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Basic Primer of the Menstrual
Cycle
FOLLICULAR PHASE
 The follicular phase describes what is happening at the
OVARY from the first day of the appearance of menses,
up until ovulation (variable in length; averages 10 to 16
days).
 During the follicular phase, a cohort of new antral
follicles will be recruited from the ovary and begin to
proliferate (under the influence of rising plasma FSH
levels).
 Typically, one of these antral follicles will be selected
from this cohort to become the Graafian follicle of that
cycle, which will ovulate at midcycle.

Basic Primer of the Menstrual
Cycle
PROLIFERATIVE PHASE
 The proliferative phase occurs at the same time as the follicular
phase, but describes what is happening in the UTERUS from
the first day of the appearance of menses, up until ovulation.
 During the proliferative phase, the uterus is under the influence
of increasing levels of estrogen, and the stratum functionalis
(endometrial layer closest to the lumen) proliferates from 1-2
mm up to 8 to 10 mm in thickness. The endometrial glands and
spiral arteries elongate along with the stratum functionalis.
 Estrogen also promotes the synthesis of progesterone receptors
in the uterus, so it can respond to progesterone in the postovulatory phase of the cycle.

Basic Primer of the Menstrual
Cycle
OVULATION
 About midway though the menstrual cycle, the antral
follicle that was selected to become the Graafian follicle
during the follicular phase of the cycle ruptures in
response to an mid-cycle FSH / LH surge, and the oocyte
is extruded from the follicle, into the fallopian tube.
 The oocyte is viable for approximately 24 hours. If viable
sperm are present in the female reproductive tract during
this time, fertilization may occur (typically at the
ampullary-isthmus junction of the fallopian tube).

Basic Primer of the Menstrual
Cycle
LUTEAL PHASE
 The LUTEAL phase of the menstrual cycle describes
what is happening in the OVARY after ovulation until
the onset of the next menses (assuming pregnancy does
not occur).
 The corpus luteum (formerly the Graafian follicle) is
functional in the luteal phase, and this phase is therefore
characterized by rising levels of progesterone.
 This phase is less variable in terms of it’s length (13 to 15
days) compared to the follicular phase.

Basic Primer of the Menstrual
Cycle
SECRETORY PHASE


The SECRETORY phase describes what is happening in the UTERUS
after ovulation until the onset of the next menses (assuming pregnancy
does not occur).



The high plasma levels of progesterone that are normally present in this
phase has a ‘quieting’ effect on the uterine endometrium, and facilitates
secretions from the uterine glands, making the uterine environment
conducive to implantation of a blastocyst if in fact fertilization has
occurred.



If a blastocyst does not implant within 9-11 days after ovulation and
form placental membranes which synthesize human chorionic
gonadotrophin (HCG), the corpus luteum will regress, and the
proliferated endometrial tissue will lose it’s blood supply and begin to
slough off (menses), signaling the beginning of a new cycle.

Endometrial Changes
Across a Single Cycle

Useful Terminology
 Menarche: Onset of menses during puberty.
 Polymenorrhea: A consistent menstrual cycle with a
length of 21 days or FEWER.
 Oligomenorrhea: A consistent menstrual cycle with a
length of 35 days or GREATER.
 Amenorrhea: The absence of a menstrual period in a
woman of reproductive age (primary and 2°).
 Dysmenorrhea: Painful menstruation.

EMBRYONIC OVARY
 In the normal XX female,
the OOGONIA (germ cells)
in the prenatal ovary
undergo MITOSIS for
about 3 or 4 months.
 The oogonia stop mitosis
and enter MEIOSIS I
usually by the second
trimester of gestation (they
are now called OOCYTES).
 They become arrested in
prophase of the first meiotic
division.

EMBRYONIC OVARY…


At this time the oocytes
become surrounded by
flattened, pre-granulosa cells,
which in turn secrete a
basement membrane around the
oocyte.



The oocyte with these
structures is now considered a
PRIMORIDAL FOLLICLE.



It is these primordial follicles
that will serve as the source of
oocytes for each menstrual
cycle during a woman’s
reproductive lifetime.

Folliculogenesis
 At puberty, female has maybe 100,000
primordial follicles, each containing a single
primary oocyte. Only 300 - 400 of these will
ever reach full maturity and ovulate.
 The beginning of pulsatile LH and FSH release
at the time of puberty starts to ‘awaken’
primordial follicles that have been quiescent
since birth.

Recruitment of Follicles


As puberty progresses, cohorts of
primordial follicles are recruited
continuously from the ovary, and
will begin to grow.



Over a span of approximately 375
days, these recruited primoridal
follicles will develop into primary,
then secondary, tertiary, and finally
a few hundred will progress to the
late tertiary or ‘Graafian follicle’
over a woman’s reproductive
lifetime.



Most of these recruited primordial
follicles will die and become atretic
along the way, with very few
making it all the way to even a
tertiary follicle.

Recruitment of
Follicles…..


The selection process is
occurring continuously,
meaning that at any time the
ovary contains follicles in all
stages of development.



At the beginning of a new
menstrual cycle, plasma
estrogen and progesterone
levels from the previous cycle
are dropping, and FSH and LH
levels are rising.



A small cohort of ‘recruitable’
preantral follicles will begin to
grow in response to these rising
FSH levels. One will ultimately
be selected to become the
Graafian follicle of this cycle.

Summary of
Folliculogenesis

Intraovarian Steroid
Synthesis…


In the EARLY to mid follicular
phase of the menstrual cycle,
LH receptors are found
exclusively on the thecal cells
of the selected dominant
follicle that is responding to
FSH, while FSH receptors are
found only on the granulosa
cells of this follicle.



As the follicular phase of the
menstrual cycle progresses
closer towards ovulation, LH
receptors begin to appear
along with FSH receptors on
the granulosa cells of this
selected Graafian follicle.

Intraovarian Steroid
Synthesis…
 It is believed that the
effects of the
combination of FSH and
rising plasma estrogen
on granulosa cells is
what prompts these cells
to begin to make and
then insert LH receptors
into their cell
membranes.
 WHY IS THIS
NECESSARY?

Intraovarian Steroid
Synthesis
 Binding of LH to its
receptor on follicular
thecal cells stimulates
androgen synthesis in
these cells.
 Binding of FSH to its
receptor on follicular
granulosa cells results in
estrogen synthesis,
predominately through
synthesis of aromatase,
and subsequent
aromatization of thecal
androgens.

Menstrual Cycle Summary


At the beginning of
the cycle, plasma
FSH and LH levels
begin to rise.



This is mostly due
to the removal of
high levels of both
progesterone and
estradiol at the end
of the luteal phase
of the previous
cycle.

Menstrual Cycle Summary


Initially, rising levels
of plasma estradiol
17b (coming from the
selected tertiary
follicle) begins to have
inhibitory effects on
pituitary FSH and LH
release.



Increasing inhibin
production in the
granulosa cells also
begins to decrease FSH
release through
negative feedback at
the anterior pituitary.

Menstrual Cycle Summary


As the follicular phase
progresses, circulating
estradiol 17b levels
start to have LESS
inhibitory feedback on
pituitary FSH and LH.



In fact, as plasma
estradiol 17b levels
continue to rise, they
start to have a ‘priming
effect’ on GnRH
production in the
hypothalamus and FSH
and LH in the anterior
pituitary.

Menstrual Cycle Summary


When plasma estradiol
17b levels reach or
exceed 200 pg/ml, this
promotes a sudden
surge of GnRH about
24-36 h prior to
ovulation, resulting in
a surge of pituitary
FSH and LH.



This surge of FSH and
LH causes the oocyte
in the Graafian follicle
to complete Meiosis I.

Menstrual Cycle Summary


Around 10-12 h after
the FSH/ LH surge
peaks, ovulation
occurs.



This is due to
induction of synthesis
of proteolytic enzymes
(like hyaluronidase)
due the FSH / LH
surge, that digests the
wall of the Graafian
follicle, allowing the
oocyte to be extruded,
and captured by the
fimbria.

Ovulation Video

QuickTime™ and a
H.264 decompressor
are needed to see this picture.

 Rupture of the
Graafian follicle
and extrusion of
the egg, along
with many
granulosa and
thecal cells.

Menstrual Cycle Summary


This is an electron
micrograph of an
oocyte being
extruded from a
Graafian follicle.

Menstrual Cycle Summary


The LH surge also causes
‘luteinization’ of the
granulosa cells remaining in
the ruptured Graafian
follicle (remember, they
acquired LH receptors
toward the end of the
follicular phase).



Luteinization results in
synthesis of enzymes within
these cells that favor the
shunting of pregnenolone to
progesterone (although
estrogen production in
granulosa cells still occurs in
the luteal phase.

Menstrual Cycle Summary


After formation of the
corpus luteum (CL),
progesterone levels
continue to rise during
the first 8-9 days or so
of the luteal phase.
Estradiol 17 b is also
made by the CL during
the luteal phase.



The CL stays
functional ONLY as
long as there are
adequate levels of
pituitary LH
supporting it.

Menstrual Cycle Summary
 LH support from the
anterior pituitary
becomes inadequate to
maintain the CL after
about 9-11 days into the
luteal phase.
 If pregnancy does not
occur, the CL will begin
to regress, and estrogen
and progesterone
production will drop
rapidly.

Menstrual Cycle Summary
 The loss of estrogen and
progesterone support will
result in constriction of the
spiral arteries supporting
the proliferated stratum
functionalis of the
endometrium.
 Therefore, this tissue will
lose it’s blood supply and
begin to slough off and be
extruded from the uterus for
4-6 days (menses).
 The first sign of menses is
the beginning of the next
menstrual cycle.

Fertilization
 If fertilization occurred
during the cycle, a
blastocyst will come
rolling down one of the
fallopian tubes and into
the uterus on
approximately day 8.
 The blastocyst is composed
of an inner cell mass (ICM)
which will become the
fetus, and an outer cell
mass, or trophoblast (T),
which will digest into the
uterine wall and develop
into the placental
membranes.

HCG Production


After implantation, the fetal
membranes quickly begin to
produce human chorionic
gonadotrophin (HCG).



HCG is very similar in
structure to LH (alpha subunit
identical, beta subunit 67%
homologous) and HCG is
therefore able to ‘rescue’ the
CL, and thus maintain
progesterone synthesis.



Between 6 and 7 weeks
gestation, corpus luteum
function naturally begins to
decline. During this lutealplacental transition period,
production of progesterone
shifts to the developing
placenta

Menstrual Cycles and
Reproductive Cancers
 With menarche at around age 12, and the onset of
menopause at around age 50, an average of two
pregnancies, each followed by only about 3 months of
amenorrhea due to breastfeeding, a present day
contracepting Western woman can experience over 400
menstrual cycles in her reproductive lifetime.
 During each one of these cycles, estrogen stimulates
proliferation of cells in both breast and uterine tissue,
increasing the risk of developing cancer.

