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Objectives

Recognize the hypothalamic-pituitary-ovarian (HPO) axis.

Describe the physiological phases of ovarian and endometrial cycles.

Describe the structural changes that occur in the ovaries and endometrium during
menstrual cycle and explain how these changes are hormonally regulated.
Describe the development and the fate of corpus luteum.

List the female hormones and describe their physiological functions

Describe the physiology of menopause and the disorders of menstruation.

Keywords: 173-estradiol, progesterone, graafian follicle, ovulation, corpus luteum.

Click here for the team channel!

This Lecture was presented by:
PROF.MOHAMMED ALOTAIBI & Dr.Laila Al Dokhi.
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Introduction

Monthly Ovarian Cycle: Monthly rhythmical changes in the rates of secretion of female Female

slides

hormones & corresponding physical changes in the ovaries & other sexual organs
Duration of the cycle: average 28 days (20-45 days)
There are two results of the female sexual cycle:
e Single ovumisreleased from the ovaries each month
e  Uterine endometrium is prepared for implantation for
the fertilized ovum.

By 16-20 weeks gestation: 6-7 million oogonia.  Mae ] Malo
At birth: I-2 million oocytes. ?\gary Fun.ctlons.

ogenesis.
At puberty: 300,000 to 500,000 oocytes. 2 Secretion of estrogens and progesterone.

400-500 oocytes will normally ovulate during
women's entire reproductive life.
By menopause: few, if any, oocytes remain.

Gonadotropic Hormones and
their effect on ovary

e  Theovarian changes during the reproductive cycle depend on FSH & LH secreted by AP. Female
e Inthe absence of these hormones, the ovaries remain inactive throughout childhood.
e At puberty the AP starts to secrete FSH & LH which lead to the beginning of monthly reproductive cycles.
e  First menstrual cycle is called menarche.
e  Both FSH and LH stimulate their ovarian target cells by combining with highly specific receptors to
increase
o  -Rates of secretion,
o  -Growth & proliferation of the cells.
! Ovarian cycle Y
Follicular phase Luteal phase
(Preovulatory) (postovulatory)
Ovulation
(Dominated by (Dominated by
Estradiol) Progesterone)

Menstruation
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Ovarian cycle: Follicular phase
Ovavrian follicle growth

Extra

< Infemale child each ovum is surrounded by
single granulosa cell sheath called primordial e quw o
follicle. =% 5
During childhood < The granulosa cells: ‘ :

v Prinarycocye
(1102 mlion ocytes) (@) Gressnpopasa

» Provide nourishment for the ovum. e

» Secrete oocyte maturation inhibiting factor which e’ @ szt
keeps the ovum in its primordial state.

[on——
\
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(mato) e

% APsecrete FSH and LH which: s
» Stimulate the ovaries and result in growth of some O .
follicles.

» Growth of the follicle begins with increase in size of
the ovum & growth of additional layers of granulosa cells [ ey s erdosed s folcle

Of Some f0||iC|eS. Granulosa cells)
» At this stage it is known as primary follicles.

After puberty

Folliculogenesis
& Stages of follicular development

Explanation: 2 FOLLIGLE:  GRaAAFIAN

Before puberty: I the ovaries, we have the oocyte surrounded by a single layer of granulosa/follicular cells called the Female child STihon mend I —

primordial follicle. This is only present during childhood. The main function of the single layer of follicular cells in msoRAL UniAAR MOLTILAKINAR Antrum fomes Ovum  (masure) ondle
childhood is protection, nourishment and secretion of maturation inhibiting factors. FoLLicwE MARY -

At puberty: FSH will be secreted. This FSH will be increased gradually stimulating the receptors present on the

follicular cells. When the cells are stimulated , the following processes occur: 1- Stimulation 2- Proliferation 3- T

Enlargement

The follicular cells over the ovum increase in size becoming a double layered cell.

As long as FSH is secreted , the follicles increase in size until they reach the pre-antrum. As the follicles increase in size ,
spindle shaped cells develop in the stroma of the ovaries. They are called

theca cells. The greater the size of the ovaries , the more theca cells develop. Theca cells have 2 types: interna and externa.
Theca interna cells develop in the exterior portion , after that theca interna develops. LH will be secreted and attached
only to theca interna cells. Once the LH stimulates the theca interna cells, it will secrete the male androgen which are Gorpus aibicans
the weak androgens. The androgens will diffuse to the adjacent granulosa cells. Then by the action of aromatase
enzyme present in the granulosa cells , it will convert the weak androgens into estrogen. This estrogen is dependent Comus
on the estrogen precursor which is the male androgens and it will be stored in the antrum ( fluid filled space filled
with estrogen). As long as the follicles increase in size, the antrum will also increase in size causing the ovum to get
embedded at one side. By about the 12th day , the follicle will be ready to rupture. The follicle will send great amounts
of estrogen to the anterior pituitary causing it to secretes high amounts of LH. This is known as the LH surge. LH will
now attach to the theca externa/capsule of follicles leading to proliferation followed by increase in size then
weakening of the wall. The wall will protrude forming a nipple fike structure called stigma of the follicle.( weakest
point in follicle). As long as LH increases , the weaker the faMictilar wall gets leading to degeneration of the stigma and

s
a radiata

Degenerating

corpus luteum -
BS ation
Corpus luteum

Ovum
Corona radiata

then rupture.




Ovarian cycle:Follicular phase

Female

During the first few days of the monthly female reproductive cycle i
there is increase in secretion of FSH and LH:

Increase in FSH is slightly more & earlier There is proliferation of the granulosa cells to
than LH which causes the acceleration of many layers. The ovary interstitium collect in
growth of many primary follicles each several layers outside the granulosa cells to form a
month. second mass of cells called theca.

This theca is divided into TWO layers:

I. Theca interna, the cells have epithelioid 2.Theca externa, the outer layer, develops into
characteristics and similar to the granulosa a highly vascular connective tissue capsule of
cells and secrete sex hormones (estrogen and the developing follicle.
progesterone).
Female
slides

% Few days after proliferation & growth of the follicles, the granulosa cells secrete follicular fluids
contain high concentration of estrogen.

%  This fluids accumulate to form antrum within the mass of the granulosa cells.
% The early growth of the follicle up to the antral is under FSH stimulation

Tertiary Vesicular Follicles (Known As Graafian Follicles):

Then there is accelerated growth of the follicle to larger follicle called vesicular follicle ( ) caused by.
1 2 3
Estrogen estrogen & FSH
combine to promote LH
ESH ‘ / ” receptors on the proliferation of the
receptors ositive
P P granulosa cells follicular cells & increase
feedback effect. . .
' their secretion. Follicular phase

9

------------- 4| GnRH
2

Pituitary Hypothalamus
L w i
: il

-The antral follicles begin to grow. The ovum enlarges & remains embedded at one pole

Follicle

@ LHRLHR LHR

.\ Granulosa| Thecal
'eolll cells

of the granulosa cells of the follicle.
-After a week or more of growth—but before ovulation occurs—one of the follicles begins
to outgrow all the others, and the remaining 5 to Il developing follicles involute (a process called atresia), { i N— }

0
o

=1

Low levels of estrogen and inhibin negatively feed back on FSH



Ovarian cycle:Ovulation
(Needs LH surge)

Luteinizing hormone

Follicular steroid hormones
(progesterone)

Proteolytic enzymes Follicular hyperemia
(collagenase) and
prostaglandin secretion

Weakened follicle wall Plasma transudation
l\ into follicle
Degeneration Follicle swelling
of stigma |

Follicle rupture

Evagination of ovum
Figure 82-6. The postulated mechanism of ovulation.

Female
slides

» Initiation of Ovulation:
Large quantity of LH secreted by the AP causes rapid
secretion of progesterone from the follicle few
hours.

» Two events occur which are necessary for
ovulation:

I»The theca externa begins to secrete proteolytic
enzymes & causes weakening of the wall result in
swelling of the follicle & degeneration of the stigma

2»Rapid growth of new blood vessels into the
follicle wall & prostaglandins are secreted into the
follicular tissue.

Those two changes causes swelling of the follicle &
plasma transudation into the follicle & degeneration
of the stigma with discharge of the ovum.

LH surge during Ovulation

Two Days before ovulation, the rate of LH secretion from the AP increase markedly

to 6-16 fold & peak about 16 hrs before ovulation.

FSH also increases to 2 to 3 fold & acts synergistically with LH

6004

5
4004
200 4——ESH

to cause rapid swelling of the follicle before ovulation. :
LH has specific effect on the granulosa cells & theca cells converting them to
progesterone secreting cells so the rate of estrogen secretion begins to fall about |
day before ovulation while progesterone secretion begin to increase.

The LH surge induces release of inflammatory cytokines and hydrolytic enzymes
from the theca and granulosa cells, which lead to the breakdown of the follicle

wall.

W It occurs 14 days after the onset of menstruation in 28
days cycle. <»14cmetosndio

W Before ovulation, a small area in the center -
of the follicle called stigma, during ovulation -
stigma protrude & fluids ooze from the follicle.

m The stigma ruptures allowing more viscous fluid
outward carrying with it the ovum surrounded _
by mass of granulosa cells called corona radiata. |
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2° FOLLICLE GRAAFIAN
Theca folliculi FOLLICLE
Granulosa cells /™
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Ovarian cycle: Luteal phase

Luteal phase of the ovarian cycle:

. After expulsion of the ovum from the follicle, the . The corpus luteum grow to about 1.5 cmin
remaining granulosa & theca interna cells change to lutein diameter, at about 7 to 8 days after ovulation.
cells & become filled with lipid inclusions giving them & Then begins to involute & losses its secretory
yellowish appearance. function & its yellowish characteristic about 12
& The granulosa cells with the theca cells called corpus days after ovulation becomes corpus albicans &
luteum. replaced by connective tissue & absorbed.

., The granulosa cells in corpus luteum develop extensive
intracellular endoplasmic reticula & form large amount of
progesterone & estrogen.

[

Luteinizing function of LH

After extrusion of the ovum from the follicle the following changes
occur:

If pregnancy occur, the chorionic gonadotropin hCG from the placenta act
on the corpus luteum to prolong its life for 2 to 4 months of pregnancy.

Involution of corpus luteum and onset of the next ovarian cycle

Female

4 Lutein cells of the corpus luteum secrete: slides
Progesterone & Estrogen which Inhibin which inhibit secretion of
inhibit the secretion of FSH & LH. FSH by AP.

4+ Low levels of both FSH & LH & causes the corpus luteum to degenerate completely, called involution

of the corpus luteum.

4+ Around 26th days of normal reproductive cycle & after involution of corpus luteum, sudden cessation of
secretion of estrogen, progesterone & inhibin removes the feedback inhibition of the AP & allowing increase
secretion of FSH & LH again.

4 FSH & LH initiate the growth of new follicles, beginning a new ovarian cycle.




Uterine cycle

Monthly endometrial cycle and menstruation: associated with monthly cyclical production of
estrogens & progesterone by ovaries, endometrial lining of uterus pass through the following

stages:
1-Proliferative (estrogen) 2-Secretory (progestational) 3-Menstruation: if the
phase: before ovulation. phase: after ovulation. ovum is not fertilized.

FOLLICULAR PHASE OVULATION LUTEAL PHASE

S SIC

Progesterone

Estradiol

| |
MENSTRUAL PHASE E PROLIFERATIVE PHASE i SECRETORY PHASE
1 '

{

B, o ity

Time (days)

Figure 82-9. Phases of endometrial growth and menstruation during each monthly female sexual cycle.

1-Proliferative (Estrogen) phase

At the beginning of each cycle, most of the endometrium has been desquamated by menstruation.

After menstruation only thin layer of the endometrial stroma remains & the deeper portions of
the glands & crypts of the endometrium.

Under the influence of estrogens, secreted in large quantities by the ovaries, the stromal cells &
epithelial cells proliferate rapidly.

The endometrial surface re-epithelialized within 4-7 days after the beginning of menstruation.

Before ovulation, the endometrial thickness increases due to increase in the number of stromal
cells, progressive growth of the glands & the new blood vessels.

At the time of ovulation, the endometrium is 3-5 mm thick. The endometrial glands in
cervical region secrete a thin, stringy mucus which helps to guide sperm in the proper
direction from the vagina into the uterus.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8906247/
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2-Secretory (Progestational) phase

After ovulation, in the later half of monthly cycle *:
Estrogen & progesterone are secreted in

- Estrogen = slight endometrium proliferation.

- Progesterone = marked endometrial swelling & secretory development.
Increase in gland tortuosity & excess secretory substances accumulate in glands.
Increase endometrial blood supply = become more tortuous.

Increase Stromal cells cytoplasm with 1 lipid & glycogen deposits.

by corpus luteum.

Peak of secretory phase, around one week after ovulation:
- Endometrium thickness: 5 - 6 mm.

Secretory changes prepare endometrium (stored nutrients) for fertilized ovum
implantation ".

Uterine secretions (uterine milk) provide nutrition for the dividing ovum.

Trophoblastic cells on implanted ovum surface begin to digest the endometrium &
absorb endometrial stored substances” .

Feedback oscillation of the hypothalamic-pituitary-ovarian system: Postovulatory

secretion of the ovarian hormones and depression of the Pituitary gonadotropins *:
During the Postovulatory phase (between ovulation & beginning of menstruation) *: corpus luteum
secrete large quantities of progesterone, estrogen & inhibin > negative feedback effect on AP &
hypothalamus = inhibit FSH & LH secretion.

- Lowest FSH & LH level: 3 - 4 days before the onset of menstruation.

Menstrual
“ﬂow
Functional ~|: O vd
layer B
Basal layer { )g
Days 1 5 10 15 20 25 28
Menstrual ‘ Proliferative ‘ Secretory
phase phase phase
g 15
- g Estrogens
10
1)
E . 5 YOU DONT JUST LEARN ABOUT
_a PW THE REPRODUCTIVE SYSTEM,
as
0 7
Days 1 5 10 15 20 25 28 | &
Menstruall  Proliferative Secretory f e V' N 4
phase phase phase /& YOUENDUREIT-~~




3-Menstruation

24 hours preceding the menstruation:

release of prostaglandins (vasoconstrictor) -
vasospasm of tortuous blood vessels = necrosis is
initiated in the endometrium, especially blood
vessels, due to:

I-Vasospasm.

2-4 nutrients to endometrium.

3-Loss of hormonal stimulation.

-Gradual necrosis of endometrial outer layer >
separation from uterus at hemorrhage sites.

The mass of desquamated tissue & blood
+ contractile effects of prostaglandins -
initiate contractions - expel uterine
contents.

Within 4 to 7 days after menstruation: blood loss
ceases & endometrium become re-epithelialized.

If Ovum is not fertilized, about 2 days before the end
of the monthly cycle:

I-Corpus luteum involutes.

2-Estrogens and progesterone  to low levels =
endometrial stimulation > endometrial involution
(= 65% of its previous thickness).

48 hours after the onset of menstruation:
all endometrial superficial layers desquamated in the
uterine cavity.

Normal menstruation: = 40 ml of blood (fibrinolysin
presence -> non-clotting)
+ 35 ml of serous fluid are lost.

Leukorrhea during menstruation: leukocytes are
released with necrotic material & blood - uterus is
highly resistant to infection (protective
mechanism).

Estrogen & Progesterone -

Estrogen

uterus, and external genitalia.

< Estrogens cause marked proliferation of the
endometrial stroma and greatly increased
development of the endometrial glands.

%  Estrogens cause:

<&  Development of the stromal tissues of the

breasts

2o Growth of an extensive ductal system

¢ Deposition of fat in the breasts.
protein deposition.
deposition.

kidney tubules.

< Estrogens increase the size of ovaries, fallopian tubes,

< Estrogens stimulate bone growth and slightly increase
< Estrogens increase body metabolism and fat

< Estrogens cause sodium and water retention by the

Progesterone

%  Progesterone promotes the secretory
changes in the uterine endometrium.

%  Progesterone promotes increased
secretion by the mucosal lining of the
fallopian tubes.

%  Progesterone promotes development of
the lobules and alveoli of the breasts,
causing the alveolar cells to proliferate,
enlarge, and become secretory.

3 Progesterone decreases the frequency and

intensity of uterine contractions.



Menopause

- Age: (45 - 51) years.
- Pathogenesis: estrogens production falls below critical value -> no gonadotropin (FSH & LH)
inhibition = sexual cycle becomes irregular + ovulation fails to occur = cycle ceases.

@ Removal of negative feedback effect - 1 secretion of FSH & LH.

Physiological changes due to estrogen loss:

Hot flushes, characterized by

extreme flushing of the skin. Fatigue Occasionally various

psychotic states.

Psychic sensations and

dyspnea.
Anxiety Decreased strength and calcification of
bones throughout the body
Irritability
Menstrual Disorders
Primary amenorrhea: in which menstrual bleeding has never occurred.
Secondary amenorrhea: Cessation of cycles in a woman with previously normal
periods. Causes:
Amenorrhea e  Pregnancy (the most common cause).

e  Emotional stimuli and changes in the environment.
e  Hypothalamic diseases (decreased GnRH pulses).
e  Pituitarydisorders ( )

(absence of menstruation)

Hypothyroidism (TRH stimulates prolactin which decreases GnRH)
e  Primary ovarian disorders and various systemic disease.

Menorrhagia Refers to abnormally

Hypomenorrhea Refers to scanty flow.

Painful menstruation (cramps due to accumulation of prostaglandins in the
Dysmenorrhea uterus)



Graphs/ Summaries

Basal body temperature Day 14

Early Follicular Phase (Days 0-5)

* Granulosa cells secrete activin, a hormone that 1) 1 FSH
production by pituitary, 2) 1 FSH receptors on granulosa

cells, and 3) { theca cell androgen production.

This effct imits conversion to estrogen, preventing.

estrogen from negatively feeding back on anterior

pituitary which would reduce FSH production

Day 28
Late Follicular Phase (Days 5-14)
* Granulosa celsof dominant folicle switch to secreting
activin. Inhibin 1
pituitary, and 2) helps LH 1 theca cell production of
androgens (leading to 1 conversion to estrogen)
+ The 1 in estrogen during this time:
1.1 FSH receptors on the follicle

Resulting high FSH level stimulates
By Day 5, the dominant follicle (the one most responsive
to FSH) will be selected to continue growing (mechanism
for this “selection” unclear, but this follcle is also the first
to switch from activin to inhibin, and that inhibin 4 the
FsH such that other follicles are not as stimulated).

2 Negat 2
FSH production (dominant folicle st grows because
of greater number of FsH receptors)

3.1 number of LH receptors on granulosa cells of the
follicle, preparing for ovulation (see Ovulation
Explained side)
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Note
1) Inhibin and activin are named for
their effect on the anterior pituitary's
FSH production.

2) Timely balance in steroid secretion
between theca and granulosa cellsis key
to normal follicle growth. Disruption of
this balance can lead to menstrual cycle
disorders. l.e. early estrogen secretion
> inhibits FSH secretion too early >
lack of follicle growth (this is one
mechanism behind Polycystic Ovarian
Syndrome, PCOS).

Legend: Mechanism

Finding  Complicati

Progesterone

Menstrual Cycle Physiology: the Uterine Cycle
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The endometrium has
receptors for ovarian
he
17p-Estradiol Changes in structure and
secretory capacity of the
eendometrium occur in

Endometrial
thickness

response to hormonal

1 ‘publication

changes in the ovarian cycle.

Proliferative
{ Phase.

Menses

Secretory
Phase

The sudden drop in progesterone after
days of high blood progesterone
concentration leads to:

!

Estrogen secreted during the
follicular phase stimulates
endometrial growth:

—

Progesterone from the corpus
luteum stimulates endometrial
secretion of:

endometrium
tissue

Deathofthe  Hemorrhaging of blood Endometrial  Blood vessel networks
vessels in endometrium; cells enlarge  in the endometrium  progesterone
washes dead tissues out and divide expand receptors |

Menses (shedding of
endometrium)

Ovarian Cycle

1. Follicular Phase (Days 1-14)

9 ation (release
of egg from follicle)

3. Luteal Phase oays 14-

L L T O O I O
10 12 14 16 18 20 22 24 26 0 2

Day of cycle

Note: The drop in progesterone concentration that triggers menses is the
(used totest if a woman is hypo-estrogenized). If a woman is making estrogen (i.e. if ovuncslln\lldcsam functioning), endometrium will be
built up, so a short course of progesterone (10-14 days) willinduce menses within 3 days once the progesterone s stopped. If woman is
hypo-estrogenized (i.e. ovarian failure, menopause) > no >no

!

Readies endometrium
forimplantation

r
Nutrient-rich 4 glycogen
mucus. content

Provides a suitable,
nutritious substrate
for the (possibly
fertilized) ovum

termination of

Legend: Mechanism

THE MENSTRUAL CYC

Uterine Cycle

OVARIAN CYCLE

. Menstrual Phase (Days 1-5)

inner layer of

LOW
ESTROGEN
AT THE END OF
MENSES

us luteum

2. Proliferative Phase (Days 6-14) ESTROGEN

w stratum functionalis due to rise

FOLLICULAR PHASE

OVVU.ATION!

UTERINE CYCLE

PROLIFERATIVE PHASE: INFLUENCED BY ESTROGEN,
THE THICKNESS OF THE ENDOMETRIUM RAPIDLY INCREASES

SECRETORY PHASE: INFLUENCED BY PROGESTERONE,
THE LINING BECOMES HIGHLY VASCULAR AND EDEMATOUS
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2= MCQs

A young woman is given daily injections of a substance beginning on the 16th day of her normal
menstrual cycle and continuing for 3 weeks. As long as the injections continue, she does not
menstruate. The injected substance could be which of the following?

Testosterone FSH An inhibitor of HCG
progesterone’s actions

During the 12-hr period preceding ovulation, which of the following is true?

The plasma A surge of luteinizing The surge occurs The surge followed
concentration of hormone is secreted immediately after the immediately by a fall in
estrogen is rising from the pituitary formation of the corpus the plasma
luteum concentration of
progesterone

During the first few years after menopause, follicle-stimulating hormone (FSH) levels are normally
extremely high. A 56-year-old woman completed menopause 3 years ago. However, she is found to have
low levels of FSH in her blood. Which of the following is the best explanation for this finding?

She has been receiving  Her adrenal glands Her ovaries continue to ~ She took birth control
hormone replacement continue to produce secrete estrogen pills for 20 years before
therapy with estrogen estrogen menopause

and progesterone since
she completed
menopause

If a woman has a tumor secreting large amounts of estrogen from the adrenal gland, which of the
following will occur?

Progesterone levels in Her luteinizing She will not have All of the above
the blood will be very hormone secretion rate  normal menstrual
low will be totally cycles

suppressed
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