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Chapter 28 – Embryology and Teratology, pp. 817-842
QUESTIONS:

1. List two characteristic behaviors that female rats exhibit at the onset of heat.

2. How long after the onset of heat in the rat does ovulation usually occur?

3. True or False:  After ovulation in the rat, the ova do not progress beyond the metaphase stage unless sperm penetration occurs.

4. True or False:  The zona pellucida appears to be the secretory product of the granulose cells surrounding the egg.

5. What is the term for the loose cluster of granulosa cells surrounding the egg that must be penetrated by the sperm before it can come in contact with the plasma membrane of the egg?

6. What is the term for the final stage of sperm maturation that takes place inside the female reproductive tract?

7. Where does fertilization take place?

8. What is the definition of the zona reaction?

9. True or False:  The trophectoderm cells have descendents only in placental structures like the chorion, ectoplacental cone, and trophoblast giant cells.

10. Preimplantation exposure to which of the following substances results in body and/or brain weight deficits or death:

a. Nicotine

b. Dichloro-diphenyl-trichloroethane

c. Methylmethane sulfonate

d. All of the above

11. True or False:  The rat has two placentas that serve as organs for maternal embryo exchange that are present throughout most of gestation.

12. Please name the two placentas present during gestation in the rat.

13. What is the name of the thick basement membrane that separates the ectoderm (trophoblast) layer of the embryo from the endodermal epithelium of the yolk sac?

14. What is the first hematopoietic organ to develop during embryogenesis in the rat?

15. True or False:  In the rat, embryo implantation normally occurs at the anti-mesometrial side of the uterus.

16. Implantation in the rat is termed __________ because the blastocyst sinks below the level of the __________ and becomes enclosed in a recess of the uterine cavity.

17. True or false:  The rat placenta is classified as chorioallantoic based on the origin of the placental membranes.

18. Why is the rat placenta defined as hemotrichorial?

19. Name the five distinct morphologic layers of the rat placenta present at day 12.

20. Gastrulation occurs at what day(s) of gestation in the rat?

21. True or False:  The notochord and the neural plate form during gastrulation in the rat.

22. True or False:  Embryonic development is synchronized by gestation day 9.

23. List three causes for variation in embryonic development between embryos.

24. The embryo staging system used for mice is _________ system and the embryo staging system for rats is __________ system.

25. What is the term that describes the process of neural tube formation that forms the future brain and much of the length of the spinal cord? 

26. The notochord develops in the rat between day ____ and day _____.

27. List two sequelae that can occur following inhibition or errors in neural crest migration.

28. True or False:  The cerebellum in the rat is formed on gestational day 14.

29. Defective closure of the neural folds results in several malformations, list three.

30. Following division, rat somites divide into three parts, please list these parts from the most medial to the most lateral.

31. The sclerotome develops into all but the following:

a. Vertebrae

b. Connective tissue

c. Cartilage

d. Muscle

32. True or False:  The number of somites present is used to stage the developmental age of rat embryos.

33. The ________ is the first functional embryonic organ.

34. Contractions of the embryonic heart in the rat can be observed on what gestational day?

35. List the four structures associated with fetal circulation.

36. The foramen ovale permits blood to flow from the ___________ to the ___________, bypassing the lungs.

37. The ______________ allows blood to bypass the lungs by flowing from the pulmonary arteries to the aorta.

38. The ductus __________ allows blood in the _______ vein to bypass the liver.

39. True or False:  The umbilical vein carries oxygen-poor blood.

40. True or False:  The umbilical arteries carry oxygen-rich blood.

41. The foramen ovale is completely closed how many days after birth in the rat?

42. What are the three steps that result in transfer from prenatal circulation patterns to postnatal circulation?

43. List the three overlapping kidney systems that develop in embryonic mammals.

44. True or False:  The pronephros is a non-functional kidney.

45. True or False:  The anterior portion of the pronephric duct persists and is referred to as the Wolffian duct.

46. True or False:  The default sex of an embryo is female.

47. The _________ (paramesonephric) ducts degenerate in the male, and the ___________ ducts degenerate in the female on day 18 in the rat embryo.

48. What organs develop from the Millerian ducts?

49. In the male, the genital tract develops primarily from what two embryonic tissues?

50. Testicular secretion of testosterone begins on day ____ in the male rat embryo.

51. The first pharyngeal arch in the developing rat embryo contributes to what structures?

52. Cleft palate can be induced at several stages in the developing rat embryo, which of the following are true?

a. Cleft palate can be induced at day 9, 11, or 15 of gestation

b. Vitamin A, glucocorticoids, and retinoids can induce cleft palate

c. Β-aminoproprionitrile does not induce cleft palate

d. Cleft palate can result from disturbances at any stage of palate development

53. What does rSey stand for?

54. What are the characteristics of rSey rats?

55.  Blocking synthesis of what compound inhibits limb bud formation?

56. What family of homeobox genes is involved in limb formation?

57. What structure is responsible for the sustained outgrowth and development of the limb?

58. On what day of gestational development in the rat embryo do the forelimb digits fully separate?

59. True or False:  The zone of polarizing activity (ZPA), located near the posterior border of the limb bud and the body wall, provides positional information for the specification of the digits.

60. True or False:  Expression of the gene Sonic Hedgehog is localized to the ZPA and is the soluble morphogen responsible for specifying digits. 

61. Tissues that sense a ________ (high or low) level of ZPA morphogen develop into digits of posterior character and tissues that sense a (high or low) level of ZPA morphogen develop into more anterior digits.

62. What gene is selectively expressed in the dorsal but not ventral ectoderm and is required for the establishment of a normal dorsal pattern of limb mesoderm in mice?

63. True or False:  Wnt-5a is expressed in the ventral ectoderm of limb buds.

64. There are 8 mechanisms of teratogenesis, list 4 of them.

65. True or False:  In 1966, as a result of the thalidomide tragedy, the U.S. Food and Drug Administration issued more extensive testing protocols for evaluating chemicals for teratogenic potential.

66. What is the most common treatment period to evaluate teratogenicity in the rat?

67. True or False:  Studies to evaluate teratogenic effects on embryo-fetal development are required in three species:  one rodent and two non-rodents.

68. What two laboratory animal species are most commonly used for teratogenicity assays?

69. What is the predominant rodent species used for teratogenicity assays and why?

70. What makes the rat a suitable species for evaluating effects on embryo-fetal development?

71. What is the length of gestation in the rat?

72. True or False:  The day of insemination is considered gestation day 0, but can also be referred to as day 1.

73. What can occur if excessive stimulation of the vagina occurs when evaluating female rats for estrous cycle stage?

74. What do the acronyms ICH, EPA, and OECD stand for?

75. In 1994, the International Conference of Harmonisation of Technical Requirements for Registration of Pharmaceuticals for Human Use accepted what internationally accepted set of guidelines?

76. Which of the following are true of rat embryo-fetal development study design?

a. ICH (1994) guidelines require treatment from implantation (day 6) of the embryo until closure of the hard palate (day 17)

b. ICH (1994) guidelines require treatment from gestation day 0 until formation of the limb buds

c. EPA (1998) guidelines and OECD drafts for chemicals require treatment to include the fetal period from gestation days 17-20.

d. Group sizes should be designed to yield 16 to 20 litters to evaluate

e. Satellite animals no included in the fetal evaluations of the experiment are often needed for toxicokinetic evaluations because of blood volumes needed may cause enough stress to affect pregnancy outcomes

77. True or False:  Gavage administration is the preferred method of oral treatment for embryo-fetal development studies.

78. What is the preferred oral administration method for multigenerational studies with chemicals?

79. True or False:  The body weight and food consumption of pregnant dams on embryo-fetal development studies are measured daily or weekly; however, water consumption is not normally measured.

80. It is important to consider both the expected ____ and ____ when selecting doses for an embryo-fetal development study.

81. Pregnant dams on embryo-fetal development studies are typically euthanized on gestation day ___ or ___ by ________ inhalation.

82. How is preimplantation loss determined during the necropsy of pregnant dams on embryo fetal development studies?

83. What is the difference between an implant site that has undergone early resorption versus an implant site that has undergone late resorption?

84. True or False:  Fetuses with marked autolysis are categorized as dead.

85. True or False:  Placental weights often correlate with fetal weights.

86. According to ______ guidelines, fetal examinations require that the technician performing the evaluations be blinded with regard to the treatment group identity of the fetus.

87. ICH (1994) guidelines require what percentage of the fetuses in each litter be examined for visceral or soft-tissue alterations?

88. What stain is used on fetuses to stain ossification sites?

89. What stain is used on fetuses to stain cartilage?

90. Developmental toxicity is manifested by what three characteristics?

91. Which of the following are true of malformations:

a. Rare in occurrence

b. Common in occurrence

c. Structural defects incompatible with life

d. Can be of major physiological consequence

e. Represent gross structural changes

92. True or False:  Variations are structural alterations with no significant biological    effect.

93. True or False:  Ossification retardation is classified as a variation.

94. Teratogenicity is characterized by a significant increase in what three observations?

95. True or False:  Significant dose-related increase in the incidence of variations or reduction in fetal weights are indicative of developmental toxicity.

96. True or False:  A significant increase in the number of dead or resorbed embryos/fetuses is indicative of embryo fetal lethality.

97. How is maternal toxicity assessed in an embryo-fetal developmental study?

98. Embryo-fetal development study data must be analyzed in relation to ____ controls and _______ controls.

99. Which of the following are true of in vitro teratogenicity assays?

a. Useful to screen structurally related compounds when at least one compound from the series has been tested in vivo.

b. Whole embryo cultures have a low predictive capacity for teratogens

c. Adult hydra and artificial regenerating hydra embryos are used to  determine a developmental hazard index

d. A/D ratio is the ratio adult hydra to developing artificial hydra embryos

100.  
What is the FETAX assay and what species does it use?

ANSWERS:

1.  
At the onset of behavioral estrus females respond to manual manipulation of the pudendal nerve with lordosis and a definite ear quiver. 

2. Ovulation usually occurs within 11 to 13 hours but may occur as early as 6.5 hours. 

3. True

4. True

5. Corona Radiata

6. Capacitation

7. In the ampullae of the oviducts

8. The zona reaction describes the change in the zona pellucida that occurs after the entry of the first spermatozoon that prevents other sperm from penetrating the egg and prevents polyspermic fertilization. 

9. True

10. D

11. True

12. yolk sac placenta and chorioallantoic placenta

13. Reichert’s membrane

14. Yolk sac

15. True

16. Interstitial, Endometrium

17. True

18. The rat placenta has three layers of trophoblasts separating the maternal and fetal endothelium. 

19. Myometrium, stromal layer, giant trophoblast layer, trophospongium ( this is a narrow layer also called the basal zone, reticular zone, or junctional zone), labyrinth (contains lacunae that can be filled with either maternal or fetal blood) 

20. Gastrulation occurs between 8.5 and 9.5 days of gestation. 

21. True

22. False – It is important to stage embryos as there is considerable variation in embryonic development by gestation day 9. 

23. Causes for variation in embryonic development:  length of the mating period, time required for sperm to reach the ova, actual time of ovulation and implantation, nutritional access of implants owing to differences in uterine site

24. Theiler’s system for mice, Witschi’s system for rats

25. Neurulation

26. Day 8.5 and 9

27. Anomalies of facial development, defects of the aorticopulmonary septum in the heart, small or missing dorsal root ganglia, errors in pigmentation

28. True

29. anencephaly, exencephaly, rachischisis, encephalocele, spina bifida

30. Sclerotome, Myotome, Dermatome

31. D

32. True

33. Heart

34. Day 9.5 to 10

35. Foramen ovale, ductus arteriosus, umbilical vessels, ductus venosus

36. Right atrium, Left atrium

37. Ductus arteriosus

38. Venosus, umbilical

39. False

40. False

41. 3 days

42. Closure of prenatal shunts, Cessation of umbilical circulation, Transfer of gas exchange function from the placenta to the lungs

43. Pronephros, Mesonephros, Metanephros

44. True

45. False – The anterior portion of the pronephros degenerates, the caudal portion persists and becomes the Wolffian duct. 

46. True

47. Millerian,  Wolffian

48. oviducts, uterus

49. Wolffian ducts and the urogenital sinus

50. Day 15

51. upper and lower jaw

52. A, B, and D are true.  Answer C- aminoproprionitrile does cause cleft palate

53. Small Eye Rat

54. lacks eyes and nose because the frontonasal ectoderm fails to induce lens and olfactory placodes

55. Retinoic acid

56. Hox genes (e.g. Hoxa, Hoxd) 

57. AER (Apical Ectodermal Ridge) located along the distal margin of the limb bud

58. Day 16

59. True

60. False – Sonic Hedgehog is localized to the mesodermal region containing the highest ZPA activity but it is NOT the morphogen responsible for specifying digits. 

61. High, Low

62. Wnt-7a

63. True

64. 1. Mutation, 2. Mitotic interference, 3. Altered nucleic acid integrity or function, 4. Lack of precursors and substrates needed for biosynthesis, 5. Enzyme inhibitions, 6. Osmolar balance, 7. Altered membrane characteristics, 8. altered energy sources

65. True

66. Exposure from implantation to closure of the hard palate or from gestation day 6 through 17

67. False – Two species: one rodent and one non-rodent

68. Rat and Rabbit

69. Rat

70. 1. Relatively disease resistant, 2. Withstands operative procedures well, 3. Short reproductive cycle, 4. Estrus stage can be determined, 5. Short gestation and large litter size, 6. Fetuses have low spontaneous malformation rate and are of sufficient size, 7. historical data available in the scientific literature

71. 22 days

72. True

73. Pseudopregnancy with a duration of 12 to 16 days before resumption of the normal cycle occurs again.

74. ICH – International Conference of Harmonisation; EPA – U.S. Environmental Protection Agency; OECD – Organization for Economic and Co-operation and Development

75. Guidelines for evaluating chemicals for teratogenic potential

76. A, C, D, E

77. True

78. Mix in feed or add to water

79. True

80. Cmax (peak plasma level),  AUC (Area under the concentration-time curve)

81. Day 20 or 21,  carbon dioxide

82. The number of implantations is compared to the number of corpora lutea in the ovaries.

83. Early resorption = only placental remnants (metrial gland) are visible; Late resorption = both placental and fetal remnants are visible

84. False:  Fetuses with marked autolysis are considered late resorptions while a dead fetus is often pale to tan in color, is not responsive to stimulus, and does NOT demonstrate marked autolysis

85. True

86. EPA guidelines

87. 50%

88. Alizarin red S

89. Alcian blue

90. Death, structural abnormalities, developmental delay

91. A, C, D, and E

92. True

93. True

94. Percentage of malformed fetuses per litter, number and percentage of litters with malformed fetuses, number of fetuses or litters with a particular malformation that appears to increase with dose

95. True

96. True

97. Morbidity, body weight gain, food and water consumption, presence of pathologic lesions in the dam

98. Concurrent and Historical Controls

99. A, C, D are True;  B is false because whole embryos do have a high predictive capacity for teratogens

100.  FETAX = frog embryo teratogenesis assay Xenopus, used to identify potential developmental toxicity of compounds, 96 hour whole embryo test ;using embryos of the frog Xenopus laevis

