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A young married couple, the Agostini's, Bruno (28) and Maria (26) , whom you are seeing for the first time, present with difficulty falling
pregnant, despite having had regular intercourse for 2 years without contraception.

Definition of infertility:

HPI:
Presenting complaint is LACK OF INFANT combined
with an extended history of unprotected sex

Pertinent Findings on History

1 year
of unprotected intercourse

AND STILL NO BABY
MAKE SURE OF 2 THINGS:
- that it has been 1 year since they have started trying
that there is NO CHANCE of any contraception being used (History of Medications)
HISTORY SHOULD BE TAKEN WITH BOTH PARTNERS PRESENT

HUMANS ARE BAD AT PROCREATING:

ASK ABOUT
- Prior Pregnancy
a 20 yr old woman has a 20% chance of being impregnated each time;
- Age
- Timing of intercourse
 this number is her FECUNDABILITY 
50% within 3 months,
- (in menstrual cycle)
72% within 6 months,
- Frequency of intercourse
85% within 12 months.
- Spermatotoxic lubricant
whereas a female rabbit’s fecundability approaches 100% every time
- Impotence
- Dyspareunia (pain on penetration)
- Technique
most common cause of female infertility is an ovulation disorder

Differential Diagnoses and Possible Aetiologies
FEMALE Causes

Pelvic Factors (Structural etiology)
Infection
-

Pelvic Inflammatory Disease
Sexually Transmitted Disease
Septic Abortion
Endometritis
Pelvic Tuberculosis

Surgical History
-

Dilatation and Curettage
Ruptured Appendicitis
Endometriosis
Adnexal surgery
Leiomyoma

Contraception and Pregnancy History
-

Prior Intrauterine Device use
DES Exposure in-utero
Ectopic Pregnancy
Habitual abortion

Menstrual Cycle abnormalities
-

MALE Causes
- Varicocele (42% of cases)
-

Idiopathic (22% of cases)

-

Obstructive azoospermia (14% of cases)

-

Cryptorchidism (3%)
Testicular surgeries or injury
Genitourinary infection or Sexually Transmitted
Disease
Post-pubertal mumps
Hypogonadism
Genital radiation or Chemotherapy
Hypospadias
Testicular Cancer (<0.1% of cases)
Retrograde ejaculation or other dysfunction

-

Development abnormalities
-

Secondary Dysmenorrhea
Cyclic abdominal or Pelvic Pain

Vas deferens absence (related to Cystic Fibrosis)
Impaired testicular function (chromosome
abnormality)

Exposures
Ovulatory Factors (Hormonal etiology)
-

Secondary Amenorrhea
Abnormal Uterine Bleeding
Luteal Phase defect
Premenstrual molimina (Premenstrual tension)
Premature Ovarian Failure

-

Excessive Heat Exposure (hot tubs, saunas)
Toxic chemicals
Pesticides
Gonadotoxin

Findings on Examination
FEMALE examination
Signs of Endocrinopathy
-

Signs of Endocrinopathy

Hirsuitism
Stigma of Cushings disease
Hypopituitaristic hypogonadism
THYROID DISEASE

Genital exam
-

MALE examination
(Hypogonadotropic Hypogonadism)
Thyromegaly
Dermatologic changes in hair or fat
THYROID DISEASE

Genital exam

Sexually transmitted pathogens eg. Chlamydia
Anatomical defects
Assess cervical os for patency

-

(Congenital defect of urethral meatus development)

-

Rectal exam
Assess for pelvic inflammatory disease

Hypospadias

-

Assess testicular size
Normal >20 cm or >4 cm in diameter
Assess vas deferens and epididymis
Varicocele

Rectal exam
-

Assess prostate gland for Nodules or swelling

Tests and Investigations
FEMALE:
FIRST look for Evidence of ovulation
can be obtained by measurement of the circulating concentration of progesterone on Day 21.
Other methods which can be used to demonstrate ovulation include
serial ultrasound assessment and serial urinary LH estimation
(to detect the midcycle LH surge which triggers ovulation).
Other (unreliable) techniques
mucus examination,
daily temperature checking
endometrial biopsy (no new information is contributed)

If regular ovulation is demonstrated, further endocrine investigation is un-necessary.

…no ovulation?
Then take the Progesterone Challenge!!
oral progestogen is given for five days:

OLIGOMENORRHOEA?

A positive gestogen test
(i.e. vaginal bleeding within a few days of stopping progestogens)

Could be polycystic ovaries indicates a well-oestrogenised endometrium and points to chronic anovulation
- Test LH
A negative gestogen test
- Test Androgens
(absence of vaginal bleeding)
- Test Prolactin
indicates either a hypothalamo-pituitary cause for amenorrhoea
(such as hyperprolactinaemia)
- Look on Ultrasound
Or, if the circulating concentration of follicle-stimulating hormone (FSH) is elevated
(>20IU/L), it must be irreversible ovarian failure.

Suspect pelvic anatomy is to blame?
Diagnostic laparoscopy; just to have a look
Less invasive techniques include X-ray or ultrasound hysterosalpingography
(where either radio-opaque dye or sonographic contrast medium is introduced through the cervix).
Hysterosalpingography is useful for diagnosing tubal patency but gives only limited information
about other aspects of pelvic pathology such as the presence of adhesions or
endometriosis.

Even if there is no indication, TEST FOR STDs:
- ELISA and PCR of endocervical swab, particularly
Chlamydia
Uncertain associated findings
Endometriosis ...
if present in large amounts, undoubtedly contributes to infertility by distorting
pelvic anatomy but the significance of mild endometriosis is limited.
Cervical mucus function may be investigated by either
a post-coital test (counting the number of motile sperm present in the cervical
mucus after intercourse)
or an in vitro sperm-mucus interaction test.
Fibroids (benign leiomyomata)
may be evident on pelvic ultrasound or at time of laparoscopy …but….
in most cases they are not significant in preventing conception.

MALE:
fertility tests
Analysis of Semen : initial clinical assessment of male infertility
You can not call an individual infertile on the basis of a sperm analysis.
MANY FACTORS ARE AT PLAY… semen characteristics are influenced by:
- sexual abstinence
WHAT ARE YOU ASSESSING?
- illness
- NUMBER
- age
- VOLUME
- season
exposure to reproductive toxins
QUALITY
-

delay in delivering the semen to the lab

THERE IS NO STRICT “FERTILE-INFERTILE” CUT-OFF
Rather, a range of probabilities.

So, Semen analysis: 2 samples 2 weeks apart
If normal, it may be the lady’s fault.
Otherwise, discontinue the gonadotoxins and stop using lubricant
If abnormal, it may be either a VARICOCELE or low semen volume
? LEUCOSPERMIA ?  over 1 million WBCs per 1 ml semen: = PROSTATITIS
? Azoospermia ?  evaluate hormone levels; biopsy the testicle

- Semen volume: should be ~3 ml (~ 300 million sperm cells)
If normal, it may be a LOW SPERM COUNT (test for sperm)
If abnormal, it may be RETROGRADE EJACULATION
 go do the post-ejact. urinalysis

- Post-ejaculatory urine analysis
Look for excess of sperm in urine; follow with TRANS-RECTAL ULTRASOUND

- Sperm concentration: should be over 20 million / ml
- NORMAL = 120 million
- FSH assay which would be elevated if there is a Sertoli cell dysfunction
(i.e under-production of the inhibin B which negatively influences FSH production)
 this would point in the direction of an autoimmune destruction of germinal cells, or a
adult onset mumps-like testiculitis

MANAGEMENT OF INFERTILITY
Compared with other animal species, the human is relatively infertile, requiring repeated monthly exposure to achieve success.

'do nothing' or fatalistic approach: no children, ever: not really a solution.
Childlessness can be promoted as an attractive life-style, but there is evidence of
an increased risk of endometrial, ovarian and breast cancer in this group.

Adoption is a social solution to the medical problem,. There are long waiting lists and Government processes to be encountered on
the way. Its expensive and complicated, and requires absolute commitment.

Surrogacy is an option – but requires a third party who is not likely to make medicolegal waves
In-Vitro Fertilisation requiring micro-injection of a single sperm (intracytoplasmic sperm injection,
ICSI) into mature oocytes obtained after hyper stimulation is required for
success. These procedures are expensive, but are currently subsidised
by Medicare, such that they are affordable by this couple for at least 6
attempts. Concern about congenital anomalies, multiple pregnancy rates
and treatment complications have to be recognised

psychological and counselling support , whatever happens

MANAGEMENT OF POLYCYSTIC OVARYDepends: what threatens you the most?
Obesity?  weight loss programs, etc
Hirsuitism?  referral to beautician
ANOVULATION = give oestrogen antagonist such as clomiphene citrate which increases FSH secretion.
IF THAT FAILS,  give exogenous gonadotrophins, or ELECTROCAUTERISE THE OVARY(!!)

HYPERINSULINAEMIA  give METFORMIN, which even increases the chances of ovulating normally
Irregular Bleeding: oral contraceptive to give progestogen when irregular bleeding is caused by unopposed estrogen
Specific androgen antagonists such as cyproterone acetate have a limited effectiveness.
5-alpha reductase inhibitors are more effective but teratogenic (thus not licensed in Australia)

Influence of Androgens on Insulin and Glucose Metabolism
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Hypothalamic control of female sex hormones

Epidemiology
-

Infertility affects in some way 1 in 6 couples.

14% rate of infertility in the United States in married women aged 15 to 44.
The infertility rate has remained relatively stable over the past 30 years.

Aetiology of infertility: THE WOMEN ARE TO BLAME (58% of the time)

Conception and fecundability
20 yr old couple = 20% chance per month
30 yr old couple = 10% chance
If you satisfy the infertility definition, your fecundability is less than 5%

WHY INFERTILE?
Problems with ovulation (the release of the egg from the ovary). There will be complete infertility if periods are absent
("amenorrhoea"), although very many such patients will be treatable with hormones or drugs.
Problems with sperm production (often not directly treatable). There will be complete infertility if there are no sperm in the
ejaculate ("azoospermia").
A blockage: between the vagina and the ovary, preventing fertilization the commonest site of blockage is the fallopian tubes
Endometriosis: a common condition in which tissue like the mucosa of the uterus (the endometrium) grows outside the uterus,
poisoning a number of events important to conception and to normal implantation of the embryo; infertility is usually relative
rather than complete.
Female age: Physiological sterility in women precedes the menopause by up to 10 years.
The aged eggs are no longer capable of producing a viable embryo, apparently due more to cytoplasmic factors rather than
primarily an abnormality of the chromosomes of ovulated eggs.

Tests will be done as follows:
a progesterone level in the second half of the menstrual cycle to establish ovulation;
a sperm count (or a post-coital test looking for sperm in the mucus of the cervix);
an x-ray of the uterus and fallopian tubes (a hysterosalpingogram)
or a laparoscopy to look at, and test the openness of, the fallopian tubes and also to look for
endometriosis.
These tests may show:

•

complete infertility ("sterility"): i.e.

(a) ovarian failure, with no chance of inducing ovulation;
(b) complete absence of sperm ("azoospermia");
(c) complete obstruction of the fallopian tubes.
•
relative infertility ("subfertility"): i.e. one or more of
(a) infrequent ovulation or absent ovulation resolved partly by treatment;
(b) a decrease in the sperm count;
(c) partial blockages of the tubes or the presence of scar tissue around the tube or ovary;
(d) endometriosis of any degree;
(e) an abnormality of the cervix such as a previous cone biopsy or inflammation ("cervicitis");
(g) an immune reaction against sperm cells ("anti-sperm antibodies") in male or female.
GOAL OF MANAGEMENT: to return the chance of getting pregnant to a more normal level:

time will still be needed for chance to have its way.

PHYSIOLOGY OF INTERCOURSE
ERECTION: parasympathetic

Phases of excitement:
- Excitement
erection and vasocongestion of penis or clitoris,
mucus secretion,
heightened sexual awareness,
skin flushing due to vasodilation

the arterioles dilate;  sinuses fill with blood
Venous outflow is reduced by compression of
Mucus is secreted from the urethral and bulbourethral glands

EJACULATION: sympathetic; [2 phases]
Emission:

-

intensification of these responses,
increased heart rate,
increased blood pressure,
increasedrespiratory rate
increased muscle tension

sympathetic contraction of the smooth muscle in the prostate,
reproductive ducts and seminal vesicles results in the emission of
sperm and secretions (semen) into the urethra

Expulsion:
Rhythmic contractions @ the base of penis  propel sperm

-

Orgasmic
ejaculation in the male
rhythmic pelvic muscle contraction in the female

The sequence of events in female sexual intercourse
Erection of clitoris = spinal reflex,
triggered by stimulation of clitoris and surrounding structures
 parasympathetic vasodilation of vulval + vaginal arterioles

Plateau

-

Resolution
Relaxation, deflation of genitalia

VASOCONGESTION = EXUDATE IS FORMED  mixes with vestibular gland secretions to form a lubricant
during the plateau PELVIS TILTS UPWARDS: lifts the cervix, enlarges the vagina, thus more space for semen

PLUS : PELVIC SKELETAL MUSCLES CONTRACT RHYTHMICALLY DURING ORGASM

NORMAL TESTICULAR FUNCTION: Steroidogenesis and spermatogenesis
LEYDIG CELLS: produce testosterone At 3 different points in life: EMBRYONIC , NEONATAL, PUBERTAL
TESTOSTERONE SECRETION CONTROLLED BY LUTEINISING HORMONE
Negative fedback via
TESTOSTERONE

HYPOTHALAMUS
GnRH

Inhibin B

GnRH secretion,
- and thus LH secretion,
occurs in

a pulsatile manner

Ant.pituitary gonadotroph cells

…but FSH secretion

LH

Testosterone circulates:
98% bound to proteins:

is TONIC

FSH

tightly bound to

Sex-HormoneBinding-Globulin

(65%)

Leydig Cell

Sertoli Cell
G-protein

G-protein

or loosely bound to

Albumin (~33%)
= testosterone cell

only ~2% of free
hormone readily
diffusible into tissues.

= spermatogenesis cell:
inhibits FSH production via
Inhibin B

SERTOLI CELLS:
Intracellular sex
hormone receptor:
Converts
testosterone to a

“hinged
dimeric
form”

Activated hormone + receptor
complex binds to DNA acting
as a transcription factor

The astrocytes of the testis
-

support, nourish and co-ordinate
the germ cells embedded in Sertoli
processes;

-

secrete & absorb fluid, ions,
metabolites and proteins;

-

form the blood-testis barrier

-

elaborate a distinctive adluminal
compartmental fluid milieu.

Stabilising “chaperone” molecules
are shed, releasing the receptor

Meiosis  through blood/testis barrier 
 2 stages of meiosis
 rounded haploid spermatids
 differentiate into spermatozoa @ lumen surface

The SEMINIFEROUS TUBULE 8.06

Sertoli cells

Leydig cells

Leydig
cells

Sertoli cells

Sertoli cells

Leydig
cells

Endocrine Pathophysiology of Male Infertility
Normal male fertility requires:
normal hypothalamus

Failure of GnRH  LH and FSH not stimulated  Testicle Failure
Eg. Kallmans Syndrome (failure of migration of neurones from olfactory
placode to the hypothalamus in foetal life, from a mutation in KAL gene.
This also causes anosmia as the olfactory nerve is involved. ALSO:
- Severe weight loss or fever causing hypothalamic dysfunction
- Drugs such as anabolic steroids or opiates which suppress GnRH
Tumours destroying GnRH neurones

normal pituitary Pituitary lesion eg.

tumour or iron deposition in heredetary hemochromatosis
 destruction of gonadotrophs
Lack of LH and FSH
 lack of testosterone and sperm production
 loss of male secondary sexual characteristics
[e.g. male pattern body hair, musculature],
 loss of libido and infertility.

Normal testes Spermatogenesis is MUCH MORE VULNERABLE than steroidogenesis
(stem cells = fragile; Leydig cells = near indestructible)Thus:
SPERM DEFICIENCY MAY PRECEDE ANDROGEN DEFICIENCY WITHOUT SYMPTOMS

Eg. adult mumps
 testiculitis
 death of germinal epithelium
 Sertoli cells no longer support sperm  NO SPERM
 Sertoli cells no longer produce inhibin B  MASSIVELY ELEVATED

Plus, to be fertile you would also need
- patent epididymi
- patent vas deferens
normal sexual function

FSH

~Boring statistics~
5% to 10% women of reproductive age

Pathogenesis of polycystic ovaries
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= most common endocrine disorder in this group
ELEVATED GnRH
Altered pulse of
secretion = Alters
the number of
recruited follicles?..

Cohort of follicles recruited
Rise of FSH level

High local
androgens =
Inhibition of
follicle maturation

Dominant follicle selected
Higher than average number of follicles recruited

Dominant follicle grows quickly:
under FSH the granulosa
proliferates PLUS aromatase is
upregulated, THUS  able to
convert androgens into cyclic
estrogens required for ovulation

Inhibits normal follicle
development by
changing the
response to LH

HIGH LH  stimulation of
androgen-producing THECA
LOW FSH  inhibition of
follicle maturation

High ESTERONE
= inhibits pituitary FSH production
 THUS reduced rate of aromatisation
 thus follicles can never mature
Increased number of adipocytes = more
effective aromatisation of circulating
androstenedione into

Stimulates ANDROGEN
PRODUCTION by THECAL
CELLS: probably it binds the

ELEVATED
INSULIN
Obesity

Insulin-Like Growth Factor
Receptor, thus enhancing
P450c17alpha enzyme activity…

Insulin resistance
Suppresses Sex-Binding Globulin
synthesis at the liver: THUS =

ACYCLIC ESTERONE

Too much of
that stuff and
you’ll develop
ENDOMETRIAL
CARCINOMA

Follicles
develop without
ever maturing

ANOVULATION
AMENORRHOEA
INFERTILITY

High levels of circulating
androgens resultin increased
esterone and thus negative feedback
to the hypothalamus, which in turn regulates the
levels of FSH and LH ; so the problem perpetuates itself

Rate (%)

Total

34
9
41
23
38
6

64
27
42
28
52
14

lots more free androgens

Symptoms of
ANDROGEN
EXCESS
•
•
•

Hirsuitism
Virilisation
Acne

Normally converted to cyclic estradiol (the good estrogen)
by the FSH-dependant aromatase in the granulosa layer:
THUS ANDROSTENEDIONE IS THE MOST
RESPONSIBLE FOR THE VICIOUS CYCLE

Presenting feature
Hirsutism
Acne
Infertility
Amenorrhoea
Oligomenorrhoea
Dysfunctional bleeding

Andro
gen
xcess

Only 3 major androgens:
androstenedione
(90% of this comes straight from the
ovaries)

DHEA-S
(mainly produced in the adrenal
glands)
TESTOSTERONE
Produced in equal proportion by
both ovaries and adrenals)
 is the most responsible
for the symptoms of this disease

Hormonal Control of Ovulation and Menstruation
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Moral of the story: THECA produces ANDROGENS
GRANULOSA produces ESTROGEN
CORPUS LUTEUM produces PROGESTERONE
Drop in progesterone causes menstrual bleeding
Drop in estrogen + progesterone causes rise in FSH which causes the next follicle to be recruited

Collateral events : what goes on in the ENDOMETRIUM

Uterine bleeding in menstruation: the ENDOMETRIAL CYCLE from PBL 8.07
first day of bleeding is described as day 1 of the menstrual cycle.

Pre ovulation = proliferative phase (thickening endometrium)
Post Ovulation: Secretory phase : glands dilate, become tortuous;
 begin secreting glycogen rich mucus)
Stroma cells become oedematous

No fertilised ovum to care for? That means…
The thick blood-rich nutrient-crammed endometrium is USELESS!
Thus;
The endometrium shrinks in height.
The spiral arterioles supplying the endometrium go into spasm causing ischaemia and stasis.
There is an influx of inflammatory white blood cells initiating release of
prostaglandins of the F series and E series.
• Finally the tissue collapses leading to bleeding and shedding of the spongiosum layer of the endometrium.
The average volume of menstrual blood loss during menstruation is 30mL with a range of 10 to 80mL.
The endometrial sequence of
Normal menstrual blood does not clot because of the presence of fibrinolytic substances.
events is so carefully staged and
HEMNOSTASIS IS ACHIEVED BY:
directed that it is possible to
• the partial occlusion of spiral arterioles with platelet and fibrin plugs;
determine exactly how many days
have passed since ovulation by
• the predominance of F series prostaglandins (vasoconstrictors)
taking a biopsy of the endometrium
over E series prostaglandins (vasodilators) during menstruation;
and assessing its morphology
normal ovarian follicle growth supplying oestrogen to regenerate the endometrium.
•
•
•

ENDOCRINE PHYSIOLOGY of Oogenesis, Ovulation and Menstruation
@ PUBERTY: rising levels of FSH trigger DNA replication: preparation for MEIOSIS
They only go as far as Prophase
~ MEIOSIS 1 ~ Non-functional
“ Polar Body”

Meiosis 1 and 2
occur inside the
PRIMORDIAL
OVARIAN
FOLLICLES

Tetrad of chromosomes
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MITOSIS of oogonium
before birth: ~2 million

Primary Oocyte
=still diploid

Primary Oocyte
= now haploid

= Consist of primary
oocyte and its
follicular cells

~ MEIOSIS 2

Another
polar body

Oogonium
= still diploid

Three to Seven Months of Foetal Life

:

!! - THIS STAGE DOES NOT TAKE PLACE UNTIL 8 TO 10 DAYS INTO THE

Secondary
Oocyte:
ovulated in
metaphase of
Meiosis 2

MENSTRUAL CYCLE WHEN THE

LH RISES (i.e just b4 ovulation)

The endometrium was counting on that
estrogen and progesterone to live! Hence,
death of corpus luteum = apoptosis of
endometrium = MENSTRUAL BLEEDING

= haploid

Meiosis 2 will not be completed until fertilisation.
i.e it’s the SECONDARY OOCYTE that gets ovulated

10-12 days
after ovulation
the corpus decays

The Corpus Luteum has died
The Estrogen has stopped
Therefore, FSH is stimulated

Under FSH stimulation, the follicular cells of the primordial follicle begin to grow, thicken and
differentiate into GRANULOSA . FSH induces the granulosa to express the AROMATASE 
granulosa AROMATASE makes ESTROGEN from ANDROGENS that are secreted by the THECA

The remnant is a
CORPUS ALBICANS:
A white fibrotic blob
of scar tissue

@ cortex of ovary:
“ EGG NESTS”
The follicles grow
for 2 CYCLES

Fibroblasts come
to clean up the
corpus luteum

The surrounding stromal cells develop into the THECA: a sheath of conective tissue
The Theca produces ANDROGENS in response to Luteinising Hormone (LH)
The Granulosa cells develop
MICROVILLI which extend into and
mingle with the oocyte,thus increasing
surface area for nutrient transfer

Up to tis point thes growth is
independent of FSH
A DOMINANT follicle is then
selected by an unknown
process (? FSH ?)
A glycoprotein coat is secreted
onto the microvilli:
The ZONA PELLUCIDA

SECONDARY FOLLICLE:

The remaining
GRANULOSA cells
Under the influence of LH begin
to organise into the

CORPUS LUTEUM
Which produces progesterone,
preparintg the uterus for
pregnancy. PROGESTERONE
INDUCES THE SECRETORY
PHASE of the menstrual cycle
 and thickens cer vical
mucus

Granulosa cells begin to secrete
fluid (“liquor folliculi”) into a
cavity called the ANTRUM (this
feature characterises the
secondary follicle)

OVULATION TAKES PLACE:
Mature egg is released into the
pelvic cavity, where the fimbriae
sweep it up into the uterine tube.

Corona Radiata

Antrum

 Oestrogen release from the
granulosa causes the cervical mucus
to be dilute and watery

Blood flow to this area stops,
weakening the wall of the follicle

8 to 10 days:
LH begins to rise!
MEIOSIS 1 is
COMPLETED

TERTIARY, “GRAAFIAN” FOLLICLE
Is mature, ready to ovulate. The granulosa cells
immediately surrounding the ovum are called the
CORONA RADIATA. They form a stalk which
projects the ovum into the antrum cavity

Pressure inside increases
th

On the 14 day:
MASSIVE LH + FSH SURGE
TRIGGERS OVULATION

Uterine action of sex hormones

Sex Steroids in General:
oestrogen receptor =

In the glands of the endometrium,

progesterone receptor=

progesterone is
antagonistic to oestrogen.

androgen receptor =

Oestrogen @ endometrium:
- Increases mitosis
- UPREGULATES ITS OWN RECEPTORS
AND PROGESTERONE RECEPTORS
-

-

Thus oestrogen is needed to prime the uterus for the secretory
phase (else it wont respond to the progesterone from the
corpus luteum)

activated by oestradiol, (E2)
by various synthetic oestrogens
to a lesser extent, by oestriol
activated by progesterone,
by various synthetic progestogens
activated by dihydrotestosterone
to a small extent the progestogens
(of the 19-nortestosterone type).

Progesterone @ endometrium:
-

INHIBITS mitosis
DOWNREGULATES ITS OWN RECEPTORS
Downregulates oesterogen receptors
Stimulates cell differentiation
 leads to a well-ordered sequence of cessation of mitosis,
subnuclear vacuolation, supranuclear vacuolation and glandular
secretion, stromal edema and stromal cell decidualisation

WITHDRAWAL OF PROGESTERONE @ ENDOMETRIUM
 activates LYSOSOMES
 the endothelium dies and is shed

TOO MUCH OF PROGESTERONE @ ENDOMETRIUM:
 the endothelium STILL DIES! It inhibits its own receptors, so after a while
the endothelium wont detect it AS IF IT HAD BEEN WITHDRAWN

SO: THE ENDOCRINE BASIS OF ORAL CONTRACEPTION: you give progesterone EARLY in the proliferative
phase to STOP THE OESTROGEN-INDUCED THICKNENING
…a thin under-developed endometrium wont bleed as much, or harbour a foetus.
HOW TO OVULATE IN 23 SIMPLE STEPS
1. FSH stimulates granulosa + increases AROMATASE ACTIVITY
2. INCREASED AROMATASE = MORE OESTRADIOL
3. MORE OESTRADIOL = increases its own receptors and those for FSH and progesterone

4. Therefore granulosa cells much more stimulated (more receptors)
5. Thus = granulosa hypertrophies, oestradiol production boosted yet more
6. So much FSH and Oestradiol = LH secretion gets upregulated! FSH downregulated
7. LH stimulates THECAL CELLS and production of androgens
8. LH also stimulates production of progesterone by the granulosa
9. Progesterone diffuses into the thecal cells,which make androgens from it
10. Androgens are then passed BACK TO GRANULOSA
11. GRANULOSA manufactures oestradiol from the androgens with aromatase (!!)
12. Granulosa cells produce inhibin and oestradiol; this suppresses further FSH
13. This is negative feedback - BUT!!
14. When oestradiol gets TOO HIGH (over 200pg/ml) for longer than 2 days

15. The feedback becomes POSITIVE: LH + FSH SURGE
16. This triggers OVULATION and completion of the follicular phase
17. This high LH also LUTEINISES THE CORPUS LUTEUM
18. The corpus luteum starts pumping out progesterone estradiol and inhibin
19. the above hormones suppress LH and FSH
20. the decline of LH causes LH to degenerate (so it really kills itself off)
21. THUS loss of corpus luteum hormones (progesterone particularly) 
22. the endometrium loses its growth factors and apoptoses in a calm orderly manner.
23. THIS IS MENSTRUATION.

Fertilisation and Early Pregnancy
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First cleavage of the
cell occurs about 30hrs
after fertilisation.

Below:
fertilization sequence showing:
sperm reaching corona radiata;
release of acrosomes;
sperm penetrating zona pellucida;
fusing of sperm and egg membrane

Moved along
by cilia and
smooth
muscle
contraction

Implantation and Embryogenesis
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Zona pellucida
RECEPTIVITY OF UTERUS:
Pre-receptive phase:
epithelium has long apical microvilli,
Impairs
thick glycocalyx,
attachment
negative charge
Receptive phase:

Zona lysed by enzymes

EPITHELIUM CHANGES:
- LOSES NEGATIVE CHARGE
- MICROVILLI SHORTEN
- GLYCOCALYX THINS
- APICAL PROTRUSIONS Absorb
much of the uterine mucous
thus uterus lumen shrinks
(surfaces in close apposition)

Increases
the
chances
of
attachment

Refractory phase:
EPITHELIUM resists attachment
Below: schema of this interaction
st roma
basement
membrane
endomet rium

t ight

junct ions

glycocalyx

zona

t rophoblast

THUS: Human Chorionic Gonadotropin is
responsible for the survival of the corpus luteum

Pregnancy in the 1st Trimester
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Hormones during Pregnancy

