Human Reproductive System
I. Male

a. Anatomy

i. Urethra - is a tube inside the penis through which both sperm and urine tract.
ii. Testes- produces sperm.
iii. Scrotum- A pouch of skin below the pelvis which contains the testes. The scrotum maintains the testes a few degrees cooler than the abdominal cavity. 
iv. Seminiferous tubules- Thin twisting tubes that are lined will cells that produce sperm. These cells are the ones which go through meiosis.
v. Epididymis- A tightly coiled tube attached to the outside of the testes – contains developing sperm
vi. Vas deferens – This is a tube through which sperm travel from the epididymis to the urethra.
vii. Seminal vesicles – creates seminal fluid (70%) which provides a swimming medium (semen) for the sperm cells

viii. Prostate gland – produces an alkaline buffer to protect spermatozoa from residual urine in the urethra as well as from vaginal acid  (10-30%)
ix. Bulbourethral glands – secrete a mucus which provide protection from acidic urine residue
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II. Hormonal Control of Male Reproductive System
a. Spermatogenesis 

i. Production of sperm cells or spermatozoa

ii. occurs with very small tubes known as the seminiferous tubules
iii. near the outer wall of these tubules lie epithelial cells called spermatogonium
iv. undergo mitosis or meiosis at any given time

a. mitosis – to replenishes spermatozoa and start at puberty & continues throughout life

b. meiosis – to produce spermatozoa (makes haploid cells)
v. Sperm contain – flagellum, mitochondria, & acrosome (contains hydrolytic enzymes which help in fertilization) 
b. Hormones

i. The pituitary releases FSH (follicle stimulating hormone) and LH (leutinizing hormone) -- The hypothalamus secretes (gonadotrophin releasing hormone) GnRH which causes the pituitary to release FSH and LH
ii. LH stimulates interstitial cells which in turn produce testosterone
iii. FSH  & testosterone stimulates the meiotic divisions of spermatogonia (diploid 2n) into spermatozoa (produce sperm)

iv. Testosterone created by the testes
a. stimulates spermatogenesis by affecting spermatocytes
b. triggers development of secondary sexual characteristics.
c. facial and body hair
d. deeper voice
e. increased muscle mass
f. secretion of body oils
g. some increase aggression

c. Processes involved in spermatogenesis (mitosis, cell growth, the two divisions of meiosis, and cell differentiation)
i. The outer layer of cells, called spermatogonia (2n) divides by mitosis, producing more spermatogonia (also 2n).
a. Follicle Stimulating Hormone: Released by the pituitary gland; stimulates primary spermatocytes to undergo the first division of meiosis. 
b. Testosterone: Released by testes; stimulates development of secondary spermatocytes into mature sperm. 
c. Lutenizing Hormone: Released from pituitary; stimulates secretion of testosterone by testes. 
ii. Spermatogonia grow into larger cells called primary spermatocytes (2n). 
iii. Primary spermatocytes (2n) carry out the first stage of meiosis, producing 2 secondary spermatocytes (n). 
iv. Each secondary spermatocyte carries out the second division of meiosis, producing four spermatids (n). 
v. Spermatids become associated with nurse cells called sertoli cells, which provide structural and metabolic support to the developing spermatids into spermatozoa (n). 
a. A single Sertoli cell extends from the basement membrane to the lumen of the seminiferous tubule
vi. Mature sperm (the spermatozoa) detach from sertoli cells and eventually are carried out of the testes by fluid in the center of the seminiferous tubule
d. Number of gametes - Spermatogenesis: 4
e. Timing of formation - Spermatogenesis: constantly, beginning at puberty
f. Release of gametes - Spermatogenesis: variable starting at puberty 






III. Female anatomy

a.  Vagina

1. passageway (birth canal) through which a baby is born.

2. The environment is very acidic to discourage the growth of microbes.

b. Uterus

1.  myometrium – the muscular outer layer; which provides support for the fetus and layer for child birth.

2.  endometrium – the inner layer, with many blood vessels, which nourishes the embryo; it is shed during menstruation if pregnancy does not occur.

c. Cervix- 
i.  A muscular ring which separates the vagina from the uterus.

ii.  It holds the fetus in the place until birth, when it dilates to allow the fetus to pass through. 
d. Ovaries

1. Each ovary contains about 400,000 follicles. A follicle is a structure which consists of an egg cell surrounded by cells which nourish and protect the developing egg.

2.  Of all these follicles, only a few hundred will ever mature and release an egg. One matures during the menstrual cycle.

3. Ovulation - the process of an egg cell being released from the follicle.

4. Oogenesis – egg development

e. Oviducts (fallopian tubes)

1.  These tubes are the passageway through which the egg must travel from the ovaries to the uterus
2. The end of the oviduct has an opening near the ovary called fimbria. These are covered in cilia and serve to “sweep up” the egg when it is released during ovulation.
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IV. Hormonal Control of Female Reproductive System 
a. Oogenesis
i.  In the ovaries of a female fetus, cells called oogonia (2n) divide by mitosis to make more. 
ii.  Oogonia grow into larger cells called primary oocytes (2n). 
iii.  Primary oocytes start meiosis but stop at prophase I. Primary oocyte and a single layer of follicle cells form a primary follicle. 
iv. When a baby girl is born, the ovaries contain 400,000 primary follicles. 
v.  Every menstrual cycle, a few primary follicles start to develop -- Primary oocyte completes meiosis I, forming two haploid (n) nuclei - cytoplasm of the primary oocyte develops unequally, forming a secondary oocyte (n) and a small polar cell/body (n). (Polar bodies do not develop into eggs; they degenerate)
vi.  Secondary oocyte starts second division of meiosis but stops at prophase II - follicle cells, meanwhile, are reproducing quickly and follicle fluid is forming. 
vii. When the mature follicle bursts at the time of ovulation, the released egg is still a secondary oocyte (n). 
viii. After fertilization, the secondary oocyte completes the second division of meiosis to form an ovum with the sperm nucleus already inside. 
a. Number of gametes - Oogenesis: 2 
b. Timing of formation - Oogenesis: up to prophase I by time of birth, up to prophase II every menstrual cycle, completion only at time of fertilization. 
c. Release of gametes - Oogenesis: monthly starting at puberty.
b. Menstrual cycle
i. The hypothalamus secretes GnRH which causes the pituitary to release FSH and LH

ii.  FSH & LH both target the ovaries

a. The ovaries increase the production & secretion of estrogen (produced by follicle cells in ovaries)

b. Estrogen targets the endometrium of the uterus & results in an increase of blood vessels – becomes highly vascular

2. Maturing of follicles are due to FSH & LH
a. Oocytes = a stage of development that follicle cells & true reproductive cells are in -- oocytes are established in the ovary before birth, and may lay dormant awaiting initiation for up to 50 years  
b. Under this stimulation follicle & oocytes take on an arrangement known as a Graafian follicle

c. A spike in FSH & LH leads to ovulation (release of oocyte from the Graafian follicle) and typically entering the fallopian tubes

1. The oocyte is accompanied by the inner ring of follicle cells and a glycoprotein membrane coat




d. The outer ring of the follicle cell remains in the ovary and turns into a glandular structure called the corpus luteum

1. This corpus luteum produces progesterone for 10-12 days after ovulation then the corpus luteum will diminish and degenerate
2. Progesterone maintains the thickened, highly vascular endometrium 

3. As long as the progesterone continues  to be produced the endometrium will not break down and an embryo will still be able to implant

4. High levels of estrogen & progesterone are a negative feedback signal to the hypothalamus 

5. The hypothalamus does not produce GnRH when these estrogen & progesterone levels are high
6. Assuming there is no pregnancy the corpus luteum eventually begins to break down & leads to a decline in both progesterone & estrogen

7. As these levels fall the endometrium can no longer be maintained

8. The capillaries & small blood vessels begin to rupture and menstruation begins

9. The drop in progesterone & estrogen also signals the hypothalamus to begin secreting GnRH & thus another menstrual cycle begins
c. The process of fertilization 
i.  Acrosome reaction - When a sperm comes in contact with the coats surrounding the egg, the acrosome (an enzyme-filled vacuole at the tip of the sperm cell) bursts open and releases enzymes that digest the jelly-like coating of the egg. 
ii.  Penetration of egg membrane - When the sperm membrane comes in contact with the egg membrane, the two membranes fuse, and the sperm nucleus enters the cytoplasm of the egg. 
iii.  Cortical reaction - Once the membranes have fused, a chemical reaction occurs in the egg membrane, making it impossible for other sperm cells to enter the egg. 
d. Early embryo development 
i.  Copulation - physical contact between the male and female reproductive structures that is needed for the sperms to move from the male to the female (not necessarily result in fertilization)
ii. Fertilization - is the fusion of the male and female nuclei to produce the zygote.
iii. Fertilization occurs, resulting in mitotic divisions or cleavage divisions which lead to the formation of a ball of cells called the morula. 
iv. The morula reaches the uterus about 4 days after fertilization. 
v.  Slightly unequal divisions continue until the 7th day, causing a fluid filled spaced in the middle of the morula to form -- blastocyst. 
vi. The outer cells of the blastocyst are called trophoblast and will imbed itself in the endometrium.
vii. The fetus is supported and protected by the amniotic sac and amniotic fluid.
e. The structure and function of the placenta
i. During the first 2-4 weeks of development, the embryo obtains nutrients directly from the endometrium (the uterus lining). 
ii. Tissues grow out of the developing embryo and mingle with the endometrium to form the placenta. 
iii. Diffusion of material between the maternal and embryonic circulatory systems provides nutrients, exchanges respiratory gases, and disposes of metabolic wastes for the embryo. 
iv. Blood from the embryo travels to the placenta through the arteries of the umbilical cord and returns though the umbilical vein. 
v. The embryo secretes hormones that signal its presence and controls the mother's reproductive system. 
vi. HCG acts like lutenizing hormone to maintain secretion of progesterone and estrogen. 
a. HCG is an embryonic hormone that maintains secretion of progesterone and estrogen by the uterus lining through the first trimester
f. Birth
i. Labor, delivery, and afterbirth mark the three stages of birth. 
ii. Labor is marked by contractions of the uterus, it is stimulated by a hormone called oxytocin, which is released as levels of progesterone decrease by the pituitary gland. 
iii. Oxytocin causes dilation of the cervix. The most powerful contractions are during the next stage, delivery. 
iv. Placenta, along with other fluids and blood come out after the baby. 
v. This placenta that comes out marks the afterbirth. 
vi. Labor and delivery are controlled by the actions of oxytocin, progesterone, and estrogen.
g. The process of in vitro fertilization (IVF)
i. Various drugs are injected one a day for three weeks to stop the menstral cycle. 
ii. Large doses of FSH are injected to stimulate ovaries to develop many follicles. 
iii. HCG hormone is injected 36 hrs. before cell collection, causing the eggs to mature and loosen. 
iv. Eggs are removed from the ovaries of a woman by suction through the vagina and are placed in a glass dish. The eggs are then cleaned to remove blood and other unwanted material. The egg is then incubated. 
v. A male provides sperm which is collected by a doctor. 
vi. The healthiest sperm are selected and mixed with the egg, to force fertilization. 
vii. Two or three eggs are selected and implanted in the uterus through the vagina. 
viii. After a few weeks, a pregnancy test is administered. 
ix. Later in the pregnancy, a scan is conducted to find a heartbeat
h. Ethical issues of IVF.
i. For IVF - Childless and infertile couples are provided a means to have children. Suffering due to a genetic disease of infertility is reduced. 
ii. Against IVF - There is a high probability that children conceived using IVF from infertile parents would inherit this genetic disease, going against natural selection. Spare embryos are killed or donated to stem cell research. Once fertilized embryos have been implanted in the uterus, the parents have the option of choosing which eggs shall be removed, essentially allowing humans the right to define life and death. Those who do not remove extra eggs from the uterus have multiple births, increasing the risk of health problems for the fetus. 
iii.  Family planning and contraception
a. Chemical - Contraceptive pills prevent ovulation by inhibiting FSH and LH. 
b. Mechanical - The use of a male condom prevents the release of sperm into vagina. Another method is intrauterine device (IUD) which prevents fertilization or implantation. There is sterilization. In this, the female gets a tube legation where the oviducts are tied so the sperm can't reach the egg, or the male gets a vasectomy where the sperm ducts are cut and prevents the release of sperm. 
c. Behavioral - Abstinence has a 100% success rate of preventing pregnancy. Timing copulation with a woman's ovulation cycle is also effective at preventing pregnancy.
d. Ethical issues of family planning and contraception
1. Unethical to abort a baby, that is to kill a fetus that was formed after fertilization. Other people think it is the right of the woman carrying the fetus to decide what to do with it.
2. Ethical considerations on the use of contraceptives may include: considerations about overpopulation, considerations about the future of the child(ren), religious considerations. Some religions teach that it is wrong to interfere with natural processes such as reproduction.
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