REPRODUCTIVE SYSTEM LECTURE

I. General Introduction

The reproductive system is the system of the body that produces, stores, and transports gametes (egg and sperm) and produces and secretes hormones. 

In addition, the female reproductive system provides the internal environment for fertilization and for development of the embryo and fetus.

II. Primary and Secondary Reproductive Organs

The male and female reproductive organs can be divided into two major groups: primary reproductive organs and secondary (or accessory) reproductive organs.

A. Primary Reproductive Organs

The primary reproductive organs are the organs responsible for producing the egg and sperm cells, (gametes), and for producing hormones that function in the maturation of the reproductive system, the development of sexual characteristics, and in regulating the normal physiology of the reproductive system.

B. Secondary (Accessory) Reproductive Organs

All other organs in the reproductive system are considered secondary (or accessory) reproductive organs.  These are the ducts, and glands that transport and sustain the gametes and nurture the developing offspring.

	Male Reproductive Organs
	Female Reproductive Organs

	Primary Reproductive Organs:

· 2 testes

Secondary (Acessory) Organs:

· 2 epididymides 

· 2 vasa deferentia 

· 1 ejaculatory duct

· 1 urethra 

· 2 seminal vesicles,

· 1 prostate gland, 

· 2 bulbourethral glands (also called Cowper's glands)

· 1 penis


	Primary Organs:

· 2 ovaries

Secondary (Accessory) Organs:

· 2 uterine tubes (also called Fallopian tubes or oviducts)

· 1 uterus

· 1 vagina

· 1 clitoris

· 2 mammary glands


III. Male Reproductive System

A. EXTERNAL GENITALIA
1 Testes (singular = testis) 

Structure:  The testes are oval-shaped structures made of about 1,000 coiled tubules called seminiferous tubules. 

The testes are covered anteriorly and laterally by a serous membrane called the tunica vaginalis. This membrane is derived from the peritoneum and has an outer parietal layer, and an inner visceral layer with serous fluid in between.

Deep to the tunica vaginalis is a layer called the tunica albunigea (al-bu-jee-neah). This is a dense fibrous capsule with collagen fibers that extend between the tubules and separate the tubules into lobules.
The testes begin their development in the abdominal cavity, but they descend into the scrotal sacs in the last 2 months of fetal development. 

Function: 

1. Testes produce sperm (in the seminiferous tubules)

2. Cells in between the seminiferous tubules, called interstitial (or Leydig) cells make the hormone testosterone. 

3. Cells called sustentacular (Sertoli or nursing) cells provide a protective environment for the developing sperm cells and their cytoplasm helps nourish the developing sperm.

2. Scrotum (scrota = plural)

Structure: Each testis is suspended in a sac-like scrotum. The scrotum houses the testes outside the male body, because the lower temperature is needed to form functional sperm cells. 

The scrotum is a sac of skin and 2 involuntary muscles:

a. The dartos muscle gives the scrotum a "wrinkled" looked. This muscle relaxes when exposed to elevated temperatures which allows the testes to be placed further from the body  

b. The cremaster muscle relaxes to move the testes inferiorly away from the body. 

The scrotum encloses both testes, epididymes, and the beginning of each spermatic cord. It is subdivided into two chambers, each containing a testis. 

Function:

1. The scrota protect each testis.

2. The muscles raise and lower the testes to adjust their temperature.  The temperature must be slightly lower than body temperature (about 1(C lower) for the sperm in the testes to develop normally.

3. Penis 

Structure:  This is a tubular organ that contains three masses of erectile tissue. This tissue has spaces that can fill with blood, causing the penis to become erect. More blood enters the penis when arteries serving this organ dilate, producing an erection. The veins draining the penis close. 

Function:

1. Introduces semen into the female vagina.

2. Conducts urine to the exterior.

[L: Parasympathetic system stimulates release of nitric oxide (NO, not nitrous oxide, NO2 the anesthetic) which causes arteries to relax (dilate) because NO binds to receptors for guanylate cyclase which increases cGMP production which then causes increased smooth muscle relaxation of arteries so increases blood flow. 

Viagra inhibits the enzyme that degrades cGMP. Without sexual stimulation there is no cGMP production, so viagra doesn't cause an erection, just prolongs it. ]

pointed (erect) penis = parasympathetic stimulation

shooting (ejaculating) penis = sympathetic stimulation

a. Corpus spongiosum (s in spongiosum and s in smiling face in cross section)

Structure:  This is a large column of erectile tissue that surrounds the urethra. It expands into the glans penis. 

Function: 

1.This tissue, together with the corpora cavernosa become enlarged with blood during periods of sexual excitement, causing the penis to become erect. 

2. It also keeps urethra from collapsing during erection.

b. Glans penis:  This is the expanded tip of the penis that surrounds the urethral opening. It is continuous with the corpus spongiosum.

c.  Corpora cavernosa:  These are two columns of erectile tissue that are separated by a septum or wall.  This tissue, together with the corpus spongiosum become enlarged with blood during periods of sexual excitement, causing the penis to become erect. 

d.  Prepuce (Foreskin):  This is a lose fold of skin that surrounds the glans penis (expanded tip of the penis). It secretes a waxy material called smegma.  The removal of the prepuce for religious, aesthetic, or other reasons is called circumcision.

B. DUCTS

All of the ducts are in general made of 3 layers:

a. mucosa of pseudostratified ciliated columnar epithelium with 

b. muscularis of smooth muscle  

c. adventitia of loose areolar

1. Epididymis (plural= epididymides)

Structure: This is a coiled, comma-shaped duct posterior to each testis that connects the tubules in the testes to the vas deferens. 

Function: 
1. It is the site where sperm mature and are stored. 

2. It adds a small percentage of seminal fluid.

2. Ductus Deferens (Vas Deferens) 

Structure:  This is a duct or passageway that leads from epididymis (within the spermatic cord) to the ejaculatory duct. 

Function:  Carries ejaculated sperm from the epididymis to the ejaculatory duct.

3. Ejaculatory duct 

Structure: These are short ducts that pass within the walls of the prostate.  It is made when the vas deferens and seminal vesicle ducts fuse.

Function:  When this contracts it propels semen through the prostate gland to the membranous urethra.

4. Urethra 

Structure: This is a muscular tube from the urinary bladder to the exterior. 

Recall from urinary system it has 3 layers but transitional epithelium in mucosal layer.

Function:  In males the urethra also serves as a passageway for both ejaculated sperm and urine (though not at the same time).

C. GLANDS

1. Seminal vesicles 

Structure:  This is a tubular gland about 15 cm (6 inches) long that is coiled and folded into a compact structure about 2 inches by 1 inch)

a. pseudostratified columnar epithelium

b. muscularis layer

c. adventitia
Function:  These are a pair of glands that produce roughly 60% of the volume of semen. Each gland secretes fluid into the ampulla of the vas deferens. 

The fluid contains:

a. Secrete fructose a carbohydrate that serves as the energy source for the sperm

b. Secrete prostaglandins which stimulate contractions of the female reproductive tract to help transport sperm.

c. Secrete fibrinogen these are proteins that after ejaculation form a temporary clot to keep semen to keep it in the vagina.

2. Prostate gland 

Structure:  This is a small, muscular, rounded gland located that surrounds the urethra as it leaves the urinary bladder. It is located just inferior to the bladder.  Within the prostate gland the ejaculatory duct joins the urethra. 

Function:  The prostate contributes roughly 30% of the volume of semen.

a.  Secretes seminalplasmin, an antibiotic that may help prevent urinary tract infections in males.

b. Secretes citric acid which is a nutrient for sperm health

c. Secretes prostate-specific antigen (PSA) which acts as an enzyme to help liquefy semen following ejaculation. 

3. Bulbourethral glands (Cowper's glands) 

Structure:  These are a pair of pea-shaped mucous glands at the base of the penis 

Function:  They that secrete a small amount of alkaline mucus which neutralizes the urethra (because of acidic urine that passes through it) as it passes into the posterior part of the penis. It also neutralizes the acidity in the vagina.

4. Seminal Fluid

The mixture of secretions from the seminal vesicles, prostate gland, and bulbourethral glands are collectively termed seminal fluid. 

Semen is the term for the sperm, enzymes, and seminal fluid that are secreted when a male ejaculates.
So now we can trace the path of sperm from the testes to its union with an egg

seminiferous tubules --> epididymis ---> vas deferens ---> ejaculatory duct ----> urethra

IV. Female Reproductive System

In females, two ovaries, two uterine tubes, the uterus, the cervix, the vagina, and the external genitalia are the major organs of the reproductive system. 

A. OVARIES

Structure: These are a pair of glands slightly larger than an almond, located in the superior region of the pelvic cavity. There is one ovary on each side of the uterus. Each ovary is attached to the broad ligament, a fan-shaped structure that is posterior to the uterus and oviducts.

Function:  Each ovary produces gametes (eggs) and stores nearly a half million immature eggs. Egg production occurs monthly in ovarian follicles and is part of the ovarian cycle.  The ovaries also secrete estrogen and progesterone.

B. Fallopian Tubes (Oviducts  or Uterine Tubes) 

Structure:  The oviducts extend from the ovaries to the uterus. This duct curves over the ovary. At its opposite end, the oviduct enters the fundus of the uterus.

Function:  They convey the ova toward the uterus. The oviducts are the site of fertilization and early development of a fertilized egg.  Normally an egg is fertilized in the oviducts and becomes an embryo of about 200 cells by the time it arrives in the cavity of the uterus.

1. Fimbriae  
Structure:   These are finger-like projections on the oviducts that extend into the pelvic cavity. 

Function: The fimbriae contain cilia that beat toward the entrance to the oviduct and help move an egg released from the ovary into the oviducts.
C. UTERUS
Structure: This is the muscular, hollow organ made of 3 layers.

Function: This is  where implantation, placenta formation, and fetal development occur. 

1. Fundus:  This is the superior, dome-shaped region of the uterus. The oviducts enter the uterus here.

2. Body:  This is the region of the uterus inferior to the fundus. It tapers into the cervix.
3. Cervix:  This is the most inferior part of the uterus. It is a muscular ring that projects into the vagina.

4. Endometrium:  This is the innermost layer of the uterus. It is a mucous membrane that lines the uterus (simple columnar epithelium with thick lamina propria of connective tissue). 

Function: This is the layer where the embryo implants after arriving from the uterine tube.

The epithelial lining of the uterus (endometrium) thickens each month in preparation for possible pregnancy. If there is no preparation the epithelial lining is sloughed off as part of menstruation.

5. Myometrium:  This is the middle layer of the uterus. It is a thick layer of smooth muscle in the wall of the uterus. 

Function: During labor this layer contracts to expel the fetus.

6.  Perimetrium (epimetrium): This is the outermost layer of the uterus. It is a layer of visceral peritoneum and lines most of the external surface of the uterus.

D. Vagina 

Structure:  This is a 4 to 6-inch tube lined with epithelium and 2 layers of smooth muscle and connective tissue with elastic fibers for outer layer. It extends between the uterus and the external genitalia.  The pH of the vagina is acidic due to lactic acid produced by bacteria that live in the vagina.

Function: 

1. The vagina accepts the penis during sexual intercourse. 

2. It also serves as a passageway during the birth of a baby. 

3. Serves as a passageway for menstrual flow.
E. EXTERNAL GENITALIA

1. Labia majora 
Structure: This is a pair of large, external folds of fatty tissue that are lateral to the medial labia minora. The folds are covered by skin with hair and sebaceous glands. 

Function: They extend dorsally and down and enclose the openings of the urethra and the vagina. The folds merge behind the vagina.

2. Labia minora 
Structure: This is a pair of smaller, inner skin folds that unite anteriorly to form the clitoris. These folds do not have hair. They lie within the folds of the labia majora. 

Function: The labia minora protects the opening of the vagina.

3. Vestibule 
Structure: This is the central space bound by the labia minora. 

Function: The urethra opens into the vestibule just anterior to the vaginal entrance.

4. Clitoris (pronounced KLI-to-ris) 

Structure: This is a small mass of erectile tissue 

Function: It is the major site of female sexual excitement.

5. Urethra 

Structure: This is a muscular tube. In females, the opening of the urethra is anterior to the opening of the vagina.

Function: It carries urine from the urinary bladder to the exterior. 

V. Male Hormones

A. Gonadotropin Releasing Hormone (GnRH): This hormone is secreted from the hypothalmus. 

Function:  Stimulates the release of follicle stimulating hormone (FSH) and luteinizing hormone (LH) from the anterior pituitary.

B. Follicle Stimulating Hormone (FSH): Secreted from anterior pituitary gland.

Function: Stimulates sperm production in the testes (both spermatogenesis and spermiogenesis). 

Inhibin released by the testes inhibits the release of FSH and GnRH through a negative feedback.

C. Luteinizing Hormone (LH): Secreted from anterior pituitary gland.

Function: Stimulates the cells of the testes to produce androgens (the most important is testosterone).

D. Testosterone: Secreted from testes.

Functions:

1. It stimulates sexual drive and certain sexual behaviors 

2. It stimulates protein synthesis and bone and muscle growth

3. It establishes and maintains male secondary sex characteristics.

4. It maintains the accessory glands and organs.

Testosterone inhibts GnRH through negative feedback.

E. Inhibin: Secreted from testes.

Function: Negatively feeds back to inhibit secretion of FSH.

F. Progestins (such as progesterone): Secreted from testes and adrenal cortex

Function: Note: I looked this up latest on progesterone in males and latest research shows that progesterone appears to be insignificant in male reproductive health.

VI. Female Hormones

A. Gonadotropin Releasing Hormone (GnRH): Secreted by hypothalamus

Function: Stimulates the anterior pituitary gland to secrete follicle stimulating hormone (FSH) and luteinizing hormone (LH). 

B. Follicle Stimulating Hormone (FSH): Secreted by anterior pituitary gland

Function:

1. FSH stimulates the growth of an ovarian follicle. An ovarian follicle is just an immature egg cell (primary oocyte) with cells that surround it to support it. In turn the follicle secretes estrogen. 

2. It also stimulates the secretion of estrogen because as the ovarian follicle grows, it secretes more and more estrogen.

3. It also stimulates the section of inhibin,  which uses negative feedback to inhibit the production and secretion of FSH.

C. Luteinizing Hormone: Secreted by anterior pituitary gland

Function:

1. Stimulates the completion of meiosis, transforming the primary oocyte in the follicle into a secondary oocyte. 

2. Induces ovulation (release of egg from ovary) because it signals enzymes to rupture the follicle, 

3. Triggers the development of the corpus luteum from the ruptured follicle (that’s where LH gets its name).

4. LH also promotes the secretion of progestins (such as progesterone) by the corpus luteum which prepare the body for possible pregnancy.

D. Estrogens: Secreted by ovaries

1. Increase sexual drive.

2. Stimulate bone and muscle growth.

3. Establish and maintain the female secondary sex characteristics

4. Maintain functional accessory glands

5. Initiate the repair and growth of the endometrium

6. Together with LH, estrogen stimulates secretion of progresterone (by corpus luteum)

7. Before day 10 of ovarian cycle, it inhibits secretion of LH. After day 10 of ovarian cycle, it stimulates secretion of LH.

E. Inhibin: Secreted by ovaries

Function: 1. Feeds back in negative fashion to inhibit production and secetion of FSH.

F. Progestins (such as progresterone)

Secreted by corpus luteum

Function

1. Stimulates growth of endometrium
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