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Female reproductive system, Endocrinology: Structure and function
For further discussion , see: Endocrine system: anterior pituitary gland
Introduction
-

Endocrinology works as a feedback control system of regulation. The hypothalamus is
the controller, the anterior pituitary bridges the central nervous system to the body and
ovary produces the hormones. The endometrium is a second end organ.
o The reproductive system is unique in endocrinology:
 There are 2 pituitary hormones and 2 gonadal hormones
 There are 2 different embryologic systems (male/female)
 The female system has a secondary organ, the endometrium.

Endocrine feedback control model

Female reproductive
endocrine system: H>P>O>E
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Other types of control mechanisms
Signal driven: In the immune system, a PAMP or DAMP initiates cellular and humoral
responses that die out 2-3 weeks after the signal ends. This is followed by repair.
Constitutional (direct): the liver and kidney produce a set amount of thrombopoietin
(TPO) that binds to the TPO receptor (aka MPL receptor). In megakaryocytes, it stimulates
proliferation and production of platelets. With platelets, TPO is internalized and
destroyed. Rising and dropping numbers of platelets regulate platelet levels. TPO is an
acute phase reactant and increases in inflammation with increased IL-6.

Structure of the hypothalamus / pituitary / ovary / endometrium (HPOE) system
Hypothalamus and pituitary
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1. There are only about 7000 neurons in the hypothalamus that secrete gonadotropin releasing
hormone (GnRH). The majority of these are found in the arcuate nucleus. These neurons
derive embryologically from the olfactory placode. In Kallman disease, the failure of olfactory
formation due to mutation in the protein anosmin leads to 1° amenorrhea as well as anosmia.
2. GnRH neurons release GnRH into a capillary plexus at the top of the pituitary stalk in the
median eminence. The capillaries are fenestrated and have no blood brain barrier, allowing
the GnRH to passively enter the vascular space. This plexus collects into a portal vein which
flows into a second capillary plexus in the anterior pituitary. This is allows the sequestered
central nervous system to connect to the body. It is important to note that it is the
hypothalamus that controls most of the endocrine system. The anterior pituitary gland serves
only as an amplifier. The hypothalamus receives extensive input from the external
environment, which is why emotional stress, illness, starvation and other challenges affect the
menstrual cycle. Decreased GnRH from the hypothalamus is a common cause of secondary
amenorrhea, about the same as polycystic ovary syndrome (PCOS) at 40%.
3. The direct and slow flow of blood from the hypothalamus to the anterior pituitary allows for
precise connection and therefore tight regulation of pituitary stimulating hormone production.
This low venous pressure accounts for Sheehan syndrome. In pregnancy, there is hyperplasia
of the anterior pituitary which not only increases metabolic demand, but also increases
pressure in the bony confines of the sella turcica. With a significant drop in blood pressure due
to hemorrhage during delivery, the venous pressure in the anterior pituitary drops to zero (3a)
and there is infarction. The posterior pituitary has arterial pressure from the inferior
hypophyseal artery (3b) and so it does not infarct.

Ovary:
-

-

-
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Primordial follicles (an oocyte and single layer of flat granulosa cells) are present in
childhood and develop into primary follicles (oocyte and cuboidal, proliferative granulosa
cells) at puberty. Under intrinsic programing, several are developing into secondary follicles
(oocyte, multiple layers of granulosa cells, thecal cells) at any given time. When they get
FSH receptors and surrounding thecal cells have LH receptors, the follicles enter the
menstrual cycle under control of the gonadotropins.
After ovulation, residual granulosa cells in the ovary form the corpus luteum, which is
grossly obvious due to its bright yellow color. If there is no pregnancy, the corpus luteum
involutes and leaves a small white body, the corpus albicans.
o If there is a pregnancy, the corpus luteum proliferates under the stimulation of β-HCG.
This larger corpus luteum of pregnancy can be recognized clinically as it gets to be > 1
cm in diameter.
Under stimulation of FSH, the granulosa cells produce estrogen from the androgen
produced by the thecal cells under LH stimulation.
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Endometrium (and fallopian tube and cervix)
-

Histology of the epithelium of the internal genitalia
o Ovary: a modified peritoneum. Important as the site of
carcinomas and implantation of endometrium (i.e.
endometriosis)
o Fallopian tube: ciliated columnar epithelium that secretes
serous fluid to support the fertilized egg. Increased activity with
progesterone stimulation. Vulnerable to infection by
gonococcus and chlamydia.
o Endometrium: glandular epithelium that proliferates with
estrogenic stimulation (i.e. mitoses present) and secretory with
progesterone stimulation (i.e. glands dilate with fluid). Site of
blastocyst implantation.
o Cervix: mucus production. This varies through the cycle. Mostly
is viscous and acts as a barrier to bacteria. Mid-cycle it becomes
watery for sperm penetration. Not present during menstrual flow when its infection is
the portal of entry for gonococcal and chlamydia infections.
o Ectocervix and vagina: squamous mucosa gives mechanical strength. Infected by HSV,
yeast, trichomonas and Gardnerella.
The menstrual cycle
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1. The hypothalamus receives extensive input
from the external environment. Significant
stress of any kind affects GnRH release,
making hypothalamic output a common
cause of 2° amenorrhea after PCOS. Note
that a single neuron with a single signal can
produce 2 different hormones from the
pituitary gonadotrope. It does thus by
producing a high frequency, low amplitude
pulse for LH production and a low frequency,
high amplitude pulse for FSH.
2. FSH stimulates folliculogenesis and the
granulosa cells to increase estrogen
synthesis. A rapid rise in estrogen (2a)
stimulates a spike in LH (2b) that induces
ovulation. The LH surge occurs about 36
hours before ovulation. LH is a small enough
protein to appear in the urine and is a useful
test for timing intercourse in infertility.
3. The thecal cells make androstenedione from
cholesterol and most diffuses into the
granulosa cells. These convert it into
estradiol using aromatase enzyme. After
ovulation, granulosa cells upregulate their
LH receptors and become progesterone
producing luteal cells.
4. The endometrium proliferates under the
influence of estrogen, characterized by abundant mitotic activity. Progesterone
increases gland secretion in preparation for implantation. Luteal cells lose their
sensitivity to LH over time. If not stimulated by β-HCG, the dropping levels of estrogen
and progesterone leads to death of the endometrium and menses.
Using clinical pathologic correlation to learn female reproductive endocrinology
-
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When one can explain the clinical application of the following tests and drugs, the basics of
female reproductive endocrinology are understood:
o Drugs:
 Leuprolide
 Oral contraceptive pill (OCP)
 Clomiphene and spironolactone in PCOS
o Testing:
 Day 3 serum FSH

© 2020, ClinicoPath LLC. All rights reserved.

www.MedicalSchoolCompanion.org



-

-

-

7

Urine LH
Day 21 serum progesterone
β-HCG (urine and serum)

Leuprolide
o This is a gonadotropin agonist that decreases estrogen and androgen levels.
o It suppresses gonadotropin production because the pituitary gonadotrope receptor is
stimulated by a pulsatile signal. The drug is non-pulsatile and so is inhibitory to the
gonadotropes of the anterior pituitary
o Uses:
 Female:
• Estrogen-dependent carcinomas (i.e. breast and endometrium)
• Endometriosis
 Male:
• Prostate carcinoma
Combined oral contraceptive pill (COCP)
o Combined oral contraceptive pills have both estrogen and progesterone and suppress
ovulation by decreasing GnRH, FSH, LH and decreasing the LH surge. Decreasing FSH
and folliculogenesis is felt to be the most important action.
 Estrogen also stabilizes the endometrium and allowing for cycle control and
the timing of withdrawal bleeding that mimics menses.
 COCP are contraindicated in those with increased risk of venous (DVT/PE) or
arterial (atherosclerosis) thrombosis and smokers.
o Progesterone-only pills (POP) do suppress FSH and ovulation but pregnancy prevention
is more likely due to their effect on the epithelium of the internal genitalia with
decreased fallopian tube motility, thinning of the endometrium and thickening of the
cervical mucus which prevents sperm penetration.
 They have no increase in risk for DVT/PE.
 Often have break-through bleeding
Treatment of polycystic ovary syndrome (PCOS)
o This is a complex disease with hereditary and environmental risk factors. It has 3
consistent findings: ovarian hyperandrogenism, insulin resistance /obesity and elevated
luteinizing hormone.
 The elevated LH can lead to increased androgen synthesis due to stimulation
of thecal cells.
 Increased androgens interfere with the menstrual cycle at multiple points,
including normal follicle development and the inhibition of GnRH by
progesterone.
 It is not clear how insulin resistance /obesity causes the increase in
androgens.
 PCOS can be treated with insulin sensitizers like metformin.
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o Diagnosis requires 2 of 3:
 Hyperandrogenism
 Oligomenorrhea /amenorrhea
 Polycystic ovaries (by ultrasound)
o Treatment of common presentations:
 General: weight loss
 Infertility:
• Clomiphene: blocks the estrogenic inhibition of GnRH neurons in the
hypothalamus
 Hirsutism:
• COCP: suppression of GnRH with decrease in LH effect on thecal cells
• Spironolactone: inhibition of testosterone receptor on hair shafts
FSH
 Used in vitro fertilization: induces folliculogenesis for egg capture
Testing:
o Day 3 serum FSH:
 This is the first test done in an infertility investigation as it is a measure of
ovarian reserve. When FSH levels are >25 mIU/mL, it suggests premature
menopause. Levels in the 10-20 mIU/mL suggest a diminishing reserve.
o Urine LH:
 LH is a small enough protein to clear the glomerulus. The LH surge occurs
about 36 hours before ovulation. Sperm can live up to 5 days and the egg 12
hours. The LH surge is a good time to introduce sperm for optimal chance of
fertilization.
Day 21 serum progesterone level:
o After a Day 3 FSH test has proved that there are follicles present, the next step in
infertility testing is assessment of ovulation.
o If ovulation occurs on day 14, then a well-formed corpus luteum should be present one
week later (i.e. day 21). An elevated serum progesterone level is evidence of a corpus
luteum and this is evidence of ovulation.
o The commonest cause of failure to ovulate is PCOS, followed by other endocrinopathies
like hyperprolactinemia and hyperthyroidism.
β-HCG:
o Without pregnancy, the corpus luteum stops responding to LH. Human chorionic
gonadotropin (HCG) is produced by the implanting chorionic cells to sustain hormone
production by the corpus luteum for the first trimester. Thereafter, the placenta
produces steroid hormones in sufficient quantities to sustain the pregnancy.
o Urine β-HCG is a semi-quantitative test used as a screening test for pregnancy. The test
detects pregnancy 10 days after ovulation (about 4 days prior to expected menses).
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o Serum β-HCG is a sensitive quantitative test used to monitor the health of a pregnancy
(doubling every 2-3 days) or loss of pregnancy (halving every day).
o Neoplasia: β-HCG is used to diagnose and follow treatment effects of germ cell tumors
(choriocarcinoma) and hydatidiform mole.
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Female reproductive system, Endocrinology: Structure and function
Do You Know It?
1. Fill in the menstrual diagram for: GnRH, FSH, LH, estrogen, progesterone and draw the
images of a tertiary follicle, corpus luteum and endometrium (proliferative and secretory)

2. Describe the clinical indication of each of the following and plot on the menstrual cycle
above:
o Drugs:




o Testing:





10

Leuprolide
Oral contraceptive pill (OCP) and progesterone-only pill (POP)
Clomiphene and spironolactone in PCOS
Day 3 serum FSH
Urine LH
Day 21 serum progesterone
β-HCG (urine and serum) for both pregnancy and neoplasia
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