· Oogenesis
· At Birth:  all 1o oocytes remain in arrest in Prophase I until puberty
· After Puberty:  follicular development resume ( ovulation of ovum
· Ovarian Follicles:  primordial, 1o, 2o (or antral), & graafian (or mature)

· General Follicular Development:
· Follicle grows while 1o oocyte grows & secretes zona pellucida (ZP)

· Granulosa cells line follicle & cumulus mass surrounds oocyte

· Theca interna and granulosa cells make estrogen

· Theca externa is elastic CT & blends with ovarian cortex

· Inner(outer:  1o oocyte(ZP(z. radiata(cumulus/granulosa (w/antrum)(basal lamina(theca interna(theca externa
· Late Follicular Development:
· Maturation:  

· Meiosis I resumed (~ 12 before ovulation)

· Arrested at Metaphase II (~ 6 hrs before ovulation)

· 1st polar body:  ½ the chromosomes partition into a small polar body that is extruded in the perivitelline space (b/w the PM & ZP)

· Clinical Correlation:  Important in In Vitro Fertilization (IVF)—discussed later
· Ovulation:  Late Graafian follicle (10 – 20 mm ~ 1 inch)
· Theca externa stretched & ruptures

· Cumulus-oocyte complex released
· Hyaluraonic acid secreted by cumulus cells, helps it stick to fimbriae at end of uterine tube

· Ciliated epithelia move cumulus mass into infundibulum & transport to ampulla (site of fertilization)
· Hyaluronidase in oviductal fluid &/or released by sperm, facilitate cumulus dispersal
· Corpus Luteum (empty follicle containing Theca Interna & Theca Externa) produce progesterone

· Female Reproductive Tract
· Uterine Tube (oviduct or fallopian tube):
· Infundibulum – where oocyte enters; finger-like fimbriae
· Ampulla – site of fertilization
· Isthmus – extends to uterus
· Uterus/Uterine Cavity:
· Normally collapsed, but is a potential space
· Fundus – rounded, upper region of uterus
· Corpus Uteri – lower region tapering toward cervix

· Endometrium – multilayer lining of the uterus

· Both uterus & oviduct (uterine tube) lined with:

· Ciliated epithelium

· Contain secretory cells that form glands
· Encircled with smooth muscle (myometrium)
· Cervix:  cylindrical uterine narrowing isolating uterus from vagina; contains mucus plug

· Internal Os
· External Os
· Endometrial (menstrual) Cycle
· Cycles:
	ENDOMETRIUM
	OVARY

	Menstrual phase
	Follicle recruitment

	Proliferative phase
	Follicular pahase

	Ovulation 
	(Day 14)

	Secretory phase
	Luteal Phase

	Ischemic phase
	Degenerating CL or Pregnancy (IF fertiliz.)


· Menstrual Phase
· Day 1:  Onset of menstrual cycle

· Endometrium sloughed over 4 to 6 days
· Proliferative Phase
· Days 5 – 14
· Endometrium regenerated

· Follicular growth & maturity

· Day 14:  Ovulation

· Secretory Phase (luteal phase)
· Days 15 – 26
· Increased secretion from glands
· Decidualization  (occurs over uterus & oviduct)
· Differentiation:  stromal fibroblasts(decidua 
· Enlargement (rich in glycogen & lipids) 
· Decidua secrete (see Implantation):
· Extracellular matrix—supports trophoblast adhesion 
· GF—supports trophoblast differentiation ( syncytiotrophoblast (invasive phenotype)
· Spiral arteries become more tortuous

· Post-ovulatory follicle = corpus luteum (produce progesterone—maintains endometrium)
· Ischemic Phase:  no viable embryo produced
· Days 27 – 28
· Corpus Luteum (CL) degenerates as LH levels decline

· CL stops producing progesterone

· Spiral arteries constrict, cutting blood supply to endometrium

· Menses is initiated (endometrium sloughed) & cycle repeats
· Pregnancy Phase:  only when a viable embryo is produced (fertilization)
· Day 20 – 22:  Oocyte develops to blastocyst stage & implants

· Human chorionic gonadotropin (hCG)

· Produced by embryo
· Structure similar to LH which maintains CL
· CL produces/secretes progesterone

· Progesterone maintains endometrium (now decidualized); 

· CL (under hCG influence) secretes progesterone until end of 4th month of pregnancy

· After 10 wks, placenta becomes major source of progesterone
· Clinical Correlation:
· Pregnancy test based on maternal urine or serum levels of hCG (detect in 10 – 14 days after fertilization)
· RU 486 (“morning after”) blocks progesterone receptors, endometrium shed

· Muscles of myometrium relax to allow uterine expansion during pregnancy

· Post-Coitus
· Simultaneous Processes:
· Sperm Transport to the Oocyte
· Vagina to Ampulla
· Semen deposited in vagina (200–600 million sperm) passes thru cervix

· Cervical Mucus

· Facilitator:

· Thinner @ ovulation; optimal for sperm penetration

· Mucus blocks the fertilization inhibitors in semen 

· Barrier:

· Thicker @ pre- & post-ovulation & especially post-fertilization

· b/c ↑ [progesterone]

· Less optimal for sperm penetration

· Mvmt:  semen to ampulla (only few 100 sperm reach ampulla)

· Sperm can reach oviduct w/in minutes of coitus/copulation

· Ciliary movement in oviduct & uterus

· Muscular contraction in oviduct & uterus

· Sperm “swimming” (motility) plays minor role

· Selective process:

· Low number of abnormal sperm forms

· Greater than average motility

· Clinical Correlation:  Gamete viability for fertilization:

· Sperm:  viable for 2 – 4 days

· Oocytes:  viable for less than 24 hours

· Coitus more successful before, rather than after ovulation (sperm can wait, eggs can’t)

· Pregnancy occurs if coitus is on days 10-15 (4 days prior to & 24 hrs subsequent to ovulation) of menstrual cycle; day 14 most successful
· Sperm Capacitation
· Definition:  biochemical Δ’es necessary for sperm to be able to bind to ZP & undergo acrosome reaction (necessary b/c ejaculated sperm not able to fertilize an oocyte)
· Sperm is capacitated in transit in female reproductive tract
· Sublte membrane & metabolic Δ’es

· Sperm motility altered to produce increased lateral head mvmt, which promotes penetration of oocyte

· Clinical Correlation:

· Capacitation achieved, artificially, by removing sperm from seminal plasma (by washing sperm via centrifugation)

· Fertilization inhibited by adding back seminal plasma components (“decapacitation” factors)
· Acrosome Reaction (requires capacitation)
· See Histo Spermatogenesis notes, Spermatid Phase (p. 216) for background on the acrosomal vesicle;  See Histo Oogenesis lecture notes, Primary Follicles (section III. B. p. 225) for background on ZP proteins (ZP1, ZP2, ZP3)
· Possible locations:  throughout reproductive tract & in close proximity to oocyte

· Upon contact w/ epithelial cells of oviduct or uterus

· In cumulus mass

· Upon contact with the zona pellucida protein ZP3 (induces rxn)
· Fxn: releases enzymes to remove barriers to the egg

· Exocytosis of Acrosome
· Sperm layers outer to inner:  PM(acrosome(nucleus
· Outer acrosomal membrane fuses with PM & breaks
· Inner acrosomal membrane becomes apical surface of anterior sperm head
· Mediates continued attachement to ZP2
· Binds acrosin (protease) to promote further zona penetration
· Acrosomal contents discharged (penetrate ovum covering)
· Hyaluronidase – breaks up cumulus mass
· Acrosin protease
· Dissolves ZP (thick, porous extracellular matrix)
· Sperm swim w/ flagellum to traverse ZP w/ aid of acrosin still bound to inner acrosomal membrane
· Neuraminidase
· Fusion/Fertilization: 

· Occurs in postacrosomal region (i.e. acrosome rxn necessary for fertilization)
· Sperm enters perivitelline space (b/w ZP & PM)
· Fusion of sperm & oocyte PMs (sperm nuclei + other organelles enters ooplasm)
· Oocyte Activation:   
· Initiated by fusion of sperm & oocyte PM’s
· Generates an oocyte signaling cascade in the following order:
· Membrane depolarization (within a second)
· Initial block to polyspermy
· Na+/H+ exchange across PM; “shocks” away other sperm
· Ca2+ wave (beginning at site of sperm contact) – ↑ intracellular Ca2+ triggers fusion of cortical granules & PM 
· Background:
· Cortical granules throughout ovum cytoplasm [refer to Primary Follicles of Oogenesis lecture notes (section III. C. p. 225)]
· During oocyte maturation, cortical granules relocate to ovum cortex (adjacent to PM)
· Cortical Reaction (within 1st minute)
· Contents (cortical granules) released( perivitelline space
· 2o block polyspermy:
· Oocyte PM modified by:
· New proteins inserted during cortical rxn
· Proteins secreted by sperm & cortical granules
· ZP modified
· ZP2 is cleaved
· ZP OligoCHO receptors modified/removed
· Zona hardening – zona proteins become cross linked, making it difficult to dissolve zona (block to polyspermy)
· Intracellular pH rise (within minutes)
· Activates proteins that restart meiosis & initiate decondensation of sperm nucleus
· Meiosis Completed (over several hours)
· 2nd meiotic division completed
· 2nd polar body forms (Hallmark of Fertilization–h/v may be fragmented nucleus)
· Zygote contains 2 Pronuclei (Gold Standard of Fertilization):
· Haploid (1N) oocyte chromosomes form female pronucleus
· Haploid (1N) sperm chromosomes decondense & form male pronucleus
· Remain separate for 24 hrs (       
· Pronuclei approach, but NEVER fuse; membranes soon disintegrate
· Clinical Correlation:

· In Vitro Fertilization (IVF) done after maturation but before ovulation:  
· ~ 6 hrs prior to ovulation
· Meoisis I complete; arrested in Metaphase II
· Success determined if after 24 hrs, exactly 2 pronuclei identified 
· Preimplantation Development
· Cleavage – occurs in uterine tube
· 2 cell to 8 cell embryos
· Divides cytoplasm into smaller & smaller blastomeres (cells); little increase in embryo diameter
· Totipotent:  ability to develop an entire organism; maintained 2 – 3 divisions
· Compaction – occurs after 3rd cleavage (8 to 16-cell stage)
· Blastomeres adhere tightly to each other
· Morula = ball of cells (named after mulberry)
· Cavitation & Trophectoderm Differentiation
· Trophectoderm
· Outside cells of morula form tight junctions
· Responsible for cavitation
· 1st transporting epithelium
· Cavitation – formation of blastocyst cavity (blastocoel)
· Osmotic gradient forms across embryo
· Fluid-filled pockets coalesce to form a single large cavity
· Blastocyst – embryo enters uterus on Day 4
· Inner cell mass (ICM) also called embryoblast (embryonic stem cells)
· Derived from inside cells of the morula
· Pluripotent– able to form all cell types of fetus (can’t produce trophoblast nor placenta)
· Trophectoderm – surround blastocyst cavity

· Differentiates into trophoblast in uterus

· Trophoblast mediates implantation of embryo in uterine wall

· Secretes “hatching” proteases (proteases also present in uterine secretions)

· “hatching” = ZP dissolves just before implantation, exposing trophoblast to uterus
· Implantation 
· Day 6 after fertilization (Day 20 – 22 of endometrial cycle)
· ICM/embryoblast differentiates
· Hypoblast – cells adjacent to blastocyst cavity
· Epiblast – precursors to fetal tissues
· Trophoblast attaches to endometrial epithelium
· Cytotrophoblast (cellular trophoblast)
· Remains mononucleate
· Stem cells that divide & proliferate
· Fuse to form syncytiotrophoblast
· Multinucleate, terminally differentiated
· Invasive – invade endometrium epithelial cells; adhere to basal lamina & invade deeply into uterine stroma (CT)
· Decidua
· Decidualization  (occurs over uterus & oviduct)
· Differentiation (secretory phse):  stromal fibroblasts(decidua
· Enlargement (rich in glycogen & lipids) 
· Secretes:
· Extracellular matrix—supports trophoblast adhesion 
· GF—supports trophoblast differentiation ( syncytiotrophoblast (invasive phenotype)
· Access to Maternal Nourishment
· Preimplatation Stage:  reproductive tract fluid simple diffusion
· Implantation:  decidua cells & glands phagocytosed by invasive trophoblast cells
· Lacunar Stage
· Initially, trophoblast cells surround and engulf uterine capillaries in the compact layer of the endometrium
· Maternal blood bathes the trophoblast in the form lacunae (pools of blood) that form around invading trophobalst cells
· Fetal Growth:  a placenta is formed to create an active interface b/w embryonic tissues and maternal blood
· Trophoblast cells invade and remodel the spiral arteries, increasing their diameter to improve blood flow towards the placenta
· As the embryo grows, diffusion from trophoblast to other embryonic tissues is inadequate, necessitating the early (end of week 3) establishment of an embryonic circulatory system (one of first systems to develop)
· Summaries:
· Cycles:
	ENDOMETRIUM
	OVARY

	Menstrual phase
	Follicle recruitment

	Proliferative phase
	Follicular pahase

	Ovulation 
	(Day 14)

	Secretory phase
	Luteal Phase

	Ischemic phase
	Degenerating CL or Pregnancy (IF fertiliz.)


· Hormonal Control:
	GONADOTROPINS
	OVARIAN STEROIDS
	EMBRYONIC

	GnGH (hypothalamus)
	Estrogen
	hCG

	FSH (adenohypophysis)
	Progesterone
	

	LH (adenohypophysis)
	
	


· 1st Week :
	Stage
	Location
	Time

	Fertilization
	Ampulla
	0

	1-cell zygote
	Isthmus
	0 – 24 hrs

	2-cell zygote
	Isthmus
	24 hrs

	4-cell zygote
	Isthmus
	36 hrs

	8-cell zygote
	Isthmus
	Day 3

	Morula
	Oviduct to uterus
	Day 3 – 4

	Blastocytst
	Uterus (unattached)
	Day 4 – 6

	Hatching
	Uterus
	Day 4 – 6

	Implantation
	Uterus
	Day 6 - 7


