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Detailed Chapter Summary
Chapter 26, The Reproductive System 
26.1 Sexual Reproduction (p. 706)

1. Sexual reproduction is the production of offspring that combine genes from two parents. It entails the union of two gametes to form a zygote (fertilized egg). 

2. The gametes are a small motile sperm produced by the male and a large, immobile, nutrient-laden egg (ovum) produced by the female.

3. The sexes are genetically defined by their sex chromosomes. Normally, males have an X and a Y chromosome, and females have two X chromosomes.

4. The gonads (testes and ovaries) are the primary sex organs. Secondary sex organs are other anatomical structures needed to produce offspring, such as the male glands, ducts, and penis and the female uterine tubes, uterus, and vagina. Secondary sex characteristics are features not essential to reproduction but which help to attract mates.

26.2 Male Reproductive Anatomy (p. 707)

1. The scrotum contains the testes and the spermatic cord—a bundle of connective tissue, testicular blood vessels, and a sperm duct, the ductus deferens. The spermatic cord passes up the back of the scrotum and through the external inguinal ring into the inguinal canal. 

2. Sperm cannot develop at the core body temperature of 37(C. The testes are kept about 2(C cooler than this by three structures in the scrotum: the cremaster muscle of the spermatic cord, which relaxes when it is warm and contracts when it is cool, thus lowering or raising the scrotum and testes; the dartos muscle in the scrotal wall, which contracts and tautens the scrotum when it is cool; and the pampiniform plexus of veins in the spermatic cord, which acts as a countercurrent heat exchanger to cool the blood on its way to the testis.

3. The testis has a fibrous capsule, the tunica albuginea. Fibrous septa extend from the tunica and divide the interior of the testis into 250 to 300 compartments called lobules. Each lobule contains 1 to 3 sperm-producing seminiferous tubules. Testosterone-secreting interstitial cells lie in clusters between the tubules.

4. The epithelium of a seminiferous tubule consists of germ cells and sustentacular cells. The germ cells develop into sperm. The sustentacular cells support and nourish the germ cells; form a blood-testis barrier between them and nearest blood supply; secrete inhibin, which regulates the rate of sperm production; and produce androgen-binding protein, which makes the testis responsive to testosterone.
5. Each testis is supplied by a long, slender testicular artery and drained by veins of the pampiniform plexus, which converge to form the testicular vein. It is also supplied with testicular nerves and lymphatic vessels.

6. Sperm formation, or spermatogenesis, begins with primordial germ cells that migrate from the embryonic yolk sac into the gonad and become spermatogonia. Beginning at puberty, spermatogonia give rise to a series of cells called primary spermatocytes, secondary spermatocytes, spermatids, and finally spermatozoa (sperm). 
7. The sperm consists of a head containing the nucleus and acrosome, and a tail composed of a mitochondria-stuffed midpiece, a long principal piece, and a short endpiece. 

8. Spermatic ducts carry sperm from the testis to the urethra. They include efferent ductules leaving the testis; the duct of the epididymis, a highly coiled structure adhering to the posterior side of the testis; a muscular ductus deferens that travels through the spermatic cord and inguinal canal into the pelvic cavity; and a short ejaculatory duct that carries sperm and seminal vesicle secretions the last 2 cm to the urethra. The urethra completes the path of the sperm to the outside of the body.

9. The male has three sets of accessory glands: a pair of seminal vesicles posterior to the urinary bladder; a single prostate gland inferior to the bladder, enclosing the prostatic urethra; and a pair of small bulbourethral glands that secrete into the proximal end of the penile urethra. The seminal vesicles and prostate secrete most of the semen. The bulbourethral glands produce a small amount of clear slippery fluid that lubricates the urethra and neutralizes its pH.

10. Semen is a mixture of sperm (10% of the volume) and fluids from the prostate (30%) and seminal vesicles (60%). It contains about 50 to 120 million sperm/mL, as well as seminogelin, serine protease (prostate-specific antigen), fructose, prostaglandins, and other chemicals.

11. The penis is divided into an internal root and an external shaft and glans. It is covered with loose skin that extends over the glans as the prepuce, or foreskin. 

12. Internally, the penis consists mainly of three long erectile tissues—a pair of dorsal corpora cavernosa, which engorge with blood and produce most of the effect of erection, and a single ventral corpus spongiosum, which contains the urethra. All three tissues have blood sinuses called lacunae separated by trabeculae composed of connective tissue and smooth muscle (trabecular muscle).
13. At the proximal end of the penis, the corpus spongiosum dilates into a bulb that receives the urethra and ducts of the bulbourethral glands, and the corpora cavernosa diverge into a pair of crura that anchor the penis to the pubic arch and perineal membrane.

14. The penis is supplied by a pair of internal pudendal arteries. Each branches into a dorsal artery, which travels dorsally under the skin of the penis, and a deep artery, which travels through the corpus cavernosum and supplies blood to the lacunae. The dorsal arteries supply most of the blood when the penis is flaccid, and the deep arteries during erection.

15. Nerves of the penis converge on a pair of dorsal nerves, which lead via the internal pudendal nerves to the sacral plexus and then the spinal cord. The penis receives sympathetic, parasympathetic, and somatic motor nerve fibers.

26.3 Female Reproductive Anatomy (p. 717)

1. The ovary has a central medulla; a surface cortex; and an outer fibrous capsule, the tunica albuginea. 
2. Each egg develops in its own bubblelike follicle. Follicles are located primarily in the cortex.

3. The ovary is supported by a medial ovarian ligament, lateral suspensory ligament, and anterior mesovarium. It receives blood from a branch of the uterine artery medially and from the ovarian artery laterally.

4. Oogenesis is the production of eggs. Unlike spermatogenesis, it occurs in a monthly rhythm (the ovarian cycle) and usually produces only one gamete (egg) per month.

5. Oogenesis begins with primordial germ cells, which colonize the fetal gonad and become oogonia. These multiply until the fifth month of fetal development. Some of these develop into primary oocytes and begin meiosis I before birth. Most primary oocytes undergo atresia during childhood, leaving about 400,000 at puberty. 

6. Each month, about 20 to 25 primordial follicles resume their development. The single layer of squamous follicular cells around the oocyte thicken into cuboidal cells. The follicle is then a primary follicle. As the egg enlarges, the follicular cells multiply and pile up into multiple strata; the follicle is then called a secondary follicle and the follicular cells are then called granulosa cells. 
7. The granulosa cells produce a glycoprotein gel layer called the zona pellucida around the egg, and the connective tissue around the granulosa cells condenses into a tough fibrous theca folliculi. 
8. The granulosa cells also secrete follicular fluid, which forms small pools. The follicle is then called a tertiary follicle. The fluid pools eventually coalesce to form a single cavity, the antrum. The egg is now held against one side of the antrum by a mount of cells called the cumulus oophorus; the innermost layer of these cells is the corona radiata.
9. During these events in the follicle, the primary oocyte completes meiosis I and becomes a secondary oocyte. This is the stage that ovulates. It never develops further unless it is fertilized

10. Normally only one of the tertiary follicles becomes a fully mature (graafian) follicle, destined to ovulate. Ovulation occurs around day 14 of a typical cycle. The follicle swells and bursts, releasing the egg and cumulus oophorus into the mouth of the uterine tube.
11. After ovulation, the remnant of the follicle becomes a corpus luteum, which secretes progesterone. If pregnancy does not occur, the corpus luteum undergoes involution (degenerates) from days 24 to 26 of an average 28-day cycle, but it persists for about 3 months if pregnancy does occur.

12. The uterine (fallopian) tube is a ciliated duct that extends from the ovary to the uterus. Its flared distal end, near the ovary, is called the infundibulum and has feathery projections called fimbriae to receive the ovulated egg. Its long midportion is the ampulla, and the short constricted zone near the uterus is the isthmus. The tube is supported by a ligamentous sheet called the mesosalpinx.
13. The uterus is a thick muscular chamber superior to the urinary bladder. It consists of an upper fundus, middle corpus (body), and lower cervix (neck), where it meets the vagina. A narrow cervical canal connects the uterine lumen with the vaginal lumen. Cervical glands in the canal secrete mucus that prevents vaginal microbes from spreading into the uterus.
14. The uterine wall is three-layered: an outer serosa called the perimetrium, a thick muscular myometrium, and an inner mucosa called the endometrium. The endometrium contains numerous tubular glands and is divided into two layers—a thick superficial stratum functionalis, which is shed in each menstrual period, and a thinner basal stratum basalis, which is retained from cycle to cycle.

15. The uterus is supported by a pair of lateral winglike broad ligaments and cordlike cardinal, uterosacral, and round ligaments. It receives blood from a pair of uterine arteries.
16. The endometrium undergoes cyclic histological changes called the menstrual cycle, governed by the shifting hormonal secretions of the ovaries. The proliferative phase of the menstrual cycle consists of mitotic rebuilding of tissue lost in the previous menstrual period. The secretory phase consists of further thickening of the endometrium by accumulation of secretions, not by mitosis. The premenstrual phase is characterized by ischemia and necrosis of the endometrium. The menstrual phase begins when endometrial tissue and blood is first discharged from the vagina, and marks day 1 of a new cycle.

17. The vagina tilts posteriorly between the urethra and rectum. It has no glands but is moistened by transudation of serous fluid through the vaginal wall and by mucus from glands in the cervical canal. The adult vagina is lined with a stratified squamous epithelium populated by antigen-presenting dendritic cells. 

18. The vulva (pudendum or external genitalia) include the mons pubis, labia majora and minora, clitoris, vaginal orifice, accessory glands (greater and lesser vestibular glands and paraurethral glands) and erectile tissues (vestibular bulbs). The urethra also opens into the vulva.

19. The breast has a conical or pendulous body and a narrower axillary tail extending toward the armpit. The nipple is located at the apex of the body and surrounded by a zone of darker skin, the areola. The areola has small areolar glands that may appear as bumps around the nipple. They produce a secretion that prevents chapping and cracking of the skin in a nursing mother.

20. The breast is internally divided into lobes, each with a lactiferous duct that conveys milk to the nipple. Outside of pregnancy or lactation, the breast is mostly adipose and fibrous tissue with only small traces of mammary gland. During pregnancy, the ducts grow and branch, and secretory acini develop at the ends of the smallest branches. Each duct expands into a lactiferous sinus just beneath the skin of the nipple. The acini have contractile myoepithelial cells that respond to oxytocin and cause milk to flow down the ducts.
26.4 Developmental and Clinical Perspectives (p. 729)

1. Many organs of the male and female reproductive systems develop from the same embryonic organs. Organs with the same embryonic precursor are said to be homologous to each other—for example, the scrotum and labia majora are homologous because both develop from the labioscrotal folds.

2. Both sexes initially exhibit a pair of gonadal ridges, mesonephric ducts, and paramesonephric ducts. 

3. In an XY (male) fetus, the SRY gene codes for a protein called testis-determining factor, which initiates the development of male genitalia. The gonadal ridge becomes a testis, which secretes testosterone and müllerian-inhibiting factor. These hormones cause the paramesonephric (müllerian) duct to degenerate, while the mesonephric duct develops into the male reproductive tract.

4. In a female fetus, where there is no Y chromosome, the gonads become ovaries, the mesonephric ducts degenerate, and the paramesonephric ducts develop into a female reproductive tract.

5. The external genitalia of both sexes begin as a genital tubercle, a pair of urogenital folds, and a pair of labioscrotal folds. By week 12 of prenatal development, the genital tubercle differentiates into the glans of the penis or clitoris; the urogenital folds enclose the urethra of the male or become the labia minora of a female; and the labioscrotal folds become the scrotum of a male or labia majora of a female.

6. During male development, the fetal testes descend through the inguinal canal into the scrotum; this is called descent of the testes. In the female fetus, the ovaries also descend to a point just below the brim of the lesser pelvis.

7. Puberty is initiated by the secretion of gonadotropin-releasing hormone (GnRH) by the hypothalamus, inducing secretion of FSH and LH by the anterior pituitary. The visible changes at puberty result from many hormones including testosterone, estrogens, growth hormone, and others. Puberty is at an end when the individual attains fertility. Adolescence continues until full adult height is attained.

8. The earliest visible sign of male puberty is enlargement of the testes and scrotum; the completion of puberty is marked by the ejaculation of fertile sperm. 

9. Female puberty is marked by thelarche (the onset of breast development), pubarche (appearance of pubic and axillary hair, also occurring in males), and menarche (the onset of menstruation). Regular ovulation and fertility are attained about a year after menarche.

10. At midlife, both sexes go through a period of hormonal and physical change called climacteric. This is marked by a decline in testosterone or estrogen secretion, and a rise in the secretion of FSH and LH. In females, climacteric is accompanied by menopause, the cessation of ovarian function and fertility. 

11. Among the important issues for male reproductive health are prostate, testicular, penile, and breast cancer. Other reproductive disorders are described in table 26.2.

12. The most important diseases of the female reproductive system are uterine and breast cancer. Pregnancy also carries a risk of varied complications described in table 26.3.

13. The most common reproductive disorders in both sexes are sexually transmitted diseases. Most of these are caused by viruses (HIV, HCV, HSV, HPV) and bacteria (Neisseria, Treponema, and Chlamydia). 

