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Physiology Puzzles on Reproduction: Case Study Style

Drawing from case-based learning approaches (akin to those in advanced academic programs), here are 20
puzzles presented as physiological case studies centered on human reproductive systems, including
gametogenesis, hormonal axes, fertilization, gestation, and related disorders. Each scenario requires identifying
the key physiological process, hormone, or pathology. Answers follow each puzzle for reference. These are
pitched at an advanced level, integrating endocrine, cellular, and systemic elements.

Puzzle 1
A 28-year-old woman experiences irregular menstrual cycles with anovulation. Blood tests reveal elevated
luteinizing hormone (LH) but low follicle-stimulating hormone (FSH) relative to LH, alongside

hyperandrogenism. What syndrome disrupts normal follicular development and ovulation here?

Answer: Polycystic ovary syndrome (PCOS). Elevated LH:FSH ratio promotes thecal cell androgen production,
inhibiting follicular maturation and leading to anovulation via disrupted granulosa cell function.

Puzzle 2

During the luteal phase of the menstrual cycle, a surge in progesterone maintains the endometrium. If fertilization
does not occur, what physiological event triggers corpus luteum regression and menstruation?

Answer: Withdrawal of human chorionic gonadotropin (hCG) support (absent in non-pregnancy), leading to
luteolysis via prostaglandin F2a, reducing progesterone and causing endometrial shedding.

Puzzle 3

A male patient with infertility shows azoospermia on semen analysis. Genetic testing reveals a mutation in the
CFTR gene. How does this affect reproductive physiology beyond the lungs?

Answer: Congenital bilateral absence of the vas deferens (CBAVD) in cystic fibrosis variants, blocking sperm
transport from epididymis to ejaculate despite normal spermatogenesis.

Puzzle 4

In early pregnancy, trophoblast cells invade the maternal endometrium. What hormone produced by these cells
mimics LH to sustain the corpus luteum and prevent menstruation?

Answer: Human chorionic gonadotropin (hCG), binding LH receptors on luteal cells to maintain progesterone
secretion until placental takeover around week 10.

Puzzle 5

A 35-year-old woman undergoing IVF has multiple follicles stimulated by exogenous FSH. What natural
feedback mechanism is bypassed, and how does it normally regulate folliculogenesis?

Answer: Inhibin B feedback from dominant follicles normally suppresses FSH to select one ovum; exogenous
FSH overrides this, allowing multifollicular development.

Puzzle 6

Post-coitus, sperm undergo changes in the female tract to fertilize the ovum. What process enhances sperm
motility and acrosome reactivity for zona pellucida penetration?



Answer: Capacitation: Removal of cholesterol and glycoproteins from sperm membrane by uterine fluids,
increasing fluidity and preparing for acrosome reaction.

Puzzle 7

A newborn male presents with ambiguous genitalia and salt-wasting. Enzyme assays show deficient 21-
hydroxylase. How does this disrupt reproductive differentiation?

Answer: Congenital adrenal hyperplasia: Cortisol deficiency leads to ACTH-driven androgen excess, virilizing
female fetuses or causing salt loss; in males, it may not affect external genitalia but causes precocious puberty.

Puzzle 8

During parturition, uterine contractions intensify via a positive feedback loop. What hormone, released from the
posterior pituitary, drives this, and how is it stimulated?

Answer: Oxytocin: Fetal head pressure on cervix triggers Ferguson reflex, releasing oxytocin to bind myometrial
receptors, increasing contractions and prostaglandin release.

Puzzle 9

A perimenopausal woman has hot flashes due to estrogen decline. What hypothalamic change amplifies
gonadotropin-releasing hormone (GnRH) pulses, elevating FSH and LH?

Answer: Loss of estrogen negative feedback on the hypothalamus and pituitary, leading to hypergonadotropism
and vasomotor instability.

Puzzle 10

In spermatogenesis, diploid spermatogonia divide to form haploid spermatids. What unique cellular process
ensures genetic diversity during meiosis 1?

Answer: Crossing over (synapsis and recombination) in prophase I, exchanging genetic material between
homologous chromosomes, plus independent assortment.

Puzzle 11

A pregnant woman at 20 weeks has elevated alpha-fetoprotein in maternal serum. What placental barrier defect
might allow fetal proteins into maternal circulation?

Answer: Neural tube defects in the fetus (e.g., spina bifida) increase AFP leakage across the placenta; normally,
syncytiotrophoblast limits macromolecular transfer.

Puzzle 12

Male erection involves vasodilation of penile arteries. What neurotransmitter and second messenger pathway
mediate this response from parasympathetic nerves?

Answer: Nitric oxide (NO) from nitrergic nerves activates guanylate cyclase in smooth muscle, increasing cGMP,
leading to relaxation and corpora cavernosa filling.

Puzzle 13

In the ovarian cycle, the dominant follicle secretes estradiol, triggering an LH surge. What receptor-mediated
event in the pituitary enables this positive feedback?

Answer: Estrogen priming increases GnRH receptor expression on gonadotrophs, shifting from negative to
positive feedback at high levels, surging LH for ovulation.



Puzzle 14

A patient with Klinefelter syndrome (47,XXY) has small testes and gynecomastia. How does the extra X
chromosome impair reproductive physiology?

Answer: Testicular dysgenesis: Hyalinization of seminiferous tubules reduces spermatogenesis and Leydig cell
function, leading to low testosterone, high FSH/LH, and estrogen excess from aromatization.

Puzzle 15

During implantation, the blastocyst adheres to the endometrium. What enzymatic activity from trophoblasts
facilitates invasion into the decidua?

Answer: Matrix metalloproteinases (MMPSs) and urokinase plasminogen activator degrade extracellular matrix,
allowing syncytiotrophoblast penetration while decidual cells limit over-invasion.

Puzzle 16

A woman with hyperprolactinemia experiences amenorrhea and galactorrhea. How does elevated prolactin
disrupt reproductive hormone axes?

Answer: Prolactin inhibits GnRH pulsatility in the hypothalamus, reducing FSH/LH, preventing follicular
development and ovulation (hypogonadotropic hypogonadism).

Puzzle 17

In fetal development, Mullerian ducts regress in males. What testicular cell product drives this, and what
syndrome occurs if its receptor is defective?

Answer: Anti-Mdllerian hormone (AMH) from Sertoli cells; androgen insensitivity syndrome (AIS) involves
AMH receptor defects, leading to persistent Mllerian structures in XY individuals.

Puzzle 18

Post-ovulation, the granulosa cells transform into luteal cells. What vascular change supports progesterone
production in the corpus luteum?

Answer: Angiogenesis: VEGF and other factors promote new vessel growth from theca interna, ensuring nutrient
delivery for steroidogenesis.

Puzzle 19

A diabetic pregnant woman risks macrosomia in her fetus. How does maternal hyperglycemia alter fetal
pancreatic physiology and growth?

Answer: Fetal hyperinsulinemia: Glucose crosses placenta, stimulating beta cells to secrete insulin (an anabolic
hormone), promoting excessive growth and fat deposition.

Puzzle 20

In lactation, milk ejection occurs reflexively. Distinguish the neural and hormonal components of this process in
response to suckling.

Answer: Neural: Suckling stimulates mechanoreceptors, activating hypothalamic oxytocin neurons via spinal
afferents. Hormonal: Oxytocin release causes myoepithelial cell contraction, ejecting milk (let-down reflex).
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