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Scrotum:  The scrotum is a bag-like supporting structure located outside of the pelvic cavity that functions to hold the testes and regulates the temperature of the testes.  Externally, it appears to be a single pouch/sac.  Internally, it is divided into two sacs that each contain a testis.

Dartos muscle:  The dartos muscle is smooth muscle tissue located in the subcutaneous tissue of the scrotum and forms the internal scrotal septum, which separates the scrotum into two sacs.  It functions to contract in response to cold temperature to bring the testes closer to the body and causes the scrotum to become tight to reduce heat loss from the testes.

Cremaster muscle:  The cremaster muscle is a small band of skeletal muscle tissue that functions to contract in response to cold temperature to bring the testes closer to the body to reduce heat loss from the testes.























Testes (testicles):  The testes, also known as the male gonads, are paired oval glands located in the scrotum that function to produce sperm and secrete hormones.



Lobules:  The lobules are separate internal compartments located within each testis that contain the seminiferous tubules.

Seminiferous tubules:  The seminiferous tubules are tightly coiled tubules located within the lobules of the testes.  Spermatogenesis occurs within these tubules.

Spermatogenesis:  Spermatogenesis is the production of sperm, which begins at puberty.  It takes about 65-75 days for sperm to form, develop, and mature, and males, typically, produce 300,000 sperm per day!

Spermatogenic cells:  The spermatogenic cells are the sperm-forming cells within the seminiferous tubules that have a haploid number of chromosomes.

		Sertoli cells:  The Sertoli cells function to support spermatogenesis within the seminiferous tubules.
All substances pass through these cells before reaching the developing sperm.
Nourish the developing sperm
Phagocytize cellular debris left behind from the developing sperm
Controls the movement of spermatogenic cells
Controls the release of sperm into the lumen of the seminiferous tubules
Produces fluid for sperm transport 
Secretes inhibin
Mediates the effects of testosterone and FSH

Leydig cells:  The Leydig cells are located within the spaces between the seminiferous tubules and function to secrete testosterone (androgen).


Sperm:  Sperm are gametes (sex cells) that contain a haploid number of chromosomes, and about half of the sperm produced contain the X sex chromosome and the other half contain the Y sex chromosome.  Sperm are highly adapted cells designed to move and penetrate the secondary oocyte (mature egg).  They are composed of a head, which contains the nucleus and an acrosome (cap-like cover of the head that contains enzymes to help penetrate the egg in order for fertilization to occur), and a tail, which contains microtubules and mitochondria.  Once inside the female reproductive tract, they survive no longer than 48 hours.  
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	Hormonal control of testes:

		Gonadotropin-releasing hormone (GnRH):  GnRH secretion increases at puberty, and it’s released 			from the hypothalamus.  When secreted, this hormone stimulates the cells in the anterior pituitary (gland 			located inferior to the hypothalamus) to increase their secretion of LH and FSH.

Luteinizing hormone (LH):  LH acts on and stimulates the Leydig cells to secrete testosterone.

Testosterone:  Testosterone is an androgen (male steroid hormone) that is synthesized from cholesterol in the testes.  It functions to promote the development of secondary sexual characteristics of males.

	Dihydrotestosterone (DHT):  DHT is an androgen derived from testosterone.

Follicle-stimulating hormone (FSH):  FSH acts on the Sertoli cells to cause indirect stimulation spermatogenesis.  When present, it causes the Sertoli cells to secrete ABP.

Androgen-binding protein (ABP):  ABP is secreted from the Sertoli cells into the lumen of the seminiferous tubules and then into the interstitial fluid that surrounds the spermatogenic cells.  ABP functions to bind to testosterone, which allows levels of testosterone to remain high to stimulate the final steps of spermatogenesis within the seminiferous tubules.

Inhibin:  Inhibin is secreted by the Sertoli cells when levels of sperm production are high.  It causes inhibition of FSH secretion from the anterior pituitary, which slows down sperm production.
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		Effects of androgens:  Testosterone and DHT

1.  Prenatal development of male reproductive system:  Testosterone causes development of the male reproductive system and descent of the testes in utero, and DHT stimulates the development of the male external genitalia.

2.  Development of male secondary sexual characteristics:  This occurs at puberty, and it involves development and enlargement of the male sex organs, growth of pubic, axillary, facial, and chest hair, thickening of the skin, enlargement of the larynx, increased oil gland secretions, and increased bone and skeletal-muscle growth.

3.  Development of sexual function:  These hormones contribute to male sexual behavior and spermatogenesis.
			
4.  Stimulation of anabolism:  These hormones stimulate protein synthesis, which causes an increase in bone and skeletal-muscle mass.

Ducts in male reproductive system:

Epididymis:  The epididymis is an organ composed of a tightly coiled tube, and the distal end of this tube connects to the vas deferens.  It functions as the site of sperm maturation, where sperm acquire motility and the ability to fertilize the egg, which takes about 14 days, and it can store sperm for several months.  During sexual arousal, the epididymis helps move the sperm into the vas deferens via contractions of the smooth muscle tissue that composes the tube.

Ductus (vas) deferens:  The vas deferens is a tube connected to the distal end of the epididymis.  It functions to move sperm from the epididymis into the urethra during sexual arousal via contractions of the smooth muscle tissue that composes the tube.  It can, also, store sperm for several months.

Ejaculatory ducts:  The ejaculatory ducts are tubular structures formed by the union of the vas deferens and the duct from the seminal vesicles, and it ends at the prostatic urethra.  It functions to eject sperm and secretions from the seminal vesicles into the urethra.

Urethra:  The urethra is the terminal duct of the reproductive tract, which passes through the prostate, and it functions to allow semen and urine to exit the body.

Accessory sex glands:  These glands of the male reproductive tract function to secrete the fluid portion of semen.

Seminal vesicles:  The seminal vesicles are paired, convoluted, pouch-like glands that function to secrete an alkaline viscous fluid (seminal fluid) that is part of the semen and contains fructose (sugar), prostaglandins, and clotting proteins.  This fluid functions to neutralize the acidic environment of the male urethra and female reproductive tract.  The fructose in the fluid is used by sperm to synthesize ATP.  The prostaglandins in the fluid are necessary for sperm motility and viability and to cause smooth muscle contractions of the female reproductive tract.  The clotting proteins in the fluid help coagulate the semen.

Prostate:  The prostate is a single, donut-shaped gland that functions to secrete a milky, slightly acidic fluid that is part of the semen.  This fluid functions in sperm motility and viability.  This gland slowly grows in size from birth to puberty, then, rapidly expands until age 30, and remains stable until age 45 when it begins to enlarge again.

Cowper’s (bulbourethral) glands:  The Cowper’s glands are paired glands about the size a pea that function to secrete an alkaline fluid into the urethra during sexual arousal to help neutralize the urethra and protect sperm.

Semen:  Semen is a mixture of sperm and seminal fluid (secretions from the seminiferous tubules, seminal vesicles, prostate, and Cowper’s glands).  The seminal fluid provides sperm with a medium for transportation, nutrients, and protection from the acidic environment of the male urethra and female reproductive tract.

Penis:  The penis is the external male sex organ that contains the urethra and functions as a passageway from semen and urine to exit the body.



FEMALE REPRODUCTIVE SYSTEM



Ovaries:  The ovaries, also known as the female gonads, are paired glands about the size and shape of almonds.  They function to produce ova (eggs) and secrete hormones.

Oogenesis:  Oogenesis is the formation of eggs within the ovaries, which begins in utero.  The eggs are gametes (sex cells) that each contain a haploid number of chromosomes.  At birth, the female will have 200,000 – 2 million immature eggs in each ovary!  At puberty, only about 40,000 remain, and only about 400 will mature and ovulate during a female’s lifetime.  Each month after puberty until menopause specific hormones will be secreted from the brain (FSH) that will stimulate development of the immature eggs.  Typically, only one egg will mature each month to be ovulated.

Uterine (Fallopian) tubes:  The Fallopian tubes are paired tubular structures that extend laterally from the uterus, and they function as a passageway for sperm to reach the egg and to allow a fertilized or unfertilized egg to reach the uterus.

	Infundibulum:  The infundibulum is the funnel-shaped portion of each tube, which is located close to each ovary.

	Fimbriae:  The fimbriae are finger-like projections that extend from the infundibulum.

	Ampulla:  The ampulla is the widest and longest portion of the Fallopian tubes.

Isthmus:  The isthmus is the medial, short, narrow, thick-walled portion of the Fallopian tube attached to the uterus.

Uterus:  The uterus, also known as the womb, is an organ about the size and shape of an inverted pear that functions as a passageway for sperm to reach the Fallopian tubes, serves as a site for implantation of a fertilized egg, supports the development of a fetus during pregnancy, active during labor, and it’s the site of menstrual flow when implantation does not occur.

	Fundus:  The fundus is the dome-shaped portion of the uterus superior to the uterine tubes.

	Body:  The body is the central, tapering portion of the uterus.

	Cervix:  The cervix is the inferior, narrow portion of the uterus that opens to the vagina.

	Uterine cavity:  The uterine cavity is the interior body of the uterus.

	Cervical canal:  The cervical canal is the interior area of the cervix.

	Tissue layers of uterus:

Perimetrium:  The perimetrium is the outermost tissue layer of the uterus composed of simple squamous epithelium and areolar connective tissue.

Myometrium:  The myometrium is the middle tissue layer of the uterus composed of three layers of smooth muscle tissue.  It is thick in the fundus and thin in the cervix.  This tissue layer functions to contract during childbirth to move and push the fetus out of the body.

Endometrium:  The endometrium is the highly vascularized, innermost tissue layer of the uterus composed of simple columnar epithelium, areolar connective tissue, and glands.  It has two layers: stratum functionalis and stratum basalis.  The stratum functionalis lines the uterine cavity and is removed/discharged during menstruation, and the stratum basalis is the permanent tissue layer that reforms the stratum functionalis after each menstruation.

Cervical mucus:  Cervical mucus is secreted by the cells of the cervix and is composed of water, glycoproteins, lipids, enzymes, and salts.  It functions to supply energy for sperm and to protect sperm as they enter the female reproductive tract.

Vagina:  The vagina is a tubular-shaped canal that extends from the cervix to the exterior of the body.  It functions to receive the penis during sexual intercourse and serves as an outlet for menstrual flow and as a passageway for childbirth.

Vulva:  The vulva is the external genitals of the female.  It includes the mons pubis, labia majora, labia minora, clitoris, hymen, vaginal orifice, external urethral orifice, and the openings of ducts of several glands.
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Mammary glands:  The mammary glands are modified sweat glands that are located within each breast, and they consist of 15-20 lobes that are separated by adipose tissue.  They function in lactation, which involves the synthesis, secretion, and ejection milk, and this process is stimulated via hormones during pregnancy and childbirth.
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FEMALE REPRODUCTIVE CYCLE
Female reproductive cycle:  The female reproductive cycle occurs during the reproductive years in non-pregnant females.  It involves cyclic changes that occur in the ovaries and the uterus.  This cycle, also, regulates the changes that occur in the breasts and in the cervix.

	Ovarian cycle:  This cycle involves the events that occur during and after an egg ovulates from the ovary.

Uterine (menstrual) cycle:  This cycle involves the events that occur in the endometrium of the uterus to prepare it for the arrival of a fertilized egg (implantation and development).

Hormonal control of female reproductive cycle:

Gonadotropin-releasing hormone (GnRH):  This hormone is secreted from the hypothalamus, and it controls/regulates the ovarian and uterine cycles.  It stimulates the release of LH and FSH from the anterior pituitary.

Luteinizing hormone (LH):  This hormone stimulates the development of the ovarian follicles (immature eggs) in the ovaries, stimulates secretion of estrogens from the ovarian follicles, triggers ovulation when the egg is mature, and promotes the formation of the corpus luteum.

Estrogens:  Female steroid hormones that are secreted by the immature eggs in the ovaries.  They are derived from androgens and synthesized from cholesterol in the ovaries.

Progesterone:  This hormone is secreted by the cells of the corpus luteum.  It functions with the estrogens to prepare and maintain the endometrium for implantation of the fertilized egg, and to prepare the mammary glands for milk secretion.  Elevated levels of this hormone inhibit further secretion of GnRH and LH.

Relaxin:  This hormone is secreted by the cells of the corpus luteum each month.  It functions to relax the smooth muscle tissue of the uterus by inhibiting the contractions of the myometrium, which facilitates implantation of the fertilized egg.  It also increases the flexibility of the pubic symphysis and helps dilate the cervix at the end of pregnancy.

Inhibin:  This hormone is secreted by the cells of the developing eggs and by the cells of the corpus luteum.  It functions to inhibit the release of LH and FSH from the anterior pituitary.

Follicle-stimulating hormone (FSH):  This hormone initiates the development of the immature eggs in the ovaries, stimulates secretion of estrogens from the immature eggs, and is responsible for the conversion of androgens to estrogens via the cells that contribute to the development of the egg.

Estrogens:  Hormones that are secreted by the ovarian follicles.
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	Effects of estrogens:

		1.  Promotes development and maintenance of female reproductive structures, secondary sexual 
characteristics, and breasts  (estrogens responsible for the distribution of adipose tissue in the breasts, abdomen, hips, and vulva, development of a broad pelvis, and female pattern of hair growth)

		2.  Increases protein anabolism  (estrogens aid in the development of strong bones)

		3.  Lowers blood cholesterol

		4.  Inhibits the release of GnRH from hypothalamus and LH and FSH from anterior pituitary

Phases of female reproductive cycle:  The duration of the female reproductive cycle ranges from 24-35 days.  We assume a 28-day cycle.  For a brief explanation of the menstrual cycle, please view: Female Reproductive Cycle.

Menstrual phase:  This is menstruation or menses, and it lasts about 5 days.  The first day of menses is considered Day 1 of the female reproductive cycle.

		Ovary:  FSH is present causing the ovarian follicles to develop.

Uterus:  Menstrual flow occurs from the uterus, which involves discharging the stratum functionalis of the endometrium to include a loss of tissue, blood, tissue fluid, and mucus.  This occurs due to low levels of estrogens and progesterone.

	
Preovulatory phase:  This is the period between the end of menstruation and the beginning of ovulation.  This period varies in length, but usually lasts from Day 6 – Day 13.

Ovary:  The ovarian follicles are secreting estrogens and inhibin, and a single ovarian follicle will become dominant and mature.

		Uterus:  The endometrium is repaired and become thicker due to the presence of estrogens in the blood.


Ovulation:  This phase occurs on Day 14 and involves rupture of the mature follicle from the ovary and release of the egg into the pelvic cavity.  Elevated levels of estrogens promote the further release of GnRH from the hypothalamus and LH from the anterior pituitary.


Postovulatory phase:  This is the period between ovulation and the onset of menstruation and lasts for the remaining 14 days of the cycle.  The length of this phase is constant and lasts from Day 15 – Day 28.

Ovary:  Remnants of the mature follicle develop into the corpus luteum due to the presence of LH.  The corpus lutuem secretes estrogens, progesterone, relaxin, and inhibin.

	Unfertilized egg:  If the egg is unfertilized, then the corpus lutuem degenerates over a two-week 	period and the levels of estrogens, progesterone, and inhibin decline causing the levels of GnRH, 	LH, and FSH to rise.

Fertilized egg:  If the egg is fertilized, the chorion of the developing embryo begins to secrete hCG (human chronic gonadotropin), which prevents degeneration of the corpus luteum and stimulates its secretory activity.  For a brief video of fertilization, please view: When the Egg Meets Sperm.  For a brief overview of the events that occur during early pregnancy, please view: From Fertilization to Implantation.

Uterus:  The estrogens and progesterone produced by the corpus luteum prepares the endometrium for implantation of the fertilized egg.  If fertilization does not occur, the corpus luteum will degenerate and the levels of estrogens and progesterone will decline causing menstruation to occur.
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