Human Physiology L ecture Notesfor Chapter 20
Reproductive System

male anatomy: testes (gonads),
seminiferous tubules,
epididymis,
vans deferens,
seminal vesicles,
prostate gland,
urethra

Spermatogenesis. The formation of sperm involves three
stages: mitosis, meiosis, and maturation.

Mitosis (mitosisymeiosis review Fox page 72)

Body cells contain 23 pairs of chromosomes. Sperm are formed from ger m cells (spermatogonium) that
likewise have 23 pairs of chromosomes. Germ cells divide by mitosis (the 23 pairs of chromosomes are
duplicated and divided between the two daughter cells) yielding a daughter cell called aprimary

sper matocyte (23 pairs of chromosomes).

Melosis beginsjust like mitosis: In the primary spermatocyte the 23 pairs of chromosomes are duplicated.
Thefirst meiotic cell division yields two haploid secondary sper matocytes. Inthisfirst meiotic division
the duplicate pairs of chromosomes are split up. The secondary spermatocytes have 23 single chromosomes
(in duplicate). The second meiotic division isadivision of the duplicate chromosomes. Thisyields four
spermatids each with 23 single chromosomes.

Maturation
The spermatids are “ stripped down” - cytosol and non-essential organelles eliminated.
Spermatozoon have four parts:

head - consisting of mainly the nucleus

acrosome - enzyme filled vesicle that caps the head

midpiece - dense collection of mitochondria

tail - made of microtubules for propulsion

The Sertoli cells are the “nursemaids’ of the devel oping spermatozoon. They protect the devel oping
spermatozoon from immune attach by forming tight junctions between themsel ves known as the blood-
testesbarrier. Thisbarrier also allows the Sertoli cells to control the composition of the fluid that bathes
the devel oping spermatozoon. In addition to providing nourishment for the cells, the Sertoli cells secrete
androgen binding protein (ABP) under the influence of FSH. ABP (as the name implies binds
testosterone and resultsin ahigh local concentration of testosterone. The Sertoli cells play acritical rolein
spermatid “remodeling” by phagocytosis of the extra cytosol and organelles. Finaly, the Sertoli cells also
release fluid into lumen of the seminiferous tubules that “flush” the sperm onward to the epididymis.



Sperm in removed from the epididymis are not mature and are incapable of fertilizing an ovum. The
epididymisisthe site of maturation which includes modifications to their plasma membrane. The process of
spermatogenesis takes 64 days. Mature sperm are stored in the vas deferens and potentially over a hundred
million sperm may mature each day. However, sperm exiting the male still are not completely capable of
penetrating and fertilizing the ovum until they undergo further modifications to their plasma membrane
during their transit through the femal e reproductive tract (capacitation).

Semen formation

Accessory sex glands, the prostate gland and seminal vesicles contribute the bulk of the semen during
gjaculation. The seminal vesicles secrete over half the fluid of the semen. Their secretionsarerich in
fructose which provides fuel for the sperm. The prostate secretes an akaline fluid that will serve to modify
the acidity of the vaginato a more sperm friendly pH level. In addition, the prostate glands secretes
“clotting factors’ which serves to hold the sperm in the vagina after penis withdrawal. The bulbourethral
gland contributes mucus to the final semen.



Hormonal regulation
Spermatogenesis is dependent on both testosterone and FSH.

Beginning in puberty the hypothalamus secretes GnRH which stimulates the anterior pituitary to release LH
and FSH. LH stimulates the production and release of the testoster one from the L eydig cells. FSH
stimulates the Sertoli cells and leads to the production and release of ABP from the Sertoli cells. In
response to FSH the Sertoli cells also release inhibin. Inhibin feeds back to the pituitary suppressing the
release of LH and FSH. Testosterone (converted to DHT) inhibits LH release and testosterone (converted to
estradiol) inhibits GnRH release.

In the body testosterone is typically converted to either DHT (by alpha reductase) or estradiol (by
aromatase), which exert the effects attributed to testosterone. DHT stimulates prostate growth and male
pattern balding. Estradiol acts on the CNS and is linked to violent tendencies. Testosterone levelsin the
plasmarange from 3 to 10 ng/ml, while estrogen levelsin women are 0.5ng/ml at the peak surge level.

Fertilization
average g aculate = two to three hundred million sperm (40 to 250 million sperm/ml)
It doesn't just take one: infertility defined as below 20 million sperm/mil

Oocyte is surrounded by a protein/polysaccharide layer (zona pellucida) as well as an outer layer of
granulosa cells called the coronaradiata. Once in contact with the zona pellucida the sperm rel ease the
digestive enzymes from their acrosome. Numerous sperm are needed to digest a space through the zona
pellucida. However, once one sperm has penetrated the oocyte, changes in the cell membrane prevent
additiona sperm from entering. This ensures only one sperm will fertilize the oocyte.

Sperm can live up to 3 daysin the female reproductive tract. “Female” sperm live longer and swim slower
than “male” sperm. (X chromosomeis bigger than Y). The ovum in contrast has alife span of 12 to 24
hours after ovulation.

Female Reproductive System
Female Anatomy:  ovaries (gonads), fallopian tubes, uterus, cervix, vagina

0ogenesis

The formation of oocytes is completed before birth of afemaleinfant. Oogonia (germ cells) divide
mitotically to produce primary oocytes. The primary oocytes begin meiosis by replicating their
chromosomes, but remain arrested in prophase | until puberty. The first meiotic division is completed just
before ovulation and the second meiotic division is completed upon fertilization by a sperm.

folliculogenesis

The primary oocytes are “housed” in alayer of granulosa cells. Thislayer of granulosa cells, athin layer of
proteins and polysaccharides secreted by the granulosa cells called the zona pellucida, and the egg are
collectively referred to asaprimary follicle (20 m). The primary follicles develop into secondary
follicles (200 m) which have athicker layer of granulosa cells, athicker layer of zona pellucida, and
additional thecal cells surrounding the granulosa layer. Secondary follicles are present throughout
childhood since they develop without the stimulus of the gonadotropins and sex steroids.



Under the influence of FSH the secondary follicles begin to mature further. The layers of granulosa cells
separate forming afluid filled cavity called the antrum. The follicles grows 10 times larger (1-2mm) and
are caled antral follicles. At about day seven of the menstrual cycle one follicle becomes dominant and
continues to develop. The other antral follicles undergo degradation or atresia. So only one (sometimes
two) mature into the graafian or ovulatory follicle out of perhaps 50 that begin the process as primary
follicles.

Ovulation is stimulated by hormonal changes (explained in the next section). The follicle ruptures and a
(can you believe this) some unnamed entity is expelled. This unnamed entity consists of the secondary
oocyte, zona pellucida, and the granulosa cells. The egg with accessory tissue then travels to and through
the oviduct, while the remaining granulosa and thecal cells undergo luteinization and form the cor pus
luteum. The corpus luteum grows and develops for 10 days and then degenerates if human chorionic
gonadotropin (hCG) is not received from the implanting blastocyst. After the demise of the corpus luteum, a
non-functional corpus albicans can be observed in the ovary.



Hormonal Regulation and the Menstrual Cycle

Beginning in puberty the hypothal amus secretes GnRH

which stimulates the anterior pituitary to release LH

and FSH. LH stimulates the thecal cellsto produce

androstenedione (estrogen precursor). The

androstenedione migrates to the granulosa cells. FSH

induces the production of aromatase which catalyzes

the production of estrogen. FSH and estrogen stimulate

the development of antral follicles. On day one of the

menstrual cycle we have about 10 to 15 antral follicles.

Ninety percent of these will undergo atresia, so by day

seven one dominate follicleisleft. Thisdominate

follicleis producing a great deal of estrogen. Although

levels of LH and FSH remain essentially constant

throughout the menstrual cycle, this high estrogen triggers a surge in the gonadotropins at midcycle. The LH
surge stimulates ovulation and luteinization. Ovulation occurs sixteen hours after the LH peak. From day
one (first day of menstrual bleeding) until ovulation (about day 14) is considered the follicular phase.

The luteal phase begins at ovulation and lasts until menstrual bleeding starts again (typically 14 days).
After ovulation the luteal cells (formed from the granulosa and thecal cells) begin producing progesterone
(and some estradiol) under the stimulus of LH and FSH. The secretion of hormones depicted in the above
diagram is an “idealized” snapshot of one human menstrual cycle when fertilization of the ovum doesn't
occur.

Estrogen

. induces the proliferation of the granulosa cells

. induces expression of LH receptors in granulosa cells

. Is essential for ovum maturation

. causes growth and development of oviduct

. has negative and positive feedback effects at the pituitary (high levelsinduce LH surge)
. increases blood flow to the uterus

. Increases oxytocin receptors in uterus and mammary glands

. Increase progesterone receptors in the uterus

. induces the production of contractile proteins in the smooth muscle of the uterus
. causes mammary duct formation

Progesterone



. mai ntai ns secretions in oviduct

. stimulates growth and devel opment of the uterine lining in preparation for implantation

. maintains epithelial linings: structural and secretory

. is antagonistic to estrogen effects (decreases contractility: less oxytocin and estrogen receptors)
. mammary gland devel opment

Changesto the Uterus

When the corpus luteum regresses at the end of the menstrual cycle the lining of the uterusis sloughed off
and passes out of the body viathe vagina. Following the menstrual phaseis a portion of the follicular phase
considered the proliferative phase. During this proliferative phase the uterine lining is under the influence
of estrogen and the changes listed under estrogen (above) are apparent. The luteal phaseis called the
secretory phase from the point of view of the uterus. Here the primary influence is progesterone and the
uterine lining becomes thicker and uterine glands present and active.

Conception and I mplantation

Now, let's pick up where we | eft off with
the male reproductive system. Egg and
sperm meet in the oviduct (fallopian
tube) and fertilization occurs.

Fox Figure 20.43

12 hours after surge = ovulation
fertilization must occur within 24 hours.
Day 4-5 in oviduct

Day 4-7 floating in uterus

Day 7 implantation of blastocyst

hCG production by placenta leads to the
rescue of the corpus luteum and the
maternal recognition of pregnancy.

Pregnancy
Gestation = time from conception to
birth (about 38 weeks)

Placentais an organ derived from both maternal and fetal tissue. It functions as the site of gas, nutrient, and
waste exchange between the mother and fetus (in utero respiratory, digestive, and urinary systems). It aso
has an role as an endocrine organ:
hCG (human chorionic gonadotropin)

- similar effectsas LH

- stimulates the corpus luteum to make E, and progesterone

- pregnancy tests are based on hCG

- at 5-6 weeks the placenta takes over making E, and progesterone

estrogen

progesterone



No one cell has al the enzymesto
make estrogen and progesterone, so
biosynthetic pathways are as shown in
thefigure at theright. In addition, by
the end of pregnancy, 90% of the
estrogens produced are estriol. Estriol
isamarker of fetal and placenta health,
since estriol is only produced by the
placentafrom a precursor formed in the
fetal liver.

Parturition (birth)

The signal for labor to initiate is not
completely understood. However, as
the pregnancy nears term, certain
endocrine events support the initiation
of labor and the successful delivery of
the newborn.

The fetus begins secreting CRH and

ACTH which stimulates the production

of cortisol from thefetal adrenal

gland. (Maybe due to development of

this capability or “stress’ of the cramped quarters?) Thisresultsin production in the placenta of the
“missing” enzyme that will take cholesterol all the way to estrogen. High estrogen levels increase the
contractility of the uterus.

L actation
Involves the following hormones:
progesterone
development of secretory cells
estrogen
more oxytocin receptors
development of ductal system
release of prolactin
prolactin
increase activity of secretory cells
development of secretory cells
oxytocin
contraction of myoepithelial cells
(milk let down)



