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Detailed Chapter Summary
Chapter 4, Human Development
4.1 Gametogenesis and Fertilization (p. 83)

1. Sperm and eggs are called the sex cells or gametes, and are produced by a process called gametogenesis. 
2. Gametes are haploid, with 23 chromosomes—half the number found in most cells of the body. When two gametes unite, they form a zygote with 46 chromosomes, the normal human diploid number. 

3. Sexual reproduction requires meiosis, a form of cell division that reduces the chromosome number of gametes by half, in order to prevent chromosome number from doubling in every generation. 

4. In spermatogenesis (sperm production), meiosis produces four equal-sized sperm. In oogenesis (egg production), it produces three small polar bodies, which disintegrate, and one large egg.  

5. The ovaries usually release one egg per month. The egg travels down the uterine tube to the uterus, a trip that requires 3 days, although the egg lives only 1 day if it is not fertilized. Fertilization therefore must occur long before the egg reaches the uterus, and requires that the sperm migrate up the female reproductive tract to meet the egg in the uterine tube.

6. Freshly ejaculated sperm cannot fertilize an egg. During migration, sperm undergo capacitation, acquiring the ability to fertilize it.

7. Upon contact, a sperm releases enzymes from its acrosome that digest a path through the barriers around the egg or into the egg itself. It requires many sperm to break down these barriers before a single sperm can penetrate the egg. 

8. The sperm head and midpiece enter the egg cytoplasm. The egg uses two mechanisms to avoid polyspermy, or fertilization by more than one sperm. The fast block is based on a change in the electrical charge on the egg membrane; the slow block is based on creation of an impenetrable fertilization membrane composed of a secretion from the egg’s cortical granules.
9. Upon fertilization, the egg and sperm nuclei swell to become pronuclei; the egg forms a mitotic spindle; and the pronuclei release their chromosomes, which mingle in amphimixis into a single diploid set. The cell is now a zygote.

4.2 Stages of Prenatal Development (p. 85)

1. Gestation (pregnancy) lasts an average of 266 days (38 weeks) from conception to parturition. Birth is predicted to occur about 280 days after the start of the last menstrual period.

2. All products of conception—the embryo or fetus, and the placenta, amnion, and other accessory organs—are called the conceptus.
3. The period of gestation can be divided from a clinical perspective into three trimesters (3 months each), or from a biological perspective into the preembryonic, embryonic, and fetal stages. These stages are not equivalent to trimesters; the preembryonic and embryonic stage and the first month of the fetal stage all occur in the first trimester.

4. The first 16 days of development, called the preembryonic stage, consists of three major events—cleavage, implantation, and embryogenesis—resulting in an embryo.

5. The first major event of the preembryonic stage is cleavage—mitotic division of the zygote into cells called blastomeres. The stage that arrives at the uterus is a morula of about 16 blastomeres. It develops into a hollow ball called the blastocyst, with an outer cell mass called the trophoblast and inner cell mass called the embryoblast. 

6. The second major event is implantation—attachment of the blastocyst to the uterine wall. The trophoblast differentiates into a cellular mass called the cytotrophoblast next to the embryo, and a multinucleate mass called the syncytiotrophoblast, which grows rootlets into the endometrium. The endometrium grows over the blastocyst and soon completely covers it.

7. The third major event is embryogenesis. During this stage, the embryo becomes bilaterally symmetric and develops three primary germ layers. 

8. An amniotic cavity forms between the embryoblast and trophoblast, and the embryoblast flattens into an embryonic disc, with two cell layers called epiblast and hypoblast. The embryonic disc soon elongates and forms a median primitive streak in the epiblast.

9. In gastrulation, epiblast cells migrate into the primitive streak and replace the hypoblast, then form a middle layer of cells called mesoderm. The three cell layers are now called the ectoderm, mesoderm, and endoderm, and the individual is considered to be an embryo. 

10. The next 6 weeks of development are the embryonic stage, marked by formation of the embryonic membranes, placental nutrition, and appearance of the organ systems.

11. The embryonic disc folds at the cephalic and caudal ends and along both lateral margins, acquiring a body that is C-shaped longitudinally and rounded in cross section. This embryonic folding encloses a ventral passage, the primitive gut.

12. A coelom, or body cavity, appears within the mesoderm and then becomes partitioned into thoracic and peritoneal cavities; the thoracic cavity subdivides into pleural and pericardial cavities.

13. Development of the organs from the primary germ layers is called organogenesis. Three major events in this stage are neurulation, the formation of a neural tube in the ectoderm; the appearance of pharyngeal pouches; and segmentation of the body into a series of somites.

14. In neurulation, a median longitudinal neural plate sinks along the middle to form a neural groove flanked by raised edges, the neural folds. Continued sinking and separation from the surface ectoderm transforms this into a neural tube.

15. Ectodermal masses alongside the neural tube detach from the surface and become the neural crests, which will give rise to nerves and ganglia of the nervous system and to certain other tissues.

16. Five paired outpocketings in the cervical region of the embryo become pharyngeal pouches, which will give rise to the middle-ear cavity, palatine tonsil, thymus, parathyroid glands, and part of the thyroid gland. The pouches are separated by bulges called pharyngeal arches.
17. The embryo develops a bilateral row of mesodermal segments called somites. Each somite divides into three cell masses—the sclerotome, myotome, and dermatome—which are the forerunners, respectively, of bone, muscle, and the dermis of the skin.

18. By 5 weeks, anterior expansion of the neural tube forms a large head bulge; posterior to this is a large heart bulge with a beating heart by day 22; and paddlelike arm and leg buds exist by 28 days.

19. At the end of 8 weeks, all organ systems are present in rudimentary form, and the individual is considered a fetus.

20. Four extraembryonic membranes are associated with the embryo and fetus: the amnion, yolk sac, allantois, and chorion. 

21. The amnion is a translucent sac that encloses the embryo in a pool of amniotic fluid. This fluid protects the embryo from trauma and temperature fluctuations and allows freedom of movement and symmetric development.

22. The yolk sac contributes to development of the digestive tract and produces the first blood and germ cells of the embryo.

23. The allantois is an outgrowth of the yolk sac that forms a structural foundation for umbilical cord development and becomes part of the urinary bladder.

24. The chorion encloses all of the other membranes, sprouts shaggy chorionic villi, and forms the fetal part of the placenta.

25. Before implantation, the preembryo is nourished by absorbing a fluid called uterine milk in the uterine tube and uterus.

26. During and after implantation, the conceptus is fed by trophoblastic nutrition, in which the trophoblast digests decidual cells of the endometrium. This is the dominant mode of nutrition for 8 weeks. 

27. The placenta begins to form 11 days after conception as chorionic villi of the trophoblast invade uterine blood vessels, eventually creating a blood-filled cavity called the placental sinus. The chorionic villi grow into branched treelike structures surrounded by the maternal blood in the sinus. Nutrients diffuse from the maternal blood into embryonic blood vessels in the villi, and embryonic wastes diffuse the other way to be disposed of by the mother. Placental nutrition becomes dominant at the start of week 9 and continues until birth.

28. The placenta communicates with the embryo and fetus by way of two arteries and a vein contained in the umbilical cord. It serves for nourishment and waste removal and secretes hormones that regulate the fetal and maternal developments of pregnancy.

29. The fetal stage is marked especially by rapid weight gain and by the organs attaining functionality.

30. The individual weighs about 1 g at the start of the fetal stage and 3,400 g at birth. About 50% of this weight gain occurs in the last 10 weeks. 

31. The trunk grows faster than the head, and the limbs grow faster than the trunk during the fetal stage, so the body acquires normal proportions. 

4.3 Clinical Perspectives (p. 98)

1. More than half of all conceptions end in miscarriage and 2% to 3% of live births show significant birth defects. By age 5, 8% of children exhibit defects traceable to abnormal prenatal development.

2. Most miscarriages are early spontaneous abortions (within 3 weeks of fertilization), easily confused with a late and heavy menstrual period. Most early spontaneous abortions are due to chromosomal abnormalities.

3. A birth defect, or congenital anomaly, is the presence of one or more organs that are abnormal in structure or position at birth. The study of birth defects is teratology.
4. The most common cause of birth defects is genetic anomalies. These can be mutations (changes in DNA or chromosome structure) or aneuploidies (abnormalities of chromosome count). 

5. Aneuploidy results from nondisjunction of a chromosome pair during meiosis. Nondisjunction of sex chromosomes causes triplo-X, Klinefelter, and Turner syndromes. Nondisjunction of autosomes causes Patau syndrome (trisomy-13), Edward syndrome (trisomy-18), and Down syndrome (trisomy-21). 

6. Down syndrome, the most common survivable aneuploidy, is marked by abnormal appearances of the eyes, ears, nasal bridge, tongue, and hands; short stature; affectionate personality; and usually mental retardation.

7. Teratogens are agents that cause anatomical deformities in the fetus. The greatest sensitivity to teratogens is from weeks 3 through 8. Examples of teratogens include thalidomide, alcohol, cigarette smoke, X-rays, and several viruses, bacteria, and protozoans.

8. Fetal alcohol syndrome is the most common birth defect. It is characterized by stunted growth; a small head with abnormal facial features; defects of the heart and central nervous system; and behavioral problems such as hyperactivity and shortened attention span.

