Female Reproductive System (fig. 21.5 p. 424, fig. 21.6 p. 425)

- also see table 21.2 for a list of the structures along with their respective functions.

- a summary of the female reproductive system:

- paired ovaries produce eggs/ova (soon we will learn that the ovaries produce and release secondary oocytes, not eggs).  One ‘egg’ is released per month in a process called ovulation.  

- the ‘egg’ is released into the oviducts (fallopian tubes), which eventually carry it to the uterus (womb).  

- the uterus possesses the ability to expand its vascular (blood-supplied) lining called the endometrium.  The lower opening or ‘neck’ of the uterus is the cervix, which opens into birth canal known as the vagina.  

- the vaginal opening is bordered by the labia majora and the labia minora, along with a stimulatory organ, the clitoris.
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OVARIES (analogous to the male’s testes)

-- the ovaries are paired organs, one on each side of the upper abdominal cavity.

-- each ovary is connected to the uterus by connective tissue called a mesentery.

-- the gross structure of ovaries is somewhat similar to that of the kidneys – they are comprised of an outer cortex and an inner medulla.

-- within the cortex (nearer to the ovarian wall), there exist numerous sac-like structures called primary follicles.  Each primary follicle contains one immature egg called an oocyte (fig. 21.7 p. 426).

-- essentially, a follicle consists of an immature egg cell (oocyte) surrounded by multiple layers of follicular cells, which support and nourish the developing egg cell.  

-- these follicular cells produce estrogen (discussed in more detail later).

-- a female is born with approximately two million follicles (one million per ovary).  There is no mitosis that creates ‘new’ follicles – they are all created and ready at birth.  This markedly differs from males where spermatogenesis occurs perpetually post-puberty.  
-- due to hormonal changes in the female body that occur during puberty, the amount of primary follicles are reduced by about 50% at puberty.
-- only 400-500 primary follicles will ever fully mature to manifest an ‘egg’ (ie. one ovulation per month from puberty to menopause).
-- in a normally functioning female, the ovaries take turns ovulating (ie. One ovary ovulates per month).
-- since there is no turnover or ‘newness’ to the follicles (and therefore the prospective ‘eggs’), they age as a woman ages and are therefore less ‘perfect’ over time, which may lead to birth defects in children born to older mothers.

Within the Ovaries:  FOLLICLE MATURATION (one/month (alternating))

-- the primary follicle that is ‘chosen’ matures/differentiates into a secondary follicle.

-- the secondary follicle continues to mature and develop into a Graafian follicle (Vesicular follicle).

-- oogenesis (the maturation of the oocyte) occurs within each of these follicles.

-- again, see fig. 21.7 p. 426.

Within the Follicle:  OOGENESIS (production of the ‘egg’)

-- when a female is born, two million oogonia (very immature ‘egg’ cells) begin meiosis I to become primary oocytes (this includes a replication of the DNA from 46 to 92 chromosomes).  However, each of these are suspended in meiosis I until ‘chosen’.
-- within the ‘chosen’ primary follicle, the primary oocyte completes meiosis I to form two cells, each with only 46 chromosomes.

-- one of these cells receives all of the cytoplasm from the division; this cell is known as the secondary oocyte and is destined to become the ovum (if fertilization occurs).
-- the cell that received little to no cytoplasm is called a polar body.  This polar body eventually disintegrates.  It serves no purpose in the female’s reproductive cycle.
-- this contrasts markedly with spermatogenesis, where all four final products of meiosis I and II develop into mature sperm.

-- the secondary oocyte is still existing within the follicle (now known as the secondary follicle), however, it gets pushed to one side of the follicle.

-- the secondary follicle then continues to mature into a Graafian follicle, which, due to the continued maturation of the secondary oocyte, possesses a build-up of fluid-based pressure.

-- because of this pressure, the Graafian follicle eventually bursts through the ovarian wall (ovulation), releasing the secondary oocyte surrounded by follicular cells and a clear membrane called the zona pellucida.

-- the zona pellucida is partly comprised of a mucoprotein that can only be penetrated by the enzymes found in the acrosome of a sperm cell (this covering protects the secondary oocyte once it is released from the ovary and the follicle).
-- the release of the secondary oocyte is known as ovulation and the secondary oocyte actually leaves the ovary where it is deftly funneled into the oviduct.
-- the secondary oocyte only survives for 12-48 hours outside of the ovary/follicle that it was originally housed within – fertilization ‘windows’ are narrow.
-- meiosis II, which produces the actual egg cell/ovum and another polar body (which also disintegrates), occurs only if a sperm cell penetrates the secondary oocyte (ie. the egg is only produced if fertilization occurs).
-- the 46-chromosomed secondary oocyte MUST divide in order to viably join with the 23-chromosomed sperm cell.  After meiosis II is completed and the second polar body separates from the ovum, the 23-chromosomed nuclei of the sperm and egg (ovum) unite in the actual process of fertilization.

-- the uniting of sperm and egg forms a zygote (fertilized egg).

-- the Graafian follicle that supported the egg over its final development and maturation is not wasted; it develops into the corpus luteum, which is a hormone-secreting structure:

-- if fertilization (pregnancy) occurs, the corpus luteum survives for 3-6 months after fertilization, secreting estrogen and progesterone.

-- if fertilization (pregnancy) does not occur, the corpus luteum begins to disintegrate after about 10 days (still secretes estrogen and progesterone over that time though).
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OVIDUCTS (Fallopian Tubes)

-- it is within the oviduct where fertilization most often occurs.

-- the oviducts are tubes that extend from the ovaries to the uterus.

-- there is one oviduct associated with each ovary.

-- an oviduct does not actually attach to an ovary ( finger-like projections called fimbriae ‘catch’ the secondary oocyte when it is ovulated and sweep it into the oviduct.

-- the oviducts are lined with cilia in order to conduct the secondary oocyte (if not fertilized) or zygote (if fertilized) into the uterus; peristalsis-like contractions by the smooth muscle in the oviduct walls also help in the conduction process.

-- whether the secondary oocyte is fertilized or not, it ends up in the uterus.


* Ectopic Pregnancy -- the fertilized egg can embed in the wall of the 
oviduct and the pregnancy cannot succeed.




UTERUS

-- see figures 21.5 and 21.7 again.

-- the uterus is a thick-walled, muscular organ (about the size and shape of an inverted pear) that can stretch to a large size.
-- the oviducts join the uterus at the anterior while the cervix serves as the posterior exit into the vagina.

-- embryo and fetal development occurs in the uterus (it can stretch from 5 cm to 30 cm in diameter in order to accommodate a growing fetus).

-- the uterus has two layers:


1.  The endometrium: 


-- possesses two layers of its own:




i.  BASAL LAYER -- protection/cushioning;



ii. FUNCTIONAL LAYER -- participates in the 





formation of the placenta, which nourishes the 




fetus.  This is the layer that varies in thickness 




during the female menstrual cycle.


2.  The myometrium:


-- a muscular layer that is important during the contractions that 
occur during menstruation and/or birth.



VAGINA

-- the vagina serves as the birth canal and as the receptacle for the penis during sexual intercourse.

-- it possesses paired Bartholin’s glands that secrete mucus during arousal for lubrication during intercourse.  These glands are analogous to the male Bulbourethral glands.

-- the vagina also possesses inner walls with many tissue folds that are able to extend during childbirth.




CLITORIS

-- the female stimulatory organ.

-- composed of erectile tissue and sensory receptors that allow it to function as a sexually sensitive organ.

Female Reproductive Cycle
-- the female reproductive cycle is commonly referred to as the menstrual cycle, but the menstrual cycle only occurs in the uterus.  In fact, there are two major parts to the female reproductive cycle: the ovarian cycle and the uterine (menstrual) cycle.

-- the female reproductive cycle averages 28 days in length, but cycles may vary from one woman to another; sometimes ranging between 20 to 40 days.
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-- ovulation (ie. the release of the secondary oocyte from the Graafian follicle) must occur after the uterine lining (endometrium) has started to thicken and become more extensively vascularized (serviced by more blood vessels) in order for the possible implantation of a zygote to be viable.  This implies that the synchronization of events within the ovaries and the uterus is of utmost importance.
The Ovarian and Uterine Cycles



Ovarian Cycle:  LOCATION:  Ovaries

-- the ovarian cycle is divided into two major phases:  the follicular phase and the luteal phase, with ovulation separating the two.

-- the follicular phase refers to the development of the follicle and its housed oocyte during days 1-13 of the cycle.
-- ovulation occurs on day 14.  Recall that the fluid-pressure buildup in the Graafian follicle leads to a bursting of the follicle through the ovarian wall and the subsequent release of the secondary oocyte to be captured by the fimbriae of the oviduct.
-- the luteal phase of the ovarian cycle refers to the formation of the corpus luteum from the remaining follicle ‘husk’ (post-bursting) and the subsequent secretion of hormones by the corpus luteum.  The luteal phase occurs during days 15-28 of the cycle.

-- if fertilization of the egg does not occur, the corpus luteum begins to gradually degenerate over the latter portion of the luteal phase.  As the corpus luteum degenerates, its hormone-secreting abilities degenerate as well.
Uterine (Menstrual) Cycle:  LOCATION:  Uterus

-- the uterine cycle is divided into three major phases:  the menstrual flow phase, the proliferative phase, and the secretory phase.

-- the menstrual flow phase refers to the sloughing of the endometrium (uterine lining) during days 1-5 of the cycle.  This phase is commonly known as a woman's ‘period’.

-- the proliferative phase refers to the gradual thickening of the endometrium that takes place over days 6-14.

-- during the secretory phase (days 15-28), the endometrium continues to thicken, becomes more vascularized, and secretes a fluid rich in glycogen (important for embryo nutrition very early in development).
-- if an embryo has not implanted into the endometrium by the end of the secretory phase, the cycle begins once again with another menstrual flow phase.
Endocrine (Hormonal) Control of Ovarian/Uterine Cycles
-- hormones coordinate these two cycles in such a way that the development and maturation of the follicle, along with ovulation, both of which occur in an ovary, are synchronized with the preparation/thickening of the uterine lining for possible implantation of an embryo.

-- there are five hormones that participate in the female reproductive cycles.

-- regulation of the hormones may occur through positive and/or negative feedback.

-- see fig. 21.8 p. 427 for a general look at these hormones and their source glands.

Names and Source of each Hormone:

Gonadotropin-Releasing Hormone (GnRH) -- secreted by the hypothalamus and travels a short distance to the anterior pituitary gland.

Follicle-Stimulating Hormone (FSH) -- secreted by the anterior pituitary gland and travels to the ovary.
Luteinizing Hormone (LH) -- secreted by the anterior pituitary gland and travels to the ovary.


* FSH and LH are generally referred to as the gonadotropins or the 
pituitary hormones.  Both of these hormones exist in males as well.

Estrogen – steroid hormone secreted by the developing follicle in the ovary, and later in the cycle by the corpus luteum in the ovary.  Estrogen travels to the uterus.
Progesterone – steroid hormone secreted in relatively low amounts by the developing follicle in the ovary, and later in much larger amounts by the corpus luteum in the ovary.  Progesterone travels to the uterus.

* estrogen and progesterone are generally referred to as the female sex 
hormones (analogous to males’ testosterone).
-- see fig. 21.9 p. 428 for a specific look at the levels of FSH, LH, estrogen, and progesterone over the 28-day menstrual cycle and how they work together to stimulate follicle growth, ovulation, corpus luteum production and maintenance, and endometrial thickening/shedding.  Refer to this figure (or the handout) while analyzing the proceeding information.




In the Ovary (Hormonal Control of Ovarian Cycle)

-- during the follicular phase of the ovarian cycle, the hypothalamus secretes GnRH which stimulates the anterior pituitary to secrete relatively small amounts of FSH and LH.  

-- during this time, the cells of the relatively immature ‘chosen’ primary follicle in the ovary only possesses functional receptors for FSH, not LH (ie. the follicle only responds to FSH during this phase).
-- FSH stimulates the growth/maturation of the follicle within the ovary.

-- it is the follicular cells that secrete estrogen at relatively low levels during this phase. 

-- the relatively low levels of estrogen serves to somewhat limit the secretion of the pituitary hormones (FSH and LH).  Thus, FSH and LH levels remain relatively low during most of the follicular phase, even as the primary follicle matures into a secondary follicle (this is a form of negative feedback).

-- however, once the secondary follicle matures to become a Graafian follicle, its follicular cells begin to secrete a noticeably higher level of estrogen.
-- recall that low levels of estrogen limited FSH/LH secretion.  Well, a high level of estrogen has the opposite effect and stimulates the hypothalamus to release more GnRH, which subsequently increases FSH/LH release from the anterior pituitary (this is a form of positive feedback).

-- this causes a ‘surge’ in the release of FSH/LH (you can see on the graphs that the surge of FSH/LH (day 12-13) happens just after the increase in estrogen (day 11)).

-- *Note: the peak for LH is higher than the peak of FSH because the high concentration of estrogen also positively feeds back upon the anterior pituitary’s LH-releasing mechanisms, making them more sensitive to GnRH than the FSH-releasing mechanisms.

-- the more mature Graafian follicle actually possesses functional receptors for LH and is therefore able to respond to LH’s hormonal effect.

-- the surge in FSH and LH promotes the final maturation of the follicle and induces ovulation on day 14, roughly a day after the surge.

-- following ovulation, LH stimulates the left-over follicle ‘husk’ to transform into the corpus luteum within the ovary.
-- the corpus luteum is a glandular, endocrine structure that secretes estrogen and the other female sex hormone, progesterone during the luteal phase of the ovarian cycle.  

-- aside from transforming the follicle into the corpus luteum, LH also works to maintain the existence of the corpus luteum.

-- the corpus luteum reaches its maximum maturity about 8-10 days after ovulation.

-- as estrogen and progesterone levels rise, due to the increasing capabilities of the maturing corpus luteum, their combination exerts negative feedback upon the hypothalamus and the anterior pituitary, which serves to gradually decrease the secretion of GnRH, FSH, and LH, respectively.
- it is generally accepted that the high estrogen limits FSH secretion and that the high progesterone limits LH secretion.
-- since the corpus luteum is maintained by LH, a gradual decrease in the secretion of LH causes a gradual degeneration of the corpus luteum.

-- furthermore, since the primary responsibility of the corpus luteum is to secrete estrogen and progesterone, and because the corpus luteum degenerates, the levels of estrogen and progesterone decline sharply near the end of the luteal phase.

-- the dropping levels of estrogen and progesterone once again liberates the hypothalamus and the anterior pituitary gland from the limiting effects of the combination of these hormones.

-- the anterior pituitary gland begins, once again, to secrete enough FSH to stimulate growth of a new follicle in the ovary, initiating the follicular phase of the next ovarian cycle.

In the Uterus (Hormonal Control of Uterine Cycle)

-- as estrogen is secreted in increasing amounts by the growing follicle, it signals the endometrium in the uterus to thicken by becoming more vascularized. 
-- so, even prior to ovulation, the uterus is being prepared for the possible implantation of an embryo.

-- after ovulation, the estrogen and progesterone that are secreted by the corpus luteum serve to stimulate continued thickening and development of the endometrial lining, including an enlargement of arteries serving the uterine lining and the growth of special glands that secrete a glycogen-based fluid which nourishes the embryo prior to the formation of the placenta.

-- the drop in the levels of estrogen and progesterone due to the degeneration of the corpus luteum eventually causes spasms in the arteries of the endometrium, depriving it of blood.

-- this results in menstruation (the shedding (sloughing) of the endometrium).

-- in fact, when menstruation is occurring, the five hormones are all at low levels relative to their levels during the proliferative and secretory phases.

-- while menstruation is occurring, the new follicle is maturing within the ovary (days 1-5) ( thus, FSH is the only hormone that displays a marked increase during this time.

If Fertilization Occurs…

-- remember, fertilization tends to occur while the secondary oocyte is in one of the oviducts.
-- the zygote begins to divide and develop into an embryo, which continues to develop while it travels from the oviduct to the endometrial lining within the uterus (see fig. 22.10 p. 452).


-- fig. 21.10 p. 429 shows an electron micrograph of an embryo implanted in an endometrium on day 12 after fertilization.

-- the placenta forms after the embryo implants into the endometrium.  Contributions from the endometrium (maternal tissue) along with the embryo (fetal tissue) serve to create the placenta.

-- the placenta is a disk-shaped organ that consists of fetal and maternal blood vessels; it grows to about the size of a dinner plate and weighs slightly less than one kilogram (see fig. 22.9 p. 451).




-- material is exchanged between the mother and the fetus via diffusion through placental tissue – this includes respiratory gas exchange, nutrient transfer, and waste removal with/from the embryo.

-- blood from the embryo travels to the placenta through the umbilical arteries (within umbilical cord), drops off wastes and gets ‘nourished’, then returns to the fetus via the umbilical vein (also within the umbilical cord).

-- unless the placenta is damaged or defective, maternal and fetal blood do not mix.

Hormonal Changes if Fertilization Occurs:

-- if fertilization occurs, the developing embryo secretes a hormone that acts as a signal to the mother’s nervous system that the embryo, in fact, exists.

-- this hormone is known as human chorionic gonadotropin (HCG).

-- HCG performs just as LH does; it maintains estrogen and progesterone levels by preventing the breakdown of the corpus luteum.

-- constant estrogen and progesterone levels keep the endometrial lining thick and healthy for the developing embryo.

-- if HCG was not released by the embryo, LH levels would gradually decline (due to relatively high progesterone (and estrogen) levels), as would the corpus luteum, which would eventually lead to lower estrogen and progesterone levels and subsequent menstruation and miscarriage of the pregnancy.
-- the levels of HCG are so high that plenty is excreted by the mother within the urine, where it can be detected by simple drug store-sold pregnancy tests.

-- pregnancy can also be detected by testing the blood for HCG.

-- the consistently high levels of estrogen and progesterone not only maintain the endometrium, they also negatively feed back upon the anterior pituitary gland, inhibiting further FSH/LH secretions so that no new follicles/oocytes develop (menstruation does not occur during the nine months of pregnancy).  
-- estrogen and progesterone also allow the breasts to lactate, further develop the placenta, allow the uterus to stretch more than usual, and act to increase mucus production in the cervical region, which will eventually form a mucus plug in the cervix in order to house the uterine fluid. 

-- the corpus luteum can be maintained by HCG for up to six months, until the placenta is able to secrete its own supply of estrogen and progesterone; then HCG levels drop to near zero, the corpus luteum disintegrates, and the placenta assumes the estrogen and progesterone-producing responsibilities.

Summary of Estrogen’s Functions (and Progesterone in most cases)

-- when secreted in earnest at the time of puberty:


- stimulates the growth and development of the uterus and vagina.

- responsible for the development of female secondary sexual characteristics (female maturation):


- female body hair;


- a more rounded appearance due to certain fat distribution;

- pelvic girdle enlarges and tilts forward (more lower back curve than men, an abdominal bulge, and more protruding buttocks);

- breast growth/development.

-- also responsible for follicle/oocyte development/maturation along with proliferation and vascularization of the endometrial lining of the uterus.

-- when in combination (and high concentration) with progesterone, limits FSH (and LH due to progesterone) production in the anterior pituitary gland.

Another Hormone: OXYTOCIN

-- produced in the hypothalamus, stored in the posterior pituitary.

-- secretion of oxytocin increases during labour:


- causes the uterus to contract during labour;

- also acts in tandem with another hormone, prolactin, in stimulating the release of milk from the mother’s mammary glands after birth.

-- as the baby’s head pushes against the cervix during labour, stretch receptors in the cervical wall trigger the hypothalamus to signal the posterior pituitary gland to release oxytocin.

-- interesting form of positive feedback – the mother MUST give birth!!! So, oxytocin’s job is to travel to the uterus to promote uterine contractions; this results in the baby’s head pushing further and the cervix stretches more; this signals for even more oxytocin, etc…until birth occurs, and negative feedback (relaxed cervix) shuts off the oxytocin release.

Interesting Facts with respect to Reproduction:

Birth Control Pill – a large dose of estrogen and progesterone, which, in combination, limit FSH and LH release, and therefore limit follicle and oocyte production.

Morning After Pill – combination of drugs that block endometrium cell receptors for estrogen and progesterone.  Thus, the lining cannot be maintained and is sloughed off.

Menopause – ovaries no longer responsive to FSH and LH, limits estrogen and progesterone production – ovarian and uterine cycles cease (see p. 430).

Twins:

Identical (monozygotic) – after fertilization, zygote divides prior to differentiation and two embryos result; slight differences in their endometrial development ‘area’ and in their developmental environment after birth lead to subtle differences between twins.
Fraternal (dizygotic) – two secondary oocytes develop and are fertilized by two different sperm cells.  Both develop within the uterus.
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