that
medical termination of pregnancy is legally per-
missible in India up to 20 weeks for the purpose
of family planning. A number of government
hospitals provide this service free of cost. As
such, many mothers come to these hospitals for
termination of pregnancy, which is done on a
regular basis along with suggestions of other
ways of prevention of pregnancy in future.
Standardized procedures are followed like pros-
taglandin  injection/vaginal  application/oral
application apart from hypertonic solutions like
urea, manitol, saline etc. If any problems occur or
there is failure of abortion or anaphylactoid reac-
tion, patients are given the option of intra-amni-
otic antigen experimentation. Tetanus toxoid is
the commonly used antigen because of its safety
profile, easy availability and low cost.
Clostridium tetani is the causative agent of
tetanus which is one of the important species of
the genus clostridium, which comprises of spore
forming gram positive anaerobic bacilli. Two
products liberated by C. tetani are the classical
neurotoxin (tetanospasmin) and haemolysin (tet-
anolysin). The haemolysin is heat liable and inac-
tivated by oxygen. All the symptoms in tetanus
are attributable to an extremely toxic neurotoxin.
Tetanus toxin is produced in vitro in amounts up
to 5-10 % of the bacterial weight. The purified
neurotoxin is a simple protein containing no car-
bohydrate and with a molecular weight of
150,000 daltons. The toxin exists in two stages:
the toxin monomer and a dimer of about twice
the molecular weight. The dimer is non-toxic but
antigenic. Treatment of this toxin with formalde-
hyde results in polymerization of toxin and
results in the formation of toxoid which is non-
toxic but antigenic. In the detoxification proce-
dure, a standard hypertoxigenic strain (Harvard
strain) of C.tetani is used. In case of an adult/
baby, the number of Lf of toxoid should not
exceed 25 Lf for primary immunization. The
immunization of all women in the child bearing
age in tetanus endemic areas has been recom-
mended by the World Health Organization

N. Bhattacharya

(WHO). There is no specific time period of
pregnancy when women should be immunized
against tetanus. In those countries where the risk
of tetanus neonatorum is low, usually the immu-
nization is deferred during pregnancy. It has been
seen that immunization during the fifth and
eighth months of pregnancy results in the forma-
tion of antibodies in the infant and also enhances
the response of these infants to subsequent immu-
nization. This phenomenon has been termed as
transplacental immunization.

Though extremely rare, certain adverse effects
of tetanus vaccination have been reported viz.,
local reactions like swelling, redness and pain up
to 10 days at the site of injection; then there are
systemic reactions like pyrexia, myalgia, mal-
aise, acute anaphylaxis, peripheral neuropathy,
elevated IGE level and elevated Anti A and Anti
B antibodies. Very occasionally a reaction has
been seen in individuals who had high levels of
circulatory anti toxin and in whom bolstering was
attempted. Tetanus toxoid has been reported to
increase Anti A and Anti B antibodies owing to
the traces of blood group antigen in the vaccine.
Immunization of patients (pregnant) with the aim
of preventing neonatal infection may therefore
increase the risk of hemolytic disease of the new-
born [1].

With this backdrop of information in mind, let
us now explore our results. The problem is what
should be the ideal dosage for embryonal and
fetal immunization through the intra amniotic
route. As we do not have a set of rules to follow
and there is prevailing confusion over the degree
of fetal and amniotic fluid exchange of secretions
and excretions and the subsequent dilutions and
exchanges with the maternal compartment, the
problem is how much antigen injected through
the intra amniotic route can cause stimulation of
the fetal system (a) non-specifically and (b) spe-
cifically, with the progressive maturation and the
gradual development of the fetal immune system.
This is a most important gap in the existing state
of knowledge.

Tables 4.3, 4.4, 4.5, 4.6, and 4.7 demonstrate
the effects of intra-amniotic tetanus toxoid injec-
tion, varying from ¥z to 4 cc (single dose).
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Table 4.3 Intra amniotic tetanus toxoid with changes in dosage (single Y2cc age parity injection) schedule

Mean age
in years
with SD
28.6+4.4

Mean parity Weeks of

with SD No. of cases gestation range

2.8+0.6 20 patients 9-19 weeks.
Mean gestation
with SD
13.8+1.2

Antigen tetanus
toxoid

Y2cc tetanus
toxoid (single
injection)

Table 4.4 Intra amniotic tetanus toxoid 1 cc series (single injection)

Mean age
in years
with SD
326+1.4

Mean parity Weeks of

with SD No. of cases gestation range

34x1.2 14 patients 8-19 weeks.
Mean with SD
144+2.4

Antigen tetanus
toxoid

1 cc tetanus
toxoid (single
injection)

Induction

abortion interval | Comments cut off

range period 14th day
48 h-13 days | 12 patients did
2h not abort on the
7th day, 6
patients did not
abort on the
14th day
Induction
abortion interval | Comments cut off
range period 14th day
72 h-11 days | 10 patients did
14 h not abort on the
7th day, 4
patients did not
abort on the
14th day

Table 4.5 The effect of intra amniotic 1.5 cc tetanus toxoid single dose on the growing human fetus

Mean age
in years
with SD
33.8+1.8

Mean parity Weeks of

with SD No. of cases gestation range

2.8+0.6 16 patients 9-19 weeks.
Mean with SD
12.6+1.2

Antigen tetanus
toxoid

1.5 cc tetanus
toxoid (single
injection)

Induction
abortion Comments cut off
Interval range | period 14th day
68 h—11 days | 6 patients did
12h not abort on the
7th day, 4
patients did not
abort on the
14th day

Table 4.6 The effect of 3 cc single intra amniotic injection of tetanus toxoid on the growing human fetus in the below

table
Mean age
in years
with SD
342+2.8

Induction
abortion interval
range

112 h—12 days

Comments cut off
period 14th day

6 patients did

Mean parity | No. of Weeks of Antigen tetanus

with SD cases gestation range toxoid

3.6+1.2 10 8-18 weeks. 3 cc tetanus toxoid
Mean with SD (single) injection

14.6 +2.8 weeks

If we analyze the gestation randomized results
of Tables 4.3, 4.4, 4.5, 4.6, and 4.7, we find that
the abortion failure rate on the seventh day with
Y cc tetanus toxoid is 60 % (n=20); with 1 cc the
failure rate on the seventh day is 71.42 % (n=14)

intra-amniotically

16 h not abort on the
7th day, 3
patients did not
abort on the

14th day

and with 1 Y2cc tetanus toxoid, the failure rate on
the seventh day is 37.5 % (n=16) and with 2 cc
tetanus toxoid the failure on the seventh day is
47.2 %, and again with 3 cc tetanus toxoid dos-
age the failure rate is 60 % (n=10) on the seventh



24

N. Bhattacharya

Table 4.7 The effect of single intra-amniotic 4 cc tetanus toxoid on the growing human fetus as shown in the table

below
Mean age
in years Mean parity | No. of Weeks of
with SD with SD cases gestation range
29.6+x2.8 2.8+0.6 12 cases 8-19 weeks.
Mean with SD
14.6+£2.4

day; again with 4 cc tetanus toxoid dosage the
failure rate on the seventh day is 66.6 % (n=12).
Now if we analyze the cumulative failure on the
14th day we will get the result of failure of abor-
tion with 1/2 cc of tetanus toxoid on the 14th day
single injection to be 30 % (Table 4.3). With 1 cc
tetanus toxoid intra amniotic injection the cumu-
lative failure rate on the 14th day is 42.85 %.
With 1 1/2 cc of tetanus toxoid intra amniotic
regime of single injection the cumulative failure
on the 14th day is 25 %. However, with 2 cc of
tetanus toxoid injection the cumulative failure
rate is 27.6 %. With 3 cc intra amniotic tetanus
toxoid regime, the cumulative failure of abortion
on the 14th day is 30 % and lastly, in the 4 cc
single intra amniotic antigen injection cases, the
cumulative failure of abortion on the 14th day is
33.3 %. In all such cases from Tables 4.3, 4.4,
4.5, 4.6, and 4.7, the gestation period has been
randomized (8.9-19 weeks from LMP). If the
results are compared from %2 to 4 cc of single
dose of tetanus toxoid with the multiple injection
schedule of Table 4.2, it appears that there is a
marginal superiority (n=24) with multiple injec-
tion of Table 4.2 where cumulative success rate is
79.1 % (n=24) on the 14th day as against 72.4 %
with 2 cc single injection. However, this infer-
ence is too simplistic, because then we have to
ignore the cumulative possibility of fetomaternal
hemorrhage as a sequel to each injection and the
immaturity of the memory cells of the fetus.
During discussions with Prof. Arnold Klopper
of the Royal College of Gynaecologists and
Obstreticians at the time of his visit to our labora-
tory on 18th January 1980, Prof. Klopper sug-
gested that the unpredictability of fetal stimulation

Antigen tetanus

Induction
abortion interval | Comments cut off

toxoid range period 14th day

4 cc single injection | 110 h—13 days | 8 patients did

intra-amniotically 12h not abort on the
7th day, 4

patients did not
abort on the
14th day

can be overcome with intra-fetal injection under
ultrasound control [4]. As a matter of fact this
event appears to be the first attempted vaccina-
tion of the human fetus in utero. Here, too, there
are certain technical problems, e.g., fetal move-
ment, and we presume there may be even some
regurgitation of the antigen to the amniotic cavity
depending on the site of injection, needle bore,
fetal movements etc. Similarly though we always
tried to target the fetal back muscles for intra-
fetal injection, inadvertent injury to fetal vital
structures like liver, lung and surrounding struc-
tures cannot be ignored.

The following Tables depict the results of dos-
age variation in the injection schedule (Table 4.8).

Though the series is small (n=12) with single
injection schedule, 50 % of those injected aborted
within the seventh day and cumulative 83.33 %
abortions were noted on the 14th day, which is
possibly the highest performance, even better
than with the 2 cc schedule 72.4 % success and
multiple injection schedule 79.1 % success rate
on the 14th day. However, here too, interpretation
on the basis of simple statistics would be too sim-
plistic because we have to ignore then the effect
of injury to the fetal vital structure with the anti-
gen injection process and immaturity of the fetal
immune system.

In one experiment, we wanted to see whether
the addition of a fetotoxic or immunomodulatory
substance like Vitamin A in the dosage of
300,000 IU if injected with tetanus toxoid can
change the scenario. Here again we found that in
70 % cases there was failure of abortion on the
seventh day and a cumulative 40 % abortion fail-
ure was noted on the 14th day (Table 4.9).
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Table 4.8 The effect of direct 2 cc intra-fetal injection under ultrasound guidance on the growing human fetus up to

18 weeks

Mean age in | Mean Induction

years with | parity with Weeks of Antigen tetanus | abortion Comments cut off

SD SD No. of cases gestation range | toxoid interval range | period 14th day

26.64+2.6 |3.2+1.2 12 patients. 12-18 weeks. Single intra 68 h—11 days | 6 patients did
Mean gestation | fetal injection 14h not abort on the
with SD of 2 cc under 14th day, 2
12.6+1.4 UsSG’ patients did not

abort on the
14th day

Table 4.9 The effect of an immunomodulation and fetotoxic substance, vitamin A and 2 cc of tetanus toxoid on the

growing human fetus up to 18 weeks

Mean age Induction
in years Mean parity| No. of Weeks of gestation Antigen tetanus abortion interval | Comments cut off
with SD with SD cases range toxoid range period 14th day
24.6+2.6 |2.6x04 10 8-18 weeks. Single intra 48 h—-13 days | 4 patients did
Mean with SD amniotic injection 12h not abort on the
14.6+2.4 of 2 cc tetanus 14th day, 7
toxoid and patients did not
300,000 IU of abort on the 7th
Vitamin A day

Intra-amniotic tetanus toxoid 2 cc+300,000 IU of Vitamin A

Table 4.10 Intra amniotic tetanus toxoid 2 cc and oral levamisole (150 mg daily) to mother for 7 days uninterrupted

Mean age in

years with | Mean parity | No. of Weeks of

SD with SD cases gestation range

28.6+14 [29+x19 12 8-18 weeks
mean with SD
13.8+£0.8

Induction
Antigen tetanus abortion interval | Comments cut off

toxoid

range period 14th day
Tetanus toxoid 49 h-11 days 7 patients did not
2 cc with 14 h. abort on 7th day.
levamisole orally 3 patients did not
to mother abort on the 14"

day

Table 4.11 The effect of maternal non-immunization and subsequent intra amniotic instillation of 2 cc tetanus toxoid

on the growing human fetus up to 20 weeks

Mean age in
years with | Mean parity | No. of
SD with SD cases

342+28 [3.6x1.2 16

range

8-19 weeks
mean with SD
14.2+1.4 weeks

Weeks of gestation| Antigen tetanus

Induction

abortion interval | Comments cut off
toxoid

range period 14th day
2 ml of single 51 h-8 days 6 patients did not
fixed dose of 12h abort on 7th day.
intra-amniotic 4 patients did not
injection abort within 14th

day

Intra amniotic tetanus toxoid without maternal immunization of tetanus toxoid

In order to understand whether maternal T cell
stimulation or modulation of T cell function
pharmacologically can make the induction of
abortion interval more predictable, we utilized

oral levamisole (150 mg ODx7 days). Here
58.33 % cases failed to abort on the seventh day
and 25 % cases failed to abort on the 14th day
(Table 4.10).
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Table 4.12 Intra amniotic tetanus toxoid 2 cc along with oral cimetidine 400 mg BD to mother for 7 days

uninterrupted

Mean age in

years with | Mean parity | No. of

SD with SD cases range

334+14 |3.6+1.2 14 8-19 weeks
mean gestation
with SD

13.6 £ 1.4 weeks

Weeks of gestation| Antigen tetanus

Induction
abortion interval | Comments cut off

toxoid range period 14th day
2 cc of intra 52 h-13 days 8 patients did
amniotic tetanus 12h not abort on 7th

toxoid and oral day. 6 patients

cimetidine did not abort
400 mg BID to within 14th day
mother

Table 4.13 The effect of intra amniotic 1 cc glutamate BCG on the growing human fetus up to 15 weeks

Mean age

in years Mean parity| No. of Weeks of

with SD with SD cases gestation range

333+14 (3412 26 11-15 weeks
mean gestation
with SD

13.2+3 weeks

The Table 4.11 shows mothers who were not
immunized with tetanus toxoid. We wanted to see
the role of maternal immunization on the
induction-abortion interval of the growing human
fetus before 20 weeks, when challenged by teta-
nus toxoid through the intra-amniotic route.
Here, we find 62.5 % cases aborted within 7 days
and 75 % cases of abortion within 14 days.
Excepting for these 15 subjects in the above
Table, all other mothers were properly immu-
nized with tetanus toxoid.

In Table 4.12, the results of mothers who were
adviced to take cimetidine (H2 receptor antago-
nist) 400 mg BD dosage along with intra amniotic
tetanus toxoid 2 cc injected are shown. Here also
we found that eight cases did not abort on the sev-
enth day (57.14%) and six cases did not abort on
the 14th day (42.85 % failure).

In Table 4.13, we have shown our experience
with intra amniotic instillation of BCG. All com-
mercial BCG vaccinations owe their parentage to
the culture developed by Calmette and Guerin

Antigen tetanus

Induction abortion | Comments cut off

toxoid interval range period 14th day

1 cc of glutamate | No abortion Mothers who

BCG varying degree of | were Mantoux
dissolution test negative

were enrolled.
Mantoux test
positive and
ELISA Tb IgA,
1gG and IgM (+)
cases were
discarded from
study design

vis-a-vis auto
absorption of the
fetus on the 14th
day

about 60 years ago. Subsequently daughter
strains were named differently such as Montreal,
Connaught, Glaxo and so on. The standard dose
of BCG vaccine is 0.1 mg in 0.1 ml volume
injected intradermally. The protective efficacy of
BCG vaccination has been the subject of consid-
erable controversy. There have been nine major
internationally controlled trials with BCG vacci-
nation in various parts of the world during the
past 60 years. While highly significant protection
(70-80%) has been obtained in several trials con-
ducted in Europe, Canada and the USA this has
been offset by a report of an almost total lack of
protection (0-37 %) in Puerto Rico and
Chengleput (South India) [1]. There are many
explanations of which the most plausible is that
the immune reactivity of the population had been
conditioned by prior exposure to the mycobacte-
rium in the environment. Contra indication for
inclusion in the above Table for BCG trial is
Mantoux test positivity. (Later, as per Ethical
Committee suggestions, ELISA Tb IgG, IgM,
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Table 4.14 The effect of intra amniotic double antigen challenge on the growing human fetus up to 20 weeks

Mean
Mean age in parity with No. of Weeks of
years with SD | SD Cases gestation range
25+2.4 years |2.8+6 14 10 to 16 weeks.
Mean gestation
with SD
134x14

IgA studies were made mandatory before inclu-
sion in this trial).

As we have stated earlier, due to the prevailing
unpredictability of the actual amount of antigens
entering the fetal circulation due to several factors,
we used 1 cc of glutamate BCGH intra amnioti-
cally in all the cases (Table 4.13) irrespective of
gestational period, i.e., 11-15 weeks in this study.
To our utter surprise there was no abortion.
However there was progressive diminution of the
size of the uterus. When we did hysterotomy on
the 14th day after the injection, the uterus was
found to be practically free of the conceptus. We
repeated the experiment again and again, but the
result remained the same on the 14th day of the
instillation of BCG. Twenty-six such cases were
experimented with and the gestation period varied
from 11 to 15 weeks. However, when analyzing
the data, the question arises why pregnancies
above 15 weeks were not included. The answer to
this question is the restriction suddenly imposed
by the Institutional Ethical Committee on BCG
experimentation on the plea that persistence of
placenta or any other fetal tissue in the maternal
system may have the possibility of inducing hyda-
tidiform mole or choriocarcinomatous changes to
mothers in the long run.

In the animal system, auto absorption is seen
in the conceptus frequently, especially in cases of
multiple pregnancies. In human pregnancy we
have frequently noted a vanishing twin or a part
of the gestational triplet or quadruplet. There,
placental vascular factors have been primarily or
secondarily attributed as the cause. However,
there are published reports of successful preg-
nancy after selective termination of multiple
pregnancy with KCL or subsequent normal preg-

Induction
Antigen tetanus | abortion
toxoid Interval range | Comments
0.5 cc of 88 h—12 days | 6 patients aborted
dyphteria and 12h within 7 days. 10
0.5 cc antigen patients
commonly cumulatively
known as double aborted within
antigen 14 days

nancy after treatment of ectopic pregnancy with
methotrexate. Hence, there should not be undue
fear about this novel approach of fetal dissolution
which greatly minimizes the maternal inconve-
nience of expulsion of the fetus.

In Table 4.14, the effect of 1 cc of double anti-
gen containing dyptheria toxoid 0.5 cc and per-
tussis 0.5 cc intra amniotically in 14 cases of
pregnancy with gestation varying from 10 to
16 weeks was observed. Here 42.85 % failure
was noted on the seventh day and cumulative
28.51 % cases of failure on the 14th day.

The pathogenesis of diptheria is attributed to
the release of a potent exdotoxin by the bacteria
with a molecular weight of 55,350 dalton and
with the help of trypsin it can be fragmented into
two dissimilar fragments called A and
B. Fragment A has a molecular weight of
21,150 daltons and if a single molecule gains
entry into a cell it can catalyze ADP ribosylation
of Elongation Factor 2 (EF2) using its nicotin-
amide adenine dinucleotide as a substrate.
Ribosylation of EF2, which is essential for pro-
tein synthesis, leads to inhibition of proteins syn-
thesis and death of cell which clinically manifests
as necrotic lesion of dyptheria. When the dypthe-
ria toxin is converted into toxoid, the immunoge-
nicity is retained but the virulence is lost; however
there may be rare reactions in the form of Type I
(immediate type) hypersensitivity and delayed
hypersensitivity [1].

The causative agents of pertussis are members
of the genus Bordetella: they are small gram neg-
ative coccobacilli which are obligatory respira-
tory tract pathogens of warm blooded animals
including birds. These are unable to survive out-
side their hosts. Four species are recognizable
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Table 4.15 The effect of intra amniotic challenge of 2 cc 20 % bovine serum albumin on the growing human fetus up

to 18 weeks

Mean age in
years with SD

28.2+2.4 years

Mean parity| No. of
with SD cases

2.8+6 14

range
11-18 weeks.

Mean gestation

with SD
14.6+1.2

Weeks of gestation Antigen

Induction

abortion interval
tetanus toxoid | range Comments
2¢cc20% 77 h—12 days 8 patients did
BSA antigen |4h not abort on the

7th day. 4
patients did not
abort on the
14th day

Table 4.16 The effect of maternal blood injection intra amniotically on the growing human fetus up to 14 weeks

Mean age in Mean parity No. of Weeks of

years with SD | with SD cases gestation range

244+22 years |2.8+6 10 8-14 weeks.
Mean gestation
with SD
134+1.2

and all of them excepting B. avium are pathogenic
for human beings and can cause pertussis. B. per-
tussis is the most common agent for whooping
cough. The pertussis toxin is synonymous with
earlier known terms like histamine sensitizing
factor, lymphositosis promoting factor, haemag-
glutinin, islet activating protein and pertussiger.
It has a molecular weight of 117,000 daltons and
consists of six polypeptides and two units, viz., a
unit which is enzymatically active and the
remaining five polypeptides cause the B unit
which is needed to cross the membrane, eventu-
ally entering the cell and increasing the cAMP
concentration and disturbing the normal cell
function [1].

In the experiment relating to Table 4.15 a very
simple antigen, namely 20 % BSA 2 cc, was
injected intra amniotically in 14 cases with gesta-
tion varying from 11 to 18 weeks. Here 57.14 %
of the cases did not abort on the seventh day and
cumulatively 28.57 % cases did not abort on the
14th day.

We were extremely puzzled with the result.
Initially we thought that the abortion is antigen
specific, i.e., tetanus toxoid specific. Then in the
course of our experimentations we concentrated

Induction
abortion interval

Antigen schedule range Comments

10 cc of 72 h—-12 days | 6 patients did
maternal whole |6 h not abort on the
blood. 7th day. 3

patients did not
abort on the
14th day

on making the effect of induction to abortion
predictable, i.e., abortion predictable within a
fixed time. We did not achieve this goal, even after
multiple injections or intrafetal injection of reduc-
ing the induction-abortion interval. Therefore we
changed the antigen to BCG and saw a different
effect altogether, i.e., fetal dissolution auto
absorption. Due to ethical committee restrictions
we used other antigens like double antigen (dyp-
theria and pertussis) without any gross variation
in the result. However, even with BSA, there was
abortion, thus making the effect of tetanus toxoid
non specific in nature.

Average fetal blood is 110 cc/kg which is
approximately 50 % higher than the adult blood
volume (75 cc/kg). Approximately 30 % of this
circulating fetal blood resides in the umbilical
cord and placenta. Thus, after excluding this
blood the fetus has a net blood volume of approx-
imately 80 cc/kg which is similar to the weight of
normalized blood volume in lean adult humans.

If we look at Table 4.16, here too there is ran-
domization of the weeks of gestation from the 8th
to the 14th week. Here 10 cc maternal blood was
injected into the amniotic fluid in ten cases. On
the seventh day there was abortion in 40 % cases



4 Intraamniotic Antigen and Disruption of Human Feta

Table 4.17 Intra amniotic leucocytes of 10 cc maternal w

| Growth 29

hole blood

Induction

Mean age in Mean parity | No. of Weeks of abortion interval | Comments cut off

years with SD with SD cases gestation range | Antigen schedule | range period 14th day

244+22years [3.1+1.6 |16 9-15 weeks. Bufty coat 77 h—11 days 11 patients did
Mean gestation | 10 cc of 2h not abort on the

with SD

12.6 £0.8 weeks

maternal blood 7th day. 8
patients did not
abort on the

14th day

Table 4.18 The effect of 5 cc freshly collected allogeneic amniotic fluid injection on the growing human fetus up to

16 weeks

Mean
Mean age in parity with | No. of Weeks of
years with SD | SD cases gestation range
264+28years |3.3x1.2 |12 12-16 weeks.

Mean gestation

with SD

14.0+1.8 weeks

Table 4.19 Intra amniotic steroidin (Bacterial polysaccharide)

Mean
Mean age in parity No. of Weeks of
years with SD | with SD | cases gestation range
25.6t1.4years |3.4+1.2 | 10cases |9-18 weeks.
Mean gestation
with SD

13.6 £2.4 weeks

Induction
abortion Comments cut off
Antigen schedule | interval range | period 14th day
5 CC of 120 h-9 days | 5 patients did
allogeneic 4h not abort on the
amniotic fluid of 7th day. 7
the allogeneic patients did
mother abort on the
14th day
Induction
abortion Comments cut off
Antigen schedule interval range | period 14th day
Bacterial antigen 56 h—11 days | 6 patients did not
(polysaccharide 2 cc) |8 h abort on the 7th
day. 4 patients
did abort on the
14th day

The effect of 2 cc of bacterial polysaccharide injection on the growing human fetus up to 18 weeks

and on the 14th day 70 % cases aborted. Strangely,
it appears that very little maternal blood (10 cc),
can induce abortion in 70 % of the cases. This
raises concern regarding certain serious questions
of the critical amount of fetomaternal exchange in
normal pregnancy and also regarding the prob-
lems of surgery on the unborn in the early weeks
from the point of view of inadvertent fetomaternal
exchange and the triggering off of abortion.

The effect of intra amniotic injection of buffy
coated leucocyte collected from 10 cc maternal
blood on the growing human fetus up to 15 weeks
is shown in the Table 4.17.

If we analyze the above Table we see that with
gestation varying from 9 to 15 weeks, injection of

freshly prepared buffy coat of 10 cc of maternal
blood, once, intra amniotically can trigger abortion
(gestation randomized) in 31.25 % cases on the
seventh day and cumulatively 50 % within 14 days.
In the experiment recorded in Table 4.18, we
injected 5 cc of allogeneic amniotic fluid (single
injection) to 12 cases carrying pregnancy from 12
to 16 weeks. Here too, seven cases (58.83 %)
aborted within 14 days cumulatively and five
cases (41.66 %) aborted within the seventh day.
In Table 4.19, we have used bacterial poly-
saccharide antigen 2 cc (steroidin) intra amnioti-
cally once in ten cases carrying gestations from
9 to 18 weeks; however, with stimulation of
polysaccharide bacterial antigens, 60 % cases did
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Table 4.20 To examine the effect of preservative and adsorbent in identical dosage in 2 cc blank (normal saline) on

the growing human fetus

Mean
Mean age in parity No. of | Weeks of
years with SD | with SD | cases gestation range
23.8+4.4 years | 2.8+4 106 10-20 weeks.
Mean gestation
with SD

14.8+1.8 weeks

Induction
abortion interval| Comments cut off

Antigen schedule | range period 14th day
2 cc of normal No abortion All 4 patients had
saline with within 1 month | hype pyrexia and
thiomersol and in 102 incomplete abortion.
aluminium patients. 4 Amniotic fluid
phosphate patients which | bacterial culture
aborted on the | suggested
18th hour after | haemolytic

injection and
42 h injection,
116 hand 22 h

streptococcus and
staph. Aureus in 3
cases, cervical
culture positive for
E.Coli in one case

Intra amniotic 2 cc of normal saline (with aluminum phosphate 0.01% and thiomersol 200 microgram) in the strength

of tetanus toxoid

not abort on the seventh day and 40 % cumulative
failure was noted on the 14th day.

As with other experiments discussed earlier,
whenever there was slight/overt hemorrhagic tap
during amniocentesis, the case was discarded
from this study. In four cases there were incom-
plete abortions due to inadvertent infection and
amniotic fluid culture was positive for haemo-
lytic streptococcus, staph aureus etc. in three
cases and cervical swab culture for E.Coli was
positive in one case.

In Table 4.20, we have included 114 control
cases where we brought specially prepared antigen
blank ampoules from Chowgule e Hind, India Ltd,
containing 2 cc of normal saline with thiomersol
0.01 % and aluminium phosphate 1 mg/ml. We
waited after intra amniotic injection for 1 month to
see if the injection prick itself or fetomaternal
micro-exchange or maternal-fetus exchange or
inadvertent trauma induced more exchange, i.e.,
fetomaternal transfusion or maternal fetal
exchange, can cause abortion; and whether adju-
vants like aluminium phosphate and preservatives
like thiomersol can cause abortion. Eight cases
were discarded from the study due to hemorrhagic
tap and out of 106 cases there was abortion in 4
cases (3.77%). We are not precisely in a position to
say whether fetomaternal exchange through the
vent of placental or other fetal tissue at the site of
amniocentesis or contamination of infection inad-

vertently or hematogenous infection from pre-
existing maternal source or the adsorbent,
aluminium phosphate itself, either singularly or in
combination with preservative thiomersol, trig-
gered the abortion process. The contributory role of
materno-fetal transfusion is also not precisely
known. And the last factor is that most of the con-
trol cases were injected in the year 1977-1984
when we did not have USG support to guide the
amniocentesis.

In this connection, the reasons for not using
viral antigens, may be mentioned. The institu-
tional Ethical Committee suggested that the tech-
nical possibility/potentiality that attenuated virus
may revert back to virulence in the hypoimmune
or semi-immune or protected environment of the
fetus. At least in case of rubella, the vaccine virus
is capable of crossing the placenta and has been
isolated from aborted fetal tissue from sites like
the eye, kidney, bone marrow and the decidua.
Whether the vaccine virus can damage the fetal
tissue, as wild virus does in the case of adult tis-
sue, is yet to be investigated.

In the experiment recorded in Table 4.21, 15
cases were included who opted for a second con-
secutive termination with tetanus toxoid. Here
we find 86.66 % success rate on the 14th day. If
we compare this with the first abortion scenario,
the induction abortion interval does not show any
gross variation.
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Table 4.21 The impact of 2 cc tetanus toxoid on consecutive second pregnancy termination attempt through intra-

amniotic route

Mean
Mean age in parity with | No. of Weeks of
years with SD | SD cases gestation range
29.6+4.2 years |3.1+0.8 15 13-16 weeks.
Mean

13.6+1.4 weeks

Analysis of Table 4.22 shows that all the anti-
gens used in the experiment in a fixed single
injection schedule showed certain symptoms like
aches and pain all over the body with or without
mild pyrexia. This pyrexia mostly subsided after
abortion, but very rarely it continued, viz., in tet-
anus toxoid single injection schedule, 112 cases
(16.56 %) had aches and pain all over the body
preceding abortion; and in 63 cases (9.15 %) the
temperature was more than 99 °F, while in 1.01 %
cases (7 cases) the temperature continued even
after abortion. In control cases with normal
saline, and adsorbant and preservative the inci-
dence of pyrexia was 3.77 % (4 cases out of 106
cases). In the control cases where pyrexia contin-
ued even after abortion the amniotic fluid culture
was found to be positive for pathogenic bacteria
in three cases and cervical culture was positive in
one case. In case of other antigens like sterodin,
20 % BSA, pertussis and dyptheria toxoid injec-
tion, the incidence of aches and pain all over the
body varied like (a) 60 %, (b) 28.57 % and (c)
21.42 % respectively. With (d) whole maternal
blood injections, (e) allogenic amniotic fluid
injection, and (f) buffy coat leucocyte intra amni-
otic injection, the incidence of aches and pain
varied, i.e., 40 %, 25 % and 31.25 % respectively.
The overall incidence of aches and pain, if we
randomize, was around 16.74 %. Now the ques-
tion may be asked why there were aches and
pains all over the body preceding abortion. In this
connection certain trends may be noted.

From the onset of aches and pain all over the
body the abortion takes place within 6-36 h.
(mean 16.4+4.6 h SD) and the abortion is inevi-
table. (As per WHO Prostaglandin Task Force

Induction
Antigen abortion interval | Comments cut off
schedule range period 14th day
2 cc of single 47.8 h-13 days | 6 patients did
fixed 2 h (success not abort within
intra-amniotic | rate is 86.66 %) | 7 days and 2
injection patients did not

abort within
14 days

Data Form, we gave a standard instruction to the
on duty nursing staff not to give aspirin or other
NSAIDs drug unless the pain was unbearable, for
symptomatic relief, because of the theoretical
possibility of delayed abortion and incomplete
abortion). While the aetiology of aches and pains
and temperature is not known to us in most of the
cases as yet, the analogy lies in case of aseptic
inflammation of myocardial infarction, where we
find temperature due to release of cellular dam-
aged products in the circulation like lysosomal
enzymes etc.

A second question may be raised as to why
aches and pains were present only in 16.74 % in
all antigens. The answer is not straightforward. In
the present series, most patients who volunteered
for antigenic termination came from the lower
socioeconomic strata, who were financially
unable to afford prostaglandin or other methods.
It has been found that such patients have a wide
variation in the subjective tolerance of pain and
ability to report its incidence to the attending
nurse. We have included those cases where the
pain was severe, i.e., unbearable, necessitating
analgesic support like pethidine/morphine/pen-
tazocin etc. In case of the BCG group this aches
and pain syndrome necessitating request for anal-
gesic support is noted in 79.92 %. Whether
absorption of the fetal tissue, like the lysosomal
content, is the cause of this generalized body
ache is an important unresolved question for us.
In this connection, during our limited unpubli-
cized experience, two cases of selective fetal kill-
ing by (KCL) injection in the fetal heart (through
USG) may be cited which also caused aches and
pain to the mother within 48 h of fetal death.
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Table 4.22 Showing the clinical events after intra amniotic antigenic challenge

Aches and pain Pyrexia
all over the subsided | Pyrexia
No. of | Mean body preceding after continued Rupture of the

Antigen used cases | gestation abortion Pyrexia | abortion after abortion membranes

2cc20% BSA |14 14.6x1.2 |4 (28.57 %) 4 3 1 1

1 cc Dyptheria 14 13414 |3(21.42 %) 3 2 Nil 1

with pertussi

10 cc of 10 134+1.2 |4 (40 %) 2 2 Nil Nil

maternal blood

Buffy coat of 16 144+2.6 |5(31.25 %) 3 2 1 1

10 cc maternal

blood

1 cc of 26 13.2+0.8 | Instead of abortion there was fetal dissolution vis-avis auto absorption of

Glutamate BCG the fetus (76.92) on the 14th day after 1 cc BCG injection (varying

single injection degree)

Single injection | 688 13.6+x24 | 114 (16.56 %) | 63 56 7 68* 70 fetuses

2 cc tetanus were living at

toxoid birth; all of them
were 18 weeks or
more. Not single
fetuses aborted
before 16 weeks
and were living
at birth

2 cc of normal 106 142+1.2 |4 cases had hyperpyrexia-amniotic fluid bacterial culture suggested staph

saline with
adjuvant and

aureas and haemolytic streptococci. It resulted in an incomplete abortion
(3.77 %)

preservative

2 cc of bacterial | 10 13.6£24 | 6 (60 %)
antigen Sterodin

5 CC amniotic 12 142+12 |3(25%)
fluid of the

allogenic mother

Total 896 14.6+1.2 150 (16.74 %)

Post Abortion Maternal Effect

Table 4.23 suggests post-abortion mild hemor-
rhage, i.e., 1-5 days of bleeding (85.5 %): post-
abortion moderate hemorrhage-6 to 10 days of
bleeding (14.1 %); post-abortion severe hemor-
rhage -11 days or more of bleeding (0.4 %).

4 4 X X** (One case
had persistent
bleeding after
abortion
necessitating 4
bottles of fresh
whole blood
transfusion and
antibiotic and
L.V. electrolyte
solutions as a life
saving gesture

X X X 1

87 76 10 73

Some blood loss during abortion is inevitable and
this increases with the length of gestation. For the
clinician there are two aspects of hemorrhage,
i.e., an excess rate of blood loss or loss of an
abnormally large volume of blood.

In all the cases the assessment is based on the
subjective and objective coordination by the
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Table 4.23 The distribution of cases by the amount of post-abortion bleeding after intra amniotic tetanus toxoid

termination
No. of cases Weeks of gestation Mild hemorrhage Moderate hemorrhage | Severe hemorrhage
32 Cases 8-11 weeks 21 cases 10 cases 1 case
336 cases 12-15 weeks 246 cases 88 cases 2 cases
186 cases 16-19 weeks 138 cases 48 8 cases Nil
82 cases 20 weeks 78 cases 48 cases Nil
82 cases 20 weeks and above | 78 cases 3 cases 1 case

Table 4.24 The distribution of cases and histological correlationship of grade-II bleeding (5 days or more) after intra

amniotic tetanus toxoid termination

Histopathology report after
curettage

Retained product of
conception

non-duty nursing staff and the resident doctor. In
all cases, whenever the bleeding continued for
more than 5 days, i.e., moderate bleeding,
methergin (methyl ergometrin) support was
started, and if inspite of methyl ergometrin sup-
port there was continuation of bleeding, evacua-
tion of the uterus and a broad spectrum antibiotic
(prophylactically) was advised (Ampicillin and
Cloxacillin). In Table 4.23, out of 153 cases
where the bleeding was more than mild, ergo-
metrin support and clinical examination reduced
the number of actual cases going for dilatation
and evacuation (D & E) to 48 cases only. Clinical
examination followed by ultrasound diagnostic
support was utilized as and when necessary
(Table 4.24).

The Table shows that out of 48 cases, 62.5 %
of the cases showed some degree of conception
material either in the form of retained product (16
cases, 33.3 %) or fragments of deciduas (29.16 %)
at the time of histopathological examination.

Early resumption of normal menstruation vis-
a-vis restoration of fertility, i.e., ovulation and
reproductive function, is a serious concern for
mothers who opted for abortion. The guilt and
tension about abortion is largely abated with res-
toration of normal menstrual flow. For the clini-
cian, the concern is the prevention of early
complications, viz., hemorrhage, infection and
uterine injury and not missing an ectopic preg-
nancy, leaving aside the problem of incomplete
evacuation and infertility as late complications.

Fragments of deciduas
only

48 cases 16 14

Blood clots only | Others
14 4

Table 4.25 Post-abortion maternal effect

Interval
between
abortion and
the onset of

first menstrual Gestation in weeks

cycle No. of cases | (randomized)
21-30 days 146 In 76.2 % of the cases
31-40 days 136 menstruation returned

within 40 days after
termination with
tetanus toxoid

41-50 days 28
51-60 days 46
61-above

Total cases
356 cases
followed up

Distribution of cases on the basis of the interval between
abortion and resumption of 1st menstrual cycle onset,
after 2 cc fixed dosage intra amniotic tetanus toxoid termi-
nation protocol

The following few Tables show the follow-up
study of abortion with (single fixed dose 2 cc)
tetanus toxoid, with references to the menstrua-
tion of the patient. Here, too, all the cases which
were terminated with tetanus toxoid did not turn
up for follow-up study and advice inspite of our
request and assurance of free treatment facility.

Therefore in the above Table 4.25, it appears
that 76.2 % of the cases resumed their menstrua-
tion within 40 days.

Table 4.26 indicates that 58.1 % of the patients
did not have any change in their period (when
compared with the pre-abortion status) and
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Table 4.26 Post-abortion maternal effect

(Cycles followed

Women followed up 196 up: 784)

No change in 114 =58.1 %
menstruation cases

Regular to irregular 16 =8.8 %

cycles cases

Irregular to regular 66 =33.1%

cycles cases

Behavior of menstrual cycle for the first 4 cycles after ter-
mination with intraamniotic tetanus toxoid single fixed
dosage. (2 cc)

Table 4.27 Post-abortion maternal effect

(Cycles followed up:
Women followed up | 176 528)
No change in cycle 146 =82.9 %
cases
Regular to irregular | 8 cases | =4.54 %
cycles
Irregular to regular 22 cases |=12.56 %

cycles

Showing changes in their menstrual cycle, i.e., regularity
for subsequent cycles, viz. 5-7th cycle after abortion with
intra amniotic tetanus toxoid single fixed dose of 2 cc

33.1 % cases showed improvement, i.e., became
regular from irregular bleeding (before abortion).

In Table 4.27, we have noted the fifth to sev-
enth cycles after abortion and compared these
with pre-abortional menstrual cycles. 82.9 % of
our patients did not perceive any gross change in
their cycle.

Table 4.28 shows the duration of menstrual flow
for the first four cycles. Here we have noted on day
1, variation or no change in 49.4 % cases, and
2 days variations (decrease) were found in 33.77 %
cases. However, 16.43 % of the cases suggested
2 days variation (increase) in their menstrual flow.

Table 4.29 depicts that when analyzing the
subjective amount of menstrual flow, 59.1 %
cases showed no change in the menstrual bleed-
ing after abortion and 40.7 % cases showed mar-
ginal changes, i.e., slight increase or decrease of
the menstrual amount.

Table 4.30 shows a history of dysmenorrhoea
in 29 cases (before abortion). Out of 196 cases
who reported for follow up clinic, in 11 cases, the
dysmenorrhoea continued after abortion. Three

N. Bhattacharya

Table 4.28 Post abortion maternal effect: showing the
changes in duration of menstrual flow for the first 4 cycles
after intra-amniotic 2 cc tetanus toxoid termination

(Cycles followed
Women followed up 196 up: 528)
No change in or 1 day 97 =49.4 %
variation (increase or cases
decrease)
Duration of period 33 =16.43 %
increased by 2 days or cases
more
Duration of period 66 =33.77 %
decreased by 2 days or cases
more

Table 4.29 Post abortion maternal effect

(Cycles
followed up:
Women followed up 196 784)
No change in amount of 116 59.1 %
periodic bleeding (increase | cases
or decrease)
Increase in the amount of 42 21.4 %
periodic bleeding cases
Decrease in the amount of 38 193 %
periodic bleeding cases

Single fixed dose (2 cc) abortion with intra amniotic teta-
nus toxoid showing changes in amount of menstrual flow
in the first 4 cycles

Table 4.30 Post abortion maternal effect

No. of cases followed up=196 (No. of cycles followed
up=784

History of dysmenorrhoea before 29 cases
abortion

Continuation dysmenorrhoea after 11 cases
abortion

Development of dysmenorrhoea after 3 cases

abortion (no previous history)

Showing incidence of post-abortional dysmenorrhoea in
cases of intra amniotic tetanus toxoid termination with
fixed single dose schedule. (2 cc)

cases who did not have a past history sugges-
tive of dysmenorrhoea developed dysmenorrhoea
after abortion with tetanus toxoid.

From Table 4.31, it appears that 32 cases, i.e.
16.32 % of the cases developed oligomenorrhoea
to amenorrhoea after abortion with tetanus toxoid
of which 2.04 % had amenorrhoea for 3 months
follow up.
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Table 4.31 Post abortion maternal effect

No. of cases followed up: ‘96

No of cycles followed up 588

Incidence of oligomenorrhoea 28 1428 %
Incidence of amenorrhoea 4 2.04 %

Showing the incidence of amenorrhoea to oligomenor-
rhoea (subjective assessment in comparison with the pre-
pregnancy bleeding) after termination with single fixed
intra amniotic dosage (2 cc) injection protocol with teta-
nus toxoid, follow up for 3 months

Table 4.32 Post-abortion maternal effects

No. of patients studies =88, (Sequential-12th, 14th,
16th, 18th day folliculometry)

Ovulation present 51 57.95 %
Ovulation absent 15 17.04 %
Ovulation doubtful 22 25 %

Single fixed (tetanus toxoid) intra amniotic injection
schedule and post-abortion follow-up showing detection
of ovulation by sequential folliculometry on the first men-
strual cycle

Table 4.33 Post-abortion maternal effects

No. of patients 36

No. of cycles 144
Ovulation present 32 (88.88 %)
Ovulation absent 2 (5.55 %)
Ovulation doubtful 2 (5.55 %)

Single fixed (tetanus toxoid) intra amniotic injection
schedule and post-abortion follow-up showing follicu-
lometry on the first 4 menstrual cycles (up to 7 months)

The above two Tables (4.32 and 4.33) show
resumption of ovulation with tetanus toxoid ter-
mination (fixed dose schedule) as per the report
of sequential USG examination from the 12th to
the 18th day after period. Ovulation is noted in
57.95 % cases out of 88 cases who reported for
this study in the first month of termination and
88.8 % cases had folliculometry suggesting ovu-
lation within the first four cycles (up to 7 months).

Future Pregnancy Potential
The vast majorities who have a safe induced

abortion experience suffer no long term effects
on their general or reproductive health. The

Table 4.34 Post-abortion maternal effects. Future preg-
nancies follow up termination of a fetus with intra amni-
otic tetanus toxoid

No. of cases studies =146 (post tetanus toxoid
termination of pregnancy)

a. [IUGR 6 (4.10 %)
b. Gestosis (PET only) 14 (9.58 %)
c. Gestosis+IUGR* 4(2.73 %)
d. Ectopic pregnancy Nil

e. Placenta previa Nil

f. Miscarriage 1

g. Pre-term labour 1

IUGR Intrauterine growth retardation, PET Pre-eclampsia
toxemia

*Very poor nutritional background and poor compliance
with antenatal advice

exceptions are a small number of women who
have severe, immediate or delayed complications
like secondary infertility, ectopic pregnancy, mis-
carriage and a fear of adverse effects on the sub-
sequent pregnancies like low birth weight,
pre-term labour, fetal abnormalities, placenta
previa, psychological effects and fear of cancer.

Table 4.34 shows a follow up of 146 cases
with the age of the mother randomized. The
incidence of idiopathic IUGR without any obvi-
ous reason is 4.10%, i.e., six cases. The incidence
of specific conditions like edema (E) proteinuria
(P), hypertension (H) syndrome specific to preg-
nancy (EPH Gestosis or toxemia of pregnancy) is
9.58 % of the total cases. Again another 2.73 %
cases had IUGR with pre-eclamptic toxemia.
Here too, any specific conclusion would be too
simplistic because of age, parity, nutritional sta-
tus randomization.

If we analyze Table 4.35, 26 cases were ran-
domized who were enrolled for auto immune
study. We have noted that 11.53 % cases had mar-
ginally positive anti cardiolipin antibody titre
both IgG and IgM (positive) and 7.69 % cases
had a positive anti nuclear antibody. Another
7.69 % cases had a positive report for lupus anti
coagulant and 3.84 % cases had a positive anti
double strand DNA antibody. However, except in
one case where the complement reactive protein
continued to be positive even after 3 months, the
other auto immune parameters became negative.
On closer scrutiny of past history and through
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Table 4.35 Immuno-endocrino-hematological impact of intra amniotic antigenic challenge to the mother with tetanus

toxoid

Auto immune study No. of cases | Normal range Positive result Percentage
Complement reactive protein 26 Less than 6 mg/ml 1 3.84 %
(CRP)

Anti nuclear antibody 26 1:40-1:80 above significant 2 7.69 %
Anticardiolipin antibody 26 Anticardiolipin antibody.

(IgG and IgM) IgG up to 15 GPL units/ml

IgM up to 12:5 MPL units/ml 2 11.53 %

Lupus anti coagulant 26 Negative 2 7.69 %
Anti double strand DNA 26 1:10 and above is significant | 1 3.84 %

antibody

Post-abortion maternal effects: Follow-up immunological study after 1st pregnancy termination with tetanus toxoid
showing residual reaction of the mother to this new method of abortion

Table 4.36 Auto immune profile of mother during her consecutive second pregnancy termination with intra amniotic
tetanus toxoid showing long term reactions of the mother in case of 2nd pregnancy termination (consecutive with intra

amniotic antigenic challenge tetanus toxoid)

Auto-immune study No. of cases

Complement reactive protein 12

(CRP)

Anti nuclear antibody 12

Anticardiolipin antibody 12

(IgG and IgM)

Lupus anti coagulant 12 Negative
Anti DNA antibody (double 12

strand)

clinical examination of the same patient, she was
found to be suffering from rheumatic arthritis and
her ASO titre was found to be high.

From the above experiment pertaining to
Table 4.36, it appears after a second consecutive
termination with tetanus toxoid, there was no
residual unusual autoimmune activity in the
mother; 8.33-16.66 % of the cases which showed
a positive titre became negative at 3 months fol-
low up.

If Table 4.36 is analyzed, 8.33 % had a posi-
tive anti nuclear antibody, anti phospholipid anti-
body (anti cardiolipin antibody), lupus anti
coagulant, anti- DNA antibody (double strand)
which became negative at the follow-up study in
the third month. However, 16.66 % of the cases
showed a positive complement reactive protein
which also became negative in the 3 months fol-
low up study.

Range (normal)

Less than 6 mg/ml
1:40-1:80 above significant
IgG up to 15 GPL unit/ml. IgM

up to 12.5 MPL units/ml

1:10 and above is significant’

Result (positive)
2 (16.66 %)

1* (8.33 %). Report became
negative on 3 months follow up

1* (8.33 %). Report became
negative on 3 months follow up

1* (8.33 %). Report became
negative on 3 months follow up

1* (8.33 %). Report became
negative on 3 months follow up

In the experiment relating to Table 4.37, we
wished to examine whether sharing of DR/DQ
triggers early abortion, i.e., within 72 h of first
trimester cases only. Though the series was small
(N=10), we did not find any correlation between
the parents” HLA DR/DQ studies and early abor-
tion. Hence, accidental or chance sharing of HLA
DR/DQ is possibly not a cause of early abortion.
Rather, the intra amniotic tetanus challenge may
be the possible trigger for the abortion process.

In Table 4.38 we find maceration of the fetus
more in the below 17 weeks gestation group, viz.,
48 cases showed maceration (58.53 %) and 9
cases did not show any clinical maceration
(10.97 %); here again the male fetuses were 66 %
in the macerated group and 22.22 % in the non-
macerated group. In cases of fetuses above
17 weeks, 8 % cases were found to have
maceration with 4 % each from each sex.
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Table 4.37 Paternal
and maternal HLA
DR/DQ study of the 1st

trimester early abortions Casel Father
(within 72 hours after Mother
intra amniotic single Case 11 Father
dosage, fixed tetanus Mother
toxoid termination)
Case 111 Father
Mother
Case IV Father
Mother
Case V Father
Mother
Case VI Father
Mother
Case VII Father
Mother
Case VIII Father
Mother
Case IX Father
Mother
Case X Father
Mother

However in the non-macerated group above
17 weeks, 56 % cases were found to be female
fetuses and 36 % were male fetuses.

In Table 4.39, from the macroscopical study
of the abortus, it appears that the fetus, if it is
above 17 weeks or more, the degree of macera-
tion abruptly decreases. Whether this is the result
of the appearance of the HLA system in the
growing fetus or due to some other factor like
maturation and growth of the organs, is a prob-
lem to be solved in the future. The other theoreti-
cal possibility is the delay in expulsion of the
fetus after its death. Is this the result of the imma-
turity of the fetal system or the inability of the
uterus to expel the dead fetus? This is also a
problem to be solved in the future. There is also
the third possibility of non-fetal participation,
due to death, in the labour initiation process;
however, the most important clue may be that
fetal death is not immediately followed by pla-
cental non-function, delayed expulsion and the
reverse, i.e., placental dysfunction followed by
expulsion or death of the fetus, in case of early
expulsion of the fetus. In case of pre- HLA
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HLA type class II
DR Locus DQ Locus Others
15 (27) - 1 - -

2 - DR 53
3 - 1 - DR 52
7 17 (3) - - DR 52
15(2) 17 (3) 1 2 DR 53
7 - 3 - DR 52
15(2) 17 (3) 1 - DR 53
7 - 2 - DR 52
15(2) - 2 - DR 53
7 - 1 - -
3 - 1 - DR 52
7 17 (3) - - DR 53
1(03) - 1 - DR 52
7 - 4 2 DR 52/53
11(5) - 2 - DR 52
7 17 (3) 3 - -
1 15(2) 3 - -
7 15(2) 1 - DR 53
14 (6)

(before 17 weeks), the fetal death may precede in
most cases of abortion and with progressive
maturity of the fetus, placental dysfunction may
precede the expulsion/death of the fetus. If the
expulsion is earlier, the fetus may be living,
depending on the state of gestational maturity of
the fetal organs.

What Is Our Ultimate Learning
from This Search for a Safe,
Effective, Cheap Midtrimester
Abortifaecient

Combating the menace of unsafe or criminal
abortion in the developing world in particular, by
the intra amniotic injection of 2 cc tetanus toxoid
to mothers who want an abortion could be a good
and rational suggestion for our unfortunately
poor patients who want a safe abortion.
Adequate popularization of this simple, safe,
cheap and easily procurable, effective method of
abortion [1-24] can combat the criminal abortion
menace. In the developing countries in particular,
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Table 4.39 Single fixed dosage schedule (tetanus toxoid) induced maceration and the induction — abortion interval

co-relationship

Mean induction

Living fetus or

Weeks of abortion interval Maceration of the dead fetus at
No. of cases | gestation with SD No. of macerations | fetus abortion
9 8-11 96+24.6 h SD X 9 29 living
42 12-15 118+324hSD | 18 39 fetuses were
20 16-19 144+48.6hSD | 11 2 seen at birth. 53
dead fetuses
11 20 above 186+36.4 h SD

local health departments can take the initiative by
organizing camps and workshops and encourag-
ing the participation of social workers, nurses,
midwives, village level quack doctors or barefoot
doctors, pharmacists or even criminal abortion-
ists agreeable to accept change, from any sphere
of life in urban, semi-urban and rural areas.
Inadvertent intramuscular (intra-uterine muscu-
lature) injection of the mother will sensitize and
boost the maternal existing antibody against teta-
nus. If the mother in such a case decides to con-
tinue the pregnancy after 18 weeks the mother
would be protected against neonatal tetanus with
a subsequent injection after the first month.
Global mortality from tetanus is 1 million of
which 880,000 deaths are recorded for neonatal
tetanus [1-25].

Reaction of the Pre-immune
or Hypo-immune Fetus
(up to 20 weeks)

Earlier investigations reported the implications of
congenital infections in case of maternal syphilis
[26] and rubella in the human system [27-32],
rubella infection and blue tongue virus infec-
tions in lambs and lymphocytic choriomening-
ites virus in mice [33]. They suggested that the
developing fetus of many mammalian species is
able to mount a highly efficient immunological
response to the agents responsible for congenital
infections.

The present research is the first documented
work (Medline search verification, 24 October
2014) on intra-amniotic direct antigenic challenge

were seen at
birth

to the human fetus showing the reactions of the
developing pre-immune and hypo-immune fetus;
however, there are certain obvious differences
with the congenital infection scenario.

In case of congenital infections, the placental
barrier is formidable and unless this is broken,
access to the fetal compartment or fetal organs is
not possible. The sequence of events are maternal
severe infection, involvement of placenta and
loss of placental function — in all these, the fetus
is involved. The damage to the fetal system is due
to the resultant action of toxins/chemicals liber-
ated by the living or dead/offending organisms
and their interaction with the growing fetal sys-
tem as well as the primitive non-specific to spe-
cific developing immunological defense against
the offending organisms.

In case of our experimentation with different
antigenic challenges, the placenta is never dam-
aged primarily. It is only damaged secondarily to
fetal damage or death. Hence the changes we find
are primarily the result of fetal changes due to the
interaction of the fetal system with the antigenic
stress. On the basis of macroscopic and micro-
scopic studies, we found similar hitherto
unknown fetal reactions to an antigenic invasion
of the fetal system: to 20 % bovine serum albu-
min 2 cc, 10 cc maternal whole blood, collected
from leucocytes or buffy coated layer collected
from 10 cc maternal blood, allogeneic amniotic
fluid 5 cc of other mothers, bacterial antigen like
sterodin, double antigen, tetanus toxoid, etc.

Howeyver, the reactions are much more with
glutamate BCG (up to 15 weeks). Here fetal
death and fetal dissolution was observed of vary-
ing degrees without abortion, a hitherto unknown
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phenomenon (vide Medline search covering the
last 40 years).

If we analyze the sensitivity of the growing
human embryo to fetus in the light of our experi-
ments with intraamniotic challenge, we can
observe the following:

(a) Intra amniotic tetanus toxoid antigen chal-
lenge in the teratogenic phase (up to 9 weeks)
to the pre-immune phase of human fetal
growth (10-16 weeks) leads to massive hem-
orrhage; also congestion of all the viscera
and changes in the growing architecture of
the fetal organs, eventually leading to death
and abortion of the fetus.

Tetanus toxoid challenge at the hypo-immune
phase (17 weeks onwards) of human fetal
growth leads to mono cellular cell invasion,
hemorrhage, thrombosis in all the organs
including the placenta where there are addi-
tional features of villites and deep subchori-
onic fibrosis, eventually leading to abortion in
a less dramatic way with mostly living fetuses.

(b)

Hence, we can say that even in the sterile envi-
ronment of the amniotic fluid, the developing
fetal system can also react to any antigenic chal-
lenge; however, the reactions are dependent on
type/route/virulence/dosage of the antigenic
assault. It is believed that this at least will par-
tially explain the apparent benign presence of
treponema palladium over the very early fetus
[26]. On the basis of research conducted over the
last three to four decades it is felt that a little
more presence of treponema antigenic load in a
very young fetus will abruptly change the entire
scenario from benign presence to a cruel pres-
ence triggering death cum deformity and abor-
tion of the fetus depending upon the stage of fetal
growth from the teratogen to the pre-immune
phase or hypoimmune phase of the fetus due to
the crossing of the critical mark of fetal suscepti-
bility cum tolerance of the antigen load. This
may result in an exaggerated and hypersensitive
type of acute response in the early weeks (up to
16 weeks) and a chronic response in the later
weeks (above 17 weeks) as seen with different
antigenic challenges which is evident clinically
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in the case of the aborted fetus, depending on the
gestational age of the fetus.

The above were the research findings regard-
ing the development of different parameters for
growth and differentiation of the human fetus
from 8 to 20 weeks time.

It is well known that the function of the immune
system is to protect the individual from invasion of
foreign antigens by distinguishing the self from the
non self. A normal immune response relies on the
careful coordination of a complex network of spe-
cialized cells, organs and biological factors neces-
sary for the recognition and subsequent elimination
of foreign antigens. An exaggerated immune
response can result in the hypersensitivity to for-
eign antigens with resultant tissue injury and the
expression of a variety of clinical syndromes like
Type 1 (IgE mediated) immediate hypersensitivity
reaction, Type II (IgG, IgM, complement activa-
tion) antibody mediated cytotoxicity reaction, Type
I (antigen antibody complex and complement
activation) immune complex reaction and Type IV
(lymphocyte) delayed hypersensitivity reaction.
Two other mechanism are also proposed: Type V
and Type VI, of which, Types I-III are humoral
immune responses and Type IV response results
from initial sensitization and subsequent antigenic
challenge. This kind of antigen elimination through
the cellular or humoral process is integrally linked
to the inflammatory response in which the cellular
messengers (cytokines) and antibodies trigger vaso
active inflammatory mediators. This inflammation
has got a positive role, i.e., to promote efficient
elimination of foreign antigens and to prevent
uncontrolled lymphocytic activation and antibody
production and also negative and deleterious
effects. In the case of the growing innocent embryo
or the hypo immune human fetus, all the factors
responsible for inflammatory response and its
coordination are also developing at that stage of
gestational maturity. Hence, poor coordination
may lead to the negative effect of inflammation due
to inappropriate activation in a growing fetal sys-
tem thus causing dysregulation and perpetuation of
the inflammatory process which leads to tissue
damage and organ dysfunction and the death of the
fetus with massive hemorrhage and congestion of
all the viscera (up to 16 weeks).
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From 17 weeks onwards, due to the progres-
sion of the ontogeny of the human immune sys-
tem, the reactions are less dramatic, typified by
the characteristic changes of mononuclear inva-
sion, less hemorrhage and congestion and dam-
age to the architecture of the growing human
fetus. Researchers from immunology to endocri-
nology and from gynaecology to biochemistry
should unite together and sit together to standard-
ize the reactions because these have immense
implications for fetal organ transplants and sur-
gery on the unborn, apart from the problem of
fetal tissue transplant in the adult system. In this
connection, umbilical cord blood stem cell trans-
plants are extremely encouraging because of its
hypo-immunogenicity and no graft versus host
reaction when the umbilical cord blood stem
cells are transplanted into the adult system.

Implications of This Type

of Research in the Field of Fetal
Surgery and in Understanding
the Cause behind Premature
Labour in Cases of Surgery

of the Unborn

Powerful imaging and sampling techniques have
stripped the veil of mystery from the once secre-
tive fetus. Although most fetal defects are best
managed after birth, a few predictable life threat-
ening developmental consequences have been
successfully corrected in utero; however pre-term
labour remains a significant risk to both the
mother and the fetus [34].

Our experience with maternal 10 cc blood injec-
tion or leucocytes of 10 cc maternal blood injection
through the intra-amniotic route and even a non-
specific antigenic challenge like BSA 20 % 2 cc
shows that these can trigger abortion in 71.4 % of
cases within 14 days. Hence, we believe that the
most important problems in surgery of the unborn is
feto -maternal exchange vis a vis sensitization
which can initiate premature labour, whereas
materno-fetal exchange can cause death, deformity,
abortion as well as premature labour depending on
the antigenic load, period of exposure and gesta-
tional maturity of the fetus at that point of time.

We also wanted to remind all investigators in
the field of the various theories in the pathogen-
esis of vascular disrupting syndromes following
the commonly practiced chorionic villous sam-
pling (CVS) for detection of congenital abnor-
mality with the initiation of a vascular incident
after CVS with thrombosis at the sampling site,
may result in (a) atrophoblast embolism and
embolisation of fetal vessels, resulting in hypo-
perfusion of fetal circulation followed by volumi-
nous fetal maternal transfusion or release of vaso
active substances [35-38], (b) damage of the
extra amniotic tissue, especially the fetal mem-
branes with subsequent limb malformation due to
amniotic band of oligohydramnios [39—41] or (c)
entrapment of limbs to the extra coelomic space
[42, 43]. However, the studies referred to above
emphasized on the non-immunological link of a
vascular disrupting syndrome. Maternal sensiti-
zation due to inadvertent fetomaternal hemor-
rhage which can be followed by materno-fetal
hemorrhage as a compensatory exchange transfu-
sion has been noted by AH Lipson and WS
Webster [44]. On the basis of our experience the
two hit phenomenon of an immunological model
as suggested by AH Lipson and WS Webster [44]
in case of fetomaternal surgical operations on the
unborn as a triggering factor for premature
labour. Hence, it is suggested to practice extreme
caution and incorporation of micro surgical pro-
cedures to minimize the risk of fetomaternal vas-
cular disruption for mothers undergoing surgery
on the unborn fetus, resulting in sensitization of
the fetus vis-a-vis the mother or vice versa and its
implications on the mature immunological sys-
tem (the mother’s) and the immature immuno-
logical system (the fetal) and its overall impact
on the initiation of abortion or premature labour,
depending on gestational maturity.

Future of Hematopoietic Stem Cell
Transplant in Utero

A variety of congenital defects, potentially cur-
able by hematopoietic stem cell transplantation
are now feasible in early gestational anomalies
like immunodeficiencies, haemoglobinopathies
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and storage diseases. However, there are prob-
lems related to donor availability, graft vs host
disease, graft rejection in case of adult bone
marrow.

The alternate sources of hematopoietic stem
cells are either the liver from an aborted fetus or
the neonatal umbilical cord blood. In the case of
stem cells collected from the liver of a pre-
immune less than 15-16 weeks fetus, there is no
problem of graft versus host disease; hence T cell
depletion is not necessary [45] there is the added
advantage of homing as they are primed to travel
to the waiting fetal marrow and the fetal cells
then can be reprogrammed to a lifetime of self-
renewal. Investigators already transplanted
hematopoietic stem cells in a fetal sheep and
monkeys [46, 47] and demonstrated long lasting
hematopoietic chimerism of all cell lines without
rejection, host versus graft disease or need for
marrow  ablation or immunosuppression.
Umbilical cord blood stem cells may also be an
attractive alternative source of hematopoietic
stem cells for adult patients. The observation that
is most intriguing is the low incidence of acute or
chronic graft versus sot disease [48], regardless
of the HLA background or the pregnancy induced
maternal tolerance or the blunted proliferation
response to neo antigens and T cell cytotoxicity
of the umbilical cord blood stem cells [49] is
responsible for less graft versus host response in
case of pediatric or adult transplantation is a mat-
ter under intense scrutiny by the scientific
community.

On the basis of human ethically permitted vol-
unteer research on the disruption efficacy of intra
amniotic antigenic challenge on the pre-immune
fetus up to 15-16 weeks with 2 cc bovine serum
albumin 20 %, WBC of 10 cc maternal whole
blood, maternal 10 cc whole blood, 5 cc alloge-
neic amniotic fluid of other allogeneic mothers, it
is noted by us that there is abortion of the fetus in
varying percentages within 14 days. We also con-
firmed to the entire scientific community work-
ing on the problem of surgery on the unborn that
caution should be exercised and that antigenic
challenge even to the pre-immune fetus can cause
hitherto unnamed fetal reactions, leading to death
and abortion of the conceptus. Extreme caution

Fig.4.1 Shows a non macerated fetus of 18 weeks gesta-
tion. Softening of the viscera is noted. There is deep sub-
chorionic fibrosis or whitish appearance of the placenta

Fig. 4.2 Shows a fetus and placenta at 19 weeks. Here
the placenta showed whitish, deep sub-chronic fibrosis.
Here, the abortion took place on the 11th day after intra
amniotic instillation of tetanus toxoid

should be exercised at least in the case of hema-
topoietic stem cell transplantation in utero to
combat and cure genetic diseases because of the
negative impact of inflammation type responses
in the growing phase of the embryo or the fetus
[50-55] (Figs. 4.1,4.2,4.3,4.4,4.5,4.6,4.7,4.8,
4.9, and 4.10).

Conclusion

What has not been done yet but essentially
needs to be done in the future to find a solution
to the many questions raised regarding the
issue of antigenic challenge to the growing
human fetus in utero is listed below:

(a) If we consider pregnancy as a balance of
Th1/Th2 response [55], sequential study
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Fig. 4.3 (a—c) This is a unique representative photograph
showing a fetus (18 weeks) expelled after intra amniotic
instillation of (2 cc) tetanus toxoid on the seventh day. The
important aspect of the photograph is the fact that the entire
fetus, placental membrane and the amniotic fluid inside the
amniotic sac came out simultaneously, justifying the

abortion as complete. Our coagulation studies (vide text)
had proved that there is no fall in platelet, fibrinogen and a
change of fibrinogen degradation products with this method
of abortion. In this connection it is worth mentioning that
the price for 2 cc tetanus toxoid is Rs. 4 (Four Indian
Rupees only which is equivalent to Five American cents)
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Fig. 4.4 The migration inhibition of fetal thymocytes
noted in the presence of tetanus toxoid antigen, when teta-
nus toxoid injection (three injections at 1 month interval)
was given intra muscularly to the mother (18 weeks
pregnancy)

Fig. 4.5 Migration inhibition of fetal thymocytes noted
in the presence of tetanus toxoid antigen, after 14 days of
intra amniotic tetanus toxoid injection (18 weeks)

of the Thl mediator (tumor necrotic fac-
tor, gamma interferon etc.) and Th2 medi-
ators after intra amniotic challenge, would
provide an exact understanding of the cel-
lular action involved in abortion.

(b) A study of TJ6 protein of the fetal thymus
after antigenic challenge as well as mater-
nal blood lymphocytes sequential TJ pro-
tein binding [56-58] estimation will help
us to understand the fetomaternal impact
of intra amniotic antigen challenge.

Fig.4.6 Depicts the effect of intra amniotic antigen (teta-
nus toxoid) on migration of fetal thymocytes (17 weeks)
on the 14th day

Fig.4.7 Depicts the effect of intra amniotic antigen (teta-
nus toxoid) on migration of fetal thymocytes (17 weeks)
on the seventh day

(c) Sequential fetal immunophenotypes after

the antigenic challenge to the growing fetus
help to answer many unanswered questions
related to this research work, particularly in
the area related to fetal growth and matura-
tion and other specific responses of the
fetus with antigenic challenge.
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Fig.4.8 Depicts the effect of intra amniotic antigen (teta-
nus toxoid) on migration of fetal thymocytes (17 weeks)
of fetal thymocytes (17 weeks) on the 21st day

(d) Sequential specific immunoperoxidase
staining of the fetal and maternal leuco-
cytes after intra amniotic antigenic chal-
lenge and its interactions will boost the
existing field of knowledge in the field of
fetomaternal interactions after intra amni-
otic antigenic challenge in pregnancy.
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Fig. 4.9 (a, b) Tetanus toxoid injected I.M in the above
two pictures to the mother does not show migration inhi-
bition of fetal thymocytes. We have seen in the preview of
the present study that antigen (tetanus toxoid) stimulation
of the mother causes liberation of MIF factors, but mater-
nal sensitivity with antigen has got no effect on the fetal
system and vice versa, i.e., fetal antigen sensitivity has got
no impact on maternal system up to 20 weeks of human
fetal growth. We can suggest that the impact of antigen
possibly depends on gestation, maturity, exposure and
amount of antigen in a developing immune system
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Fig. 4.10 Immunoflourescence study was done to recon-
firm positive cases only and document autoimmune reac-
tions, i.e., DS (DNA), and of ANA, of a mother undergoing
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The story of human life begins much beyond
birth...

As soon as an oocyte is fertilized by a sperm,
a journey ensues from the totipotent zygote
undergoing cell division, cellular migration, dif-
ferentiation, apoptosis (programmed cell death),
growth and cell re-arrangement that involves
temporal and spatial control of gene expression
guided by epigenetic parameters, to evolve into
an organised multi-cellular human being.

The word fetus (plural fetuses) is from the Latin
fetus, “the bearing or hatching of young, a bringing
forth,” from Latin base *fe- “to generate, bear,” also
“to suck, suckle” [1]. The fetal period extends from
ninth week of gestation, the first 8 weeks being the
embryonic period, during which the embryo gradu-
ally transforms into a fetus with the primordial
characteristics of all major systems having formed
and bearing a recognizable human appearance. The
development in the fetal period is primarily
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concerned with rapid body growth and differentia-
tion of tissues, organs and systems, while the rest of
the body takes over growth rate of the fetal head
deviating from the embryonic period where there is
a head start regarding growth rate [2].

First Two Trimesters

The first two trimesters, which are each a period of
3 months are again unique with all the major sys-
tems getting developed in the first trimester itself
and the second one seeing the fetus gain sufficient
growth size-wise with detailed visualization possi-
ble through USG [3]. The fetus during this period
exhibits the unique characteristic of healing with-
out scar, having a critical balance between Matrix
metallo proteinases (MMPs) and Tissue Inhibitors
of MetalloProteinases (TIMPs) [4], demonstrating
lack of fibroplasia, increased Hyaluronidases and
increased expression of home box genes like HOX
B13 and PAX 2 genes [5]. Beyond these two tri-
mesters, the fetal cells slowly acquire adult
characteristics.

Perspectives on Fetal Growth
and Development across Culture
and Time

Fetal growth and development have been always
an enigma that people over the ages have tried to
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unravel, with each having his own perspectives
and answers.

The Egyptian texts show Akhnaton
(Amenophis IV) praising the Sun God Aton as
the creator of germ in a woman, maker of seed in
men and giver of life. The ancient Egyptians pro-
fessed that the soul entered the child at birth
through the placenta.

A Hindu Scripture penned in Sanskrit embody-
ing the development of the fetus has been traced
to 1416 BC, and is known as the Garbha
Upanishada.

Even Greek scholars made many contributions
to this with books authored by the Father of
Medicine, Hippocrates of Cos (Circa 460-377
BC) featuring the first recorded embryologic stud-
ies. Aristotle of Stagira (circa 384-322 BC), a
Greek philosopher and scientist promoted the idea
that the embryo developed from a formless mass,
which he described as a “less fully concocted seed
with a nutritive soul and all bodily parts” [6].

A Roman scientist, Claudius Galen (circa 130-
201) described the development and nutrition of
fetus in his book, On the Formation of Fetus.

The Jewish physician Samuel El Yehudi (sec-
ond century AD) mentioned six stages of
development.

Views in the medieval period hardly deviated
from the theory of Aristotle. But with the dawn of
the Renaissance, we find Leonardo da Vinci
(1452-1519) making accurate sketches of preg-
nant uteri containing fetus (Fig. 5.1) and intro-
ducing the quantitative approach to embryology
[7]. The revolution began with the publication of
William Harvey’s (1578-1657) book, De
Generatione Animalium. He is said to be greatly
influenced by one of his Professors Fabricius
(1537-1619), the author of De Formato Fetus [8].

In 1759, Casper Friedrich Wolff proposed the
layer concept, which formed the basis of the the-
ory of Epigenesis [9].

These were followed by Genetic perspectives
of fetal development with James Watson and
Francis Crick deciphering the molecular struc-
ture of DNA in 1953 [10].

Rapid advances in Molecular Biology next
started addressing issues related to temporal and
spatial regulation of gene expression and the pro-

Fig. 5.1 Author’s representation of Leonardo da Vinci’s
drawing made in the fifteenth century AD showing a fetus
in utero

cess of cellular commitment towards formation
of various parts [11].

The Anatomical and Physiological
Perspective of Fetal Development
in the First Two Trimesters

For our convenience of understanding, the ana-
tomical and physiological development of the
fetus is discussed in periods of 4-5 weeks.

Nine to Twelve Weeks

At the beginning of the ninth week, the head con-
stitutes approximately half the CRL of the fetus.
Subsequently, growth in body length accelerates
rapidly so that by the end of 12 weeks, the CRL
has more than doubled. Although growth of the
head slows down considerably by this time, it is
still disproportionately large compared to the rest
of the body [12].

At 9 weeks, the face is broad, the eyes are
widely separated, the ears are low set, and the eye-
lids are fused. By the end of 12 weeks, primary
ossification centers appear in the skeleton, espe-
cially in the cranium (skull) and long bones [13].
The legs are short and the thighs are relatively
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small during the early ninth week. The upper
limbs have almost reached their final relative
lengths by the end of 12 weeks, but the lower
limbs are still not so well developed and are
slightly shorter than their final relative lengths.
The external genitalia of males and females
are hard to distinguish until the end of the ninth
week. It is by the 12th week that the mature fetal
form is established. Intestinal coils are clearly
visible in the proximal end of the umbilical cord
until the middle of the tenth week. The intestines
have returned to the abdomen by the 11th week.
At 9 weeks, the liver is the major site of eryth-
ropoiesis (formation of red blood cells) [14]. By
the end of 12 weeks, the site of erythropoiesis
shifts to the spleen. Urine formation begins
between the 9th and 12th weeks, and urine is dis-
charged through the urethra into the amniotic
fluid. The fetus reabsorbs some amniotic fluid
after swallowing it. It is through the placental
membrane, that the fetal waste products are
transferred to the maternal circulation (Fig. 5.2).

Thirteen to Sixteen Weeks

Rapid growth is observed during this period. By
16 weeks, the head is relatively small compared
with that of the 12-week fetus and the lower
limbs have lengthened. Limb movements, which
first occur at the end of the embryonic period,
become coordinated by the 14th week but are too
slight to be felt by the mother [15].

Limb movements are visible during ultra-
sound examinations. Ossification of the fetal
skeleton is active during this period, and the
bones are clearly visible on ultrasound images by
the beginning of the 16th week. Slow eye move-
ments occur at 14 weeks. Scalp hair patterning is
also determined during this period [16].

By 16 weeks, the ovaries are differentiated
and contain primordial ovarian follicles that con-
tain oogonia.

By 12-14 weeks, the genitalia of the fetuses
can be recognized. The eyes face anteriorly rather
than anterolaterally by 16 weeks. Besides, the
external ears are close to their definitive position
on the sides of the head.

Seventeen to Twenty Four Weeks

Growth slows down during this period, but the
fetus still increases its CRL by approximately
50 mm [17]. Fetal movements—quickening—
are commonly felt by the mother. The skin is now
covered with a greasy, cheese-like material—
vernix caseosa. It consists of a mixture of dead
epidermal cells and a fatty substance (secretion)
from the fetal sebaceous glands.

At 20 weeks, eyebrows and head hair are vis-
ible. The fetuses are usually completely covered
with fine downy hair called lanugo, that helps to
hold the vernix caseosa on the skin [18]. By
18 weeks, the fetal uterus is formed. The canali-
zation of the vagina begins by this time with
many primordial ovarian follicles containing
oogonia being visible. By 20 weeks, the testes
have begun to descend, but they are still located
on the posterior abdominal wall, as are the ova-
ries in female fetuses.

Systemic Development
Respiratory System

e In the first two trimesters, lung development
remains restricted to two of the four stages of
maturation: pseudoglandular (6-16 weeks),
and canalicular (16-26 weeks).

e In the beginning of the pseudoglandular
period, the lungs only contain exocrine gland
and when the fetus reaches 16 weeks, most of
the important elements of the lung have been
created except the part which involves gas
exchange. Any fetus born during this period
will not survive because no respiration is able
to take place. By 20-22 weeks, type II pneu-
mocytes begin to secrete pulmonary surfac-
tant. Deficiency of surfactant results in
respiratory distress syndrome (RDS) or hya-
line membrane disease (HMD).

e The canalicular period refers to the period
when there is growth of the lungs tree. The
distal part of the lungs mature later than the
proximal part. Owing to this the canalicular
period overlaps with the pseudoglandular
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Fig. 5.2 (a) and (b) Sonographical images of fetuses of cal images of fetuses of 17, 21 weeks and 24th week of
9 weeks and 11 weeks of age, (¢) and (c (i)) showing sono-  development
graphical images of fetus of 13 weeks. (d—f) sonographi-
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period. During this period, the lung tissue is
highly vascularized and the lumen of the bron-
chi and terminal bronchioles are enlarged.
Towards the end of the canalicular period,
approximately between 24 and 26 weeks of
gestation, it is possible for respiration to occur
after the passages have completed development
up to the primordial alveolar sacs and the lung
tissues is also well vascularised [19].

Cardio-Vascular System

The cardiovascular system is the first major sys-
tem to function in the embryo. The primordial
heart and vascular system appear in the middle of
the third week. This precocious cardiac develop-
ment occurs because the rapidly growing embryo
can no longer satisfy its nutritional and oxygen
requirements by diffusion alone. Consequently,
there is a need for an efficient method of acquir-
ing oxygen and nutrients from the maternal blood
and disposing of carbon dioxide and waste prod-
ucts. The cardiovascular system is derived mainly
from:

* Splanchnic mesoderm, which forms the pri-
mordium of the heart

e Paraxial and lateral mesoderm near the otic
placodes

* Pharyngeal mesoderm

* Neural crest cells from the region between the
otic vesicles and the caudal limits of the third
pair of somites.

e Endocardium formed from the Splanchnic
mesoderm migrate and localize between the
developing Myocardium above and the endo-
derm below. N- Cadherin may also be impli-
cated in the cell sorting. The catenins are
linked with these cadherin molecules and
involved in the wnT signaling pathway in the
development of the heart tube [20].

The fetal circulatory system operates very dif-
ferently from that of the newborn, being orga-
nized in parallel circles [21]. Blood carrying the
highest oxygen saturation goes to the fetal heart,
the brain, the upper extremities while the other

parts of the fetal body receive blood with lower
oxygen saturation. Also fetal blood pO2 is much
lower than maternal blood pO2 and hence fetal
environment have been equated with Mount
Everest in utero [22]. Despite the low pO2 in the
fetal blood, the fetus is not exposed to hypoxia
due to its adaptive responses and the hemoglobin
concentration of fetal blood is about 50 % greater
than that of the mother and interestingly the fetal
hemoglobin can carry more oxygen at a low
PCO2 than it can at high PCO2 and are alkaline
in nature. Capacity of fetal blood to combine
with oxygen increases, while maternal blood has
diminished capacity to do so, thus enforcing the
Double Bohr effect [23].

The first line of supervision over the blood
circulation of the fetus are mediated by the
carotid chemoreceptors, with the second line
being hormones, Antidiuretic hormone (ADH),
Angiotensin II, catecholamines and cortisol
[24, 25].

Gastrointestinal System

The primitive gut that has already developed in
the embryonic phase, starts peristaltic activities
in the large intestine by 10 weeks and by 11 weeks
in the small intestine [26]. Swallowing amniotic
fluid also reflects fetal CNS maturity and contrib-
utes to somatic growth, development and matura-
tion of the fetal Gastrointestinal System providing
10-15 % of nitrogen requirement in the normal
fetus. Upper gastrointestinal tract obstruction in
human fetuses are associated significantly with
fetal growth restriction and amniotic fluid vol-
ume [27, 28]. Besides, fetal swallowing is influ-
enced by hypoxia, hypotension and plasma
osmololality changes as well [27]. The main
feeding regulatory factors, neuropeptide Y (NPY)
and Leptin are secreted in human fetuses as early
as 16—-18 weeks respectively [29, 30]. Leptin may
be implicated in the development of the fetal gas-
trointestinal tract as well; this is suggested by the
presence of Ob-Rb (functional receptor of Leptin)
in the mucosa [31].

It is observed that by 13 weeks the intestine
starts to absorb glucose and water [26]. Enzyme
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activities increase after 14 weeks of gestation
with the first traces of gastric acidity appearing in
a 4 month old fetus [26].

Urinary System

From the beginning of the fourth week of the
embryonic period the excretory organs starts to
form pro-nephros, mesonephros and metaneph-
ros, with ultimately metanephros forming the
definitive kidney. The nephrons are derived from
the metanephric blastema [32]. The first neph-
rons appear in the kidney medulla, around
20-22 weeks of gestation. Failure in the matura-
tion of the primitive kidneys can lead to abnormal
development of the genital system, adrenal
glands and lungs [33]. Studies have revealed that
retinoids, metabolites of vitamin A, have a sig-
nificant impact on the number of nephrons and
this happens to be dose- dependent and are com-
monly associated with cigarette smoking,
alcoholism and unbalanced diet. Ironically the
congenital nephron deficit could be a missing
link in understanding the etiopathogenesis of
essential hypertension [34].

The fetus usually produces hypotonic urine
and begins producing the anti-Diuretic hormone
(ADH) by the 11th week of gestation. Aquaporin,
special water channels appear by 12-15th week
[35]. However the fetal kidney does not play a
significant role in the acid base balance of the
body [33]. It starts excreting urine from the third
month of pregnancy [36].

Central Nervous System (CNS)

CNS develops from the embryonic ectoderm.
After the early embryonic development character-
ized by its immobilization, the earliest neural
activity originates from spinal motoneurons [37].
From early fetal period the first signs of supraspi-
nal control on motor activity begins to be evident
[38]. By the ninth week, the brainstem, the dien-
cephalon and cerebral hemispheres are formed
[39]. Facial movements, which are controlled by V
and VII cranial nerve, appear around 10—11 weeks
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of gestation [38]. After the 12th week, the fetal
movement become more variable in speed and
amplitude [40]. While the midbrain maturation
begins as late as the middle of the second trimes-
ter, that controls the eye movements [41]. The sec-
ond trimester of pregnancy is characterized by
organization of fetal movement patterns and
increase in complexity of movements, with rest
activity cycles becoming recognizable [42]. It is
unknown whether and when the fetus begins to
understand pain. Functional Thalamo-cortical
connections are required for this awareness. It is
supposedly formed between 22 and 26 weeks, and
beyond this the fetus can probably feel pain since
it is able to perceive the stimuli [43].

Genetic and Epigenetic
Perspectives of Fetal Development

Understanding the epigenetic regulation of fetal
development requires the integration of many
fields of scientific inquiry including phylogeny,
the evolution of placental anatomy, comparative
genomics, and epigenomics. Pregnancies vary
enormously in terms of timing of embryo implan-
tation, placental anatomy, uterine shape, rates of
fetal growth and development, neonatal body
mass, number of offspring per pregnancy, and
gestation length.

A growing body of evidence supports the
notion that epigenetic changes such as DNA
methylation and histone modifications, both
involving chromatin remodeling, contribute to
fetal metabolic programming. Research has
revealed that impaired intrauterine growth and
adult metabolic and cardiovascular disorders,
including coronary heart disease, type 2 diabetes,
and insulin (INS) resistance, are strongly associ-
ated. It was David Barker and coworkers, who
followed-up a cohort of 499 men and women
born in Preston (Lancashire, UK) during 1935-—
1943, and found correlation that adults having
highest blood pressures were those who had been
small babies with large placentas. Barker and
Hales also explained that fetuses having an
impaired supply of nutrients try to adapt by
changing their physiology and metabolism, and
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altering the sensitivity of tissues; this leads to an
abnormal structures and functions in adult life.
This led to the formulation of the “thrifty pheno-
type hypothesis”.

A dynamic cross- talk between the fetal and
maternal environment and modulation of gene
expression was strongly hypothesised. Epigenetic
modifications such as DNA methylation and
covalent posttranslational histone modifications,
which mediate phenomena such as genomic
imprinting and chromatin remodeling, eventually
emerged as a plausible molecular explanation of
fetal metabolic programming [44].

Factors Influencing Fetal Growth
and Development

The fetus requires various substrates for growth
and production of energy and several other fac-
tors that govern fetal morphogenesis in varying
proportion to the growth and development, the
principal determinants being the fetal genotype
and in utero environment.

Fetal Parameters

* Genetic factors contribute to fetal growth and
development. Studies involving knock out
genes or gene over-expression have revealed
that both maternal and paternal influences are
present during fetal development and are
passed on to the developing fetus by sperma-
tozoa or oogonia by a mechanism called
imprinting [45]. It has been observed gynoge-
netic zygotes (two maternal genome copies)
lead to under-developed extra-embryonic tis-
sues but well developed embryos. Insulin like
growth factor I (IGF I) and IGF II are two pro-
tein products of gene that specifically regulate
the development of trophoblast cells, which
form the placenta. Studies have shown that
paternal IGF-II allele in mice model produce
60 % less fetal growth.

* Nutritional factors that govern fetal growth
and development, has the placenta providing a
major role. During the first two trimesters the

placenta is functional as a nutritive, respira-
tory, excretory and endocrine organ and from
the very inception it is responsible for the dif-
fusion of oxygen and nutrients from the mater-
nal blood to the embryonic blood and passing
the metabolic wastes in the reverse direction
[46]. With increasing months of pregnancy the
placental growth and thinning of its mem-
brane diffusion layers, the placental diffusion
rate gets a surge but exchange of oxygen is
more related to the blood flow than the placen-
tal thickness [47]. The main ingredient of fetal
diet is carbohydrate. The fetus has low capac-
ity for gluconeogenesis as the necessary
enzymes are inactive due to low fetal arterial
pO2. The fetal insulin determines the glucose
utilization by the fetus. Hormonal regulation
of fetal growth differs from the post-natal reg-
ulation. ACTH and glucocorticoids stimulate
the storage of glucose as glycogen [47]. Fetal
growth hormone also has a small role in
stimulating fetal growth as there is lack of
functional GH receptors. But fetal insulin sig-
nificantly stimulates fetal growth. It is known
that pancreatic agenesis leads to fetal growth
restriction whereas fetal hyperinsulinemea
leads to fetal mass overgrowth [48]. IGFs are
present in human fetal tissue extract after
12 weeks of gestation [49]. Its level in fetal
and cord circulation directly correlates with
fetal length and mass [2].

Maternal Parameters

* Parity, maternal age and multiple pregnancy are
also factors influencing fetal growth and devel-
opment. Primiparous mothers have been found
to bear smaller babies than multiparous moth-
ers. Individuals of multiple births usually weigh
considerably less than infants resulting from a
single pregnancy. It is evident that the total met-
abolic requirements of two or more fetuses
exceed the nutritional supply available from the
placenta during the third trimester [50].

e Maternal Nutrition: There is growing evi-
dence that maternal nutritional status can alter
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the epigenetic state (stable alterations of gene
expression through DNA methylation and his-
tone modifications) of the fetal genome. This
may provide a molecular mechanism for the
impact of maternal nutrition on both fetal pro-
gramming and genomic imprinting. Promoting
optimal nutrition will not only ensure optimal
fetal development, but will also reduce the
risk of chronic diseases in adults [51].
Cigarette smoking is highly detrimental to
fetal development as the mother inhales nico-
tine, lead, arsenic and carbon monoxide.
These cause placental insufficiency. Smoking
during pregnancy can cause low-birth weight,
preterm delivery, and infant death. Smoking
during pregnancy is estimated to account for
20-30 % of low-birth weight babies, up to
14 % of preterm deliveries, and about 10 % of
all infant deaths according to the American
Lung Association. Smoking is a well-
established cause of IUGR (Intra uterine
growth retardation) [52].

Alcohol and Illicit Drugs: Fetal alcohol syn-
drome (FAS) or fetal alcohol syndrome is a
pattern of physical and mental defects that
can develop in a fetus in association with
high levels of alcohol consumption during
pregnancy. Alcohol crosses the placental bar-
rier and can stunt fetal growth or weight, cre-
ate distinctive facial stigmata, damage
neurons and brain structures, which can
result in intellectual disability and other psy-
chological or behavioral problems, and also
cause other physical damage [2, 53-55]. The
main effect of FAS is permanent central ner-
vous system damage, especially to the brain.
Developing brain cells and structures can be
malformed or have development interrupted
by prenatal alcohol exposure; this can create
an array of primary cognitive and functional
disabilities (including poor memory, atten-
tion deficits, impulsive behavior, and poor
cause-effect reasoning) as well as secondary
disabilities.

Impaired utero-placental and Feto-placental
Blood Flow: Maternal placental circulation
may be reduced by conditions that decrease
uterine blood flow (e.g., small chorionic ves-
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sels, severe maternal hypotension, and renal
disease). Chronic reduction of uterine blood
flow can cause fetal starvation resulting in
IUGR. Placental dysfunction or defects can
also cause IUGR. The net effect of these pla-
cental abnormalities is a reduction of the total
area for exchange of nutrients between the
fetal and maternal blood streams. It is very dif-
ficult to separate the effect of these placental
changes from the effect of reduced maternal
blood flow to the placenta. In some instances
of chronic maternal disease, the maternal vas-
cular changes in the uterus are primary and the
placental defects are secondary [2].

Microchimerism

During the period of fetal development an inter-
esting phenomena takes place called
Microchimerism. It has only recently become
apparent that naturally-acquired microchimerism
is common in humans. The placenta was previ-
ously thought to barricade the mother and fetus
thus preventing maternal rejection of the fetus. It
is now known that during pregnancy some cells
traffic from mother to fetus and from fetus to
mother. Surprisingly, some of the mother’s cells
can be found in her adult offspring and some cells
from the fetus can be found in the mother decades
later. Microchimerism (Mc) refers to harboring a
small number of cells or DNA from a genetically
different individual [56].

Cytokine Response to Prenatal
Infections during Fetal
Development

Bacteria and viruses are potent activators of
proinflammatory cytokines, such as tumor
necrosis factor (TNF)-a, interleukin (IL)-1p
and IL-6, which are key effectors of the periph-
eral immune response [57] and the main media-
tors of brain orchestrated sickness responses
following infection and inflammation [58]. In
the periphery these cytokines act in a cascade-
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like fashion, which generally involves the
sequential induction of TNF-a, IL-1p and IL-6
[59]. Although the cytokine-dependent inflam-
matory response is essential in resolving infec-
tion, abnormal changes in TNF-a, IL-1p and
IL-6 levels during gestation, as a result of infec-
tion, may affect fetal brain development in
utero [60]. Indeed, while cytokines have a key
role in normal brain development [61], they are
implicated in the death and dysfunction of neu-
rons following injury or chronic disease in the
adult brain [62], and are elevated in neurodevel-
opmental insults, such as hypoxia, also associ-
ated with an increased risk of schizophrenia
[63]. Thus, cytokines are logical candidates to
mediate the effects of maternal infection on the
fetus; however, there have been contradictory
reports of both increased and decreased expres-
sion of these mediators in the fetal brain fol-
lowing exposure of pregnant rats to bacterial
LPS [64, 65]. Therefore, it remains unclear
whether maternal LPS exposure during preg-
nancy results in altered cytokine expression in
the fetal brain. Downstream consequences of
systemic cytokine induction during pregnancy
include changes in circulating levels of gluco-
corticoid [66, 67] and thyroid hormones [68,
69].- Maternal glucocorticoid [70, 71] and thy-
roid [72] hormones can cross the blood placen-
tal barrier and are essential for normal fetal
neurodevelopment [73, 74]. However, in
humans, exposure of the fetus to excess gluco-
corticoids can have detrimental effects on fetal
brain development [73, 75].

Bacterial infection of the developing fetal
lungs too begins with an inflammatory cascade
resulting in cytokine injury and oxidative stress.
For some pathogens like P. Falciparum, the
mechanisms involve oxidative stress and apopto-
sis to disrupt placental and fetal growth. An in
utero infection may also affect the long-term
health of the infant; in many cases, a viral infec-
tion in utero increases the risk of developing type
1 diabetes in childhood. Understanding the var-
ied mechanisms employed by these pathogens
may enable therapies to attenuate changes in fetal
development, decrease preterm birth, and
improve survival.

Fetal Allograft

The feto-placental unit may be regarded as an
allograft with respect to the mother, yet the
maternal immune system does not reject it, giv-
ing rise to a major biologic enigma in nature. For
nearly 50 years, the subject has been dominated
by Medawar’s ‘fetal allograft analogy’ hypothe-
sis, in which the fetus is assumed to be a semi-
allogeneic conceptus that evaded rejection [76].

The syncytiotrophoblast of the chorionic villi,
although exposed to maternal immune cells
within the blood sinusoids, lack major histocom-
patibility (MHC) antigens and hence no rejec-
tion responses are evoked. However, extravillous
trophoblast (EVT) cells, which invade the uter-
ine decidua and its vasculature (spiral arteries),
express class I MHC antigens. These antigens
include HLA-G, which, being nonpolymorphic
(class Ib), is poorly recognizable by T lympho-
cytes as an alloantigen, as well as HLA-C,
which, being polymorphic (class Ia), is recogniz-
able by T cells. In addition to averting T cells,
EVT cells must also shield themselves from
potential attack by natural killer (NK)
lymphocytes and injury inflicted by activation of
complement [77].

The strategic location of HLA G in the pla-
centa is believed to evade T-cell recognition
owing to its nonpolymorphic nature, and recogni-
tion by the “killer-inhibitory receptors” on NK
cells, thus turning off their killer function.
Arguments against this hypothesis have been sug-
gested by the identification of healthy individuals
showing biallelic loss of HLA-G1, which goes on
to sustain the thought that HLA-G is not essential
for fetoplacental survival. Besides human EVT
cells were found to be vulnerable to NK cell-
mediated killing; and it was unable to explain the
reason behind non rejection of HLA-C, a poly-
morphic antigen, also expressed by EVT cells.

A probable explanation could be that both
HLA-G and HLA-C were shown to have the
unique ability to resist human cytomegalovirus-
mediated MHC class I degradation, with the
probability of having selective location of these
two antigens at the fetomaternal interface which
may help to withstand viral assault.
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* Immunoprotection is provided locally by cer-
tain immunosuppressor molecules, such as
prostaglandin E,, transforming growth factor
(TGF)-p and interleukin-10. Decidua-derived
prostaglandin E, was shown to block activa-
tion of maternal T cells as well as NK cells in
situ. Indeed, immunoregulatory function of
decidual cells is consistent with their geneal-
ogy. It was shown that uterine endometrial
stromal cells, which differentiate into decidual
cells during pregnancy, are derived from pro-
genitor (stem) cells that migrate from hemo-
poietic organs such as the fetal liver and the
bone marrow during ontogeny.

» Transient tolerance of maternal T-cell to the
fetal MHC antigens may be a backup mecha-
nism for placental immunoprotection. A simi-
lar B-cell tolerance has also been observed.

* A trafficking of activated maternal leukocytes
into the placenta or the fetus is prevented by
deletion of these cells triggered by apoptosis-
inducing ligands present on the trophoblast.

* Based on genetic manipulation in mice, it was
shown that the presence of complement
regulatory proteins (Crry in the mouse, mem-
brane cofactor protein or CD46 in the human)
[78], which can block activation of the third
component of complement (C3) in the
complement cascade, protects the placenta
from complement-mediated destruction,
which may happen otherwise because of
residual C3 activation remaining after defend-
ing against pathogens. Crry gene knockout
mice died in utero because of complement-
mediated placental damage, which could be
averted by additional knockout of the C3 gene.

e Experiments in mice revealed that the
presence of the enzyme indoleamine
2,3-deoxygenase in trophoblastic cells was
critical for immunoprotection of the alloge-
neic conceptus by suppressing T cell-driven
local inflammatory responses including com-
plement activation [79].

Another hypothesis is put forward to account
for the non-rejection of the fetal allograft, based
on shared surface-repellent molecules (S.R.M.s)
which prevent close apposition of maternal and
fetal immunocompetent cells. This hypothesis is
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shown to be compatible with the major theoreti-
cal requirements of the immune system. Thus it
provides possible explanations for the self/not-
self recognition process, tolerance to organ trans-
plants, the development of autoimmune disease,
and high and low zone tolerance. The recognition
of self is important with reference to cellular anti-
gens, but lesser less so for humoral antigens [80].

The survival of the fetal allograft also
depends on a fine well coordinated systemic and
uterine support by the reproductive hormones
Progesterone (PR). Estrogen (ER), Human cho-
rionic gonadotropin (HCG), prolactin (PRL),
and others. These hormones and their cytokine
nexus are essential for maintaining the preg-
nancy specific immunomodulation, including its
up and down regulations.

Diagnostic Parameters
Ultrasonography

Ultrasonographical examination of the fetus
became integrated into the prenatal care soon
after its introduction in the 1950s, because of its
wide availability, low cost, and lack of known
adverse effects. The chorionic sac and its con-
tents may be visualized by ultrasonography dur-
ing the embryonic and fetal periods. The benefits
of antenatal ultrasound examination can proceed
from assessment in the first trimester.
Determination of risk assessment of aneuploidy
in singleton and multiple gestations, fetal viabil-
ity, accurate gestational age, multiple gestations
and chorioicity and amnionicity and detection of
fetal anomalies have been described with first tri-
mester ultrasonography [81].

The benefit burden calculus of routine antena-
tal ultrasonography support its use and fulfill-
ment of ethical principles of beneficence and
respect for patient’s autonomy [82].

Ultrasound scans give accurate measure-
ments of the biparietal diameter of the fetal cra-
nium (skull), from which close estimates of fetal
age and length can be made. Despite difficulty of
accurate diagnosis, detection rate of fatal skeletal
abnormality with ultrasonography is as high as
94-96 %. With the advancement in technology of
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three-dimensional ultrasonography, abnormality
in face, relative proportion of limbs, hands and
feet are observed with more accuracy [83].

Diagnostic Amniocentesis

Amniocentesis is a diagnostic test that may be
recommended following an abnormal triple test
result. This is a common invasive prenatal diag-
nostic procedure, usually performed between 15
and 18 weeks gestation. Amniotic fluid is sam-
pled by inserting a 22-gauge needle through the
mother’s anterior abdominal and uterine walls
into the amniotic cavity by piercing the chorion
and amnion. Because there is relatively little
amniotic fluid before the 14th week, amniocente-
sis is difficult to perform before this time. The
amniotic fluid volume is approximately 200 ml,
and 15-20 ml can be safely withdrawn [84].
Amniocentesis detects chromosome abnormali-
ties, neural tube defects and genetic disorders.
Down syndrome or Trisomy 21 is the most com-
mon chromosome abnormality. Genetic disorders
include disorders like cystic fibrosis. The most
common neural tube defect is spina bifida.
Amniocentesis is occasionally used late in preg-
nancy to assess fetal lung maturity [84, 85].

Alpha Feto Protein Assay

Alpha-fetoprotein (AFP) is a glycoprotein that is
synthesized in the fetal liver, umbilical vesicle,
and gut. AFP is found in high concentration in
fetal serum, peaking 14 weeks after the
LNMP. Small amounts of AFP normally enter the
amniotic fluid. This protein is produced early in
gestation by the fetal yolk sac and then later in
the liver and gastrointestinal tract. The true func-
tion of AFP is unknown. We do know that this
protein’s level increases and decreases during
certain weeks of pregnancy which is why accu-
rate pregnancy dating is crucial.

The AFP test is measuring high and low levels
of alpha-fetoprotein. The results are combined
with the mother’s age and ethnicity in order to
assess probabilities of potential genetic disor-
ders. Amniotic fluid AFP concentration is mea-

sured by immunoassay, and, when used with
ultrasonographic scanning, approximately 99 %
of fetuses with these severe defects can be diag-
nosed prenatally [85].

Characterization of First Trimester
Fetal Erythroblasts for Non-invasive
Prenatal Diagnosis

Isolation of fetal nucleated red blood cells
(NRBC) from maternal blood would allow non-
invasive prenatal diagnosis of chromosomal and
monogenic disorders without the inherent risks
of invasive procedures [86].

Components of this technique include enrich-
ment, identification and molecular genetic diag-
One study showed that primitive
erythroblasts were the predominant cell type
until 12 weeks gestation, after which time their
numbers declined steeply; 100 % were e-globin-
positive versus <0.06 % definitive erythroblasts.
Buoyant densities of first trimester fetal erythro-
blasts ranged from 1.077 to 1.130 g/ml, and opti-
mal recoveries were obtained with Percoll 1118.
Although primitive erythroblasts carried a nega-
tive surface charge and were resistant to NH,Cl
lysis, these properties had only a limited role in
fetal cell enrichment. Immunophenotyping
showed that primitive, like definitive, erythro-
blasts were GPA+, CD47+, CD45— and CD35-,
whereas CD71 expression was weak/undetect-
able on primitive erythroblasts but strongly posi-
tive on 100 % of definitive erythroblasts; primitive
erythroblasts were also CD36— whereas defini-
tive erythroblasts were CD36+. Using chromo-
somal fluorescence in-situ hybridization (cFISH)
or polymerase chain reaction (PCR) [87].

nosis.

Spectrophotometric Studies

Examination of amniotic fluid by this method
may be used for assessing the degree of erythro-
blastosis fetalis, also called hemolytic disease of
the newborn. This disease results from destruc-
tion of fetal red blood cells by maternal antibod-
ies. In 1961, Liley demonstrated the prognostic
value of amniotic fluid spectrophotometry to



60

identify these infants and then showed that
intrauterine transfusions could prevent fetal
deaths [88].

Chorionic Villus Sampling

Chorionic villous sampling (CVS) is a form of
prenatal diagnosis to determine chromosomal or
genetic disorders in the fetus. It entails sampling
of the chorionic villus (placental tissue) and test-
ing it for chromosomal abnormalities, usually
with FISH or PCR. CVS usually takes place at
10-12 weeks’ gestation, earlier than amniocente-
sis or percutaneous umbilical cord blood sam-
pling. It is the preferred technique before
15 weeks [89, 90]. CVS was performed for the
first time by Italian biologist Giuseppe Simoni,
scientific director of Biocell Center, in 1983.

Conclusion

The fetus in its struggle for survival in the first two
trimesters braves the environmental mileau that it is
exposed to and adapts and modifies to realize its
developmental potential determined by genetic and
epigenetic factors. These two trimesters provide the
fetus with unique protective abilities as the fetal cel-
lular characteristics are quite divergent from its
postnatal characteristics, being many times more
sensitive, with the ability to heal without scar for-
mation and fetal stem cells having much higher pro-
liferative potential as well as differentiation capacity
as the fetal tissue extracted in this period are able to
regenerate diseased and damaged tissues with mini-
mal GVHD. The fetal growth and development in
the first two trimesters masterminds the health out-
come of the adult and are hence of paramount
importance.
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The present chapter reports the findings of a
study conducted at the Institute of Post Graduate
Medical Education and Research, Calcutta, by a
group of researchers led by Prof KL Mukherjee,
who headed the Department of Biochemistry.
The study was conducted from 1977 to 1987. The
foetuses were collected from SSKM Hospital,
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who had undergone medical termination of
pregnancy, which is legal under India’s MTP law
under certain circumstances. For the sake of con-
venience the fetuses have been divided into six
groups: — A, B, C, D, E and F according to a dif-
ference in the gestation period of 4 weeks. The
gestational age was ascertained form the date of
the last menstrual period.

Table 6.1 shows the grouping and anthropomet-
ric measurement of human fetuses in this series.

Group A contained 90 fetuses of 9—12 week of
gestation. Their weights varied form 1-14 g,
the C.R. lengths form 22—-67 mm, C.H. lengths
form 30-96 mm and H.C. form 34-82 mm.

Group B contained 337 fetuses of 13—-16 weeks
of gestation. Their weights varied form
15-105 g, the C.R. lengths from 62 to 113 mm,
C.H. lengths form 72 to 185 mm, and H.C.
lengths form 58—145 mm.
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Table 6.1 Grouping of fetuses and anthropometric measurements

Group | Gestation period (wks)

A (9-12) (1-14)

B (13-16) (15-105)

C (17-20) (106-310)

D (21-24) (311-640)

E (25-28) (641-1,071)
F (29-32) (1,072-1,520)
G (33-36) (1,521-2,196)
CR Crown Rump

CH Crown Heel

HC Head Circumference

Group C contained 425 fetuses of 17-20 weeks
of gestation. Their weights varied form 106—
310 g, the C.R. lengths from 107 to 228 mm,
C.H. lengths form 117-330 mm, and H.C.
lengths form 130-248 mm.

Group D contained 531 fetuses of 21-24 weeks of
gestation. Their weights varied form 331-640 g,
the C.R. lengths from 140 to 220 mm, C.H.
lengths form 169-372 mm, and H.C. lengths
form 160-235 mm; some still born fetuses of
longer gestation periods were available for these
measurements. They include E,F and G.

Group E contained ten fetuses of 25-28 weeks of
gestation. Their weights varied form 641-—
1,071 g, the C.R. lengths from 193 to 247 mm,
C.H. lengths form 303-336 mm, and H.C.
lengths form 198-270 mm.

Group F and G contained only three, whose gesta-
tion period were 29-32 and 33-36 weeks, C.R.,
C.H. and H.C. lengths in group F 250 mm,
400 mm and 280 mm respectively. In group G
they were 280, 418 and 316 mm respectively.

Since much of the body weight consists of the
skeleton, it is apparent that the overall anthropo-
metric measurements bear curvilinear relation-
ship to the body weight (Fig. 6.1).

Fetuses of group E to group G were all still
born fetuses.

Table 6.2 and Fig. 6.2 shows the relation
between the body weight and the corresponding
crown rump lengths. There is no straight line
relationship between the length and the body
weight of fetuses. The slope of the figure indi-
cates that the rate of length (mm) change per unit
mass (gm) decreases with time. Figure 6.1 shows

Range of body weight (gms)

No. of cases | C.R. (mm) | C.H. (mm) | H.C. (mm)
90 22-67 30-96 34-82
337 62-113 72-185 58-145
425 107-228 107-330 130-248
531 140-220 169-372 160-235
10 193-247 |303-336 198-270
2 250 400 280

280 418 316

that the body weight increases with progress of
gestation and rate of increase of body weight
rises with progress of gestation.

The question here is how crown-rump length
(CR), crown-heel length (CH), head circumference
(HC) grow in relation to body weight of human
fetuses at different periods of gestation; this issue
has been the subject of great concern to bio-statisti-
cians over decades. Studies on the variation of
these vital biological parameters during human
fetal growth are based mainly on fitting of linear
curves [1-7]. In our analysis (Figs. 6.3, 6.4, and
6.5) we have fitted three different curves for the
purpose of analysis of trends in growth of CR, CH
and HC corresponding to different body weights of
human fetuses from 9 to 28 weeks of gestation.

We related the various anthropometric param-
eters to the fetal body weight. The body weight
itself is a function of growth in respect to
gestational age. There will be variations in the
body weights of fetuses of a given gestational
age. Thus a fetus of 16 weeks of gestation may
weigh from 90 to 110 g. This amount of variation
applies to all our anthropometric measurements.

There is an intrinsic growth rate of a normal
fetus with respect to time in a given species. We
have no idea about the factor controlling this rate
of growth. We cover up our ignorance by saying
that the rate of growth of a particular human fetus
depends upon its intrinsic growth potential, inher-
ent in its genomic complex which is modified by
the environment, provided locally by the mother’s
uterine complex. It we assume that the local envi-
ronment of a normal mother is optimal the indi-
vidual growth of the fetus is a function of the
genetic potential. Furthermore, the fetus is a
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Table 6.2 Grouping of fetuses and weight length relationship
Group No. of fetuses Week Weight (gm) Length (mm) (crown rump) Length/weight
A 15 8-12 1.5-14.5 25-53 4.6
B 25 13-16 15.6-103 62-109 1.1
C 36 17-20 115-295 110-157 0.90
D 21 21-24 330-660 163-211 0.37
E 14 25-28 715-1,025 203-252 0.20
F 3 29-32 1,055-1,650 230-277 0.17

composite of the growth of the organs it is consti-
tuted of. Growth of the individual organs is condi-
tioned again by the genetic potential and the
environment provided by the mother and a third
component, the fetus itself. With these limitations
in mind, we approach the data on the relationship

of the various anthropometric measurements to
fetal growth (which is the body weight in our
case). Such relationships have been determined
by a number of workers including ours [8-14].
Older data were based on the Carnegle Institute
Collection. Streeter et.al. [15] and Schults et.al.
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[16, 17] studied the dimensions in fetuses obtained
from spontaneous abortions or pathological preg-
nancies, on mainly formal and fixed specimens.
Figure 6.6 shows the volume of fetuses bears a
relationship to the body weight which almost
passes through the origin of X and Y axis.

Anthropometry of Individual Organs
The growth of an organ from inception to a

definitive functional stage is an integrated func-
tion of the whole organism. The related

Body weight (gms)

information of such growth is inbuilt in the
nucleic acids of the cells of the organ. Such
growth is probably independent of the develop-
ment of the organism as a whole, except in so
far as it is a subject to hormonal regulation.
However, when it starts functioning, the func-
tioning may be important for the development
of the whole organism and thus will be related
to the overall growth. As noted before organo-
genesis and throughout fetal life there is a char-
acteristic growth rate of each individual organ
of the fetus. In most organs the process is con-
tinued after birth.
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Table 6.3 Relationship between the body weight and the weight of liver of human fetuses

Period of gestation | Number Body weight mean | Liver weight mean | Liver weight per 100 g
Group (weeks) of cases +S.D (gm) +S.D (gm) body weight (gm)
A 9-12 74 9+3 0.41+0.20 4.60
B 13-16 208 50+£25 2.07+1.04 4.25
C 17-20 192 187+56 7.70£2.36 4.13
D 21-24 68 42080 16.70+3.35 3.95
E 25-28 27 738+116 30.10+4.38 4.10
Fig. 6.7 Relationship 361
of liver weight to body
weight 32

28
24

20

16}

12

Weight of liver (gm)

As the fetus grows during gestation, its organs
also grow in progression to the body weight.
Regulation of the growth process is complex and
not completely understood, while the genetic
potentiality of the different endocrine organs
related to growth and various unknown parameter
mediate the growth regulatory process. It is impor-
tant to determine some of these parameters.

Growth of the Liver

The growth in mass of the human fetal liver was
compared to the overall body weight of the fetus.
The liver at 8—12 weeks of gestation is relatively
a bigger organ with respect to body weight,

360

480 600
Body weight (gm)

720 840 960

forming 4.5-5.5 % of body weight. It protrudes
through the abdominal wall. Thereafter from 13
to 32 weeks of gestation it forms 3.4-4.0 % of
body weight. As a result the liver weight forms a
more or less constant proportion of body weight.
Results are shown in Table 6.3 and Fig. 6.7. They
show that the liver weight is directly proportional
to body weight.

Growth of the Lung

The lung is a respiratory organ, but it is not so in
fetal life, although the fetal lungs are known to
expand and contract in the last stages of develop-
ment. Therefore, whatever growth pattern is
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observed in the fetal lung, it will be an intrinsic
pattern of the organ.

The total weight of the right and left lungs and
both lungs together are determined at different
periods of gestation and expressed as a function of
the total body weight. Results are shown in
Table 6.4 and Fig. 6.8. There was a variation in
individual fetuses; the weight of right and left lung
and total weight of the lungs increased with the
total weight of the fetus (Fig. 6.8). When the weight
of the lung was expressed as gm/Kg of body weight
(Table 6.4) and plotted against the body weight, we
get somewhat irregular plot as shown in Fig. 6.9.
Initially, that is, upto a body weight 350 g, there
was a rather sharp decline in the rate of growth of
the lungs. The decline was maintained upto a body
weight of 850 g after which the rate of growth was
uniformly proportional to the total body weight.

73

Growth of the Brain

The brain, for our studies, included the central
nervous system upto the medulla at the level of
the second cervical vertebra. The whole mass of
tissue was dissected out, the cerebrospinal fluid
was drained by decantation and the weight of
the brain was determined. The smallest fetus
we could examine weighed 1.5 g and thus
belonged to a gestation period of 8.5 weeks.
The brain at this time had already assumed the
appearance of a human brain; i.e., the primary
divisions and flexures had already occurred
previously and the prosen, messen, and
rhomben cephalon had already given rise to
the constituent derivatives of the brain like
rhinencephalon, corporastraita, cerebral cor-
tex, thalamus and epi and hypothalamus, col-

Table 6.4 Weight of fetal lung in different gestation period

Gestational age Body wt. (gm)

Number of fetuses

Lung wt. (M £+ SD) gm/Kg of body wt.

(weeks) Right lung Left lung Total lung
12-16 14-105 10 19£2.5 16x£2.1 35+1.0
16-20 105-310 9 16x1.6 13+£1.6 30+3.4
20-24 310-640 18 15+2.0 12+2.1 27+2.3
24-28 640-1,080 11 12+1.2 10+0.8 22+2.0
28-32 1,080-1,650 10 122 10£1.4 22+2.8
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Table 6.5 Brain weight g/Kg. of body weight

Body wt. No. of samples Mean + S.D
0-100 26 17228
100-200 14 165+26
200-300 12 16017
300-400 5 153+23
400-500 3 165+15
500-600 2 130+
600-700 3 15712
700-800 3 19114
800-900 2 160+
900-1,000 3 172+16
1,000-2,000 5 157+15

liculi, tegmentum, crurcerebri, cerebellum, pons
and medulla, albeit to a relatively less differenti-
ated extent. From this time onwards the growth
of the brain was proportional to the weight of the
fetus. The brain weight per Kg of body weight is
shown in Table 6.5 and Fig. 6.10. It formed
16—-18 % of the body weight. There were occa-
sional fetuses whose brains weighed 20 % of the
body weight and some brains were 12—13 % of
the body weight. But by and large, the brains
weighed 16—18 % of the body weight. Figure 6.11
shows that brain weight is directly proportional
to the body weight.

Why the variations of weight are related to
the large capacity of the brain is not known.

Body weight (gm)

Thus, why the brain of Stephen Hawking may
belong to the first groups of 16-18 % of the body
weight, while the brains of Tom, Dick and Harry
may belong to the second group of 12-13 % of
body weight, is not known.

Growth of the Kidney and the
Adrenal Gland

Table 6.6 and Fig. 6.12 shows the total weights
of the adrenal glands and the kidneys in 12
human fetuses arranged according to body
weight. In early periods of gestation, the adrenal
glands out weighed even the metanephric kid-
neys. It was comparatively a bigger organ. After
the tenth week of fetal life, the kidneys began to
grow in mass at a faster rate than the adrenal
glands so that the adrenals and the kidneys
weighed more or less the same upto the 12th
week. Thereafter, the kidneys weighed more
than the adrenals. But even so, the adrenal gland
is a comparatively bigger organ in the fetus than
in an adult.

Table 6.7 shows the adrenal weights of 90
human fetuses of different gestation periods.
Figure 6.12 shows the results graphically where
the weights of the adrenal glands are plotted
against gestation age. There is a progressive
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Fig.6.10 Brain weight
per Kg body weight

110

100

Q0

80

70 F

Brain weight (gms)
W B (&) [o)]
o o o o

N
o

10

75

increase in the weights of the adrenal glands as
the fetus increase in weight. The rate of increase,
however, varies at different gestational periods,
and is not uniform all throughout. Figure 6.13
shows the weights of adrenal glands expressed as
mg. per gm of body weight against gestational
age. There is a progressive decrease in the rela-
tive weight of the adrenal glands as the fetus
advances in age. The rate of decreases is not uni-
form and greatest after birth.

Growth of the Human Fetal Testes

The growth and development of the testes in
human fetuses are not uniform throughout gesta-
tion. The right and left testes were dissected indi-
vidually, weighed and expressed as mg tissue
weight. Results are shown in Table 6.8. The right
testes were, as a rule, 4-10 % heavier than the
left with few exceptions. There was a gradual

400 600 800 1000
Body weight (gms)

increase in the weight of the testes (combined
weights) as the gestation increased. The individ-
ual weights of the combined testes in mg were
plotted against the weight of the fetus in gms.
Results are shown in Fig. 6.14. The growth was
not uniform; initially there was a proportional
growth which soon flattened to increase with dif-
ferent slopes again and again throughout the
whole length of the gestation. This is in marked
contrast with the growth of an organ in mg per
100 g of body weight and results are plotted in a
graphic form, (Fig. 6.15). There is a steep decline
in the early gestation periods from about 200 mg
per 100 g of body weight to about 60 mg per
100 g when the fetus weighted from 1.5 g to
about 20 g. Later on in gestation, the decline is
gradual. We could obtain data only upto a body
weight of about 1,560 g when the testes weighed
about 20 mg per 100 g of body weight. The
decline was not uniformly maintained through-
out the gestation period.
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Table 6.6 Relationship between the total weight adrenal
glands and kidneys with the increase of body weight

Approx.
gestation | Total weight | Total weight of

Body period of kidneys | adrenal glands
weight (gm) | (weeks) | (gm) (gm)
6.578 10 0.0145 0.0266
7.0702 10 0.0235 0.0320
11.1834 11 0.0391 0.0264
13.2 11.5 0.0666 0.0511
14 12 0.1141 0.1010
14.4755 12 0.0711 0.0535
102 16 0.6011 0.2731
280 19.4 2.3626 0.9658
457 21.6 2.8350 1.3713
735 24.6 4.6049 2.3364
1,010 28 8.609 2.4395
1,650 32 13.350 4.1457

Growth of the Human Fetal Ovaries

The ovaries were dissected individually from
each side and immediately weighed. Results are
shown in Table 6.9 and Fig. 6.16. There was a
progressive increase of the weight of the ovary
with increase in body weight. In most instances
fetuses of identical body weights had almost iden-
tical ovarian weights. But occasionally, within
each group there were a few fetuses, whose ovar-
ian weights did not have the expected ovarian
weights.

The individual weights of the combined ova-
ries in mg were plotted against the weight of the
fetuses in gms. Results are shown in Fig. 6.17.
Like the testes, here also the growth was not
uniform.
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Fig.6.12 Relation of weight of adrenal glands to gestational age

Table 6.7 Weight of the adrenal glands at different
periods of human fetal life and upto adult

Gestational period No. of Total weight of the
(weeks) cases adrenal

Below 12 weeks 7 0.0451+0.0277
12-16 weeks 23 0.1623+0.0097
16-20 weeks 24 0.7341+0.28
20-24 weeks 18 1.3008£0.23
24-28 weeks 16 2.136+0.3
28-32 weeks 2 3.4471

New born® 1 4.5621

2 days 2 4.748

18 days® 1 3.7116

7 months 1 34211

3 years® 1 4.7264

4 and Y2 years? 1 3.8876

Adult 8.0

Results are expressed in mean and standard deviation for
the number of fetuses indicated in parenthesis

“Premature and 12 h of age

"Died of Paralytic ileus

“Vitamin deficiency Patient

9Died of Encephalitis

The weight of the organ in mg. is expressed
per 100 g of body weight and results are plotted
in a graphic form (Fig. 6.17). There is a steep
decline in the early gestation period. The decline
is not uniformly maintained throughout the ges-
tation period.

The Growth in Mass of the Thymus

Detectable thymus was observed earliest in
about 8 weeks of gestation when the fetus
weighed about 1 g. In weeks earlier than 8, the
thymus cannot be identified as an organ even
under a magnifying glass. The thymic weight
was expressed as mg/100 g of body weight.
Table 6.10 shows some of these anthropomet-
ric measurements. Group A included 39 fetuses
varying from a body weight of 1.3-14.7 g. In
many of these fetuses, especially of in the
smaller ones, thymic tissue could not be dis-
sected. In all fetuses weighing more than 5 g,
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Table 6.8 Growth of the testes in developing human fetus

Gestation period | No. of | Bodyweight

(weeks) sample | (gm) Right
9-12 11 5-11 45+2.0
3-16 24 22-80 12.0+4.0
17-20 31 130-250 39.0+12.0
21-24 24 350450 70.0+9.0
25-28 13 700-1,000 93+11
29-32 4 1,100-1,400 |132+12
33-36 1 1553.00 161

thymic tissue is dissectable. The organ formed
52 mg/100 g of body weight in this group.
Group B included 28 fetuses of body weights
varying from 15 to 100 g. The thymic weight
expressed in mg per 100 g of body weight was
77 mg. This was higher than the thymic weight

Weight of testes (mg) mean + S.D

Tissue weight in mg/100 g of

Left Total body weight mean + S.D
4.0+2.0 8.5+3.0 133.16+36.05

9.0+4.0 21.0£8.0 |50.75+£17.35

36.0+14.0 |75.0+£23.0 |40.28+2.89

64.0+11.0 |134+20 30.42+2.60

87+9 180+19 21.70+1.42

0.113+20 | 245+31 20.06+0.46

157 318 20.47

of fetuses of Group A. The relative growth of
thymus was thus more in this period than the
previous. Group C included 39 fetuses of body
weights varying form 100-300 g. The relative
rate of growth of the thymus in this period was
still higher than that of fetuses of group B, in as
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Fig.6.15 Relationship of fetal testes/body weight

much as it formed 136 mg per 100 g of body tion to body weight was maintained through-
weight in contrast to 77 in group B. This increase out the period of gestation. We could study
in the relative growth of the thymus in propor- foetuses upto 28 weeks; it was highest in the
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Weight of ovary in (mg)
Group and gestation | No. of Body weight A mean +/—S.D Tissue weight in mg/100 g
period (wks) sample tested | in gms Right Left Total of body weight mean + S.D
9-12 13 5-11 3.0£1.5 |3.0+1.5 6.0+3.0 100.30+43.76
13-16 38 22-80 155+8.0 [13.6+6.0 |29x13 49.79+8.61
17-20 38 130-250 38+8.0 3470 | 72%15 40.97+6.83
21-24 26 350-450 81+9.0 |72x9.0 154+15 35.74+4.39
25-28 10 700-1,000 | 95+6.0 105+35 0.200+30 |23.97+2.77
29-32 4 1,100-1,400 | 110+£7.0 |123+12 |234+8 17.64+1.48
33-36 1 1553.00 152 149 298 19.10
450 +
400 T
350 T
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S 200 4
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100 T
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Fig. 6.16 Relationship of fetal ovary and fetal body weight

fetuses of large body weight. This is in contrast
to many other organs like the brain and liver
which constitute a more or less constant pro-
portion of body weight except in the case of
very early fetuses. Since the weight of the thy-
muses is expressed per 100 g of body weight, it
can be inferred that with progress of gestation

there is an absolute as well as a relative increase
in the mass of the thymus. However one thing
must be mentioned in this context. There were
occasional fetuses in all the groups in whom
the thymic weight was not as high as would be
expected from the body weight. In almost all
cases we could predict the weight of the liver or
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Fig. 6.17 Individual weights of combined ovaries in mg plotted against the weight of the fetuses in gms

Table 6.10 Growth of the thymus in developing human

fetus
Gestational
period (weeks)
8-12 (39)
12-16 (28)
16-20 (39)
20-24 (24)
24-28 (19)

Body wt. of
fetuses (gms)

1.3-14.7
15-100
100-300
300-580
580-1,080

Thymic wt. in mg/100 g
body weight

52.2+8.39

76.6+£5.52

135.8+7.66
218.6+16.53
362.3+£24.23

The results are expressed as mean and S.E.M. of the
number of fetuses indicated in parenthesis

the brain or the kidney from the body weight
but we could not do so in the case of
thymuses.

Figure 6.18 shows the relationship between
the body weight of the fetus (in gm) and the
thymic weight (in mg.). It is apparent that
there is no straight line relationship between
the body weight and the thymic weight. The
rate of growth varies at different periods of
gestation.
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Chameli Ganguly’, Gitanjaly Guha Thakurata’,
Sukla Ghosh, K.L. Mukherjee,
and Niranjan Bhattacharya

Introduction

Glucose is the unit of carbohydrate metabolism. All
the three classes of carbohydrates mono, di and
polysaccharides ultimately are converted to glucose
and then metabolized. Some sugars join the com-
mon metabolic pathway of anaerobic glycosis.
Except under special circumstances, for e.g., in
galactosemic children there is no dearth of myelin
on delivery. Therefore, the baby must have utilized
galactose form the maternal circulation. In adult life,
when the supply of glucose is not forthcoming like
in the postprandial period, stored glycogen is broken
down to glucose. Synthesis of glycogen is a function
of the period when glucose is being absorbed form
the gut. The state of glycogen synthesis and the
breakdown becomes important in fetal life. In fetal
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life, however, the fetus is constantly supplied with
glucose from maternal circulation. There is no need
for glycogen to be synthesized and broken down in
order to supply glucose to the circulation.

The history of glycogen synthesis and break
down forms a very interesting part of the effort of
many scientists.

In the inimitable word of Haldane, “Bernard
was the first to formulate the extremely fruitful
idea that the blood of a living animal in an internal
medium is kept remarkably constant as regards its
physicochemical condition by the co-ordinated
influence upon it of the various organs of the
body.” The term internal medium, the milieu
interieur, has been associated with the name of
Claude Bernard [1], a pupil of the leading French
physiologist Francois Magendie. Although
Charles Robin [2] might have used the term earlier
than Claude Bernard in his book, “Treatise of
Anatomical and Physiological Chemistry, Normal
and Pathologic,” Bernard contemplated and dis-
cussed the idea of the internal environment for
over 20 years and gradually added new facts of
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meaning to the idea of the milieu interieur. Almost
at the same time P. Fluger [3], Frederick [4] and
Riched [5] contributed immensely to the idea that
internal environment is maintained by virtue of
dynamic self-regulating mechanism, stability and
constancy in the face of changing environment.
Claude Bernard [1] said, “it is the fixity of the
milieu interieur which is the condition of free and
independent life; all the vital mechanisms, how-
ever varied they may be, have only one object, that
of preserving constant the condition of life in the
internal environment.” According to him, the con-
ditions which must be maintained constant in the
fluid matrix of the body in order to favour freedom
from external limitation are water, temperature
and nutrient (including sugar). The concept of
homeostasis was further elaborated by Canon [6].
The storage and release of carbohydrate as a means
of keeping the blood sugar at a constant level
under changing environmental conditions [7] was
realized. Hansen [8] pointed out that there were
normal oscillations in blood sugar occurring
within a narrow range. Such insight and intuition
in the 1920s were a real marvel when we realize
that the methods of laboratory investigations were
crude and rather imprecise in those days. That in
the milieu interieur the blood sugar was main-
tained at a reasonably constant level was stressed
by many authors ever since Otto Folin introduced
the method of blood sugar estimation as a clinical
laboratory technique. Thus it was found that after
a meal rich in carbohydrate the bold sugar started
to rise upto approximately 3040 mg% above the
fasting level at one and half hours and returned to
the fasting level at two and half hours and remained
at the level for a considerable period of time.
During this period it was gradually realized that
the human body was an organized system and an
organized system required expenditure of energy
in order to prevent the organization form spontane-
ous natural disorganization. It was found out that
the energy was chemical in nature and was ulti-
mately derived from the hydrolysis of nucleoside
triphosphates. The synthesis of nucleoside triphos-
phates occurs mainly in the respiratory chain dur-
ing operation of the tricarboxylic acie cycle. The
tricarboxilic acid is formed by conjugation of oxa-
loacetic acid with acetyl coA. The Ac coA is
derived from the decarboxlation of pyruvic acid.

C.Ganguly et al.

The pyruvic acid is produced by anaerobic gly-
colysis of glucose. There are some organs of the
body which are obligatorily dependent on a supply
of glucose. Glucose must, therefore, be supplied to
these organs constantly. The supply line is through
the blood. The blood must therefore carry a more
or less constant amount of glucose at all times.

This concept of homeostatic regulation of inter-
nal environment in the face of constantly changing
external environment was forcefully advanced by
Claude Bernard in the later half of the nineteenth
century, as mentioned earlier. Subsequently it was
gradually realized that all the chemical reactions in
our body occurred at constant body temperature
and required presence of catalysts. These biocata-
lysts were found to be the different enzymes hav-
ing definite specificities with regard to the
substrates they catalyze. These enzymes regulate
the level of metabolites found in an ever changing
system, wherein the metabolites enter and leave
the system in a finely and delicately controlled
manner. Organic reactions are reversible. Since the
enzyme catalyzed reactions are organic in nature,
it is to be expected that they may occur in both
directions depending upon the energy consider-
ation in the system. Moreover, most of the bodily
reactions are in a flux, i.e., sequential, the products
of one reaction are substrates for other reactions
and thus the flow may virtually be unidirectional
under a particular set of conditions. Hence in order
to maintain the level of a metabolite at a particular
concentration it is required that constant rate of
input into the system is maintained as also the
same rate of output out of the system.

When we come to consider the maintenance
of a more or less constant level of blood sugar, we
are confronted with a number of changing exter-
nal conditions which tries to offset the mainte-
nance of a constant level.

Firstly, we should be aware of the fact that blood
sugar is never constant. For example, after a meal
containing carbohydrates the blood sugar concen-
tration rise to a level between 30 and 40 mg%
higher than the fasting level at about an hour after
the meal and return to the fasting level between two
and two and a half hours after the meal. So there are
periods in which blood sugar concertration is
higher than the fasting level. However, the organ-
isms tend to adopt to the high blood sugar by
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distributing it between the various fluids and
metabolizing it either by catabolic reactions or by
anabolic reactions. Conversely if food is withheld
from our system, substances are broken down and
mobilized in order to produce glucose and thus
keep the blood sugar from falling. Therefore, by
the statement “blood sugar concentration is kept
constant”, it is implied that blood sugar is kept
within a certain level which varies depending upon
various external conditions playing on the system.

In the human body the brain is dependent on
the energy provided by glucose oxidation.
Therefore the brain must always be supplied with
glucose. In postnatal life, in the postprandial
period glucose is added to the system by
Glycogenolysis and Gluconeougenesis.

The human fetus is supplied with glucose
from the maternal circulation. There is no neces-
sity for Glycogenolysis and Gloconeogenesis.

Therefore it was considered important to study
the glycogen content of the liver and muscle in
different gestation period. This was part of the
experiments done on the human fetus, mentioned
in Chap. 6, by our group of researchers led by
Prof. K.L. Mukherjee, at SSKM Hospital,
Calcutta, from 1977 onwards.

Blood Sugar Concentration in Fetal
and Maternal Blood

The mothers from whom the fetuses were
obtained had opted for Medical Termination of
Pregnancy which is legal under India’s MTP Act,
1971, under specific circumstances. Due permis-
sion was taken from the hospital ethical commit-
tee and informed consent was taken from the
mothers. Fetal blood was drawn from the heart
within 10 min after the fetuses were taken out by
hysterotomy. A sample of venous blood was
obtained from the mother while she was under
anesthesia, from the arm, opposite to the one,
through which she was being infused with either
saline or 5 % dextrose in saline. Blood sugar was
estimated by the glucose oxidase method; in
some cases the blood sugar was estimated by
Folin and Wu’s method in addition to the glucose
oxidase method. Mothers were grouped in four
groups of /4 week period beginning from
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Table 7.1 Blood sugar concentration of fetal and mater-
nal blood (glucose oxidase method)

Mean + SD | Mean + SD
Gest blood sugar | blood sugar
period | No. of in fetus in mother
Group | (wks) samples | (mg/dl) (mg/dl)
A 13-16 |8 80.6+£10.72 | 59.2+11.09
B 17-20 |10 87.8+16.4 |77.9+15.7
C 21-24 |6 114+£26.5 |106+£20.9
D 25-28 35.0 62.0

Table 7.2 Relationship between the high fetal blood
sugar and the different glycemic condition of the mother

Fetal blood sugar higher than
maternal (% of total)

Higher Lower
Normogycemic mother 16 84
Potentially diabetic 48 52
mother
Frankly diabetic mother 35 65

13 weeks of gestation. Table 7.1 show the results
obtained by glucose oxidase method on the pairs
tested in different groups. The mean fetal blood
sugar was higher than the mean maternal level
but the difference was not statistically significant.
In approximately 80 % cases the fetal blood sugar
was lower than the maternal but in 20 %, the fetal
sugar level was higher than the maternal.

Since in all published literature on the rela-
tionship between fetal and maternal blood sugar
concentration, the fetal blood was shown to con-
tain sugar at a lesser concentration than the
maternal one [9, 10], we tried to investigate the
cause of the high fetal sugar found to be present
in some cases. The glycemic condition of the
mother, whether normoglycemic, potentially dia-
betic or frankly diabetic had any relationship
with the high fetal blood sugar is shown in
Table 7.2. The potentially diabetic mother refers
to those mothers whose hyperglycemia became
normoglycemia after the termination of preg-
nancy. Of the normoglycemic mothers, 16 %
showed high blood sugar level in the fetuses. In
potentially diabetic mother about a half showed
higher blood sugar level in the fetuses than the
mothers. In frankly diabetic mother about a third
showed higher blood sugar concentration in the
fetuses.
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Normoglycemia: Fasting blood sugar
4.5-5.5 m Mol/l and post
prandial blood sugar less than

6.5 m Mol/l

Blood sugar higher than
6.5 M Mo/l during
pregnancy but below 5.5 m
Mol/l after puerperium

Potentially diabetic:

Frankly diabetic: The diabetic state persisting

after puerperium

Glycogen Content in the Human
Fetal Liver

One of the important parameters which maintains
blood sugar level in the adult is liver glycogen.
Glycogenolysis provides glucose-6-Phosphate
(through glucose-1-P) which undergoes hydroly-
sis to glucose. The glycogen contents of the liver
of those human fetuses were extracted within
15 min after removal from the uterus. The fetal
liver glycogen was found to be reasonably stable
for upto 24 h after the fetus was taken out.
Portions of fetal livers were cut at 0.25, 1, 12 and
24 h. after their removal from the uterus and their
glycogen contents were estimated (Table 7.3).
Results agreed within reasonable limits (the later

Table 7.3 Glycogen stability in human fetal liver
(gm/100 g)

Time Temperature of storage
Hours 20 °C -5°C
0.25 1.66 1.89

1 1.59 1.77
2 1.90 1.59
12 1.30 1.87
24 1.55 1.62

C.Ganguly et al.

values were more than 80 % of the 0 h values).
Three methods of extraction were tried: hot 33 %
KOH, hot water and cold TCA. Hot 33 % KOH
yielded the highest glycogen content. Therefore,
all subsequent investigations were carried out on
hot alkali extracted liver. Glycogen was precipi-
tated with alcohol upto 60 %. Two washings with
60 % ethanol were enough to isolate the glyco-
gen. Final color reaction was carried out with
anthrone reagent. Results were multiplied by 1.1
to compensate for the hydrolysis to glucose
equivalent. Results are shown in Table 7.4. The
data were statistically analysed with respect to
significant differences between the liver glyco-
gen contents of fetuses at different stages of ges-
tation. At 9-12 weeks the liver glycogen was
very little; especially, most fetal livers of 9 weeks
hardly contained any glycogen at all.

The liver glycogen contents gradually
increased from a mean value of less than 0.1 g%
at 9-12 weeks around 1.8 g% between 21 and
24 weeks. The pairs were matched with regard to
the mean of similar glycogen contents in order to
compare the values statistically. The increase of
liver glycogen contents between the fetuses of
different gestation groups was highly significant.

Table 7.5 shows that the glycogen content of
skeletal muscles was again lowest at 9-12 week
(0.4 %). But from 13 to 24 weeks the muscle gly-
cogen content remained more or less steady at
around 1 %. As a result, the difference in skeletal
muscle glycogen content between fetuses at differ-
ent groups was only significant between the earli-
est gestation groups and between no other groups.
If we compare the glycogen contents of the liver
and muscles in the corresponding gestation peri-
ods, we find in Table 7.6 that skeletal muscles had
higher glycogen contents than the liver at

Table 7.4 Glycogen content human fetal liver at different gestation period

Number of
Group Weeks samples Mean gm% | S.D. P value Remarks
A 9-12 14 0.08 0.09 <0.001 Highly significant
B 13-16 32 0.57 0.54 <0.001 Highly significant
C 17-20 32 0.93 0.36 <0.001 Highly significant
D 21-24 19 1.83 0.70 0.001>P <0.005 | Highly significant
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Table 7.5 Glycogen content of human fetal muscle at different gestation period

Number of
Group Weeks samples Mean gm% | S.D. P value Remarks
A 9-12 10 0.40 0.52
B 13-16 10 1.07 0.29 <0.001 Highly significant
C 17-20 10 0.96 0.36 <0.500 N.S.
D 21-24 10 1.12 0.34 P>0.4<0.2 N.S.

Table 7.6 Inorganic phosphorus content of human fetal
liver at different gestation period

Body
Age in| Number | weight Liver weight | Total Pi
week | of sample | (gms) (gms) (mg/100 g)
9-12 |2 1-14 57.41 0.47

(mean) (mean)

13-16 | 15 15-110 | 65.83+4.82 3.12+0.62
17-20 | 14 110-300 | 66.04+4.89 | 7.18+0.63
21-24 19 300600 | 114+6.7 16.00+1.02
25-28 |2 600— 199.2(mean) | —

1,000
37-40 |2 1,533 1,133.2(mean) | —
Adult |2 - 53.7 -

9-12 week. Thereafter the values were similar and
later on the liver glycogen contents were higher
than the muscles.

Inorganic Phosphorus Content in
the Human Fetal Liver

Phosphorus is a very important constituent of the
organ both as regards its own metabolism as well
in relation to the handling of glucose. Unlike the
adult whose dietary intake contains abundance
of phosphorus, the intrauterine fetus depends
entirely on the maternal supply of inorganic
phosphorus through its placental circulation. It
was considered, therefore of interest to study the
magnitude of phosphorus content in fetal organs
at different periods of gestation. The human fetal
liver was studied, and the results are shown in
Table 7.6. The results are expressed as mg of
inorganic phosphorus per 100 g of liver weight.
From 9 to 21 weeks the total inorganic phospho-
rus contents were higher. Total liver inorganic
phosphorus content were plotted against the

body weight of the fetuses. There was an almost
straight line relationship between the two param-
eters upto a body weight of 300 g; thereafter the
slope was steeper. The inorganic phosphorus
content of the mitochondrial fractions was usu-
ally lower than that of the cytosolic fraction.
Two adult livers could be obtained during the
period of study. The inorganic phosphorus con-
tent was lower than that of the fetal liver.

Phosphorylase Activity in the
Human Fetal Liver

Glycogen is broken down to glucose-1-p by the
activity of the enzyme phosphorylase. Since Keq of
the enzyme is close to 1, the activity of the enzyme
is usually measured by the synthetic reaction, i.e.,
incorporation of glucose into the growing glycogen
chain and consequent liberation of inorganic phos-
phate form glucose-1-p in 8,000 x g supernatant.
Phosphorylase activity of the liver of a few fetuses
was measured according to the method of Stalmans
and Hers [11]. Results are shown in Table 7.7; the
activity at 9-12 weeks was about a tenth of the
adult liver activity of the adult livers. At 13—16 and
17-20 weeks the activity is about a fifth of the adult
liver activity. According to Hers [12] the phosphor-
ylase activity of adult human liver as obtained from
liver biopsy, is 27.8 p Mole pi/g tissue/min (mean
value). Phophorylase activity of the skeletal muscle
was estimated form crude homogenate of the thigh
muscle (quadriceps Femoris). Results are shown in
Table 7.8.

The enzyme activiry of the fetal muscle was
much lower than that of adult muscle reported by
Hers [13]. In fact adult muscle phosphorylase
activity was about four times higher than that of
the adult liver. In comparison, however the
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Table 7.7 Phosphorylase activity of the human fetal liver at different period of gestation

Enzyme activity p Mole pi/g/

Specimen activity p Mole pi/g/

Gestation period (wks) | Number of specimen tissue/min protein/min
9-12 2 2.52 13.39
13-16 7 5.60+0.46 21.94+4.37
17-20 6 5.58+0.68 16.21+3.6
21-24 1 4.09 12.4

Adult?* 4 27.8 -

2According to Hers [12]

Table 7.8 Phosphorylase activity of human fetal muscle
at different period of gestation

Period of Body Phosphorylase activity p
gestation (wks) | weight (gm) Mole pi/g T/min

10 4.3 1.70

14 352 0.58

18 187.0 1.75

24 549.0 4.6

Adult* - 100

#According to Hers [12]

phosphorylase activity of the fetal muscle was
lower than that of the fetal liver. The reported
value of adult muscle phosphorylase by Hers [13]
is 100 p Mole Pi/g tissue/min. In other words the
fetal muscle had very little phosphorylase
activity.

Glucose: 6 Phosphatase Activity
of the Human Fetal Liver

The hydrolysis of liver glucose -6-phosphate was
carried out according to the method of Swanson
[14]. The liver homogenate was carried out in
maleate buffer (0.1 M, PH 6.5) at a concentration
of around 50 mg per ml of liver homogenate. It
was centrifuged at 600 x g and the supernatant
was used as the enzyme source. It was soon real-
ized that the activity of the enzyme which was
observed in human fetal liver of earlier gestation
period might be an artifact, possibly due to non
specific phosphatases present in the homogenate
supernatant. Accordingly and as suggested by
Hers [13], the nonspecific phosphatase was
inhibited by prior incubation of the enzyme at pH

Table 7.9 Non specific activity of glucose -6 — pase in
the human fetal liver

Mg pi/g/

tissue/15 min

(according to the | Mg pi/gm/tissue/15 min

Gestation method of (after prior incubation
period (wks) | Swanson) at Ph 5)

8 0.24 0

20 5.76 1.44

5.0 in an acetate buffer and then the enzyme
activity was determined. An example may per-
haps, be cited in one of the cases where enzyme
activity was found to be present by the original
method of Swanson but it was shown to be absent
when the nonspecific phosphatase activity was
subtracted. Table 7.9 shows the result. In an
8 week old human fetus some measurable activ-
ity was present when it was estimated according
to the original method of Swanson. But prior
incubation at pH 5.0 inhibited the not specific
phosphatase and no G-6-Pase activity was found
in the liver at this period of gestation.

The method of glucose-6-phosphatase activ-
ity is based on liberation of inorganic phospho-
rus from glucose-6-phosphate, according to the
method of Swanson [14]. Results are shown in
Table 7.10. In the fetus of 9—12 weeks no glucose
6-pase activity was detected. Both activities, per
gm tissue and specific activities of the enzyme
increased progressively.

Earliest evidence of glucose-6-pase activity
was demonstrated at 14.5 weeks of gestation.
From then on, the activity increased progres-
sively, but even at 24 weeks of gestation the
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Table 7.10 Glucose — 6 — pase activity of activity of
human fetal liver at different period of gestation

Activity Sp. activity
Gestation No. of | pMole pi/g | pMole pi/g
period (wks) | samples | T/min protein/min
9-12 14 Nil Nil
13-16 8 0.248+0.017 | 2.53+0.14
17-20 6 0.764+0.49 | 5.22+0.34
21-24 6 1.269+0.08 | 6.488+0.359
Adult 4 2.5 9.6

enzyme activity was lower than that found in
adult livers.

Since glucose-6-pase activity was not found in
livers of human fetuses in the earlier weeks of
gestation, it was considered advisable to study if
the placenta could serve the purpose of the liver
in this respect. Accordingly the whole placenta
was homogenized in a waring blender in the cold
and aliquots of placental homogenate were cen-
trifuged at 500 x g; the supernatant was used as
the enzyme source. Glucose-6-pase was esti-
mated by the method of Swanson and about 5 mg
tissue equivalent was used in the assay. Results
are shown in Table 7.11. In the placenta of earlier
gestation period, the specific activity of
glucose-6-pase was much higher than that of later
gestation period.

Some properties of the fetal liver glucose-6-
pase activity was studied in the microsomal pellet
(105,000 x g pellet). The pellets were resuspended
in cacodylate buffer (0.15 M, Ph 6.5) and enzyme
activity was determined by the method of Segal
and Washko [15]. Result are shown in Table 7.12.
The specific activity of the microsomal pellet was
about twice that of the 5,000 x g supernatant. The
105,000 x g supernatant had no activity.

The 105,000 x g pellet was used to measure
the activity of the enzyme by the above method
with and without the presence of certain com-
pounds and results are shown in Tables 7.13. The
end product measured was glucose by the method
of Nelson and Somogyi [16]. The full system
showed an activity of 6.1 p Mol glucose liver-
ated/ mg protein per min. Inorganic phosphate at
100 Mol concentration produced a complete inhi-
bition. Similarly ATP at 0.2 Mol concentration
produced a complete inhibition.
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Table7.11 Glucose — 6 — pase activity of the human pla-
centa at different period of gestation

Gestation Fetal body | Placental g-6-pase activity
(wks) Wt. (2) puMole pi/g protein/min
14.5 48.2 67.8

19 219 2.14

19 237 4.98

Table 7.12 Glucose — 6 — pase activity of the human
fetal liver in different subcellar fraction

Glucose — 6 — pase

Gestation activity pMole pi/g
period (wks) | Fraction protein/min
21 5,000 x g sup 4.44
- 105,000 x sup | Nil
- 105,000 x 7.87
pellet

Table 7.13 Effect of inorganic phosphate and ATP on
the activity of glucose — 6 — pase of human fetal liver

Concentration | Sp. activity of G — 6 —
Addition of | (p M) pase p M g/mg pro/min
Inorganic 25 6.1
phosphate
- 50 2.0
- 100 0
ATP 0.20 0
- 0.50 0
- 1.00 0

Fructose 1,6: Diphosphatase
in Human Fetal Liver

Fructose 1,6 diphosphatase is one of the key
enzymes of gluconeogenesis and highest activity
is present in gluconeogenetic tissues, e.g., liver
[17]. The activity of the enzyme is subjected to
modifiers and regulators [18].

Since one of the objectives is consideration of
the factors producing gluconeogienesis, the activity
of the enzyme was measured in the livers of human
fetuses of different gestation periods. The method
used was a modification of Lahiri et al. [19]. The
activity was measured at pH 7.5 and pH 9.5; the
results are shown in Table 7.14. The activity as mea-
sured at pH 7.5 was always less than the activity at
pH 9.5 at all stages of gestation. The developing
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Table 7.14 F — D pase activity of human fetal liver at
different periods of gestation of 10 K fraction

F — D pase activity at pH

Gestation Number of | 7.5 and pH 9.5 p Mole pi/g
period (wks) | sample proh

13-16 4 0.20 0.38

Do - 0.37 0.86

Do — 0.57 0.60

Do - 0.17 0.25

17-20 2 0.49 0.60

Do - 0.33 0.43

21-24 2 0.17 0.20

Do - 0.19 0.49

human fetus receives glucose continuously through
the placental circulation vide Biswas et al. [20].
However, apart from the supply of glucose from the
mother, demonstration of FD Phase activity in liver
within 8-32 weeks of gestation evokes gluconeo-
genic possibilities, [21]. Participation of the gluco-
neogenic enzyme during development for either
fetal or neonatal energy homeostasis has been docu-
mented in several mammals [22]. Nevertheless, a
clear insight regarding the fetal gluconeogenic
capacity in mammals, particularly in human, is yet
to be elaborated.

Human fetal liver fructose 1,6 — Diphosphatase
has been purified about 200-fold to homogeneity at
pH 7.5. The purification procedure for the enzyme
was applicable throughout human fetal gestation.
The purified enzymes recorded an approximate
Km of 1.603x 10-M for FDP and 1,6-biphospahte
at pH 7.5. The enzyme could hydrolyze sedoheptu-
lose — 1,7 — biphosphatase also. The molecular
weight of the native enzyme as determined by gel
filtration was approximately 146,000. The enzyme
was Mg?* depended, which could be replaced by
Mn?. Ca* was absolutely inhibitory. The
Monovalent cations had no effect except Li'* which
inhibited the enzyme activity at pH 7.5. Histidine,
citrate and EDTA were found to be stimulatory at
pH 7.5, with optimal stimulation at 1 mM, 2 mM
and 0.04 mM respectively. Zn?* exhibited both
stimulation and inhibition of the human fetal liver
FDPhase. However, optimum stimulatory concen-
tration of histidine partially recovered the enzyme
activity at pH 8.5 from Zn?* inhibition. 5° — AMP
inhibited the enzyme activity at pH 7.5 and inhibi-
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tion was temperature dependent. The inhibition of
the neutral FDPhase activity by 5 — AMP was
potentiated by fructose -2-6 — biphosphate. The
fructose -2-6 — biphosphate inhibition of the
enzyme in absence of 5’AMP was found both at pH
7.5 and pH 8.5 but not at pH 9.5.

Discussion

A number of studies have been carried out on
blood sugar concentration of fetal and maternal
blood in different species [9, 10, 23-25] and in
man. Most of these studies has reported lower
sugar concentration in fetal blood than in the
maternal. This is logical since transport of sugar
across the placental circulation has been thought
to be facilitated by diffusion type involving a car-
rier [26, 27]: and the process does not involve
expense of energy. The carrier mediated transport
is through GAP junction. Subsequent to the bind-
ing of the ligand to the receptor the pore is wid-
ened to transport the ligand. Since it does not
involve waste of energy, the transport must be
down a concentration gradient. Therefore, in
order that glucose be transported to fetal circula-
tion the concentration in the maternal circulation
must be higher than in the fetal. It is rational,
therefore that most studies found this to be so.
The greater the difference in the maternofetal
concentration the higher the transport. There
were few studies on the blood sugar concentra-
tion in the human uterine artery and umbilical
vein simultaneously because of obvious ethelical
consideration. Furthermore it is difficult to mea-
sure the uterine and umbilical blood flows in
order to calculate the rate of transport of sugar
across the placental barrier. Such studies have
been carried out in lambs [28]. By means of anti-
pyrine steadystate diffusion technique, simulta-
neous umbilical and uterine blood flows were
measured. Fetal oxygen consumption was found
to be relatively constant among species whereas
the metabolic rates were found to depend on the
body size [29]. Glucose/oxygen quotients across
the umbilical circulation during the last third ges-
tation period in lambs was found to be 0.5 which
was interpretated to mean that only 50 % of
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oxygen consumption in fetal lamb could be
accounted for by umbilical glucose uptake.

Blood sugar concentration in the human fetus
is different in different parts of the fetal circula-
tion [30]. Thus, in the umbilical artery the fetal
sugar concentration is almost always lower than
the maternal sugar. However, in blood drawn
from the heart the concentration is occasionally
higher; this may be due to a number of reasons.
Blood flowing through the liver may acquire
some sugar by glycogenolysis or gluconeogene-
sis. Furthermore, some amount of delay was
inevitable between hysterotomy and drawing of
fetal blood. During this interval, the fetus is
totally anoxemic, although the heart was still
found to pump blood when the fetal thorax was
opened. What effect the anoxemia has on glucose
homeostasis it is difficult to say. On the one hand,
tissues will try to derive energy by increased gly-
colysis. On the other hand, the lactic acid may be
utilized to produce glucose by gluconeogenesis.
The ultimate effect on blood sugar concentration
may be provided by the relative rate of glycoge-
nolysis and gluconeogenesis.

The percentage of fetal blood sugar higher
than the mother, was more in diabetic state either
overt or gestational. In maternal hyperglycemic
condition, excess glucose in transferred to the
fetus which develops hyperinsulinemia [31].
Elevated insulin level in the fetal plasma may
lead to increased glycogen synthetase activity
[32]. However the response is slow and not
immediate. Some fetuses may not have devel-
oped the insulin receptor fully and fetuses may
vary in their time sequence of development of the
insulin receptors. Maternal hyperglycemia is
more amenable to be regulated by insulin
response than fetal. Thus in potentially diabetic
mothers, more instances of higher fetal glycemia
than maternal may be found. Glucose homeosta-
sis in fetuses of diabetic mothers is therefore,
more unstable than in nondiabetic mothers.
Diabetes is associated with increased production
of ketone bodies.

If the ketone bodies pass to the fetal circula-
tion they may be preferentially utilized by the
fetus so that the glucose remains underutilized.
The underutilization of glucose especially if
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associated with some gluconeogenesis may
explain the higher glucose concentration in some
fetuses than in their mothers.

Most of these studies are one point studies,
i.e., blood sugar concentrations have been deter-
mined once only, maternal sugar, either when she
was on an empty stomach or during the operation
of hysterotomy, and the fetal, during the dissec-
tion. Such studies leave much to be desired.
Although we can imagine organismal homeosta-
sis to be operative, the homeostasis would take
place over a time period and not instantaneously
especially in the mother during stress or in the
developing fetuses. In the meanwhile a number
of environmental alterations are occurring which
may have an effect on glucose homeostasis. One
of these alterations is the operation of hysterot-
omy and attendant infusions of saline or other
fluids during the operation. Ordinarily, an infu-
sion of either saline or dextrose at around 2 ml
per min does not produce an alteration of blood
sugar concentration in a normal adult person. But
the conditions may not be called normal in preg-
nant mothers undergoing the operation of hyster-
otomy. The relationship between fetal and
maternal blood sugar in mothers being infused
with either saline or 5 % dextrose was more or
less the same. We may, perhaps, imagine that
maternal homeostasis under these circumstances
led to no relative alteration in the maternal sugar
concentration to have corresponding effect on the
sugar concentration in the fetus.

Serum inorganic phosphate concentration of
mothers on an empty stomach and during the
operation of hysterotomy were found to be more
or less the same, although the blood sugar concen-
trations during the operation was higher than the
concentrations on an empty stomach. A rise of
blood sugar after a glucose tolerance test is
attended with fall of serum inorganic phosphorus.
It is attributed to the entry of sugar into the cells,
consequent to the stimulation of insulin release.
The sugar would form the different phosphory-
lated compounds thus utilizing the serum inor-
ganic phosphorus. The rise of blood sugar during
the operation of hysterotomy is perhaps pro-
duced by glycogenolysis. The utilization of
phosphorus during the phosphorolysis is perhaps
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compensated by the glucose-6-phosphatase activ-
ity. The net result under these circumstances
would be no change in the serum inorganic phos-
phorus. Furthermore, the increased blood sugar
level during the operation of hysterotomy may not
be attended with increased utilization of sugar in
the cells because of the stress of anesthesia and
the operation. The serum inorganic phosphorus
would, therefore, remain unchanged in the mother.
Fetal serum inorganic phosphorus was almost
always higher than the maternal. The transport of
inorganic phosphorous should be receptor medi-
ated or coupled to some other metabolic transport,
from the maternal to the fetal side: as otherwise a
reverse transport should occur since the fetal
serum inorganic phosphorus is at a higher concen-
tration than the maternal. Utilization of inorganic
phosphorus is mainly in the formation of the vari-
ous organic phosphates including the high energy
phosphates and in the deposition of inorganic
phosphates in the skeletal tissues. We can assume
both these processes to be very active in the grow-
ing fetus. So, other process remaining unaltered,
the serum inorganic phosphorus in the fetus
should be lower than the maternal. An adult
organism gets rid of the excess inorganic phos-
phorus through renal excretion. Fetus is a closed
system within the mother. It cannot excrete inor-
ganic phosphorus into the outside environment. It
only can utilize the placental circulation to get rid
of the excess inorganic phosphorus. Perhaps, this
process is not very efficient and there is an accu-
mulation of serum inorganic phosphorus in the
fetus. The serum inorganic phosphorus is also
high in the newborn and young children. In them
also, renal excretion may not have matured
enough to excrete excess inorganic phosphorus.
Liver glycogen content of human fetuses were
studied by Szendi [33], Villee [23, 34], Gennser
et al. [35] and Capkova and Jirasek [36]. Our
results vary somewhat from the previously pub-
lished results. Capkova and Jirasek found about
0.34 % of glycogen at 9 weeks gestation, whereas
we found a much lower amount (less than 0.1 %)
at this period. The reason is unclear the mother, in
our case, came from a lower socioeconomic status
but did not differ very much in nutritional status
from other mothers in respect to body weight,
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height and skin fold thickness. Furthermore, the
studies of Capkova and Jirasek stressed on two
spurts in respect of glycogen contents at around
14 and 17 weeks. We however, found liver glyco-
gen content to rise throughout the period of gesta-
tion upto 22 weeks. Our results are in agreement
with those of Villee [23] who also found a propor-
tionate increase in liver glycogen content from 9
to 22 weeks gestation. In contrast to the liver, the
muscles maintained a more or less steady concen-
tration of glycogen, except during the early gesta-
tion period. Capkova and Jirasek [36]
differentiated three types of glycogen in human
fetal organs. In one type, glycogen content is high
at first and decreases with progress of gestation.
In the second type, glycogen content increases
with gestation and in the third type, the glycogen
content does not show any change during the
course of gestation. Heart muscle and kidneys
belonged to the third type. We found that skeletal
muscle glycogen belongs to the third type. The
fetal liver glycogen belongs to the second type,
i.e., it increases with increase of gestation. Under
steady concentration of glucose as it is obtained
in the human fetus, why should the liver and mus-
cle behave in a different way with respect to gly-
cogen content? The liver is an active metabolic
organ even in the fetus, i.e., it systhesizes com-
pounds which are necessary for fetal homeostasis;
the fetal muscle, on the other hand, is more con-
cerned with its own development rather than in
the development of any other organ. The glycogen
content is perhaps a reflection of the different fun-
damental roles played by the two organs in fetal
life.

Normal glycogen possessing the usual
branched structure in the presence of iodine has
maximum absorption at higher wave lengths
(460 mu) which shifts to lower values in limit
dextrin (390 mu). Furthermore, amylopectin in
the presence of iodine has maximum absorption
at around 520 mu. The thrice precipated human
fetal liver glycogen in the presence of iodine had
higher absorption at 460 mu than at 520 mu; this
shows that the liver glycogen had a branched
structure and is not like that of amylopectin. Thus
the glycogen synthesized in the fetal liver must
have the branching enzyme creating a large num-
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ber of nonreducing ends which are the sites of
action of both glycogen phosphorylase and sys-
thetase. In this way both synthesis and break-
down of glycogen is enhanced.

Fetal liver glycogen was found to be unusually
stable. Whereas adult liver glycogen was degraded
rapidly at room temperature, fetal liver glycogen
was degraded less than 8 % only at room tempera-
ture for 24 h. Perhaps lysosomal activation in fetal
liver was not profound as in adult liver. Lysomal
enzymes were found to be present in fetal liver but
the enzyme activity was much lower than in adult
liver. The glycogen content of the fetal liver can,
therefore, be considered representative of actual
in vivo glycogen content.

There was no correlation between fetal blood
sugar and fetal liver glycogen content. One of the
ways in which glucose homeostasis is obtained in
the adult is by glycogenesis. Thus the rise of
blood sugar following a meal stimulates insulin
release from the pancreas leading to increased
glucose penetration in the muscle and stimulation
of glycogen synthesis both in the muscles and the
liver. In the fetus, however the glucose concentra-
tion is most probably uniformly held constant: in
other words there is no fluctuation in the concen-
tration. So presumably there is no equivalent post
absorptive hyperglycemia and no stimulation of
insulin release. Thus glycogen synthesis in the
fetus is not regulated by sugar concentration.
Rapidly dividing cells, e.g., in fetal life, may be
associated with low cyclic AMP, which in turn
may favour the co- valent modification of glyco-
gen synthetase, which synthesizes glycogen at a
rate independent of blood sugar concentration
and at its own characteristic rate.

In adult the serum Pi is regulated by the excre-
tion of phosphorus in the urine. The absorption is
regulated by 1:25 dihydroxy cholecalciferol and
the excretion by parathyroid hormone. In the
human fetus the excretion of phosphorus through
the renal tubules cannot be regulated. The supply
of phosphorus is not discontinous as in adults but
occurs uniformly through the placental circula-
tion. Under these modified circumstances the
serum Pi content of the human fetus from 9 to
20 weeks of gestation is about three times that of
the adult. One of the reasons must be that the
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human fetus passes very little urine and there-
fore, cannot excrete much phosphorus. The only
avenue left is backflow through the placental cir-
culation. The backflow is probably prevented by
the gap junctions possessing vectorial transport,
i.e., from mother to fetus only and not in the
reverse direction. The serum Pi is related to sugar
metabolism in various ways. Thus the element is
necessary for formation of the various hexose
phosphates and other intermediates inside the
cell, once glucose enters it. If there is significant
glycogenolysis, Pi is utilized to produce glucose-
1-p. There are various other uses of Pi. One of the
main uses is deposition of calcium phosphate in
the developing and growing skeletal system as
hydroxyl apatite, the chief salt being tricalcium
phosphate. The maintenance of high fetal serum
Pi indicates vectorial properties of Pi transport
across the placenta. The relative independence of
the level of serum Pi on the face of the widely
different blood sugar values in the fetus indicates
that the two levels are independently regulated.

Formation of glucose from glycogen or lactic
acid or glucogenic amino acids involves the ulti-
mate enzyme G-6-Pase.In connection with glu-
coneogenesis in human fetuses, therefore, the
enzyme has received considerable attention.
Incubation of human fetal liver from therapeutic
abortion with labeled substrates showed that the
liver can produce glucose from pyruvate and
glycerol in vitro [34]. The low G-6-Pase found in
our series may be commensurate with high G-6-P
dehydrogenase in the hexose monophosphate
shunt pathway. Thus more of the pentose phos-
phates may be produced and the ribonucleotide
diphosphate reduced to the deoxyribonucleotide
diphosphate by the NADPH generated in shunt
pathway. Thus the tissues with high mitotic rates
may be assured of a supply of the required inter-
mediates by the operation started by the low
G-6-Pase pathway. Furthermore, the presence of
the G-6-Pase in vitro may not necessarily be syn-
onymous with operation of gluconeogenesis as
the translocase system for the G-6-Pase may be
deficient in the human fetus at least in the early
period of gestation. The enzyme was inactivated
by both ATP and Pi in accordance with the usual
properties of the enzyme.
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Studies on the activity of the human fetal liver
fructose 1:6 phosphates have been very limited.
The gluconeogenic enzyme, of which this enzyme
forms one of the key enzymes, has been studied in
human, sheep, guineapig and baboon fetuses [24,
37]. A detailed study of these enzymes in the
human fetus obviously could not be undertaken:
most of such studies were carried out on subhu-
man primates [22, 38] and these studies further-
more, were confined to estimation of the enzyme
activity in cell extracts from liver or kidney.

Glycogen content of the liver and muscles are
broken down to glucose-1-phosphate by the
enzyme glycogen phosphorylase. Fetuses of dif-
ferent species have different behaviours with
regard to synthesis and breakdown of glycogen.
They also behave differently with regard to phos-
phorylase activity. Thus in rats the activity of the
enzyme begins to rise abruptly from about 3 days
prior to birth; the rate of increase continues for
another couple of days postpartum and then
begins its decline to reach the adult activity [39].
The equilibrium constant of phosphorylase activ-
ity is close to 1. Under normal conditions prevail-
ing in vivo, the product of glycogen and inorganic
phosphate concentration far exceeds that of
glucose-1-p, so that in vivo the enzyme exhibits
Glycogenolysis only. The inorganic phosphate
concentration in human fetuses is almost three
times that of the adult. Hence, the enzyme activ-
ity is far in the direction of breakdown than
synthesis.

The enzyme activity in human fetal liver from
13 to 20 weeks of gestation was more or less
unchanged. We did not do estimation of active
and inactive phosphorylase activities of fetal liver
as was done in the case of rat [40]. We cannot say
how much of the phosphorylase activities we
measured were due to inactive or active enzymes,
although it is possible that during manipulation
after the fetuses were taken out, much of the oth-
erwise inactive enzymes would have been con-
verted to the active one [11].

Considering the very small amount of phos-
phorylase activities present in the human fetal
liver upto 20 weeks of gestation, it may be con-
cluded that the derivative activity is very limited
in human fetal liver upto this age.
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Summary and Conclusion

1.

10.

The relationship between human fetal and
maternal blood sugar concentrations was
studied in 25 normal fetuses of different ges-
tation period and their corresponding moth-
ers. In 80 % of these pairs the sugar content
from fetal heart blood was lower that the
maternal but, in 20 % it was higher than the
maternal.

In the case of those fetuses whose blood
sugar was higher than the maternal about
half the mothers were pre-diabetic.

There was no significant relationship
between the infusions the mothers were
receiving at the time of operation and the
blood sugar content of the fetuse