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CONCEPT: REVIEW OF MITOSIS AND MEIOSIS

UNREPLICATED
CHROMOSOME

REPLICATED
CHROMOSOME

The Human Chromosome Complement:
● Chromosome is a bunch of DNA held on a centromere protein core.
Centromere

One Chromatid

□ Unreplicated chromosomes have 2 arms hanging off centromere.
● Each chromosome in a cell replicates before a cell divides.
□ Creates two identical chromatids held on the same centromere.
● Human body cells have __________ unique chromosomes.
□ But, total of 46 chromosomes—one from ______, one from ______.
□ Homologous Chromosomes- Two copies (maternal and paternal)
of a chromosome.

Unreplicated

● Can count chromosomes using terms haploid and diploid.
□ Haploid (n)= Number of unique chromosomes.
-For humans, n=23.
□ Diploid (2n)= Total number of chromosomes, including maternal
and paternal copies.

MATERNAL

Chromosome 13

PATERNAL

Replicated

-For humans, 2n=46.
● The words haploid and diploid can also describe individual cells.
□ Diploid Cell- Has two copies of each chromosome, total=46.
□ Haploid Cell- Has one copy of each chromosome, total=23.
EXAMPLE: All the chromosomes pulled from a single human body cell.
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Review of Mitosis:
● Mitosis- Process of one cell dividing and making two identical daughter cells.

End of
Interphase

Beginning of
Interphase

□ Each daughter cell has exactly the same chromosomes as parent: one
2n=46 parent→two 2n=46 daughters.
(S Phase of
Cell Cycle)

● Interphase is time between mitoses, when cell replicates its chromosomes.
□ Still 46 chromosomes, but each now has 2 sister chromatids.
● Mitosis consists of 4 phases:
□ Prophase- Membranes around nucleus break down.
□ Metaphase- All 46 chromosomes line up at middle of cell.
-Spindles from either side of cell connect to each _____________________.

□ Anaphase- Sister chromatids separate to opposite ends of cell.
□ Telophase- Nucleus reforms.
● Net Effect of Mitosis: One 2n parent with replicated chromosomes→ two 2n daughters with unreplicated chromosomes.
EXAMPLE: Summary of effects of interphase and mitosis on a cell and its chromosomes.

Mitosis

Interphase

2n=46

2n=46

2n=46

2n=46
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Review of Meiosis I:
● Meiosis- Process where one cell divides twice and makes four haploid daughter cells.
□ Each daughter has __________________ the number of chromosomes as the parent.
□ Generates gametes—cells that can be combined with someone else’s gametes for reproduction.
● Meiosis happens in two steps, both very similar to a mitotic division: Meiosis I and Meiosis II.
● Meiosis I (“Reduction Division”) generates two haploid daughter cells from the parent cell.
□ During Metaphase I, homologous chromosomes pair up.
□ During Anaphase I, only one of each homologous pair goes to each daughter.

Interphase

2n=46

2n=46

Metaphase I
2n=46

n=23

Anaphase I

n=23

● Net Effect of Meiosis I: One 2n parent with replicated chromosomes→ two n daughters with replicated chromosomes.
EXAMPLE: Summary of Meiosis I.

n=23
n=23
Unreplicated
Replicated
2n=46
Replicated

2n=46
Unreplicated

n=23
Replicated

2n=46
Replicated
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Review of Meiosis II:
● Meiosis II (“Equational Division”) is the same as a mitotic division, except with 23 chromosomes per cell.
□ During Metaphase II, all 23 chromosomes line up.
□ During Anaphase II, sister chromatids separate.
● Net Effect of Meiosis II: Two n parents with replicated chromosomes→four n daughters with unreplicated chromsomes.
EXAMPLE: Summary of Meiosis.
n=23
n=23
Unreplicated
Replicated
2n=46
Replicated

2n=46
Unreplicated

n=23
Replicated

2n=46
Replicated
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PRACTICE 1: A human cell undergoes mitosis. How many chromosomes are in each daughter cell?
a) 12.
b) 23.
c) 46.
d) 92.

PRACTICE 2: A human cell undergoes meiosis I. How many chromosomes are in each daughter cell?
a) 12.
b) 23.
c) 46.
d) 92.

PRACTICE 3: Trisomy 21 (Down Syndrome) is a genetic condition caused by “nondisjunction” during meiosis, causing one
daughter cell (and, after fertilization, the resulting fetus) to have three copies of Chromosome 21. How many total
chromosomes are in the body cells of a person with Trisomy 21?
a) 23.
b) 24.
c) 46.
d) 47.
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CONCEPT: MALE REPRODUCTION I: ANATOMY OF THE MALE REPRODUCTIVE SYSTEM
The Male Reproductive System:
● Penis and Scrotum with testis are the two major parts of the male reproductive system. Within penis are:
□ Urethra- Tube for urine and sperm.
□ Corpus Cavernosum- Spongy tissue,
fills with blood during erection.
Following the path of sperm:
● Testis- Where _____________ are first made.
● Epididymis- Stores/matures sperm.
● Vas Deferens carries sperm through the
prostate gland, delivers it to ____________________.
□ Prostate gland adds fluids and nutrients, makes semen.
□ Semen travels through urethra to get to outside world. (Urine also exits through the urethra.)
EXAMPLE: Vasectomies are procedures where the vas deferens is cut, eliminating a man’s fertility.

EXAMPLE: Prostate exams are performed by urologists to assess for enlargement of the prostate gland.
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CONCEPT: SCROTUM AND TESTIS
● The scrotum is an external sac that contains the testis and epidymis
□ The scrotum is 2-3o ______________ than the surrounding body, which is needed for proper sperm development
□ The external scrotum is divided in the midline by the raphe seam
□ Two sets of muscles control scrotum movement
- The dartos muscles cause wrinkling and can elevate the testes
- The cremaster muscle pulls the testes closer to the body
□ The scrotum is _________________ with nerves and blood vessels through the spermatic cord; it contains…
- External spermatic fascia formed by the fibrous sheet of the external oblique muscle
- The cremaster muscle and cremaster fascia formed from the fibrous sheet of the internal oblique muscle
- Internal spermatic fascia formed from the deep fascia of the abdominal muscles
- A testicular artery to supply blood and the pampiniform plexus to cool the blood
EXAMPLE:
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● The testis are small organs found in the scrotum; they produce _______________ and androgen hormones
□ The testis walls are made up of two layers
- The tunica vaginalis is the outermost serous membrane, covers anteriorly and laterally
- Has an outer parietal layer and inner visceral layer; in between is a serous-fluid filled cavity
- The tunica albuginea is internal to the tunica vaginalis; covers the testis
- The mediastinum testis sits at the posterior testis; is a thicker region of tunica albuginea
- Where blood vessels, ducts, nerves, and lymph vessels are run
- This projects internally and creates septa that divide the testis into ~250 lobules
- Each lobule contains seminiferous tubules, which have cells that produce __________
- The interstitial space surrounds the seminiferous tubules
EXAMPLE:
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CONCEPT: MALE REPRODUCTIVE DUCTS
● Male reproductive ducts are responsible for storing and _____________________ sperm
□ The rete testis receives sperm from seminiferous tubules; has multiple, interconnected channels
- Efferent ductules (12-15) connect the rete testis to the epididymis head
□ The epididymis is a tube connecting the testis to the deferent duct; stores sperm for maturation; has three parts
- The head (superior surface of testis), body, and tail (posterior surface of testis)
- Inactive sperm remains here until they are fully ____________________ and ready to be ejaculated
□ The ductus deferens (vas deferens) travels between epididymis tail and ejaculatory duct in the spermatic cord
- At the bladder, it separates from the spermatic cord and travels to the prostate gland
- As the ductus deferens arrives at the superioposterior aspect of the prostate gland, an ampulla is created
□ The ampulla of ductus deferens and the seminal vesicle form the ejaculatory duct
- Short passageway ~2cm that transports sperm, and seminal fluid from the ductus deferens to the urethra
□ The urethra transports semen from the ejaculatory ducts to the _________________ of the body
EXAMPLE:
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CONCEPT: MALE ACCESSORY GLANDS
● There are several glands that assist sperm survival by creating the different components of seminal fluid
□ Seminal fluid is a basic fluid that helps _______________ sperm and protect it in the acidic vaginal environment
- Releases its components into the ductus deferens during ejaculation; activating the sperm’s flagellum
□ Seminal vesicles found lateral to ampulla of the ductus deferens; on the posterior surface of the urinary bladder
- It gives a nutritional component to the seminal fluid as well as facilitates sperm entry into the uterus
□ The prostate gland is inferior to the bladder contains 30-50 mucosal glands that contribute to seminal fluid
- Produces prostatic fluid, which gives nutrients essential for sperm health, also works as an __________
□ The bulbourethral glands (Cowper glands) are located at the penis base; produces mucin to coat the urethra
- Provides ___________________ for the sperm to pass through the urethra during intercourse
□ Semen is sperm + seminal fluid; when released it is called ejaculate
- Has between 200-500 million spermatozoa in 3-5 milliliters of fluid
EXAMPLE:
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CONCEPT: PENIS ANATOMY
● The penis + scrotum form the male external genitalia
□ The penis is internally divided into _________________ sections: the root, the bulb, and the crus
□ The penis is externally divided into the body (shaft) and glans (tip)
- The external urethral orifice is the opening on the penis glans
- The prepuce (foreskin) is the distal skin attached to the glans, attaches to the neck
□ Three __________________________ tissues make up the penis body
- The corpora cavernosa (paired) are posteriorly positioned; becomes the crus
- The corpus spongisum (single) is in the midline; becomes the bulb
EXAMPLE:
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CONCEPT: MALE REPRODUCTION II: SPERMATOGENESIS AND SPERMIOGENESIS
Spermatogenesis and Spermiogenesis:
● Spermatogenesis- Process of making spermatids (male gametes) in the testis.
□ Making _______________—uses two meiotic divisions to go from 2n parent cell to n daughter cell.
● Spermatogonia- “Germ cells,” undergo mitosis throughout a man’s life to provide cells for making sperm
Spermatogonium

□ Makes Primary Spermatocytes—the ones that will start meiosis.
●

1st

Meiotic Division: Primary Spermatocytes→Secondary

Primary
Spermatocytes
(2n)

PROCESS
Mitosis

TIMING
Puberty to Death

Spermatocytes.
Meiosis I

● 2nd Meiotic Division: Secondary Spermatocytes→Spermatids.
Secondary
Spermatocytes

-Spermatids- Immature sperm.
Meiosis II
Spermatids
(n)

● Spermiogenesis- Process of turning spermatids into mature
spermatozoa.

Spermiogenesis

Spermatozoa

□ Spermatozoa- Gametes that are capable of swimming, fertilizing eggs.
● Spermiogenesis includes:
□ Elongation and formation of flagellum (for swimming).
□ Formation of acrosome—vesicle at tip, holds enzymes necessary for _________________________.
EXAMPLE: Mature spermatozoa have an acrosome and flagellum.
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Regulation of Spermatogenesis:
● Spermatogenesis starts at ___________________, continues throughout the entire rest of a man’s life.
● Spermatogenesis is controlled by hormones from the _____________________ pituitary:
□ Gonadotrophin Releasing Hormone (GnRH) (from hypothalamus)→Luteinizing Hormone (LH) and FollicleStimulating Hormone (FSH) (from anterior pituitary).
● LH stimulates Leydig Cells in the testis to secrete testosterone (an “androgen”).
□ Testosterone→ 1)↓GnRH and ↓LH

2) ↑Secondary Sex Characteristics (muscles, body hair, etc.)

3) ↑Sertoli Cell Activity

-

“Secondary Sex
Characteristics”

Anterior
Pituitary

GnRH

+
Testosterone

-

+

LH

+

FSH

-

Inhibin

+
+

+

Leydig
Cell

Testis

+

Sertoli
Cell

+

Spermatogenesis

● FSH (and testosterone) stimulate Sertoli Cells in the testis.
□ Sertoli cells are “nurses” for spermatogonia and spermatids.
-↑FSH and/or ↑Testosterone→↑Sertoli Cells→↑Spermatogenesis and Spermatid Release.
□ Inhibin is also released by Sertoli Cells.
-↑Inhibin→↓FSH.
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PRACTICE 1: Which of the following is the number of chromosomes present in a secondary spermatocyte?
a) 12.
b) 23.
c) 46.
d) 47.
e) 92.

PRACTICE 2: Which of the following cell types secretes testosterone?
a) Sertoli cells.
b) Leydig cells.
c) Anterior Pituitary cells.

PRACTICE 3: Which of the following is the (indirect) effect of increased luteinizing hormone (LH) levels on the activity of
Sertoli Cells?
a) Increased Sertoli cell activity.
b) Decreased Sertoli cell activity.
c) No change in Sertoli cell activity.
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CONCEPT: FEMALE REPRODUCTION I: ANATOMY OF THE FEMALE REPRODUCTIVE SYSTEM
The Female Reproductive System:
● Uterus and Vagina are the two major parts of the female reproductive system.
□ Uterus- Muscle- and epithelium-lined pocket where babies grow.
□ Vagina (or Vaginal Canal)- Canal leading up to the ______________.
-Cervix- Opening that separates uterus and vagina.
● Fallopian Tubes are connected to the uterus; Ovaries are very close to the
other end of the Fallopian tubes.
□ Ovaries release eggs once per month into the
Fallopian Tubes.
□ Eggs travel through Fallopian Tubes to arrive in
uterus to (maybe) get fertilized by a sperm.

EXAMPLE: Ectopic pregnancy is when a fertilized egg implants in the Fallopian tube (or elsewhere) instead of the uterus.
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CONCEPT: OVARIES
● Ovaries are small, paired organs found lateral to the uterus, inferior to the fallopian tubes in the pelvic cavity
□ The broad ligament is the ___________________________ that drapes the ovaries, uterine tubes and uterus
- Mesovarium is a double fold of the broad ligament that stabilizes the ovary position in the body
- Mesosalpinx is the free edge of the broad ligament, attaches to each uterine tube
□ The ovarian ligament attaches to ovary to the uterues
□ The suspensory ligament attaches the ovary to the pelvic wall
-Within the here, the ovarian artery supplies blood to the ovary, and the ovarian vein drains blood
- Connected at the ovarian hilium
EXAMPLE:
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□ The ovaries have a _______________________ consistency and is divided into four layers
- The outermost germinal epithelium is the visceral peritoneum that has a single cuboidal epithelial layer
- The tunica albuginea is the middle layer, a dense connective tissue capsule covering
- The interior cavity of the ovary has:
- The superficial cortex contains ovarian follicles
- The deep medulla is the innermost region; contain blood and lymph vessels, and nerves
EXAMPLE:
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CONCEPT: UTERINE TUBES
● Uterine tubes (fallopian tubes): hollow, muscular tube; laterally extend from the uterus to the ovaries for oocyte transport
□ The uterine tubes are divided into ______________________ segments
- The infundibulum is the funnel-shaped lateral free area of the uterine tube
- The fimbriae are the fingerlike folds that extend to the ovary during ovulation
- The ampulla is medial to the infundibulum; where fertilization occurs
- The isthmus is the region between the ampulla and uterus
- The uterine part penetrates into the uterine wall
EXAMPLE:
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□ The tube wall is composed of several layers
- The mesosalpinx is the outermost covering surrounding the uterine tube wall, suspending the tubes
- The serosa is the outermost area of the uterine wall; serous membrane covering the tubes
- The muscularis has two layers of smooth muscles – an inner circular layer and outer longitudinal layer
- Helps ____________________ the oocyte with peristaltic contractions
- The mucosa is the innermost layer formed from simple ciliated columnar epithelium
- It is shaped into linear folds, with cilia in its apical surface beating in the directing of the uterus
EXAMPLE:
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CONCEPT: UTERUS
● The uterus is a small, pear –shaped muscular organ that connects the uterine tubes to the vagina
□ It provides __________________________, nutrition, and waste removal for a developing embryo
□ Is an anteverted organ as it is angled anterosuperiorly across the superior bladder
□ The uterus is divided into the following regions
- The fundus is rounded and broad; sits in between both uterine tubes
- The body is the majority of the uterus, and is made of thick smooth muscle
- The ismuth is the constricted passage that leads to the cervix
- The cervix is a narrow projection that extends into the vagina; within the vagina:
- The external os leads into the cervical canal and opens at the internal os
□ A mucus plug sits at the external os to prevent ____________________
□ Several structures hold the uterus in place; prolapse of the uterus into the vagina occurs if these are weakened
- The urogenital diaphragm (pelvic floor muscles) resist intr-abdominal pressure; hold uterus in place
- The round ligaments laterally attaches to the uterus; goes through the inguinal canal to labia majora
- The transverse cervical ligaments attach the cervix and vagina to the pelvic wall
- The uterosacral ligaments attach the inferior uterus to the sacrum
EXAMPLE:
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□ The uterine wall is composed of three regions
- The perimetrium is the outermost tunic; is an incomplete serosa layer; continuous with broad ligament
-Covers the anterior and posterior surfaces of the uterine body as well as the ___________
- Contains uterine glands used in the uterine cycle
- The myometrium is the middle tunic; made of smooth muscle
- The endometrium is the innermost tunic; it Is made of mucosa
- The basal layer (stratum basalis) is the permanent layer, gives rise to functional layer
- The functional layer (stratum functionalis) is the layer shed each month if no fertilization occurs
EXAMPLE:
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CONCEPT: VAGINA
● The vagina is the elastic, muscular tube forming in the inferior region of the female reproductive anatomy
□ It is the copulating organ of females and the _______________ canal, as it connects outside of the body
□ The primary blood supply comes from:
- Internal iliac arteries à vaginal branch
- Venous drainage by vaginal vein
□ The vaginal wall is composed of three tunics:
- The adventita is the outermost layer of areolar connective tissue
- The muscularis has two layers of smooth muscle
- The mucosa is the innermost layer; highly vascularized
- Epithelial cells secrete an _______________________ substance to prevent infection
- Near the vaginal orifice opening, several folds form the hymen (vascularized membrane)
EXAMPLE:
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CONCEPT: EXTERNAL FEMALE ANATOMY
● Female external genitalia are _________________ by the vulva
□ Anterior to the pubic symphysis is the mons pubis formed by skin, fat, connective tissue, and hair
□ The labia majora (latera) and labia minora (medial) are two pairs of skin folds
- The labia majora are paired, thick folds; has hair, sweat, and sebaceous glands
- The labia minora are paired, _______________, and has sebaceous glands, and melanocytes
□ The vestibule is the space between the labia minora; it contains the…
- Urethral opening, vaginal orifice and lateral bulb of the vestibule
- The lesser and greater vestibular glands secrete mucin for lubrication
□ The clitoris is located near the anterior labia minora; projects into the vestibule; swells during arousal
- The corpora cavernosa (2) are erectile projections that become sensitive during sex
- The crus extend posteriorly from the corpora cavernosa and attach to the pubic arch
- The glans caps the clitoris; it contains lots of nerve receptors for sensitivity and pleasure during sex
- The prepuce is a labia minora fold that covers the clitoris
EXAMPLE:
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CONCEPT: MAMMARY GLANDS
● The mammary glands (breasts) are in the anterior thoracic wall; contain several exocrine glands
□ Produce and secretes ______________________ with protein, fat, and lactose for infant nutrition
□ The external structures of the mammary glands include:
- The nipple contains tiny openings to transport breast milk to the infant
- The areola is the brown area surrounding the nipple; contains areolar glands (sebaceous)
- It is _________ in women who have given birth (parous) than women who haven’t (nulliparous)
□ The internal structure of the mammary glands includes:
- Suspensory ligaments are fibrous connective tissue bands that provide support; skin à deep fascia
- Structurally linked to the pectoralis major muscle by these ligaments
- Lobes divide the mammary glands
- Lobules further divide each lobe; contain alveoli that produce and secrete milk
- Lactiferous are channels formed from alveoli and lobule ducts that later form lactiferous ducts
- Drain into lactiferous sinus, which is where milk _____________ occurs before release
EXAMPLE:

Page 26

ANATOMY & PHYSIOLOGY - CLUTCH
CH. 25 - HUMAN SEXUAL REPRODUCTION AND DEVELOPMENT

CONCEPT: FEMALE REPRODUCTION II: OOGENESIS AND FOLLICULOGENESIS
Oogenesis:
● Oogenesis- Process of making ova (eggs; female gametes) in the ovaries.
□ Making gametes—requires 2 meiotic divisions that are spaced pretty far apart in time.
● Oogonia- Female germ cells that eventually under meiosis to
become eggs.

Oogonium

PROCESS

TIMING

□ Undergo ___________________ too, but only during
Primary
Oocytes
(2n)

prenatal development (before birth).

Mitosis Before Birth

Oogenesis is two meiotic divisions that stop and start.
Meiosis I

● Before birth:

Prophase I

□ Primary Oocytes are made by oogonia doing mitosis.

Secondary Oocyte (n)
+ 1st Polar Body

□ Primary oocytes start Meiosis I, arrest at Prophase I.
-“Girl is born with all the eggs she’ll ever have.”

Starts at Puberty

Metaphase I Once/Month w/
Anaphase I Ovulation
Telophase I

Meiosis II
Ovum (n)
+ 1st & 2nd Polar Bodies

● Starting at puberty, one primary oocyte per ________ restarts:

Prophase II
Metaphase II
Anaphase II

Fertilization

Telophase II

□ Finishes Meiosis I, but it’s an “unequal” division:
-Primary Oocyte→Secondary Oocyte+a Polar Body.
-Secondary Oocyte gets way more cytoplasm and organelles.
□ Secondary oocyte starts Meiosis II, but arrests at Metaphase II.
● Secondary oocyte is ovulated (released from ovary into Fallopian tube→uterus; more later).
□ If secondary oocyte is fertilized, finishes Meiosis II.
-Secondary Oocyte→Ovum+a second polar body.
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Folliculogenesis—Follicular Development:
● Follicle- Larger structure encasing the egg.
□ Folliculogenesis- Process of developing the ____________-- happens during the month leading up to ovulation.
● Follicle consists of two layers of stuff wrapped around the egg.
□ Zona Pellucida- Layer of glycoproteins (just proteins with sugars).
□ Granulosa Cells- Cells wrap around oocyte to protect, help nourish.
● Folliculogenesis occurs in stages:
1) Primordial Follicle- Just the oocyte with a couple thin granulosa cells.
2) Primary Follicle- Zona pellucida develops, granulosa cell layer gets thicker.
3) Secondary Follicle- More growth of zona pellucida and granulosa cells.

4) Tertiary Follicle- More growth of zona pellucida and granulosa cells.
-Antrum forms—granulosa cells still wrap around oocyte+zona pellucida, but get an additional layer of
granulosa cells with empty space between.
5) Ovulation- Oocyte+zona pellucida+inner layer of granulosa cells break out of ovary→Fallopian tube.
-Corona Radiata- Layer of granulosa cells still around oocyte.
6) Corpus Luteum- Leftovers of the follicle still in the _______________________.
-Important in regulating menstrual cycle—more later.
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PRACTICE 1: Which of the following is the type of cell that gets released into the Fallopian tube during ovulation?
a) Primary oocyte.
b) Secondary oocyte.
c) Ovum.
d) Spermatozoa.

PRACTICE 2: Which of the following is made of a thin layer of glycoproteins?
a) Granulosa cell layer.
b) Zona pellucida.
c) Follicle.
d) Oocyte.
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CONCEPT: FEMALE REPRODUCTION III: THE MENSTRUAL CYCLE
Overview of the Menstrual Cycle:
● Menstrual Cycle- Predictable, repeating changes in a woman’s hormones, uterine lining, and ovaries.
□ Happen over a ~28 day cycle.
● Ovarian Cycle- Menstrual Cycle can be broken into two phases based on what’s happening in the _________________.
□ Follicular Phase= First half of ovarian cycle.
-Single follicle doing folliculogenesis—an egg is maturing.
□ Luteal Phase= Second half of ovarian cycle.
-Egg has been ovulated from ovary, now traveling into
Fallopian tubes/uterus.
-Corpus Luteum- Leftovers of follicle in ovary.
● Uterine Cycle- Menstrual Cycle can be broken into three phases based
on what’s happening in the _______________________.
□ Menstruation/Menses= First ~5 days of uterine cycle.
-Getting rid of old uterine lining.
□ Proliferative Phase= Rest of first half (~10 days).
-Building up new uterine lining.
□ Secretory Phase= Second half of uterine cycle.
-Uterine lining waiting for possible fertilization and implantation.
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Hormones of the Menstrual Cycle—FSH, LH, Estrogen, and Progesterone:
● Four major hormones secreted from two locations in the body control changes during the menstrual cycle.
● Anterior Pituitary secretes follicle-stimulating hormone (FSH) and luteinizing hormone (LH).
□ FSH stimulates granulosa cells in the ______________________.
-Causes the follicle and egg to mature.
□ LH rises very sharply halfway through the ovarian cycle, causing ovulation (release of __________ from ovary).
□ (Reminder: Gonadotrophin Releasing Hormone (GnRH) from hypothalamus causes secretion of FSH and LH
from anterior pituitary)
● The ovary itself, as the follicle matures, secretes estrogen and progesterone.
□ Estrogen causes the uterine lining to develop.
-Also helps control/regulate FSH and LH secretion from the anterior pituitary.
□ Progesterone keeps the uterus in the secretory phase.
EXAMPLE: Summary of menstrual cycle’s four major hormones and their effects.
Follicle Stimulating
Hormone (FSH)
From
Anterior
Luteinizing
Pituitary Hormone (LH)

Growth of Follicle
(Granulosa Cells)

Causes Ovulation
Uterine Lining
Development

Estrogen
From
Ovary
Progesterone

Negative Feedback
on Hypothalamus
Uterine Lining
Maintenance
Negative Feedback
on Hypothalamus
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The Menstrual Cycle in Detail—Effects and Control of FSH, LH, Estrogen, and Progesterone:
● Follicular Phase features ~steady release of FSH and rising levels of estrogen.
□ FSH stimulates the granulosa cells, causing the follicle to grow/mature.
□ Estrogen secreted by follicle—↑Estrogen as follicle gets bigger.
-Estrogen exerts negative feedback on the hypothalamus:
↑Estrogen→↓GnRH→↓FSH.
□ Menstruation is early in the follicular phase.
-Later, ↑Estrogen→Proliferative Phase.
● Ovulation is caused by a change in how the hypothalamus responds to
estrogen.
□ LH Surge- High Estrogen levels→↑↑LH (and FSH) release.
-↑↑LH→Ovulation—Ovum released from follicle into Fallopians.
□ Corpus Luteum- Leftover follicular cells in the ovary—secretes progesterone.
● Luteal Phase is dominated by progesterone secreted from the corpus luteum.
□ Progesterone keeps the uterine lining thick and healthy—ready for possible baby.
□ Progesterone also has negative feedback on hypothalamus→↓FSH and LH.
● If no baby: Corpus Luteum decays and dies→↓Progesterone→No stimulation of uterine lining→Menstruation.
□ ↓Progesterone→↑FSH and LH—the cycle restarts.
EXAMPLE: Feedback loop summary of the menstrual cycle.
FOLLICULAR PHASE

+

+

Estrogen

-

+
Uterine
Lining

- + +

+

Estrogen

GnRH

FSH

LUTEAL PHASE

OVULATION

LH

+

Progesterone

+

GnRH

++

FSH

+

LH

+

+

-

+

GnRH

Uterine
Lining

- + +

FSH

LH

+

Granulosa Cells

Granulosa Cells

Corpus Luteum

Follicle (in ovary)

Ovulating Follicle

Ovary
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PRACTICE 1: Which of the following describes the (indirect) effects of follicle-stimulating hormone (FSH) on the
development/proliferation of the uterine lining?
a) Increased uterine lining proliferation.
b) Decreased uterine lining proliferation.
c) No effect on uterine lining proliferation.

PRACTICE 2: Which of the following describes the cause of ovulation?
a) Negative feedback of progesterone on the anterior pituitary.
b) Moderate levels of estrogen inhibiting the release of gonadotrophin-releasing hormone (GnRH).
c) High levels of estrogen stimulating the release of gonadotrophin-releasing hormone (GnRH).
d) Decay of the corpus luteum.

PRACTICE 3: Which of the following describes the cause of menstruation?
a) Negative feedback of progesterone on the anterior pituitary.
b) Moderate levels of estrogen inhibiting the release of gonadotrophin-releasing hormone (GnRH).
c) High levels of estrogen stimulating the release of gonadotrophin-releasing hormone (GnRH).
d) Decay of the corpus luteum.

PRACTICE 4: Ovulation sticks are a product that allow a woman to identify the day(s) on which she begins ovulating,
allowing her to plan her sexual activity accordingly. Ovulation sticks detect the hormone that most directly causes ovulation.
Which of the following is the hormone likely detected by ovulation sticks?
a) Follicle-stimulating hormone (FSH).
b) Luteinizing hormone (LH).
c) Estrogen.
d) Progesterone.
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CONCEPT: SEX DETERMINATION AND DIFFERENTIATION—BOY OR GIRL?
Review of the Sex Chromosomes:
● Sex Chromosomes are the 23rd pair of chromosomes in every human cell.
□ Two different possible sex chromosomes= X chromosome and Y
chromosome.
-Sex chromosomes aren’t numbered like the other ones.
● The sex chromosomes determine a person’s biological sex.
□ XX→_____________

□ XY→____________

● A person gets their sex chromosomes from their parents (like every other chromosome).
□ Mother only has X chromosomes→passes on an X to every child.
□ Father has an X and a Y→can pass on either.
-If father gives an X chromosome→child is XX→child is female.
-If father gives a Y chromosome→child is XY→child is male.
EXAMPLE: Whether the father passes on an X or a Y determines whether his child is a boy or a girl.

X

Mom

Dad

XX

XY
X

X

Y

Baby Girl

XX
XY
Baby Boy
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Early Development and the Parts of the Bipotential Genitals:
● Bipotential Genitals refers to the earliest genitals possessed by very young embryos.
□ May become female genitalia—ovaries, uterus, vagina—or male genitalia—penis, testicles, scrotum.
□ Three Parts: Bipotential Gonad, Bipotential Internal Genitalia, Bipotential External Genitalia.
● Bipotential Gonad is the precursor to the part of the genitals that make ______________________—egg or sperm.
□ If female: Bipotential Gonad→Ovaries.
□ If male: Bipotential Gonad→Testis.
● Bipotential Internal Genitalia has two structures: Mullerian Ducts and
Wolffian Ducts.
□ Mullerian Ducts may become internal female genitalia—uterus,
Fallopian tubes.
□ Wolffian Ducts may become internal male genitalia—
epididymis, vas deferens.
● Bipotential External Genitalia is the precursor to the outer reproductive
structures.
□ If female: Bipotential External Genitalia→vagina, labia.
□ If male: Bipotential External Genitalia→penis, scrotum.
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Feminization—Becoming a Girl:
● “Default” is for a human embryo to differentiate toward becoming a _____________________.
● Females are XX. In the absence of a Y chromosome:
□ Gonads differentiate into ____________________.
□ Mullerian Ducts develop into the Fallopian tubes and uterus.
□ External genitalia develop into a ____________________.
● The Wolffian ducts require testosterone to develop, which females don’t make.
□ No testosterone→Wolffian ducts regress.

Embryo:
Gonads+
Wolffian Ducts+
Mullerian Ducts

XY→(+

XX→(-)SRY

Gonads→Ovaries

Mullerian
Ducts→ Vaginal
Canal, Fallopian
Tubes, Uterus

Regression of
Wolffian Ducts
External
Genitalia→Vagina
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Masculinization—Becoming a Boy:
● Boys are XY; having a Y chromosome drives an embryo toward differentiating into a male.
● Sex-Determining Region of Y (SRY) is a part of the Y chromosome.
□ SRY present→Gonads develop into testes.
● Testes include two cell types that produce two new hormones.
□ Sertoli Cells→Mullerian Inhibiting Substance.
□ Leydig Cells→Testosterone.

Embryo:
Gonads+
Wolffian Ducts+
Mullerian Ducts

XY→(+)SRY

XX→(-)SRY

Gonads→Ovaries

Mullerian
Ducts→ Vaginal
Canal, Fallopian
Tubes, Uterus

Regression of
Wolffian Ducts

Gonads→Testes

Regression of
Mullerian Ducts

External
Genitalia→Vagina

Wolffian Ducts →
Epididymis, Vas
Deferens, Seminal
Vesicles
External
Genitalia→ Penis,
Scrotum, Prostate

● Those two hormones cause the genitals to become male.
□ Mullerian Inhibiting Substance (aka Anti-Mullerian Hormone) stops the Mullerian ducts from developing.
-No formation of vaginal canal, uterus, etc.
□ Testosterone stimulates the Wolffian ducts and external genitalia to develop.
-Wolffian Ducts→Epididymis, Vas Deferens, Seminal Vesicles.
-External Genitalia→Penis, scrotum.
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PRACTICE 1: A reproductive biologist is working at a start-up company that wants to let aspiring parents choose the sex of
their child. This process will involve picking one sperm and one egg, doing in vitro (“in a dish”) fertilization, and then
implanting the zygote in the mother-to-be. Which of the following gametes most directly determines the sex of the child and
should be the focus of the biologist’s efforts?
a) Sperm.
b) Egg.

PRACTICE 2: Turner Syndrome is an abnormality of the sex chromosomes where the patient has only one X chromosome
and no 46th chromosome at all (i.e. they are “XO”). Which of the following describes the sex phenotype of a patient with
Turner Syndrome (i.e. how are they likely to outwardly appear)?
a) Male.
b) Female.
c) They have a 50/50 chance of appearing male or female.
d) There is no way to predict their eventual appearance.

PRACTICE 3: Klinefelter Syndrome is an abnormality of the sex chromosomes where the patient has two copies of the X
chromosomes and one copy of the Y chromosome (i.e. they are “XXY” and have 47 chromosomes total). Which of the
following describes the sex phenotype of a patient with Klinefelter Syndrome (i.e. how are they likely to outwardly appear)?
a) Male.
b) Female.
c) They have a 50/50 chance of appearing male or female.
d) There is no way to predict their eventual appearance.
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PRACTICE 4: A one-day old infant with two X chromosomes is found to have a blind vaginal pouch—that is, they have a
normal-appearing external vagina that ends abruptly and lacks a normal vaginal canal. She does not have a uterus,
Fallopian tubes, or ovaries. Which of the following structures failed to develop to cause this abnormality?
a) Wolffian ducts.
b) Mullerian ducts.
c) Sex-Determining Region of Y (SRY).

PRACTICE 5: Androgen Insensitivity is a sexual development disorder where an XY person makes testosterone but cannot
respond to it. They can still respond to anti-mullerian hormone. What would an androgen insensitive baby’s genitals look
like? (This is a really hard one—watch the video J.)

Embryo:
Gonads+
Wolffian Ducts+
Mullerian Ducts

XY→(+)SRY

XX→(-)SRY

Gonads→Ovaries

Mullerian
Ducts→ Vaginal
Canal, Fallopian
Tubes, Uterus

Regression of
Wolffian Ducts
External
Genitalia→Vagina

Gonads→Testes

Regression of
Mullerian Ducts

Wolffian Ducts →
Epididymis, Vas
Deferens, Seminal
Vesicles
External
Genitalia→ Penis,
Scrotum, Prostate
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CONCEPT: MAKING BABIES I: THE SEXUAL RESPONSE AND SEXUAL INTERCOURSE
Four Phases of the Human Sexual Response:
● Sexual Intercourse (aka Procreation, Coitus) is the physical stuff that allows male’s sperm can reach female’s eggs
(i.e. so the gametes can meet). Requires some anatomy:
□ Males need a __________________ that allows them to introduce sperm.
□ Females need a __________________ to receive the penis/sperm.
● Human Sexual Response—how the body responds to procreation—is broken into 4 phases:
1) Arousal- Reproductive organs respond to sexual stimuli, become “ready.”
-Males: Erection- ↑Blood flow to penis increases its
size, gives it stiffness.

u
ro

sa

l

A

Cli
m
(Or ax
gas
m)

-Females: Increased blood flow pushes fluid into
vaginal canal, creating lubrication.

Plateau
l
sa
ou
Ar

of intercourse.

on

3) Climax or Orgasm- Sudden peak in arousal, signaling end

Resoluti

2) Plateau- No further increase in arousal.

-Males: Ejaculation- Semen (sperm + other fluids)
propelled out of penis into vagina.

Time/Progress through Intercourse

-Females: Waves of muscle contraction.
4) Resolution- Organs return to normal.
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Closer Look at Male Arousal and Orgasm:
● Two highlights of male sexual response—arousal and orgasm—are mediated by the autonomic nervous system.
● Arousal is mediated by the parasympathetic nervous system.
□ Stimuli for arousal can come in a variety of forms:
-Sexual thoughts, sexual sights/sounds, physical contact (to penis or elsewhere).
□ Results in vasodilation of arteries bringing ________________ to penis.
-Engorged tissue in center of penis pinches off veins on the outside—little blood leaves.
● Orgasm is mediated by the sympathetic nervous system.
□ Sudden rise in sympathetic nervous system activity→orgasm and ejaculation.
EXAMPLE: Summary of arousal response in males.
Sexy Thoughts
Sexy Sights, etc.

Physical Contact

Parasympathetic
Nervous System
Vasodilation of
Arteries Feeding Penis
Erection
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PRACTICE 1: A 17-year-old male is about to have sex for the first time. He is very, very nervous—his heart is racing, his
palms are sweating, and his blood pressure is very high. Considering the state of his autonomic nervous system, with which
of the following processes is he mostly likely to have problems?
a) Kissing.
b) Achieving erection.
c) Having an orgasm/ejaculating.

PRACTICE 2: A certain drug inhibits an enzyme called phosphodiesterase-5 (PDE-5). Inhibition of PDE-5 in vascular
smooth muscle causes vasodilation in the affected blood vessels. Which of the following processes is likely to be most
directly affected by PDE-5 inhibitors?
a) Kissing.
b) Achieving erection.
c) Having an orgasm/ejaculating.
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CONCEPT: MAKING BABIES II: FERTILIZATION
Fertilization—The Acrosome Reaction and Cortical Reaction:
● Fertilization- Sperm finds and fuses with egg, making a cell with a complete set of chromosomes that can become a baby.
● Successful fertilization requires sperm to cross ______________ protective layers surrounding eggs.
□ Granulosa Cells- Thick layer of little cells.

□ Zona Pellucida- Thick layer of glycoproteins.

● Sperm penetrate the granulosa cells with __________________________.
□ Many, many sperm encounter the egg and swim through granulosa cells together.
● Zona Pellucida has sperm receptors that bind sperm heads. Binding triggers the acrosome reaction.
□ Acrosome Reaction- Sperm head releases enzymes that ___________________ the zona pellucida.
● Fertilization- First sperm to get all the way through the zona pellucida binds and fuses with egg’s cell membrane.
□ Fusion allows sperm to release its _______________ into the egg. Nuclei can then combine their chromosomes.
● Cortical Reaction- Prevents other sperm from fertilizing that same egg—ensures the egg gets only one sperm.
□ (Polyspermy- When multiple sperm fertilize one egg.)
□ Cortical Granules- Vesicles full of enzymes lying just inside of egg cell membrane.
-Fertilization→Release of cortical granules into space between cell membrane and zona pellucida.
-Those enzymes harden the zona pellucida→no further sperm penetration→no polyspermy.
EXAMPLE: Fusion of sperm head with egg causes cortical reaction that hardens zona pellucida and pushes it away.
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PRACTICE 1: A 45-year-old man presents to a reproductive medicine clinic for infertility. He is found to have a defect in the
process of spermiogenesis. Which of the following protective layers is his sperm unable to penetrate, causing his infertility?
a) Granulosa cells.
b) Zona pellucida.
c) Cortical reaction.
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CONCEPT: MAKING BABIES III: EARLY DEVELOPMENT AND IMPLANTATION
From Zygote to Blastocyst:
● Zygote- Fertilization of egg by sperm creates a new single cell with a complete chromosome set.
● Zygote cell immediately begins dividing: 1→2→4→8→16…
□ Cleavage- Cells just splitting in two; whole thing doesn’t get bigger.
-Still trapped within the ______________________________.
● Fertilization happens in the Fallopian tube. As zygote moves into uterus, it
“hatches”—breaks out of zona pellucida.
● Blastocyst- Second stage of development.
□ Cells split into two groups: Inner Cell Mass and Outer Cell Mass.
-“Embryoblast”=Inner Cell Mass; “Trophoblast”=Outer Cell Mass
-Blastocoele- Fluid-filled space between inner and outer cell mass.
● Implantation- Outer cell mass contacts uterine lining and invades in.
□ Establishes firm connection to mom.
□ Will allow for growth of umbilical cord- brings blood, O2, nutrients, etc. from mom.
● Human Chorionic Gonadotropin (hCG)- A peptide hormone secreted following implantation.
□ Keeps corpus luteum _______________________→↑Progesterone→Uterine lining stays thick.
EXAMPLE: Commercial pregnancy tests detect hCG in a (pregnant?) woman’s urine.
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CONCEPT: MAKING BABIES IV: LABOR AND DELIVERY (PARTURITION)
Labor and Delivery
● Parturition=Labor and Delivery—the changes that happen immediately before giving birth, and actually giving birth.
□ Labor- Rhythmic contractions of the uterus that drive baby through the cervix into vaginal canal and world.
● Oxytocin- The major hormone that drives labor by increasing uterine contractions. Control by positive(!) feedback loop.
□ Pressure on Cervix (from baby’s head)→↑Oxytocin.
-↑Oxytocin→↑Uterine Contractions→↑Pressure on Cervix→↑Oxytocin→…
□ Steady ramping up of uterine contractions pushes baby through ___________________.
EXAMPLE: Positive feedback loop summary of oxytocin’s role in promoting labor and delivery.

+

Uterine
Contractions

Pressure on Cervix

+

+
[Oxytocin]
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PRACTICE 1: Pitocin® is a synthetic hormone given to pregnant women to induce labor; administering Pitocin to a
pregnant woman causes uterine contractions. Pitocin likely mimics which of the following endogenous hormones?
a) Follicle-stimulating hormone (FSH).
b) Luteinizing hormone (LH)
c) Epinephrine.
d) Oxytocin.
e) Estrogen.
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CONCEPT: MAKING BABIES V: LACTATION—FEEDING THE BABY
Lactation:
● Lactation- Release of milk from the mammary glands (in the breast) through the
nipples to feed a baby.
□ Mammary Glands- Glands in breast that make milk.
-Milk has fat, Ca2+, proteins (including antibodies for baby’s immune
system), etc.
□ Proper lactation requires two hormones: Prolactin and Oxytocin.
● Prolactin- Peptide hormone released from the ___________________ pituitary
that stimulates milk generation.
□ Secretion begins during late pregnancy and through first months/years
after giving birth.
□ Stimulates mammary glands to make (but not release) milk.
● Oxytocin- Peptide hormone released from the _________________ pituitary that causes release of milk from the breast.
□ Let-Down Reflex- Ejection of milk from breast in response to ↑Oxytocin.
-Suckling—mechanical stimuli at breast—or even just seeing/hearing a (crying?) baby→↑Oxytocin.
-Oxytocin causes smooth muscle contraction around mammary glands→ejection of milk.
EXAMPLE: Prolactin from anterior pituitary causes generation of milk; oxytocin from the posterior pituitary causes release.

Suckling,
Baby
Crying, etc.

Baby Gets Fed
and Happy

Posterior Pituitary

Anterior Pituitary

Oxytocin

Prolactin

+
Smooth
Muscle
around
Mammary
Glands

+
Ejection of
Milk

+
Mammary
Glands

+
Synthesis
of Milk
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PRACTICE 1: A 29-year-old woman is breastfeeding her one-month-old daughter. The hormone that is causing milk to be
released from her breast is secreted from which of the following locations?
a) Anterior pituitary.
b) Posterior pituitary.
c) Ovary.
d) Adrenal medulla.

PRACTICE 2: A 29-year-old woman finishes breastfeeding her one-month-old daughter. Over the coming hours she will
regenerate all of the milk that she just fed to the baby. The hormone that is causing milk to be synthesized within her
breasts is secreted from which of the following locations?
a) Anterior pituitary.
b) Posterior pituitary.
c) Ovary.
d) Adrenal medulla.
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