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CHAPTER 1
ANATOMY AND PHYSIOLOGY OF FEMALE AND MALE REPRODUCTIVE SYSTEM

Anatomy and Physiology of Female Reproductive System

The female reproductive system functions to produce gametes and reproductive hormones, just
like the male reproductive system. However, it also has the additional task of supporting the
developing fetus and delivering it to the outside world. The female reproductive system is located

primarily inside the pelvic cavity. The major organs of the female reproductive system are located
inside the pelvic cavity.
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Figure 2. Female Reproductive System.

External Female Genitalia

The external female reproductive structures are referred to collectively as the vulva (Figure 2).
The mons pubis is a pad of fat that is located at the anterior, over the pubic bone. The labia
majora are folds of hair-covered skin that begin just posterior to the mons pubis. The thinner and
more pigmented labia minora extend medial to the labia majora.

The superior, anterior portions of the labia minora come together to encircle the clitoris. The

vaginal opening is located between the opening of the urethra and the anus.
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Figure 2. The Vulva.

Vagina

The vagina (Figure 1 and Figure 2), is a muscular canal that serves as the entrance to the
reproductive tract. It also serves as the exit from the uterus during menses and childbirth. Together,
the middle and inner layers allow the expansion of the vagina to accommodate childbirth. The
Bartholin’s glands and the lesser vestibular glands (located near the clitoris) secrete mucus, which
keeps the vestibular area moist. Lactic acid, in combination with other vaginal secretions, makes
the vagina a self-cleansing organ.

Ovaries

The ovaries are the female gonads (Figure 1). Paired ovals, they are each about 2 to 3 cm in length.
The ovaries are located within the pelvic cavity, and are supported by the mesovarium, an
extension of the peritoneum that connects the ovaries to the broad ligament. Extending from the
mesovarium itself is the suspensory ligament that contains the ovarian blood and lymph vessels.
Finally, the ovary itself is attached to the uterus via the ovarian ligament.

The ovary comprises an outer covering of cuboidal epithelium called the ovarian surface
epithelium that is superficial to a dense connective tissue covering called the tunica albuginea.
Beneath the tunica albuginea is the cortex, or outer portion, of the organ. The cortex 1s composed
of a tissue framework called the ovarian stroma that forms the bulk of the adult ovary. Oocytes
develop within the outer layer of this stroma, each surrounded by supporting cells. This grouping
of an oocyte and its supporting cells is called a follicle. Beneath the cortex lies the inner ovarian
medulla, the site of blood vessels, lymph vessels, and the nerves of the ovary.



The Ovarian Cycle

The ovarian cycle is a set of predictable changes in a female’s oocytes and ovarian follicles. During
a woman'’s reproductive years, it is a roughly 28-day cycle that can be correlated with, but is not
the same as, the menstrual cycle. The cycle includes two interrelated processes: oogenesis (the
production of female gametes) and folliculogenesis (the growth and development of ovarian
follicles).

Oogenesis

Gametogenesis in females is called oogenesis. The process begins with the ovarian stem cells, or
oogonia (Figure 3). Oogonia forms primary oocytes in the fetal ovary prior to birth. These primary
oocytes are then arrested in this stage of meiosis I, only to resume it years later, beginning at
puberty and continuing until the woman is near menopause .The number of primary oocytes
present in the ovaries declines from one to two million in an infant, to approximately 400,000 at
puberty, to zero by the end of menopause. The initiation of ovulation—the release of an oocyte
from the ovary—marks the transition from puberty into reproductive maturity for women. From
then on, throughout a woman’s reproductive years, ovulation occurs approximately once every 28

days.
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Folliculogenesis

Folliculogenesis is the maturation of the ovarian follicle, a densely packed shell of somatic cells
that contains an immature oocyte.

Ovarian follicles are oocytes and their supporting cells. They grow and develop in a process called
folliculogenesis, which typically leads to ovulation of one follicle approximately every 28 days,
along with death to multiple other follicles. The death of ovarian follicles is called atresia, and can
occur at any point during follicular development. Recall that, a female infant at birth will have one
to two million oocytes within her ovarian follicles, and that this number declines throughout life
until menopause, when no follicles remain. Follicles progress from primordial, to primary, to
secondary and tertiary stages prior to ovulation with the oocyte inside the follicle remaining as a
primary oocyte until right before ovulation.
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Figure 4: Maturation of follicle




Hormonal Control of the Ovarian Cycle

The process of development from the primordial follicle to early tertiary follicle, takes
approximately two months. The final stages of development of a small cohort of tertiary follicles,
ending with ovulation of a secondary oocyte, occur over a course of approximately 28 days. These
changes are regulated by many of the same hormones that regulate the male reproductive system,
including GnRH, LH, and FSH.

As in men, the hypothalamus produces GnRH, a hormone that signals the anterior pituitary gland
to produce the gonadotropins FSH and LH (Figure 5). These gonadotropins leave the pituitary and
travel through the bloodstream to the ovaries, where they bind to receptors on the granulosa and
theca cells of the follicles. FSH stimulates the follicles to grow (hence its name of follicle-
stimulating hormone), and the five or six tertiary follicles expand in diameter. The release of LH
also stimulates the granulosa and theca cells of the follicles to produce the sex steroid hormone
estradiol, a type of estrogen. This phase of the ovarian cycle, when the tertiary follicles are growing
and secreting estrogen, is known as the follicular phase.

The more granulosa and theca cells a follicle has (that is, the larger and more developed it 18), the
more estrogen 1t will produce in response to LH stimulation. As a result of these large follicles
producing large amounts of estrogen, systemic plasma estrogen concentrations increase. Following
a classic negative feedback loop, the high concentrations of estrogen will stimulate the
hypothalamus and pituitary to reduce the production of GnRH, LH, and FSH. Because the large
tertiary follicles require FSH to grow and survive at this point, this decline in FSH caused by
negative feedback leads most of them to die (atresia). Typically only one follicle, now called the
dominant follicle, will survive this reduction in FSH, and this follicle will be the one that releases
an oocyte.
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Figure 5. Hormonal Regulation in Ovulation

The hypothalamus and pituitary gland regulate the ovarian cycle and ovulation. GnRH activates
the anterior pituitary to produce LH and FSH, which stimulate the production of estrogen and
progesterone by the ovaries.

When only the one dominant follicle remains in the ovary, it again begins to secrete estrogen. It
produces more estrogen than all of the developing follicles did together before the negative
feedback occurred. It produces so much estrogen that the normal negative feedback doesn’t occur.
Instead, these extremely high concentrations of systemic plasma estrogen trigger a regulatory
switch 1n the anterior pituitary that responds by secreting large amounts of LH and FSH into the
bloodstream (see Figure 5). The positive feedback loop by which more estrogen triggers release
of more LH and FSH only occurs at this point in the cycle.



It is this large burst of LH (called the LH surge) that leads to ovulation of the dominant follicle.
The LH surge induces many changes in the dominant follicle, including stimulating the resumption
of meiosis of the primary oocyte to a secondary oocyte. As noted earlier, the polar body that results
from unequal cell division simply degrades. The LH surge also triggers proteases (enzymes that
cleave proteins) to break down structural proteins in the ovary wall on the surface of the bulging
dominant follicle. This degradation of the wall, combined with pressure from the large, fluid-filled
antrum, results in the expulsion of the oocyte surrounded by granulosa cells into the peritoneal
cavity. This release is ovulation.

The surge of LH also stimulates a change in the granulosa and theca cells that remain in the follicle
after the oocyte has been ovulated. This change is called luteinization (LH is luteinizing hormone),
and it transforms the collapsed follicle into a new endocrine structure called the corpus luteum, a
term meaning “yellowish body” (see Figure 4). Instead of estrogen, the luteinized granulosa and
theca cells of the corpus luteum begin to produce large amounts of the sex steroid hormone
progesterone, a hormone that is critical for the establishment and maintenance of pregnancy.
Progesterone triggers negative feedback at the hypothalamus and pituitary, which keeps GnRH,

LH, and FSH secretions low, so no new dominant follicles develop at this time.

The post-ovulatory phase of progesterone secretion is known as the luteal phase of the ovarian
cycle. If pregnancy does not occur within 10 to 12 days, the corpus luteum will stop secreting
progesterone and degrade into the corpus albicans, a nonfunctional “whitish body” that will
disintegrate in the ovary over a period of several months. During this time of reduced progesterone
sccretion, FSH and LH are once again stimulated, and the follicular phase begins again with a new
cohort of early tertiary follicles beginning to grow and secrete estrogen.
































































































































































































