


 The human ovary contain 1million oocyte at birth, and 

approximately 400000 follicles are present at puberty onset 

.the remaining follicles are depleted at a rate approximately 

of 1000 follicles  per month until age 35, when this rate 

accelerate. 

 

 

 Only 400 follicles  are normally released during female 

reproductive life. Therefore more than 99.9% of follicles 

undergo atresia through a process of apoptosis. .  



 From early in gestation, fetal oogonia enter meiosis, 

reaching the first prophase stage , where upon they 

become arrested and remain so for up to 50 years until 

just before ovulation.      

 

 During the prophase arrest ,the oocyte with 

surrounding layer of flattened granulosa cells is known  

as a primordial follicle which are scattered through out 

the cortex of ovaries surrounded  by interstitial 

connective tissue. 

 



 Follicologensis and ovulation  

 In the ovary there is continual recruitment of small number 

of primordial follicles to start folliculogenesis, which is a 

lengthy process continues  until the supply of primordial 

follicle is  exhausted, around the time of menopause 

 folliculogensis encompasses recruitment of a cohort of 

primordial follicles from the resting pool , initiation of 

follicle and  oocyte growth, this is followed by final selection 

and maturation  of single preovulatory follicle ,with the 

remaining follicles being eleminated by atresia. 

.  

 



  

_During  this time , the oocyte grows from 35Mm to 

120Mm in diameter, undergo meiosis to produce a 

haploid gamete, produce large  amount of stable 

RNA to support early embryonic development and 

acquire the nuclear and cytoplasmic  maturity to 

undergo fertilization and embryogensis 



 Follicular development consists of several 

stages, which include the 

gonadotropin_independent recruitment  of 

primordial follicles from the resting pool and their 

growth to the antral stage. This appear to be 

controlled by locally produced growth factors, 

which produced by oocyte suggesting that the 

early steps in follicular development are , in part, 

oocyte controlled. 

 

 



 

 

 

 Following recruitment, the granulosa cells of the 
primordial follicle become cuboidal in shape and 
undergo cell division. when the follicle reaches the 
secondary stage, with two layers of granulosa cells , a 
layer of theca cells develops around the follicle. 

 

 The theca and graulosa cells of the follicle which are 
epithelial in nature create specialized 
microenvironment  for the developing oocyte. 



 At the same time , the granulosa cells  secrete a 

glycoprotein coat around  the oocyte ,known as the 

zona pellucida. later on , this will provide 

species_specific sperm receptors at fertilization and 

protect  the embryo  before implantation . Microvilli 

extend from the granulosa cell through the zona 

pellucida to the plasma membrane of the oocyte and 

involved in the transfer of  nutrient and signaling 

molecules between the two. 

 



 When there are several layers of granulosa cell and the oocyte is 

fully grown , a fluid filled cavity (the antrum) appear and starts 

expanding. The oocyte itself is pushed to one side and is 

surrounded by two or three layers of tightly knit granulosa cells 

(the corona radiata) from now until ovulation follicular 

development is subject to endocrine control mainly  FSH. 

 At the beginning of each menstrual cycle, there is a group of about 

20 small antral follicles only one of which will ovulate 2weeks 

later. the rest of the group  undergo atresia and die by apoptosis  

 



 

 This group  of antral follicle , known as a cohort begins 

a phase of semisynchronuos growth based on their 

maturation state during the FSH rise in the late luteal 

phase of previous cycle.  

 This FSH rise leading to follicle development is called 

selection window of the ovarian cycle. only follicles 

progressing to this stage develop the capacity  to 

produce  estrogen.  



 

   During the follicular phase, estrogen level rise in parallel to  

growth of a dominant follicle and to the increase in its number 

of granulosa cell. these cells are the exclusive  site of FSH 

receptor expression.  

 the FSH rise in the late luteal phase of previous cycle stimulate 

an increase in FSH receptors and subsequently, the ability of 

cytochrome  p 450 aromatase within the granulosa cells to 

convert androstendione into estradiol. 

 

 

 



 

 

The ‘two‐cell, two gonadotrophin’ hypothesis specifies 

the need for both LH, to stimulate production of 

precursor androgens, particularly androstenedione, 

by the theca cell layer, and FSH, to drive 

aromatization to estradiol within the adjacent 

granulosa cell layer.  



FSH, LH and human chorionic gonadotrophin (hCG) are 

structurally similar, sharing an identical α‐subunit. Their 

specificity lies in structural differences in the β‐subunit. 

The pituitary secretes the gonadotrophins LH and FSH in 

response to pulses of GnRH from the hypothalamus, which 

travel to the anterior pituitary via the 

hypothalamo‐hypophyseal portal tract.  

 



     

   LH secretion appears to be closely regulated by GnRH 

pulsatility, while secretion of FSH is coregulated by 

hypothalamic GnRH and other factors which act directly 

on the pituitary, possibly including the inhibins and 

activins. 

    In the normal follicular phase, GnRH pulse frequency is 

approximately  once  per 90 min. 

    GnRH pulses are less frequent in the luteal phase, 

occurring  approximately  once  in 4 hours. 

 



 

 FSH induces aromatase and expansion of the antrum 

of growing follicles. The follicle within the cohort that 

is most responsive to FSH is likely to be the first to 

produce estradiol and initiate expression of LH 

receptors. 

• After the appearance of LH receptors the preovulatory 

granulosa cells begin to secrete small quantities of 

progesterone.  



 The preovulatory  progesterone secretion, although some 

what limited, is believed to exert positive feedback on the 

estrogen-primed pituitary to either cause or augment LH 

release. In addition during the late follicular phase LH 

stimulate theca cell production of androgens, particularly 

androstendione , which are then transferred to the adjacent 

follicles where they aromatized to estradiol. 

 

 



 

 

Low levels of oestrogen have an inhibitory effect on LH production 

(negative feedback), whereas high levels of oestrogen will increase 

LH production (positive feedback). The mechanism of action for the 

positive feedback effect of oestrogen involves an increase in GnRH 

receptor concentrations, while the mechanism of the negative 

feedback effect is uncertain.   



Unlike oestrogen, low levels of progesterone have a positive-

feedback effect on pituitary LH and FSH secretion (as seen 

immediately prior to ovulation) and contribute to the LH and 

FSH surge. High levels of progesterone, as seen in the luteal 

phase, inhibit pituitary LH and FSH production. Positive-

feedback effects of progesterone occur via increasing 

sensitivity to GnRH in the pituitary. Negative-feedback effects 

are generated through both decreased GnRH production 

from the hypothalamus and decreased sensitivity to GnRH in 

the pituitary. It is known that progesterone can only have 

these effects on gonadotropic hormone release after priming 

by oestrogen 





 During the early follicular phase, granulosa cells also 

produce inhibin B which can feed back on pituitary to 

inhibit FSH release. 

 As the dominant follicle grows, production of 

estradiol  and inhibin increase and result in a decline 

in follicular _phase FSH. This drop in FSH level is 

responsible for the failure of other follicles to reach 

preovulatory phase_the Graafian stage_durig any one 

cycle.. 



 Thus 95% of plasma estradiol produced at this time is 

secreted  by dominant follicle, the one destined to ovulate, 

By the end of the follicular phase, which lasts an average of 

14 days, the dominant follicle has grown to approximately 

20 mm in diameter.. Concurrently the contralateral ovary is 

relatively in active 



     

   The mechanism by which this selection of a single 

dominant follicle occurs has been described by the 

‘threshold’ concept, in which the rising concentration of 

FSH exceeds the threshold and thereby opens a ‘window’ 

that allows one follicle to continue growth and 

development. Suppression of FSH concentration then 

closes the window, preventing growth of multiple mature 

follicles 



     

 

   Final maturation of the oocyte only occurs after 

initiation of the LH surge. This ensures that the 

oocyte is mature and ready for fertilization only after 

release from the follicle into the ampulla of the 

fallopian tube, where fertilization may occur.  



 The LH surge represents a coordinated discharge of LH from 

the gonadotroph cells of the anterior pituitary. This occurs in 

response to the rapid rise in estradiol during the latter days of 

the follicular phase of the ovarian cycle. Pulses of GnRH from 

the hypothalamus increase in both magnitude and frequency, 

triggering the LH surge with a  rapid outpouring of LH and, to 

a lesser extent, FSH from the anterior pituitary 

 



   

 

    The LH surge initiates final maturation of the oocyte 

  During the final maturation of the follicle, the corona cells 

become columnar and less tightly packed. 

 The primary oocyte resume meiotic maturation in response to the 

onset of the midcycle surge of LH.  

 The germial vesicle breaks down and the first polar body , 

containing one of each pair of homologous chromosome(23 in 

total)and minute amount of cytoplasm is released. 



 The LH surge also induces an inflammatory‐type reaction at the 

apex of the follicle adjacent to the outer surface of the ovarian 

cortex.  

 A process of new blood vessel formation, with associated release 

of prostaglandins and cytokines, leads to rupture of the follicle 

wall and ovulation about 38 hours after the initiation of the LH 

surge(10-12hrs after LH peak).  

 .  



 The oocyte (now termed a secondary oocyte) is ovulated while 

proceeding through the 2nd meiotic division where it arrest 

again at metaphase 2,and is only stimulated to  complete 

meiosis at fertilization.  

 A chemotactic effect of ovarian cytokines draws the fimbria of 

the fallopian tube to within close proximity of the rupturing 

follicle. A thin mucus strand seems to join the mouth of the 

fallopian tube to the ovular follicle, forming a bridge for 

transit of the oocyte into the tube 

 





 

    The ‘empty’ follicle rapidly fills with blood and the theca 

and granulosa cell layers of the follicle wall luteinize, with 

formation of the corpus luteum The granulosa cells have a 

vacuolated appearance with accumulated yellow pigment, 

hence the name CL (‘yellow body’).  

 A rapid synthesis of progesterone, along with estradiol, 

follows. Concentrations of progesterone in serum rise rapidly 

to above 25 nmol/L, one of the highest concentrations seen 

for any hormone in the circulation. These concentrations rise 

still further if pregnancy follows.  



  If pregnancy doesn’t occur the corpus luteum 

undergo luteolysis and called corpus albican. 







fertilization 
 



 Fertilization implies the union of the mature germ cells the ovum 

and the spermatozoon. 

 Spermatozoa ascend the female reproductive tract dependant on 

propulsive effect of tail piece which act as flagellum and aided by 

low grade contractions of uterus which produce a slight negative 

pressure in the cavity serving to draw the sperm  upwards and may 

be found in the ampulla of the tube  only 3  hours after 

intercourse. only small numbers reach the ampulla where 

fertilization occurs. 

 



 2changes occur before spermatozoa are able to 
fertilize the ovum  

 1-capacitatin 

 2-the acrosome reactin.  



 

Capacitation  

 Take place in fallopian tube . 

 Take 5-6 hrs 

 No obvious morphological changes, but there is an increase in 

motality. 

 The life span of spermatozoa greatly reduced (to about 18 hrs). 

 Substances in the lower genital tract of both male and females 

inhibit capacitation. 



Acrosome reaction 
 Begins with swelling of the acrosome  

 Multiple areas of fusion then appear between the plasma and 

the outer acrosomal membranes. gaps develop where 

membranes have fused ,and the latter finally disappear 

altogether. 

 Lytic enzyme exposed  during acrosomal reaction enable the 

sperm to penetrate the corona radiata of the oocyte and attach 

to receptors on zona pellucida 

 Acrosin enzyme is then activated and enable spermatozoa to 

penetrate the zona pellucida to reach the perivitelline space.  



 The first spermatozoon to reach the cell membrane of the ovum 

fuses with it , and the head piece containing the nucleus passes 

into the cytoplasm of the oocyte, where it appear as the male 

pronucleus, it appears next to the nucleus of the oocyte which 

form the female pronucleus.  

 The tail piece doesn’t enter the oocyte. 

 As soon as the head piece has penetrated the oocyte, cortical 

granules release their contents into the space between the egg 

and zona pellucida, changing the cell membrane and preventing 

further penetration by any other spermatozoa.  







Implantation  



 Following fertilization, the ovum  continues  to move 

toward the uterus aided by the muscle activity of the tube 

and to lesser extent by the cilia, which are sparser at the 

medial end of the tube where the glandular secretory cells 

are more numerous. 

  the early development of fertilized oocyte depend on 

nutrient derived from the secretions from these cells . 

 It takes about 4 days to traverse the fallopian tube and reach 

the uterine cavity, which is also lined by secretory spongy 

endometrium receptive to implantation of blastocyst.   



 The 1st 4 or 5 days after fertilization produce the 

most remarkable series of changes in the oocyte. 

 

 The 2nd meiotic division of the oocyte is only 

completed after fertilization with extrusion of 2nd 

polar body. 

 



 Following fertilization , nuclear membrane reform around 

the two sets of haploid chromosome , one from the oocyte 

and one from the sperm resulting in the formation of female 

and male pronuclei, which each contain 23 chromosomes.  

 The pronuclei migrate toward each other, but is not until the 

time of the first cleavage division that the maternally derived 

and paternally derived chromosomes  finally come together 

on the first mitotic spindle. 

 The embryo now has 23 pairs of chromosome with each pair 

consisting of one chromosome from the mother and one 

from the father. 

 



 

 Within 30 hrs of fertilization, the 1st cell division occurs, in which 

the fertilized ovum splits equally into 2 separate cells. This process 

is known as cleavage each of the daughter cells or blastomers 

contain nucleus with full complement of 46chromosomes. 

 With in 12hrs a second cleavage occurs when each of the daughter 

cell divide into two again by mitotic division. 

 Subsequent  cleavage of successive generations of cells follows In 

quick succession. 

 Between the 4 and 8_cells stage the embryonic genome is 

activated. 



 When the embryo has between 16 and 32 cells after the 4th 

cleavage division, it undergo the process of compaction, the 

cell maximize their intercellular contacts with each other and 

flatten on to each other. It becomes impossible to discern the 

cell  outlines and it becomes known as a morula 

• At the morula stage the embryo moves from the fallopian tube 

to the uterine cavity, at which stage a fluid filled cavity 

(blastocele) develops between the cells and blastocyst is 

formed. 



 After morula formation, the cell differentiate for the 1st time 

when the embryo has around 32cells. 

 The outer cells become polarized and epithelial  and after 

formation a blastocele cavity, this outer epithelial layer is 

known as the trophectoderm, which gives rise mainly to the 

extraembryonic membranes and the placenta  

 The inner cells remain totipotent and form an acentrically 

positioned clump of cell (the inner cell mass) on the inner 

surface of the trophectoderm these cells give rise to the fetus. 

 



Four‐cell stage, day 2. Eight‐cell stage, day 3. 



Morula, day 4. Blastocyst, day 5. 





 

The blastocyst sheds the zona pellucida and then adheres 

to the endometrial epithelium, beginning the process of 

implantation.  

which is the first step in the interaction between the cells 

of the blastocyst and endometrium, i.e. between the 

mother and the fetus.  

Hence this interaction is critical. 6-7 days after fertilization 

the embryo implant the uterine wall. 

 

.  



this process can be divided into 3 phases :  

1_apposition: initial contact of blastocyst to uterine wall 

2_adhesion: increased physical contact between the 

blastocyst and uterine epithelium. 

3_invasion: penetration and invasion of 

syncytiotrophoblast and cytotrophoblast into the 

endometrium, inner third of myometrium and 

uterine vasculature. 



 Successful implantation requires a receptive 

endometrium appropriately primed with estrogen and 

progesterone by the corpus luteum. Such uterine 

receptivity is limited to days 20 to 24 of the cycle. 

 At the time of its interaction with the endometrium, the 

blastocyst is composed of 100 to 250 cells. 

 Implantation most commonly  occurs on the upper 

posterior uterine wall.  

 



 

 

The implanted blastocyst secretes human chorionic 

gonadotrophin (hCG). Exponentially increasing hCG acts 

on the Corpus luteum to rescue it from luteolysis to 

maintain progesterone secretion, prevent menstruation 

and support the early conceptus  

., 



The Corpus luteum  supports the pregnancy for 

approximately 8 weeks, after which the early 

placental tissue becomes the main source of 

progesterone support. 

 hCG can be detected in the urine in sensitive 

pregnancy tests 1 or 2 days before the expected date 

of menstruation 


