Female Reproductive Physiology

I. During full reproductive cycle, 1 oocyte is brought to maturity before ovulation. The follicle with greatest number of granulosa cells, FSH receptors, and highest estradiol production (estradiol: androgen ratio of >1) becomes dominant follicle. In the process, a number of oocytes are stimulated to partial maturation but subsequently undergo atresia before ovulation

II. Phase I: Menstruation and Follicular Phase (Day 1-13)- Estrogen dominant
a. Oocyte from previous cycle was not fertilized. The 1st day of bleeding is considered Day 1 of menstrual cycle. The endometrium is sloughed off in response to progesterone withdrawal

b. Women menstruate for 3-5 days, shed 30-50ml of dark, non-clotting (contains fibrinolysis) blood. Prostaglandin 2 alpha is secreted by endometrium causing uterine muscle and vascular contraction, ischemic pain (menstrual cramps)

c. Menstruation is beginning of follicular phase: estradiol, progesterone, and LH are at lowest point. FSH is increased 2 days before menstruation and is involved in maturation of another set of follicles. After menstruation ceases, follicle continues to develop, secreting an increasing amount of estrogen

d. Estrogen stimulates granulosa cells to develop FSH receptors; FSH in turn causes follicle to produce more estrogen. Circulating estrogen inhibits FSH secretion; the less developed follicles undergo atresia. Then FSH and estrogen stimulate the granulosa cells to produce LH receptors

e. Day 6-14 marks the proliferative phase: estrogen stimulates mitosis, growth of blood vessels, and formation of a new uterine lining. Estrogen also stimulates endometrium to develop progesterone receptor

f. Estrogen rises on the 4th day: decreased FSH increased LH. During follicular phase, FSH: LH >1, as cycle progresses FSH: LH<1.

g. The dominant follicle, at day 12-14, increased estrogen, which stimulates increased output of GnRH, LH, and FSH. It also stimulates LH directly causing a surge, and subsequent ovulation occurs in 30-36 hours

III. Phase II. Ovulation (Day 14)

a. An oocyte has about 24 hours to become fertilized; otherwise it dies in the uterine tube

b. Many women experience pain (mittelschmerz) at ovulation

c. Endocervical mucus production is maximal at ovulation

IV. Phase III: Luteal Phase (Day 15-28)- Progesterone dominant
a. Ovulated follicle becomes corpus luteum- its activity is controlled by LH, which continues to be secreted by anterior pituitary after ovulation, this agent’s lutein cells create androgen and the granulosa cells convert it to progesterone. The corpus luteum also inhibits contraction of uterus and development of a new follicle

b. When FSH was high early in cycle, additional LH receptors were created in granulosa and theca cells (on osum). At surge, receptors are filled and facilitate production of progesterone. It is made 24 hours before ovulation, maxes 3-4 days after ovulation and is maintained for 11 days

c. If fertilization does not occur, decreased LH causes increased progesterone which inhibits release of GnRH (which inhibits further production of progesterone). As progesterone levels drop the corpus luteum begins to degenerate (forming corpus albicans); the endometrium breaks down, the inhibition of uterine contraction is lifted and bleeding and cramps of menstruation begin. If fertilization occurs, early pregnancy begins secreting hCG which sustains the corpus luteum for 6-7 weeks.

i. Placenta will begin to produce progesterone after.

d. During luteal phase, increased progesterone causes decreased FSH and LH

e. The normal menstrual cycle occurs every 28 days. High levels of estrogen stimulate the quick release of LH “LH surge”. At the end of the cycle, if fertilization has not occurred: vasoconstriction of the endometrium occurs, the tissue becomes necrotic and the endometrium is expelled

f. At menopause these is a decline in ovarian function since no more follicles are available for development or decrease in FSH sensitivity. Thus, there is no large source of estrogen. The characteristic syndrome that accompanies this change is due to estrogen deficiency. A rapid reduction affects women more than a gradual reduction- thus, estrogen therapy may help S/P menopause

g. Initially, FSH increases and LH decreases due to negative feedback system. In the absence of response, the levels soon fall.

V. Female Reproductive Hormones
a. Hypothalamic
i. GnRH- gonadotropin releasing hormone

1. FSH-Releasing Hormone
2. LH-Releasing Hormone
ii. PRH- prolactin releasing hormone (lactation)
iii. PIH- prolactin inhibiting hormone

b. Anterior Pituitary Hormone (Hypophyseal)

i. FSH- stimulates maturation of the ovarian follicles (1-3 cycle)

ii. LH- stimulates ripened ovarian follicle to rupture (ovulation-14 days later)

1. Ruptured follicle becomes the corpus luteum

2. The mature ovarian follicle releases estrogen. The corpus luteum releases progesterone

iii. Prolactin (Luteotrophic hormone)- maintains corpus luteum
1. Responsible for milk formation and secretion in mammary glands

c. Action of Estrogens
i. Uterus- Proliferative phase
1. Myometrial (uterine muscle) growth during puberty and pregnancy

2. Endometrial growth and development of glands (proliferative-prosecretory changes)

3. Contractility makes the uterus responsive to oxytocin (posterior pituitary)

ii. Vaginal Epithelium
1. Thickening, stratification, and comification

2. Creates moist, lubricated atmosphere for intercourse

iii. Cervical Mucus
1. Large quantity of thin, clear watery mucus facilitates sperm transport. Maximum at ovulation
iv. Mammary Glands
1. Growth of ducts of breast, nipple, and areola

v. Somatic Effects
1. Secondary sex characteristics

2. Sodium and water retention (pre-menstrual)

3. Increased Lipogenesis- reproductive distribution of adipose tissue (hips and breast)

4. Decreased blood cholesterol, increased blood clotting

5. Osteogenesis- antagonizes PTH, deposits calcium in bones, responsible for epiphyseal closure

6. Slightly anabolic- stimulates protein and carbohydrate metabolism

d. Actions of Progesterone
i. Uterus

1. Endometrial secretory (progestational) phase- glandular growth, increased secretions
2. Sensitization of endometrium for implantation (provides favorable environment)- inhibits uterine contractions
3. Formation of placenta (if fertilization occurs)
4. Uterine quiescence- desensitized to oxytocin, unresponsive and quiet
ii. Vaginal Epithelium

1. Retains thickness, but decreased secretion (decreased sexual desire)
iii. Cervical Mucus

1. Thick, opaque, tenacious mucus production impedes sperm transport. Becomes mucus plug during pregnancy.
iv. Mammary Glands

1. Growth of acinar (milk-producing glands) and swelling.
v. Somatic Effects

1. Catabolic
vi. Thermoregulation

1. Shifts basal body temperature up to 0.6-1.0 degrees Fahrenheit. Used to mark ovulation
VI. All steroids are transported bound to plasma proteins, metabolized by the liver and excreted primarily as glucoronides and sulfates along with a little free hormone.






