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DEVELOPMENT OF UTERUS AND OVARY Active space

Embryogenesis 00:01:55

Fertilisation :
OocB’(e :
* Largest cell of the human body,
° Covered b3 20na. pellucida. : Role in sPerm—oocg’ce interaction and prevention
ot Fallopian tube implantation.
* Arrested in prophase of meiosis-I.
* Just before ovulation : meiosis | — meiosis |\, re-
lease of I* polar body,

SPerm—oocij’(e interaction :

* The acrosome (Tip of sperm) fuses with oocyte
membrane.

* Sperm membrane disintegrates ond its nucleus
goes inside the oocyte.

* earliest sign of fertiisation : 4 pronucieus.

* Abter fertilisation, 3™ polar body $rom ooeyte is
released,

2 coll stage 4 cell stage

anbrgo :

Day | adter Fertiisation (I celled stage) : & pronucleus
+ 3 polar bodies.

Doy a: a-4 celled stage.

Day 3 8 celled stage.

Day 4 : o celled stage (Morula).

morulo. (mwberr5 shope) :
* enters the uterine cowi’cB in o.normal c'jcle.
. Covering 1 20N0 pe\\ucida.

elas’coc5$’< :
® 35Sk celled s’mge.
* Fluid accumulotion — Blastocele — Later forms the 50\H 3oL,

etas‘cocgs&.
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01  Reproductive Medicine

YV * Majority cells arrange ot one embrgonic pole : embryoblasts.
* Cells ot the margin * Trophoblasts.

i:mbrgonic pole. ‘
Trophoblasts difSerentiate into : 3
L %ncgﬁo’crophoblas{s + feellular lauer. Anembruonic pole.
3. Cutotrophoblasts : Cellular louer. -
% P laij Development ot blas’cocﬂst

2.0n0. pel\um breoks — &mbrgo is released — \mplanm’c‘\on.

Pre implantaion genetic testing (PeT):
° Doys of embryo.
* Cells from trophoectoderm biopsied.
* Assessed for genetic onalysis.
° Limitadion : mosaicism can be missed,

lmp\an’ca’cion :
6|as’cocg’c iS implan’ced into decidua. ok the embrgonic pole.

Decidua basalis

Decidua. (Endometrium during pregncmcg) :

Decidua parietelis

I. Decidua basalis : Reloked o embrgon'\c pote. Cherion frendosum

Chorionic cavity

a. D€C\dua CQPSUIM S Eﬂwpswahns the Amniotic cavity
erbryp. e
3. Decidua parietalis : Remaining part of Yok sac

deciduo. Uterine cavity
Deciduo.
Chorion ¢
° Chorion frondosum : Related to decidua bo- -
cavily
salis.

* Chorion loeve : Swmund'\ng chorion.

Extraembrycnic
mesoderm

Note : Decidua. basalis + chorion $rondosum —
Formadion of placento. i

extro. embryonic mesoderm (eery) : Sy
Chonon
Develops around the embrgo.
\r.,“_‘“"’" - 7 Trophobiast
Between the embryonic dise and trophoblast. S Somooews

Splanchnepleunc
extragembryonc masodem

ex’«o.embrgomc mesoderm.
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Fluid collected within the gem divides it into & \agers '
I SOma‘copieuric geEm,
a Splanchnopkewic gem,

&xtra. embryonic coelom/chorionic cavity : —— o
£ { ——————Amnonic

somatic \ -
* Develops inside extra embyronic mesoderm  mwsm e
inincnd & ) { A [ P
splitting it into 4 except at connecting stolk. f;,';z:n",g”'“ﬁ:—' -’ | /’ E
mesoderm ’.,‘ 5 i/
° First Suid flled structure seen on ultrasound —— ) /-
otrophal . w}f{ coelom
* Seen as gestational sac ot S weeks ot ges- o :
Sabion, EXkraembrgonxc coelom,
Implantadion ond embrgonic dise : UsG correlotion.
° S weeks : Gestational sac from extra embr50mc coelom.
* S eeKs + 3/4 dows ¢ Yolk sae Srom blastocele.
* b weeks : embryonic disc, cardiac octvity,
* Decidun parietalis ond copsularis : Double decidual soc sign.
o // . h b (,‘)f‘."vl anal tan
, N\ / I, \\. e
o Y ~ WY o mie
: | £4/7 Ny = —— svotecay
/ £ /
\ f‘)»_ / \ @\ v . !/
\ / \ % ——— s
N \\\ y

usg evidence of pregnancy,

Formadion of amniotic coo/i’(i,j.

Further embryo development, $olding and amniotic fluid expansion :

Amniotic cav‘rg :
* Between ectdoerm and trophoblasts.
* enlarges ond surrounds the embrgo.
* embryo is folded on itself.
* Yok sac is compressed and seen as a small sac adjacent to fetal pole.

Yolk so¢ ¢
* Transformed structure of blastocele.
® Resorbed b3 13 weeks.
* Normal diameter : 3-S mm.
* Small 5olH sae <3 mmy, large 50\H sac 7o mm.

OBSGYN Residency Programme ¢ v1.0 * Marrow » 2023

Active space ----

Pane /%



4 01

---- Active space

Reproductive Medicine

Formation of placenta 00:19:57

Connecting stalK :
* Fetal vessels reach the motemal vessels vio
the connecting stalk.
° Laker, forms the umbilical cord, l
Cytotrophoblasts, ancg’dokrophoblas’cs, mesoderm g
+ Form placenta. Connecting stalk.

villi :

Syneytio trophoblast erode into maternal vaseular sinuses/lakes.
® Cytotrophoblast grow into syneytiotrophoblast : Primary vili (3 weeks).
® Mesoderm grows into the cytotrophoblast : Secondary villi (@ weeks).
* Blood vessels inside mesoderm : Tertiary villi (3 weeks).

Extrzembnyon:
C,\mtp"mb\m—\j?;
Synctntrophoblast ~——
Py | ooty | p—
chorionic wivs ' chononic vilus ! choricnic villss p—
Primarg, secondourg ond ’cer’darg villi, Placental barrier.

Placental barrier :
Between maternal vascular sinuses/lokes and fetal blood inside vessels.
Formed b\j :
L Sgncﬁdo’«ophoblas&s.
3. (uj’co’trophobtas’cs.
3. Basement membrane.
4, endothelium of vessels.
u&'\ma’(elg, the placental barrier thins out.

Further development of embryo 00:23:43

Development of embrgonic disc:

a layered embryonic dise ok 4 weeks : Tl T

L epiblast/ectoderm,

g, ngoblas’c/ endoderm.
a lagered embgronic disc.

OBSGYN Residency Programme + v1.0 + Marrow « 2023
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Development of uterus and ovary

) \agered embrgonic disc ot 3 weeks :

Trilaminar disc.

Intra. embryonic mesoderm (e develops betweenec- | sy
foderm and endoderm.

gctoderm and endoderm remains unseparoted ot a [

place o 3 |a56red embrﬂonic disc.
° Procoudal plate.

¢ Cloacal p\a’ce.

Notochord process $ormadtion :
Some ectodermal cells proh&lera’ce into lem %rm\ng notochordal process.
i splits 1em into & halves. i
gachhalf of lem is divided into: %

® Paroxial mesoderm. ¢

* Intermediate mesoderm. Notochord process formation,

* Loterol plaece mesoderm.

Intermediote mesoderm :
* Cephalic end : Pronephros (D‘\sin’cegmfces).
* middle : Mesonephros (Forms mesone-

Laieral
plate

phric/paramesonephric ducts and genital
ridge).

Notocordal Genital

process ridge

* Coudal end: metanephros. Ports of intermediote mesoderm.
* medial part of intermediote mesoderm :

&enital/ oonadal ridge.

Gental/gonadal ridge formation :
* Formed from medial most part of intermediote mesoderm.
° Later forms the gonads.
* Bipotentiol gonad till & weeks of gestadion.
* Ater b weeks, differentioes into testis/ovary depending on presence/ab-
sence of Y chromosome.
Note : Genital tubercle Sorms the externol genitalia. (Serotal sac/labia majoroD.

Paraxiol mesoderm :

Forms the somites,

Somites can be used to determine embrﬂon'\c oge.
Somites divided into 3 parts :

OBSGYN Residency Programme * v1.0 « Marrow « 2023
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Reproductive Medicine

* Selerotome : Develops skeletal SHS’(em.
° mgo’come : Develops muscles.
* Dermotome : Deve\ops dermis.

Development of paramesonephric ducts 00:32:47

Immediately lokeral to the genital ridge; two duct systems extending §rom cro-
nial to coudal end deve\op.
a duct 35$&ems : mesonephric ond pammesonephr'\c duets.

b ff

Mesonephric duct

Paramesonephric duct

mesonephric oand Parcxmesonephric ducts,
Both ducts coexist and the final fate is decided by the gonads.

Testis :
* Secrete testosterone and antimulierion hormone (BMH.
* AMH hormone abolishes development of mullerian duct/paramesonephric
duct.
* Promotes formation of wolfSian/mesonephric duct.,

OVarB :
® No testosterone, AMH is released.
¢ Pammesonephric duct devetops.

mullerian ducts :

Forms the femole intemal genitalia.

Caudal ends of mullerian ducts fuse in midline.
Tip of the fused ends is called mulierian tubercle.

Development ot urogenital sinus $rom endoderm :
gndoderm develops into gut system : Forequd, midgud, . W

hindgut. e

Part of hindgut distal to allantois diverticulum : _

Primitive urogenitol sinus. Rt A
Development of gut system,

OBSGYN Residency Programme « v1.0 « Marrow « 2023
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Development of uterus and ovary

Primitive urogenital sinus is divided by urogenital septum into :
* Definitive urogenital sinus anteriorly : Forms part of urinary structures and
urinary structures (Part of urethra, bladder except trigone).
* Anus/rectum posteriorly,
Part of urogenitol sinus forming vogina. : Sinovaginal bulb.
Tip of urorectal septum $orms perineal body,

mullerian tubercle opens into sinovasinod bulb :

* Fallopian tubes develop from the mullerian duct ( \-i}— Mullerian ducts
unfused part. *-\\,\ // /
: . . \ W 4
* Uterus, cervix and upper a/3of vogina. : Develop \s\/ /

$rom the fused mullerian duct parts. ,
) Mullerian tubercle
* Lower /2 0% vogjina. : Develops $rom sinovaginal Ad

Sino vaginal bulb
bulb. (urogenital sinus)

° mesoderm around the sinovaginal bulb : Connective mullerian ducts.
tissues and musculotures of the genital tract.

* The distally fused mullerian ducts then canalizes and the middle septum is
resorbed from caudal part to eranial part ot 40 weeks o gestadion.

mMullerian duct anomalies :

No fusion of mullerion ducts Dide\phgs uterus.

Partial fusion of mullerion ducts : Bicornuate uterus.

No resorption of septum : Septate uterus.

Development of only I mullerian duct : Unicormuate uterus.
No mullerian duct 35s’cem development : Mullerian agenesss.

Associoted anomalies with mullerian duct anomalies :
* 3% o renal anomalies.
° 1a-1S% o} skeletal anomalies.

Development of urinary system 00:49:10

Ureteric bud :
* Diverticulum from mesonephric duct.
* goes into the metanephros.
* Forms collecting system o¥ urinary tract,
°* metanephros : Forms the KidneHS.

Active space ---
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Development of bladder :
* mesonephric ducts open into urogenital Sinus.
* Part of distal ends of mesonephric ducts resorbed — Trigone of bladder.
® Remaining part of bladder : From endoderm (Urogenital sinus).

- Active space -----
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REPRODUCTIVE PHYSIOLOGY - Actve space

Menstrual cycle 00:01:08

Duration : 38 days (34-35 doy).
OOrvtrol\ing hormones :

® FSH: Firsti4 doujs

® LH: Second 4 dn53.

This is called the
Cells in the follicle : L
- “Qeela 3omdo&rophin kheorg”.

* granulosa. cell : under control of FSH, |

* Theca cells: Under control oF LH,
aranulosa cells and theca cells are depender* | l
on each other. / B e i
Production of estrogen "

b

CFanUIDLs C28

Cholesterol — Pregnanalone —> Progesterone

Aromoatose

.
estrogen « P450CIT_ pndrostenedione ' ’ S

aranulosa. cells lacks P40 €T — Provided b3
theco cells.

Ovarion steroidosenesis.

Follicular phase :
Primordial germ cells:
® 7+to0 8 billion in fetal life.
° |+to & milllion at birth,

* 1000 ok menopause.

L. Recruitment :
* Process where a fixed fraction of primodial follicles are acted upon by
FSH to develop in each cycle.
* Influenced by intracrine § paracrine factors :
Not by FSH, Lk but possibly by &H § androgens.
3. Selection 0nl5 one will Set selected 10 grow prominen’dg.
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- Active §pace - 3. Dominance : Selected Follicle will dominate and outgrow others.
Features of dominant $ollicle (OF)

® Increosed FSH recep’(ors.

° fAromotase ac’civkg.

° Seeretion of inhibin .

Rescue g recruitment :

Duration of time to achieve preovulatory status : 85 days.

Magority of this time is independent of hormones until lote stage.

Recruitment is achievement of readiness of follicle to respond to FSH selection.
Rescued ot the beginning of the cycle from apoptosis.

Androgens/&H moay have a. role.

Selection :
DF is selected b5 dag Sto 7.
Feotures :
® Increased FSH receptors.
° Has aromatase activity (Androgen — estrogeny.
° Inhibin & secretion.
* monofollicular development :
FSH levels $all (Due o a and Inhibin) but DF continues o grow.
Other follicles go into adresio.
FSH

secretion
suppressed

Donunant follicle(s)
can survive

weee FSH
—— Qestradiol

Insufficient FSH to
» keep smaller follicles
going - they become

atretic
0 25 2'4 218
Summary of folliculor phase.
Ovulation phase :
estrogen effects :

. Mego@dve feedback on FSH,

ARAAV L -~ 4 A aa Annn
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° Positive feedback on LH (3 7300 pg/ mi for 748 hrs).
After maturodion of HPO oxis.
Results in LH surge.

LH surge :

° Onset : 34 to0 36 hrs before ovulotion.

° Duration : SO hours.

® Peak : 13 hours before ovulation.
FaH surge (Second peak) : D/% progesterone rise.
Leutinizodion ¢ Cholesterol entry into cell.
Progesterone effects :

* Rising levels : Positive efSect on pituitary,

* High levels : Negotive effect on pituitory,

Structure of graatian follicle :

® Layers: Granulosa 1 theca cell layer.

* Oocyte surrounded by cumulus oophorus.

* Together called cumulus cocyte complex (COC).
Filled with Sluid,

Note :
* Owvulakion ocCurs 34 o 36 hrs abter onset of LH surge.
* LH functions :
a. LH surge lasts for 48 hrs leading o ovulation.
b. Necessary for complete oocyte maturation.
¢. Supporting corpus luteum.

Reproductive Physiology

COC aftached to the follicular wall (Free‘mg of COC mediated by FSH).

* Completion ot metaphase | — extrusion ot frst polor bod5 —> Secondanj
0005’@ formation — Arrested in metaphase of and meiotic division — Com-

p\e’ces ofter fertilization.

(-\Sen’cs causing ovuladion :
l &ndogemus LH.
a. exogenous LH (Large dose).
3, gnNRH agon‘\s’cs.
4, hCe,

OBSGYN Residency Programme * v1.0 « Marrow - 2023
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02 Reproductive Medicine 16

mechoanism of follicular rupture :
* Follicular pressure { :
Changes in composition of the antral fluid — 1 Colloid osmotic pressure.
* eneymotic rupture of the follicular wall :
LH § FSH — @ranulosa. cells — Production of plasminogen activator —
t Plasmin — § Fbrinolytic activity — Break down of follicular wall.
* LK — ! Prostoglandin € — § Plasminogen activator — 1 Pg Fadl —
Final common pathuvay (Most accepted theory).
NSAIDS role in IVF/IUl ¢ Prevent rupture of follicule +o delaw

Luteal pnase :
Summary :
* Follicwlar rupture — Follicle becomes corpus luteum — Secretes progester-
one under influence of LH — High levels inhibit LH.
* At Dal — maximum levels of progesterone — Profound inhibition of L.
® Corpus luteum supported by hCe instead of LH,
® No pregnancy — No hCG — Disintegration of corpus luteum.
* At D4 rising FSH — Recruitment of next eucle.
* Decreased progesterone d/t disintegration — Withdrauwal bleeding on a8

Luteal phase defect : Average values of progesterone on DAO, a1, 4d less than 2.

0as 7 Oi4 Oal Das

Concept of FSH window : —

* onyfocscamng () S .
under FSH peak window O ——— ' Og
can orow.

’ 60&?0?' ovarian stimula- ; O sy (c"";,.m OQS ' T;,Wmm Ziof
tion ¢ expond the window : O O @) o Bs o @) O ° o

either sides. 9/\. m N

Nofollcutar deveopment Notma! folkuar developmerz Nofelicusr deveiopment

FSH window.

ANOANAI P e e . Pem el . A A ABeee...  ANNN




Reproductive Physiology

Spontaneous cycle  Conventional Mild stimulated
stimulated cycle  cycle

Exogenous

HMGFSH
(\ Ihreshoid
AR, S

RN

Nwindowe

y

SH level /

20

Folicle 15 /
saoqm / /
’ A%%« 4 //': A A
1 7 14 1 ¥ 14 1 ? 14
Cyca day Stirytation €gy Stmutation 3y
Concept oF FSH window.

® QOvarion induction : Aim to induce atleast one ovum.
° Ovarion stimuladion : Aim 40 increase the number of ovum.

LH window and ceiling ¢
* LM ceiling : <5 IW/L.
* LH threshold : 71 IU/L.
® LH window : Optimal follicular development.
° Low LH levels :
Impoired follicular growth.
Impaired ooc%e moduradion.
Inadequate androgen and oestrogen synthesis.
® High LH levels :
Follicular odresio.
Oocyte development compromised.
Suppression of granuloso. cell proliteration.
Premadure luteinization.

Summary o all events in mentsrual c}jcle :

Dows , Hormonal events Ovarion events endometrial events
te, Estradiod § P — Re-
Ito 4 Recruitment. | Sloughing of endometrium.
lease of FoH § L (). |
St01 e | (From follicles). Selection. Proliferation.
8t0d | e % inhibin — (=) FSH, Dominance. | &rowth of glands § stromo.
13tols | fe —lHsuge. | Ovulation. | Proliferative — Secretory,
ISt03s | ea§P —> () FsH{LH|| | CL Sormation. Secretory,
asto | |ea§P — ro-ve effect
Luteolysis. P withdrawal — Sloughing,
a8 — fFeH,

NRKAGVN Racidanm Braaramma o vi N s Marrnw « 2N22
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--- Active space ----- )
GnRH thS IOIOgY 00:55:00
Features :

* Action : Stimulates production of FSH § LH.

° it is a nona/deco-peptide.

* Short £1/3 0% S to & mins Rapid hydrolusis due to weak bonds S +o b ond b
%o .

® At th position : &lycine is present (main cause of weakness of GnRH).

GnRH agonist : Cramcspareenss
* Substitution of Gth positon glycine.
o. with Leucine : Leuprolein.
b. With Serine : goserelin or buserelin,
® Has increased a%n‘rg.
® Has increased t /3.

GNRH ason‘\st
&nkH antagonist :
* multiple aminoacid substitutions (4,3 mainlup.
* morphologic similarity.
* No intrinsic activity,
* Competitive antagonist.
* &g Cetrorelix, Ganirelix
Individual molecules.
AAAAA Leuprolide. Leucine of b.
guserelin. Serine ot b.
Noferelin. Naphthulamine ot .
Histerelin. Histidine ok .
goserelin, Serine at b, Aza~Gly ot 10.
Triptorelin, Deslorelin, Dand L ’mjp’mn;ne.
Antagonists.
Abarelix, Cetrorelix, Ganirelix, Antarelix

OBSGYN Residency Programme - v1.0 - Marrow « 2023
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Reproductive Physiology

GnRH action on pi’cw’mra :
Pulsatile secretion.
Pulse frequency :
° Once inl hour.
° Con be increased or decreased,
* High frequency : Preferential synthesis § seeretion of LH.
* Low frecuency, high amplitude : Preferentiol synthesis § secretion of FSH.
® Regulated b3 €3 and progesterone.
Gonadotrope : For both FSH and LH.

Actions of GNRH :
L. Release/Slare : Immediote event.
a. Storage/priming : For further release.
3. Activotion of stored pool for release.

Note :
® FSH ond LH exist par’dg 0S subunits and par‘d5 oS
stored pool.
* 8 subunit 55n’ches‘\s is the rode \'\mi’dng step.

Actions of &nRH

heg concepts :
* Low €4 level : Cause storage of FSH and no aetion on LH,
® High €4 level : Inhibit FSH and stimulote LH release and storage.
® Low progesterone : Stimulate LA and FSH release.

® High Progesterone * Inhibit LK, Stimulates FSH storoge.

Pituitary down regulaction :

* endogenous &nRH — short half life — Short action — Receptors recycled.
GNRH agon'\st —> Long action — Agon'\s’c con‘dmouslg present — Receptors
desensitized,

* Leads to loss of receptors (Tachyphylaxis).
* Receptor-effector uncoupling seen.

® Suppression seen earlist b5 D7, lokest bg Dal.
Note :
® &NRH antagonist couses immediote stoppoge in FSH, LH secretion.
* Administering 6nRH agonist — Displaces GnRH antagonist — Secretion o}
FSH, LH.

Active space ----
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hNDg neurons :
Consists 0%
L. Kisspeptin : Stimulates GnRH release.
a. Neurokinin & (K 8) : Stimulates Kisspeptin release.
3. Opioids (Dgnorph’m)  Inhibits Kisspeptin release.
Involved in :
. Puber’cg.
° Sex steroid feed back,
° Sress effects,
° Nutritional eHects,
° Action on arcuate nucleus : Causes negative feedback.
* Action on antero-ventral periventricular nucleus (AVPV) : Causes positive

feedback,
Anteroventral GnRH neuron
periventricular ’4,‘ p Y
nucleus \ / ~‘ .\ -,
/){ @Posmve feedback s —hedlan eminence
/)/J Kiss1 neumn /—L’ \\IGnRH
/ Kiss1 neuronx\ V
{ [ X4
| ) \ Negative feedback f
\ / ( V' N
\\ / Arcuate nucleus @
\ :
N ox steroi W,
\{\ (SE/Ps;n::)s ™ o FSH
Gonads =
F\ChOH ot Ktsspep’(
Theories on folliculogenesis :
L C,ﬂcl ical recruitment :
Follicles are recruited in each cﬁcle.
Old concept but wide\g occepted,

a. Continuous recruitment :
Recruitment occurs ’chroughouk con’c\nouslg.

Not very well accepted,

2. Follicular wave ’cheonj '
Newer concept.
Recruitment occurs in major and minor waves.
Stimulation ok the time of the wawe causes Sollicular $ormakion.

Dana Q/Q



