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Learning Objectives

Normal menstrual physiology — overview and abbreviations
Pituitary — Ovarian axis

Primordial follicles to dominant follicle

Ovarian follicle micro structure

Cycle phases

FSH and LH surge and menses cycle

Corpus Luteum and progesterone effect

Menses

Perimenopausal status

Clinical conditions leading to menstruation
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Normal Menstrual Physiology

cycle phases

* Follicular phase

* begins with the onset of
menstrual flow and ends on
the day before the luteinizing
hormone (LH) surge

* Luteal phase

* begins on the day of the LH
surge and ends at the onset
of the next menstrual period




Normal Menstrual Cycle
Hormonal Changes
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Preovulatory
follicle

Normal Menstrual Physiology

Abbreviations

* Estradiol (E) A
Basement ty

* Progesterone (P) _ P ne . i
Cumulus pellucida ccw
* Gonadotropin-releasing hormone (GnRH) _ oophorus o
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* Follicle-stimulating hormone (FSH)
* Luteinizing hormone (LH)

* Transvaginal Ultrasound (TVU)

UNIVERSITY | MEDICAL
of NICOSIA | SCHOOL




Hypothalamic-

Ovary

P1tuitary-Ovarian

Cholesterol

S

Pregnenolone
<) l S

INhibin ———— =

Progesterone
- >

Androstenedione

<> O?

Estradiol

-«+—— Activin

Activin —— = ‘ -+———— Inhibin

Faollicylar Phase

AR}

n

Day in Mernstraal Cycle

kSteroids

Iinhibin

GnRH o Hypothalamus

b Anter
Y

’

e

a‘ar Ovulation

-e Corpus

. rhagicum

T Ol
B AL
! N 7

Sl

Luteal phase

Corpus luteum Corpus
abcans
T et
[
iprogesxefone and est!ogons]

19 20 21 22 23 24 25 26 27 28 1
Postovulatory
phase

Progestarone

~N




The Primordial follicle

Multiplication of germ cells starts during
embryonal life at 6-8 w

16 -20 w total of 6 -7 million oocytes in
both ovaries N

Non- growing follicle — oocyte arrested at
diplotene stage of meiotic prophase
surrounded by granulosa cells

At birth — 2 million of oocytes
At puberty 300.000 of oocytes

400 follicles will ovulate during woman’s
reproductive years

The mechanism determining the number
and which follicle will start growing during
each cycle is unknown

Primordial
follicle

Preantral
follicle

Antral
follicle




Events in the Preantral Follicle

o Initial Follicular development occurs independently of
hormone influence

Preantral
o FSH stimulation propels follicles to the preantral stage. S
o FSH-induced aromatization of androgen in the granulosa
results in the production of estrogen.
Antral
follicle

o Together, FSH and estrogen increase the FSH receptor
content of the follicle.

Aromatizathon

Estrig

S

Y Irhibitory

Sa reducthon




Two cell theory

HYPOTHALAMUS Preovulatory
‘ GnRH follicle
PITUTARY
LH l FSH
THECACELLS GRANULOSA CELLS ~= ——
|
ATP ATP | membrane
cAMP cAMP I Cumulus pellucida
| | oophorus
ANDROGEN A : R Antrum  Granulosa

7 AROMATASE | W& cells — _ ¢
|
EST?OGEN ——————

.

OTHER TARGET ORGANS




Events in the Antral Follicle 1

= Follicular phase estrogen production is explained by the
two-cell, two-gonadotropin mechanism

« dominant follicle selection on days 5-7, peripheral levels
of E, rise significantly day 7

= E, derived from the dominant follicle, increase steadily
and, through negative feedback effects, suppres FSH
release

« decline in FSH levels, the midfollicular rise in estradiol
exerts a positive feedback influence on LH secretion

* The positive action of estrogen also includes modification
of the gonadotropin molecule, increasing the quality (the
bioactivity) as well as the quantity of FSH and LH midcycle.

= LH levels rise steadily during the late follicular phase,
stimulating androgen production in the theca.
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Events in the Antral Follicle 2

o A unique responsiveness to FSH allows the
dominant follicle to utilize the androgen as Early Follicular Phase
substrate and further accelerate estrogen Thecs cell
production.

o FSH induces the appearance of LH receptors on
granulosa cells

o Follicular response to the gonadotropins is
modulated by a variety of growth factors and
autocrine-paracrine peptides.

o Inhibin-B, secreted by the granulosa cells in
response to FSH, directly suppresses pituitary
FSH secretion.

o Activin, originating in both pituitary and
granulosa, augments FSH secretion and action.
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Changing hormone levels during the menstrual cycle.
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INnsulin-Like Growth Factor Action in the Ovary 1

Preovulatory Follicle 1

o IGF-Il stimulates granulosa cell ey
proliferation, aromatase activity,
and progesterone synthesis. '
o IGF-Il is produced in theca cells,
granulosa cells, and luteinized
granulosa cells in the pig and rat,

the primary IGF is IGF-I.

o Gonadotropins stimulate IGF
production, and in animal
experiments, this stimulation is
enhanced by estradiol and growth
hormone.
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INnsulin-Like Growth Factor Action in the Ovary 2

Early Follicular Phase

o IGF-l receptors are present in
theca and granulosa cells,
and only IGF-Il receptors are
present in luteinized
granulosa. IGF-Il activates
both IGF-I and IGF-II
receptors.

o The most abundant IGF in
human follicles is IGF-II.

o FSH inhibits binding protein
synthesis, and thus
maximises growth factor

availability.
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Early follicular phase

low E & P levels

release from the negative
feedback effects of E, P, and
probably luteal phase inhibin A

results in late follicular phase
increase in GnRH pulse frequency
and subsequent increase in FSH

small increase in FSH secretion
appears to be required for the
recruitment of the subsequent
group of developing follicles, one
of which will become dominant
and ultimately ovulatory follicle
during that cycle

rapid increase in LH pulse
frequency at this time

Early Follicular Phase
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Early follicular phase

Early Follicular Phase

* TVUS has demonstrated that ovary is
quiescent except for occasionally
visible resolving corpus luteum from
the previous cycle

* The endometrium is relatively
indistinct during menses and then

becomes a thin line once menses is
complete

* normal to see small follicles of 3 to 8
mm in diameter at this time
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Mid-follicular phase

* Increase in FSH secretion causes
follicle growth and E production

* OQOvarian follicle granulosa cells
hypertrophy and divide,
producing increasing E via FSH
stimulation of aromatase and
then inhibin A

* Increase in E production feeds
back negatively on the
hypothalamus and pituitary,
resulting in suppression of mean
serum FSH and LH
concentrations as well as the LH
pulse amplitude
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Mid-follicular phase

* in comparison, the GnRH pulse
generator speeds up slightly to a mean
LH pulse frequency of about one per Follicular Phase Luteal Phase
hour (vs. one per 90 minutes in early
follicular phase)

* GnRH stimulation is presumably due
to release of negative feedback effects
of P from the previous luteal phase
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Mid-follicular phase

Within about 7 d from the onset
of menses, several 9 to 10 mm

antral follicles are visible on
Tvus

increasing E results in thickening
endometrium, with increase in
number of glands and
development of "triple stripe"
pattern on TVUS
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Late follicular phase

E and inhibin A levels increase
daily during the week before
ovulation due to release from
the growing follicle

Serum FSH and LH
concentrations decrease at this
time due to negative feedback
effects of E

As dominant follicle selected
and grows, FSH induces LH
receptors in the ovary and

increases ovarian secretion of - - - —
intrauterine growth factors such Estradiol /
?s ms)ulm—llke growth factor-I e AT 5
GE-Y 2 0 e

Endometrium thickens further
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Mlid-cycle surge and ovulation

Preovulatory Follicle

approximately 1 d before ovulation

* E continues to rise until peak ' .

* Mid-cycle surge represents a switch
from negative feedback control of LH
secretion by ovarian hormones (such as
E & P) to sudden positive feedback

effect, resulting in 10X increase in LH
and smaller rise in FSH

* other ovarian factors contribute to the '

LH surge besides E & P (poorly
understood)

5/

14-24
hours
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Corpus luteum Primary cocyte
Ruptured follcle

Ovulation i

Primordial germ cell
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Oocyte is released from the follicle at the

surface of the ovary approximately 36 hours
after LH surge

Oocyte travels down fallopian tube to the
uterine cavity

Close relation of follicular rupture and oocyte
release to the LH surge and as a result,
measurements of serum or urine LH can be
used to estimate the time of ovulation in
women

OVULATION =

Second
/ meiotic
division
Second polar
body

Ootid
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Ovulation

Even before oocyte released, granulosa
cells surrounding it begin to luteinize and
produce progesterone

Progesterone acts rapidly to slow pulse
generator so that LH pulses became less
frequent by the termination of surge

Gradually increasing serum P has a
profound impact on the endometrial lining
initiating cessation of mitoses and
"organization" of the glands

Change can be detected on US relatively
soon after ovulation: the "triple stripe"
image is lost and the EE becomes more
uniformly bright
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Mid-to late luteal phase

* Rising P concentrations leads to progressive
slowing of LH pulses down to one pulse
every four hours

e Pulses of P occur soon after these slow LH
pulses I3

* As aresult, there can be significant
excursions in serum P concentrations
during the luteal phase

* Inhibin A is also produced by the corpus
luteum, and serum concentrations of
inhibin A peak in the mid-luteal phase

* Inhibin B secretion is virtually absent and
serum leptins are highest during luteal
phase

endometrium
of uterus

— anterior pituitary

midcycle peak of
LH (triggers ovulation)

FOLLICULAR PHASE OF LUTEAL PHASE OF
MENSTRUAL CYCLE MENSTRUAL CYCLE

Changing hormone levels during the menstrual cycle.
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Progesterone

Late luteal phase
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Late luteal phase

decline in E & P release from resolving
corpus luteum results seguentially in
loss of endometrial blood supply,
endometrial sloughing, and onset of
menses about 14 days after the LH
surge

Menses is relatively imprecise marker
of hormonal events in the menstrual
cycle, since there is considerable inter-
individual variability in relationshi
between the onset of endometria
sloughing and fall in serum hormone
concentrations during luteal phase

In response to falling corpus luteum
steroid production, the hypothalamic-
1E_)ituitary axis is released from negative
eedback and FSH levels rise, thereby
beginning next cycle.
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Normal Menstrual Physiology

clinical manifestations

e average cycle 28-35 d,
 follicular phase: 14-21 d in and
* luteal phase: 14 d (relatively constant)
* ages 20-40 relatively little cycle variability
e cycle varies 5-7y after menarche and

for 10 y before menopause

* cycle often shortens as women
approach menopause

112 13 4

Luteal phase

I |
15 16 17 18 19 20 21 22 23 24 2526 27 28 1 2
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Endometrium structure and functionality is affected by
folliculogenesis and hormonal fluctuations
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Menstruation

Prostaglandin release causes constriction of spiral
arterioles. Hypoxia causes necrosis.

Vessels then dilatate and bleeding ensues.

Proteolytic enzymes released from the dying tissue.
Outer layer of endometrium shed, 50% lost in 24hrs, up
to 80ml is considered normal. Bleeding normally lasts

4+ days.

Basal layer remains and is then covered by extension of
glandular epithelium.

Oestrogen from follicle in next follicular phase starts
cycle off again.
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1. Nomenclature System for description of normal menstrual bleeding,
and the symptoms of abnormal uterine bleeding in the reproductive years

Suggested “normal”™ limits for menstrual parameters in the midreproductive years.

Clinical dimensions Normal limits
of menstruation and menstrual cycle Descriptive terms (5™ to 95" percentiles)
Frequency of menses (d) Frequent <24
Normal 24-38
Infrequent >38
Regulanty of menses, cycle-to-cycle Alrsent —_
vanation over 12 mo d) Regular Vanation + 2-20 cays
Fregular Vanation >20 days
Duration of flow (& Prolonged >80
Normal 45-80
Shortened <45
Volume of monthiy blood loss imil) Hoavy >80
Normal 5-80
Lght <5
Note: Liervls are based primardy on the data of Treloar ot al (7). Haliberg &t al. (11). Snowden and Chrstian (27), and Belsey
and Pinol (26).
Pruse v Pomw rvmatnmn M fonsnon of ol gy ot beww dvng Foven Swwra 0B

Fraser IS, Critchley HO, Munro MG, Broder M. A process designed to lead to international
agreement on terminologies and definitions. Fertil Steril 2007-88-466-76
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Prevalence (%)

Menstrual Cycle characteristics

Most commonly reported inter-menstrual interval is 28 d
Only 15% of cycles among reprod. age women are 28 d
20% of women experience irregular cycles

At age 25 =>40% of menstrual cycles are 25-28 days
Between ages 26-35 >60% are 25-28 days

Usual duration of menstrual flow 4 - 6 days
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Mechanisms Controlling Onset and
Cessation of Normal Menstruation

enzymatic autodigestion of the endometrium
functional layer
subsurface capillary plexus,

possibly spiral arteriolar system in basal layer

the mechanisms that end normal menstruation
coagulation mechanisms B
local vasoconstriction

re-epithelialization (all contribute to haemostasis )

J
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The basic reasons why normal menstrual
bleeding is self-limited

simultaneous estrogen-progesterone withdrawal
endometrial shedding is universal
onset and end of menses is due to cyclic hormonal events

menstrual changes occur uniformly throughout the
endometrial cavity

shedding of the functional layer

exposure of the basal regenerative layer of the
endometrium

stimulates coagulation, vasoconstriction, epithelial
reconstruction mechanisms

effectively limits the volume and duration of bleeding

J
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The basic reasons why normal

menstrual bleeding is self-limited
continued

cyclic sequential estrogen-progesterone stimulation
growth - development of endometrial epithelium & stroma

microvasculature: structurally stable and random breakdown
is avoided

sequence of events lead to enzymatic disintegration of the
endometrium

in an orderly and synchronous fashion

endometrium is repaired and completely remodeled at
regular intervals

J

UNIVERSITY
of NICOSIA

MEDICAL
SCHOOL



Endometrial Responses to Steroid Hormones
Physiologic and Pharmacology

* Estrogen Withdrawal Bleeding - removal of the ovaries
* Estrogen Breakthrough Bleeding - chronic anovulation
* Progestogen Withdrawal Bleeding - discontinued progestin

* Progestogen Breakthrough Bleeding — when the ratio of

progestogen to estrogen is unfavorably high

e.g. progestin-only contraceptive methods

(eg . minipill, progestin implants, depot MPA)
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The Perimenopausal Transition

(mean circulating hormone levels)
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The Perimenopausal Transition

Average age of onset — 46
Age of onset for 95% of women — 39 to 51
Average duration — 5 years

Duration for 95% of women — 2 to 8 years
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Symptoms frequently seen related to decreasing
ovarian follicular activity

L)

1% menstrual pattern is disturbed due
to anovulation, irregular frequency
of menses,

hypo or hypermenorrhea,
amenorrhea

Days Length of Menstrual Cycie by Age

¢
0.0

vasomotor instability: hot flushes,
sweating

¢
0.0

atrophic conditions: atrophy of
vaginal epithelium urethral
caruncles, dyspareunia, pruritus,
general skin atrophy, urinary urgency, J[
abacterial urethritis, cystitis =

L] L
15 20 25 30 as a0 as 50 55
Aler Volnr"ar-?“

o long-term deprivation of estrogen:
osteoporosis and CVD

L)
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