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PREFACE

We no longer can expect a medical student to be totally competent in
the practice of obstetrics for several reasons. Among these are lack of
sufficient curriculum time and lack of sufficient numbers of pregnant
patients “‘available” at many schools of medicine for the medical student
to deliver. The rapid expansion of knowledge in the field and the goal
of giving each mother an infant in optimal condition make it mandatory
for the person caring for the pregnant patient to be knowledgeable and
experienced and to have access to immediately available expert help
and sophisticated equipment in case of complications.

In this setting, we assume that anyone desirous of caring for the
pregnant patient and her forming child will avail themselves of appro-
priate postgraduate training.

It is essential, however, for every medical student to have a thorough
grounding in reproductive physiology as part of the greater understand-
ing of the functioning of the human body. The student should be aware
of the new physiologic demands of pregnancy and of how these may
alter various disease states. The diagnosis of pregnancy should be
learned: this should be kept in mind when dealing with any female
patient in her reproductive years. It is important to understand the
mechanisms of labor and delivery as part of the physiologic interaction
between mother and child.

It is with this philosophy in mind that this textbook was written.

vii
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CHAPTER 1

The Menstrual Cycle

BRI] B. SAXENA, Ph.D., D.Sc.

The measurement and the study of the
interaction of the hormones secreted by
the central nervous system (CNS)-hypo-
thalamic-hypophyseal-gonadal axis have
provided insight into the sequence of
events in the regulation of the menstrual
cycle. This has been done by the applica-
tion of sensitive, specific radioimmunoas-
says in the determination, in the same
individuals, of daily or more frequent
levels of endocrine and neuroendocrine
components which circulate in low con-
centrations in the body fluids.

In the human, the menstrual cycle is the
result of a precise coordination of the func-
tional characteristics of the central ner-
vous system, the hypothalamus, the pitui-
tary, the ovary and the endometrium,
which regulate the cyclic release of the
gonadotropin releasing factors (luteinizing
hormone-releasing hormone: LH-RH), go-
nadotropins (follicle stimulating hormone:
FSH, and luteinizing hormone: LH) and
ovarian steroids (estradiol: E;, and proges-
terone). Prolactin and prostaglandins play
a facilitatory role in the regulation of the
menstrual cycle. In general, ovulation does
not occur prior to menarche. The men-
strual cycle is timed from the onset of
blood flow to the similar onset with the
next cycle. During the normal reproductive
years this period is of an average of 28
days. However, an increase in the inter-
menstrual interval occurs at adolescence
and at the menopausal transition due to
the frequent occurrence of anovulatory cy-
cles. Due to variability in the length of the
menstrual cycle from 28 to 35 days, the
day of maximum preovulatory LH surge

has been used as a marker for the midcycle
or the “O” day (Fig. 1.1). The period from
the day of menses until 1 day prior to the
LH surge is designated as the follicular or
preovulatory phase, which can be func-
tionally subdivided into the first half as
“early” and the late second half as “late”
follicular phases, each of 7 days’ duration.
The late follicular phase is followed by an
“ovulatory” phase. During this period,
there is a rapid rise in the plasma LH level
which leads to ovulation, which is the final
maturation of the Graafian follicle in the
ovary; the follicle ruptures approximately
24 hours following the LH surge, resulting
in the formation of the corpus luteum. The
interval between the beginning of the mat-
uration of a follicle and ovulation is as yet
unknown. The period between 1 day fol-
lowing the LH peak and the day of the
onset of the next menses is designated as
the luteal or postovulatory phase. The first
half of the luteal phase can be considered
as the “early luteal phase” and the second
half as the “late luteal phase.”

MORPHOLOGICAL CHANGES

From the seventh month of fetal life
until the menopause, follicular maturation
is continuous in the ovary. After the men-
arche, atresia, a follicular degenerative
process which continues until the last oo-
cyte is removed from the ovary,
persists.” *' Ovulation of one follicle gives
rise to a corpus luteum during each men-
strual cycle. Ovulation begins with rapid
enlargement of a follicle and is followed
by its protrusion from the surface of the
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Figure 1.1. Hormonal levels in the menstrual cycle. The basal body temperature curve shown in
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MENSTRUAL CYCLE

ovarian cortex and rupture, with an extru-
sion of an oocyte and adhering cumulus
oophorus.* In the human ovary, this se-
quence occurs over a 5-6 day period prior
to the preovulatory LH surge which pre-
cedes actual rupture by as much as 16
hours.” Following rupture of the follicle,
capillaries and fibroblasts from the theca
cells proliferate and penetrate the basal
lamina. The mural granulosa cells undergo
“luteinization,” and these cells, surround-
ing theca cells, capillaries and blood ves-
sels intermingle to give rise to the corpus
luteum.'® The corpus luteum is the major
source of steroid hormones secreted by the
ovary during the postovulatory phase of
the cycle.”” Endometrial development is
necessary for implantation: in unfertilized
cycles, regression of the endometrium oc-
curs in the form of menstrual bleeding.
The corpus luteum functions for about 14
+ 2 days, after which it spontaneously
regresses and is replaced by an avascular
scar called a corpus albicans, unless preg-
nancy occurs.”® The endometrial changes
and their correlation with the menstrual
cycle are presented in Figure 1.2. In an
ideal 28-day cycle in a normal woman,
after ovulation the progestational or secre-
tory phase lasts 14 days and is followed by
3 days of menstruation which is succeeded
by 11 days of the proliferative phase dur-

Coiled artery

Uterine gland
Compact layer \

Spongy layer

ing which the repair of the endometrium
takes place. Prior to the onset of menses,
there is withdrawal of estrogen and pro-
gesterone and desquamation of the endo-
metrium. Bleeding is preceded by intense
spasmodic constrictions (vasospasm) of
the spiral arteries of the uterus and ische-
mic necrosis. Vasospasm and increased
uterine contraction are thought to be ini-
tiated by local production of prostaglan-
dins, which are found in high concentra-
tions in the menstrual blood.* The estro-
gen and progesterone withdrawal causes
a decrease in lysosomal stability and a
release of phospholipase which stimulates
prostaglandin synthesis. Aspirin and in-
domethacin increase the stability of lyso-
somal membranes and inhibit the prosta-
glandin synthesis. The menstrual flow is
also facilitated by the noncoagulability of
the blood due to the fibrinolytic activity of
the endometrium, which is maximum at
the time of menstruation.

GONADOTROPIN-OVARIAN
INTERACTIONS IN THE
REGULATION OF THE MENSTRUAL
CYCLE

The human fetal pituitary produces FSH
and prolactin preferentially, even prior to
the establishment of the hypothalamic-hy-

Basal layer

= |Myometrium

Menstrual Proliferation Secretory Ischemic| Menstrual
Estrogen Progesterone |Degen-
of of erated
follicle corpus luteum | corpus
luteum
3 days 11 days 14 days 28 days
Figure 1.2. Endometrial changes and their correlation with the menstrual cycle.



