CH. 15 - REPRODUCTIVE SYSTEM

Objectives:

1. Review male & female reproductive anatomy
2. Gametogenesis & steroidogenesis

3. Reproductive problems
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Review of Male Reproductive Anatomy
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Male Reproductive anatomy and physiology.

Testes = paired gonads containing seminiferous tubules

Seminiferous tubules = tubules within testes where sperm and testosterone are
produced.

ight © The Hill Companies, Inc. issi ired for reproduction or display
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3. Male Reproductive anatomy and physiology.

3 cell types in seminiferous tubules:

1. Sertoli cells —

2. Leydig cells —

3. Spermatogonia =

Section through seminiferous tubule

Sertoli cells

Spermatogonia Leydig cells
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Epididymis =

Scrotum =

[Testicul:

‘Copyright © The lcGraw-Hill Companies, Inc. Permission tequited for reproduction or display.

Cremaster muscle = s What is Cryptorchidism? =
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3 Sperm Transport Tubes:

1. Vas deferens =

2. Ejaculatory duct =

3. Urethra =

What is a vasectomy?
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3 Male Secretory Glands:

1. Seminal vesicles = large, paired glands that meet with vas deferens and contribute
secretions to seminal fluid.

produces:

2. Prostate = gland under bladder which secretes mucus.
A

3. Bulbourethral gland =

Gland that secretes lubricating ' l Gl
Fluid, to lubricate head of penis,
during sexual arousal. BULBOURETHRAL
GLAND
’A—v EPIDIDYMIS
y
TESTICLE
URETHRA J
7

The Prostate Gland BPH

> Benign prostate hyperplasia (BPH)

- Prostate grows with age.
- non-cancerous growth of prostate.

- Can block urine or semen transport.

PrOState cancer (1 / 8 men) Typlcalrpmslale Prostate with cancer
— Malignant R N PR
— Detect with PSA = prostate-specific antigen. High levels in blood indicate possible
prostate cancer.

— Increased risk with [LltieIl BN YW-LNIA(see later in powerpoint)
Click to read more about prostate cancer risks, detection, etc...
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https://www.webmd.com/prostate-cancer/prostate-cancer-brca-gene
https://www.cancer.org/cancer/types/prostate-cancer/about/key-statistics.html

5. CLINICAL APPLICATIONS

¢ Prostate cancer is commonly tested using a blood test for prostate-
'.’f specific antigen (PSA). A more common disorder, affecting most
"“men over 60 (o different degrees, is benign prostatic hyperplasia
(BPH). This is responsible for most cases of bladder outlet obstruc-
tion, causing difficulty in urination. BPH treatment may involve a
surgical procedure called transurethral resection (TUR), or the use of
drugs. These drugs include a-adrenergic receptor blockers (chapter
6), which decrease the muscle tone of the prostate and bladder neck,
making urination easier, and Sa-reductase inhibitors. The latter drugs
block the conversion of testosterone into dihydrotestosterone (DHT),

which reduces androgen stimulation and thus the size of the prostate.?
9

Erectile chambers of penis.

Corpus cavernosa = upper left and right chamber.
- have arterial blood supply to fill with blood.
- arteries vasodilate based on nitric oxide (NO) release.

Copyright © The McGraw-Hill C jes, Inc. required for

or display.

Dorsal vein of penis
Deep dorsal vein of penis
Dorsal nerve of penis
Dorsal artery of penis
Deep artery of penis
Corpora cavernosa

Urethra
Corpus spongiosum

Waldrop

Corpus spongiosum = lower
chamber surrounding urethrayg

10
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How an erection works:

spongy chambers. \
When & man becomes aroused,

the arteries leading inta the
penis open up 50 that
pressunzed blood can enter the
Penis quickly, The veins leaving
1he penis canstnct

4. Fluid pressure of blood causes erection.

5. When stimulation done, or after
ejaculation, cGMP is broken down by
enzyme (phosphodiesterase). Erection

Presaurized biood Is trapped in
the: comus cavemosa, and this
blood causes the pens to

ends \_ 02004 Ho s elongate and stiffen.

( . . )
‘. Erection Physiology )
N
1. Arousal Causes nitric oxide (NO) release |
in arteries of corpus cavernosa.
2. NO causes production of a chemical
messenger called cGMP). Artrios @
. Veins ()
3. cGMP causes arteries to relax & they Comus
open wide (vasodilate) allowing blood into Cavemosum

11

Nitric oxide. released in the penis in response to parasympathetic
o/ merve activation, enters the smooth muscle cells in the arterioles
" and stimulates the production of a second messenger, cyclic
guanosine monophosphate (¢cGMP). The ¢cGMP causes the smooth
muscle cells to relax and the vessels to dilate, so that more blood
can flow to the corpora cavernosa and produce erection. A particular
cGMP phosphodiesterase enzyme then breaks down cGMP, ending
the erection. Erectile dysfunction is now often treated with drugs
such as sildenafil (Viagra), which block the cGMP phosphodiesterase
enzyme. These drugs increase the cellular concentration of cGMP and
thereby promote erection.

12
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How ED Drugs work (Viagra, Cialis, Levitra):

Phosphodiesterase inhibitor = a chemical that inhibits
phosphodiesterase.

So ..., what would giving a phosphodiesterase inhibitor do to cGMP
levels in the corpus cavernosa?

What would that do to arteries in the penis?

What would that do w/respect to an erection?

Viagra, Cialis, & Levitra are phosphodiesterase inhibitors.

Side effects: drop in blood pressure (dizziness or loss of vision) AND
Priapism =

Click m to read more about priapism (causes, repair, etc...) 13

13

4. Gametogenesis and Steroidogenesis in Males and Females

Gametogenesis =

> Spermatogenesis =

> 0ogenesis =

Steroidogenesis =

14
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https://www.mayoclinic.org/diseases-conditions/priapism/diagnosis-treatment/drc-20352010

Spermatogenesis: O epairedt fof Momrecschor ot opiay T oeion
Mitosis
Spermatogonia (2n) = cells that undergo N .
meiosis to make sperm. i@’ \ﬁ

Primary spermatocyte (2n)
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N\Q\O 5‘c’ a Second
) , meiotie /| /N

Spermatids (1n) = immature sperm cells. givlsion

:,7-' n 'VS-‘ Jg, Spermatids

Spermatozoa = mature sperm cells.  spermiogenesis
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0
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15

The Ovaries have follicles that contain a developing egg (oocyte). Once a month one
follicle & egg mature. A secondary oocyte is ovulated. The remaining follicle becomes
the corpus luteum & produces progesterone.

bd for reproduction or display.
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https://youtu.be/nLmg4wSHdxQ
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Oogenesis: Eggs in stasis as ~ Oogonium
Oogonium (2n) primary oocyte (2n)
(2n) in ovaries v
1 l from time a fetus 7 l
Primary oocyte (2n) to just before Primary
puberty. oocyte (2n)

I Meiosis 1 I First melotic division =

Meiosis 2 starts at puberty

17
17
Oogenesis: Eggs in stasis as r Oogonium
Oogonium (2n) primary oocyte (2n)
(2n) in ovaries '
- from time a fetus z l
Primary oocyte (2n) to LUSt before Primary
o puberty. : oocyte (2n)
L I Meiosis 1 { First melotic division
Meiosis 2 starts at puberty 5z [ .,p.,,.bni l
Secondary oocyte (1n) within 4 Secondary
a “Graafian follicle” oocyte (1n)
Not i metapnase ovulated

- 2 ° ooctye is “ovulated” once/month
- graafian follicle becomes corpus luteum
“CL” produces progesterone ~14 days

fertilized B

If no fertilization, ——
secondary oocyte o oy
disintegrates ~ Fertilized

~\_ Spermatozoon fertilize
\ secondary oocyte

Progesterone = hormone released from
CL that maintains uterus in pregnancy-
friendly state. Prevents egg development
and ovulation.

Monthly, from puberty to menopause
A

18
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Steroidogenesis (Male & Female) =

The hypothalamus produces
regulatory hormones

that either stimulate or inhibit
anterior pitultary hormone
secretion

review — Hypothalamus endocrine function:
> communicates between nervous and endocrine systems
> Secretes “releasing hormone” to stimulate gonads =

> This stimulates anterior pituitary to secrete &

> FSH stimulates

> LH stimulates testosterone production in testes, and estrogen

production, ovulation, and corpus luteum formation in ovaries.

19
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Steroidogenesis e
® |ntegrating center
. [ ] L]
Hypothalamic neurons o Hypothalamus < - - =~ - ; Effector

secrete “releasing

I
hormone” GnRH

Anterior pituitary responds 4

QUES: How does hormonal birth

|
|
I
I
I
I
I
I
Anterior I control work??
to GnRH by secreting LH & e pituitary 1|
FSH: — I
- /\ |
I
I
I
Gonadotropin :
|
|
. Sex steroids :
= B — — — — — = — = i
Testes Ovaries
LH - l LH—
FSH - Gametes 20
(sperm or ova) FSH —
20
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> ‘f&t{f'ﬁ;_#_ CLINICAL APPLICATIONS
)

\:," About 60 million women worldwide currently use oral contra-
'!f} ceptives (birth control pills). These contain a synthetic estrogen
" combined with synthetic progesterone, which are taken each day
for 3 weeks after the last day of the menstrual period. Placebo pills are
taken for the fourth week. to cause a fall in the blood levels of estrogen
and progesterone so that menstruation can occur. The birth control pills
immediately produce high blood levels of estrogen and progesterone,
mimicking the luteal phase and causing negative feedback inhibition
of FSH and LH. Thus, no follicles grow and ovulate (so fertilization is
prevented), and no corpus luteum can be formed. The newer contracep-
tive pills have other benefits: they may reduce the risk of endometrial
and ovarian cancer, as well as osteoporosis. However, they may also
increase the risk of breast cancer, and possibly cervical cancer. Each
woman should consult with a physician to weigh the potential benefits

and risks in light of her own medical situation and family history.
21

21

Review

Male reproductive anatomy & physiology

- male sexual structures
- physiology of an erection
- reproductive problems (ED, BPH)

Gametogenesis
- spermatogenesis
- oogenesis

Steroidogenesis

- Hypothalamic-pituitary-gonadal axis
- negative feedback inhibition of steroidogenesis

22

22
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External genitalia
> Vulva= labia major & minor i
> Clitoris= erectile tissue with sensory;r
(similar to head of penis)

Internal structures: \

\ \
Vagina = copulatory & birth canal. \ W
Uterus = muscular sac capable of ‘
supporting developing fetus. \
> Fallopian tubes= paired tubes that ca
transport fertilized egg from ovaries
uterus.

> Cervix=entryway into uterus from
vagina.

> Endometrium= secretory layer of
uterus. sagittal section
> Myometrium= muscular layer of uterus,

responds to oxytocin & prostaglandin.

Ovaries = paired gonads making eggs, estrogen & progesterone. 23

23

External Genitalia

Clitoris = equivalent of glans penis. Same sensory nerves & erectile tissue

Labia minor = smaller inner labia

Labia major = larger outer labia

Vestibule = tissue surrounding urethral & vaginal openings. Prone to tearing
during childbirth!

! Question:
Fig. 6.10 mons pubis

What is an episiotomy?

glans clitoris

labia majora

urethra
vagina

[Click the film strips
below to see YouTube
labia minora Videos of the following:
(spread,
exposing
vestibule)

episiotomy

anus

24
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https://www.youtube.com/watch?v=2QgYwXfekJ8

The Uterus

* Endometrium - inner layer where implantation (attachment) of
fertilized egg occurs

* Sloughs off if no pregnancy occurs (menses)

* Myometrium — middle layer of smooth muscle = childbirth,
sperm propulsion  Contracts in response to oxytocin

* Perimetrium (visceral peritoneum)—outermost serous layer

Uterine

Round ligament of uterus

Uterus wall has /l [ : %ﬁ:omyﬂ:m wai o

3 layers: - — Cervical canal

25

25

Human uterus: normal Vs
menstrual

Eshare this image with you. In my hand
are |ifé'Sized replicas of a non-menstruating
uterus and'a menstruating uterus

26
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Uterus and Child Birth
Epidural Anesthesia

Spinal cord

Catheter

Epidural needle

- Epidural space

(]
)

)

- 27
delivery epidural C-sec

27

Endometriosis = when endometrial tissue of uterus wanders out of uterus
to different locations. Still responds to progesterone by proliferating, and then
shedding when progesterone declines each menstrual cycle. *Painful!

Fallopian tubes 10% of women

15-44 yrs

Click EEEE to

read more
about it.

Patches of

! endometriosis
Womb lining

(endometrium) Womb

(uterus)

Neck of womb
(cervix) Vagina

28

28
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https://youtu.be/Xath6kOf0NE?t=2
https://youtu.be/zke71z-aers?t=1
https://youtu.be/xyN48VnRYUY?t=7
endometriosis_endometri.mov
https://www.hopkinsmedicine.org/health/conditions-and-diseases/endometriosis

Uterine Fibroids = benign (noncancerous)
growths of myometrium, which often appear =
during childbearing years. ~80% women aged 50 @ = <4
yrs and up )

Sub-
Also called leiomyomas (lie-o-my-O-muhs) or mucous
myomas.

Are NOT associated with an increased risk of
uterine cancer (almost never develop into cancer)

Symptoms:

May have none

Heavy menstrual bleeding
Pelvic pressure / pain
Backache
Frequent/difficult urination

29

s CLINICAL APPLICATIONS

The majority of hysterectomies (surgical removal of the uterus) are
i/ performed because of uterine fibroids (leiomyomas). These are
" nonmalignant (noncancerous) neoplasms (growths) in the uterus
that also include abundant extracellular matrix. Fibroids can be as
small as 10 mm or as large as 20 ¢cm, and produce such symptoms
as pelvic discomfort and profuse menstrual bleeding. Uterine fibroids
have receptor proteins for estradiol and progesterone, which can stim-
ulate their growth. Because most fibroids are located within the uterine
wall, they usually can be surgically removed only by a hysterectomy.

30

30
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The Fallopian Tubes

Ectopic Pregnancy =
(basically anywhere except within the uterus). Frequency of 2% among women, and

responsible for 10 — 15% of maternal deaths!
Copigto ke i

Tubal isthmus) ~ Tubal (ampullar)

Viliof chorion
Placerta frondosum

Interstitial

Ovarian
Infundibular (ostial)

@—Abdominal

www.aafp.org/afp/2000/0215/p1080.html

Peritoneal

31

&l Umbilcal blood vessels

Danger of an Out-of-place pregnancy = only uterus & its strong ligaments
can support weight of growing fetus. Only endometrium capable of forming a
fully functional placenta. All other tissues not compatible for pregnancy.

Ectopic pregnancy

Ruptured
fallopian tube

An ectopic pregnancy is NEVER viable for the
embryo AND is life-threatening for the mother 32

32

4/11/2025
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http://www.aafp.org/afp/2000/0215/p1080.html
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HPV - human papilloma virus. Present in 50% of sexually active adult
population. Can cause polyps and warts at site of contact.
Can lead to increased risk for cancer.

Cervical polyps

- i
I } |
" Sagittal view

As viewed through a speculum

Cervical warts

33

HPV Vaccine - 2006

- Gardasil marketed by Merck & Cervarix by GlaxoSmithKline
- Both are set of 3 vaccinations given over a 6 month period.

Only Gardasil is:
- Effective against 4 strains HPV — 2 which cause cancer & 2 which cause warts
- Tested & recommended for 9-26 yr old girls AND boys
(younger is better - before sexual exposure!)
- Can get up to 21-26 yrs but protection goes down w/sexual exposure.

17


http://www.cdc.gov/hpv/parents/vaccine.html
https://www.cdc.gov/hpv/parents/vaccine.html

Since 2018 ....

HPV infections targeted by vaccine have decreased
since vaccination was introduced

Among teen girls' Among young women'

88% 81%

HEALTH CARE
PROVIDERS should

recommend HPV
vaccination for all
patients at age 11 or 12

HPV can cause some cancers in women and men
HPV vaccination is cancer prevention

* HFY vacchtion ints
| Pressiesne of WY typ

n%
e by The quadenaent FIY worcioe emvseg ferrales aqed 1415 youss and v aged 10-M s n 20152018 commpared with 2033 2006,

Y ovnation # ) ecesmended fod varyone Thrvuch age 26 phan i sed adequtety u.zq:um'-:h"yl-’OIzaz
Click [JT3:3 to read more about HPV vaccine from CDC. 35
35
Ovarian cycle Ownoe

Days: 1-13 =
Egg development from FSH

FSH i

Gonadotropin secretion

Day 14 = ovulation (LH high)

FSH U gy

Ovarian events

Follicular phase Ovulation Luteal phase
|

conpus Iulsum Corpus luteum regresses

Days 15-28 - CL makes  Dovpginse MRt
progesterone °9 € b O . @ @ e

Days 1 7 [14 21

Menstrual cycle

Days: 1- 5 = menstruation

15 - 28 = endometrium thick
Because of progesterone

After day 28, if no fertilized
egg, CL disintegrates

@ Thickness of endometrium _Ovafh hormone secretion

3

vaeslevy
Estrogen
ns

nges'emﬂe

. . . ys. 1
Endometrial lining breaks down,_.. P r—

36
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https://www.cdc.gov/mmwr/volumes/70/wr/mm7012a2.htm#F1_down
https://www.cdc.gov/mmwr/volumes/70/wr/mm7012a2.htm

IF no fertilization:

» Corpus luteum breaks down and stops progesterone secretion @day 28.

» Without progesterone, endometrium secretes prostaglandin, which cause
uterine contractions to expel menstrual tissue.

» Menstrual flow — egg and lining shed

Ovary

/ Secondary follicle Oocyte primary follicle \

Primordial follicle

= ko 4
\ A Degenerating
) corpus luteum
g (corpus albicans)
- -
AN Corpus luteum
—Q Ovulation

Ovum (Egg) Developing corpus
luteum

Figures were produced using Servier Medical Art: wwwiservie.com

37
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IF no fertilization:

» Corpus luteum breaks down and stops progesterone secretion @day 28.

> Without progesterone, endometrium secretes prostaglandin, which cause
uterine contractions to expel menstrual tissue.

» Menstrual flow — egg and lining shed

Ovary

f Secondary follicle Oocyte primary follicle \

// “7”:i’" Primordial follicle
- : “alant @@ &7 e "\Z-/
Y Pregnant ! >
Qimm u) 1 /

Graafian folllcle\;‘ Y
| %
¥ NG A Degenerating
ﬁ‘ 4 (corpus albicans)

Corpus luteum
—Q Ovulation .
Developing corpus

luteum
I F ferti I ization . Figures were produced using Servier Medical Art: www.servie.com
» Embryo makes hCG within 1 week (the hormone pregnancy tests detect)
» hCG “rescues” corpus luteum — it keeps making progesterone ~ 1month (until
placenta forms and takes over progesterone production).

Owvum (Egg)’

38

38
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CLINICAL APPLICATIONS

¢ Because hCG is secreted by the cells of the chorionic membrane of
the embryo, and not by the mother’s endocrine glands, all pregnancy
* tests assay (test) for hCG in urine or blood. Modern pregnancy tests
detect the beta subunit of hCG (one of two different polypeptide chains
that comprise the protein), which is unique to hCG and provides the
least amount of cross-reaction with related hormones. Pregnancy tests
use monoclonal antibodies (produced by lymphocyte clones; see chap-
ter 11), which are specific for the beta subunit of hCG and are produced
by animals such as rabbits injected with hCG. Home pregnancy tests,
using monoclonal antibodies that react with hCG in urine, are generally
accurate in the week following the first missed menstrual period.

39

39

Polycystic Ovarian Syndrome = follicles in ovary fill with fluid (cysts). Painful
condition that decreases fertility. — .
~ 8 —13 % of reproductive aged women
Treatment:
40
40
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TROUBLE CONCEIVING ‘
OR INFERTILITY

MOOD CHANDES

®
ACNE .
.0.

FATIGUE Z Z

INSULIN
RESISTANCE

HIGH TESTOSTERONE
LEVELS

2

PCOS SYMPTOMS

EXCESSIVE BODY
HAIR GROWTH

WEIGHT CHANGES AND
TROUBLE LOSING WEIGHT

OVARIAN CYSTS

’ LOW SEX DRIVE

IRREGULAR OR
MISSED PERIODS

MALE PATTERN BALDNESS
THINNING HAIR

41
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Ovarian cancer

Percent of New Cases by Age Group: Ovarian Cancer

25 24.5% 24.1%

16.0% 15.5%

Percent of New Cases

71% 7.0%
4.5%
1.4%

<20 20-34 35-44 45-54 55-64 65-74 75-84 >84
Age

SEER 22 2016-2020, All Races, Females

Ovarian cancer is most frequently
diagnosed among women aged
55-64.

Median Age
At Diagnosis

63

4

42
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Ovarian Cancer

Stage 1 Stage 2 Stage 3

Cancer Tissue

Cancer is found in one or Cancerous cells have spread Cancerous cells have spread The cancer has spread
both ovaries. from the ovaries to other parts outside the pelvis to the nearby beyond the abdomen, such
of the pelvis, such as the lymph nodes, diaphragm, as to the lungs or spleen.
fallopian tubes or uterus. intestines, or liver.
43
43
. . /41 Ovarian tumor
Ovarian cancer (Cllck@ to read more) , /,g_\‘\
= =
/ ) N
. A e {2-.' A
4 risk factors include: £ %)
> Genetics (close female relative had it) ~—
> Have had more ovulations in life Ovarianicyst
) = —y =
(never been on hormonal birth control or been e ‘(iﬂy //’;3:\
pregnant) , /( = /@)
>Have mutation in the BRCA gene ; e
FADAM.

> Polycystic ovarian syndrome
> hormonal problems

J risk factors include:
> not have genetics
> no mutation in BRCA gene
> fewer ovulations in life
(have on hormonal birth control — 50% decreased risk

have been pregnant — lower risk)
Question: Why do you think having been on birth control lowers risk of ovarian cancer??

44

44
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https://ocrahope.org/get-the-facts/statistics/

Ovarian and Breast Cancer and the BRCA Gene:

BRCA Gene = tumor suppressor gene that normally
suppresses tumor growth (a good thing!)

Mutation in BRCA Gene — means the gene does not
suppress tumors. Mutation in this gene associated with
increased risk for ovarian & breast cancer. People positive for
the gene mutation can pass it on to their children. Each BRCA 1 mutation
child has 50% chance of inheriting the gene mutation.

Angelina Jolie

Can get blood test for it.

CA-125 test = cancer antigen 125 (a non-genetic test)
increased levels of this in blood associated with  risk of ovarian cancer
(separate from BRCA gene)

45

45

Cancer and the BRCA Gene: Click to read more about it.
Increased risk of cancer in individuals with BRCA 1 or BRCA 2

gene mutation

Cancer Type No mutation BRCA1 BRCA 2
mutation mutation
Female Breast** 12% 65% 57%
Male Breast <1% 2% 6%
Ovarian*** 10% 46% 23%
Prostate 10% 26% 61%
Pancreatic 1.7% 3% 7%

* Children of parents with BRCA gene mutation have 50% chance of inheriting.

* * Women with BRCA gene mutation have 40% chance of recurrence of cancer if they did not
get estrogen blocker treatment or have ovaries removed.

* ** Women with BRCA gene mutation are 100 times more likely to develop cancer in fallopian
tubes, before ovaries. 46

46
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https://en.wikipedia.org/wiki/BRCA_mutation

Click for a YouTube video | made about my breast cancer story
AND the BRCA gene mutation.

Pl o) 004/544

breast cancer double mastectomy part 1
47

47

Review

Female reproductive anatomy & physiology

- reproductive structures
- ectopic preghancy & endometriosis, uterine fibroids

- HPV, warts, cervical cancer, HPV vaccine, ovarian & breast cancer
- review of oogeneis

- menstrual & ovarian cycle

- role of hCG in rescuing corpus luteum in pregnancy

- polycystic ovarian syndrome

- tests for cancer (CA-125 antigen and BRCA gene mutation)

48

48
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https://youtu.be/NlITqPT8cU4
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