Table of Contents

Chapter 1: Introduction and Review of LIiterature ..........c.ccccoeeieevicie i, 1
1. Female ReproduCtiVe SYSIEIM .........coviiiiiieiiee et nne e 1
N O SRR UPR PP 1
A o] |11 U] (o0 T T USSR 2
1.3 FOllicular StErOIdOQENESIS. .....cueiieiieeie ettt sttt reene e 5
1.4 Two cell two gonadotropin thEOIY .........cviiiiiieee e 7
(SR o] | [ ToI U] T N =T - VSO R USSR 8

I T N o To] o (0 1] £SO 8
1.5.2 MechaniSms OF @POPLOSIS. ......civueueiierieeiesie sttt sre e sree s e 9
1.5.3 Regulation of apoptosis iN the OVary ... iiece e 10
1.6 Synchrony amongst Ovary, Brain and PitUitary...........cccccoeerviiniiene e 11
1.7 Factors involved in follicular growth ..o 12
1.7.1 Insulin and Insulin receptor (INSR): .....ccooii e 12
1.7.2 Insulin like growth factor SYSLEM .........ccceeiviiiiiicic e 13
1.8 Insulin and IGF Signaling MechaniSM ..........cccoviiiiiiiininieeeee e 14
1.9 Signaling in Granulosa Cell ............cooi i 16
1.10 Granulosa cell MetaboliSM .........cccoiiiiiiiic e 17
I R ) 1=] ] Y2 P TSRS 18
0 I =] T (=T o] oo Y2 SRR 19
1.11.2 Etiological factors for infertility ............ccccoveiiiiiiec e 19
1.12 InsSulin reSistance (IR) ....cvoviiiieiiieie e 21
1.13 Diagnosis of insulin resistance (IR) ........cocveieiieiieie e 22
1.14 Cellular and molecular mechanisms of insulin resistance (IR).........ccccovvevviievvenenne. 23
1.15 Insulin resistance (IR) at hypothalamus and pituitary............cccccocvevieiieiieeie e 24
1.16 Insulin resistance (IR) @t OVAIY ........c.coviiieiieie et 25
1.17 Insulin resistance and CONCEPLION..........iiiiiiiierie et 26
1.18 Insulin Resistance and CadmiUm ..........coueiverieiieieee e enes 27
1.19 ENAOCIING QISTUPLOTS .....viviiieeieite sttt bbbt 27
0 O Vo 1 111 o ISR 28
1.20a Cadmium and reproductive dySTUNCLIONS ..........cccooeiiriiiiiece e, 28
1.20b Toxic effects of Cd in the hypothalamus............ccoceiiriiiiiiii e, 28
1.20c Toxic effects of Cd in the pituitary gland ............cccooviiiiiiic i 29
1.20d Toxic effects of Cd iNthe OVArY ..........ccviiiiiiiie e, 29
1.2 ANIMAL MOEIS ... e 31
1.22 HUMAN MOTRIS......oiiiiiee ettt 32
1.23 Interventions fOr INTEITHITY ... 33
1.23.1 Life style MOdifiCatiONS ...........cccuieiiiiic e 33
1.23.2 Pharmacological iNterVENTIONS .........cccveieiieiieie e 33
1.23.3 Insulin-sensitizing drugs (ISDS) .......cueiviieiieiieie e 34
1.23.4 Herbal medicine in treatment of Insulin resistance .........c.cccocveeveeeciee e, 36

L 24 RO IO CES: .. e 39



Chapter 2: AIMS and ODJECTIVES.........ocieiieieceeee e 50

2.1 Aim and Rationale for the StUAY .........ccooeiriiii e 50
O o] 1= ox (1YL OSSPSR 52
2.2.1: To study the effect of cadmium on cell death and expression of steroidogenic and

major candidate genes in insulin resistant rat ovarian cells............ccccccoovviviiiie e, 52
2.2.2: To study the effect of sub-clinical dose of cadmium on steroidogenesis in insulin
resistant human granulosa CellS. ... 52
2.2.3: To elucidate mechanism underlying insulin and steroidogenic signaling in insulin
resistant and non-insulin resistant human granulosa cells. .........c.ccccoovvriiiiniiiin e, 52
2.2.4: To identify insulin sensitizer bioactive compound to ameliorate insulin resistance
and steroidogenic dysfunction in human granulosa cells. ..........ccccoiviiiiiiiiiiciciieen, 52
Chapter 3: Materials and Methods.............cooviieiiiii i 53
3.1 HOIrMONES AN MBAGENTS ...ttt bbb 53
T N 41| oo TSRS 53
3.3 Animals and Experimental DeSIGN........cccocvviiieiiiiieieeie e 53
3.4 Selection of IR animals and confirmation of IR ............ccccoviiniiiin e, 54
3.5 ESLIOUS CYCHCILY ..vviiiieiecie ettt et e reesne e ne e ne e 54
3.6 Histological @nalYSIS ........c.coviiiiiiiiciece e e 54
3.7 Granulosa cell 1Solation frOM Fat..........ccovieiieii e 55
3.8 Human follicular fluid COECTION .......c.ooiiiiiiiee e 55
3.9 Human granulosa-luteal cell isolation and Culture...........ccccooveeiieici i, 56
3.10 IMMUNOCYIOCHEMISTIY ...t 56
3.11 Atomic absorption spectroscopy (AAS) for Cd analysis ..........cccccevviieiieve e, 57
3.12 Measurement Of Cd tOXICILY ........cccueiieiiiicii e 57
3.13 In vitro culture of NLGC With Cd........cccoviiiiiiiiieecece e, 57
3.14 Human granulosa cell culturing with bioactives.............cccccevvivieiieii e, 58
3.15 Total RNA Extraction, RT-PCR and gRT-PCR..........ccccooveiiiiiiiene e, 58
3.16 WESEErN DIOt @NAIYSIS .....eoueeiieiieieieiee et 59
3.17 Estimation of hydroxysteroid dehydrogenase aCtivity ..........cccccooeverenenenenenineneene, 60
3.18 ANNEXIN V DINAING BSSAY .....veuvereiriiieiiesiesieeee ettt 60
3.19 Follicular fluid and hLGC culture hormone analysis...........cccccovvveiieeiievie i, 60
3.20 StAtiStICAl ANAIYSIS ....eeiieiiiecic et 61
320 RETEIBNCES: ..ottt et b ettt b e bt e e nre e ae e 61
Chapter 4: To study the effect of cadmium on cell death and expression of steroidogenic
and major candidate genes in insulin resistant rat ovarian cells. ................ 62
ot I [ g1 (oo [ Tox Ao [ TTRTR 62
4.2 EXPErimental DESIGN .....cc.vv ittt ettt 65
A3 RESUIES ...t b e e b ne e 66
4.3.1 Induction of IR is solely because of dexamethasone............cccevvevveiieciiecie e, 66
4.3.2 Effect of Cd and IR on EStrous CYCHCItY ........ccoevveiiiiiiiiiicec e 67
4.3.3 Histological Analysis revealed alterations in OVary ..........ccccccoceveevesieesieenieseennnnns 67
4.3.4 Granulosa Cell VIaDIlity.........c.ccoviiii i 68
4.3.5 Effect of Cd and IR on cell death parameters in granulosa cell ..............ccccceeenee. 69

4.3.6 Effect of Cd and IR on serum estradiol and progesterone concentrations .............. 70



4.3.7 Expression of genes and proteins involved in steroidogenesis in rat granulosa

(01 | OO RR PO PRPRRTRPP 71
4.3.8 Effect of Cd and IR on steroidogenic enzyme actiVity..........cccccovvvvveniennnniieseennnn, 72
4.3.9 Expression of genes for gonadotropin receptors in rat granulosa cells ................... 73
4.3.10 Expression of genes involved in regulation of steroidogenesis...........ccccccceene... 73
4.4 DISCUSSION ...tteiteetiesieie sttt sttt ettt bbbt se et b e s b e bt bt e b e e s e e e benbesbenbeebeeneenee e 74
SR R (=L (=T (=T 1 T0L IR 81
Chapter 5: To study the effect of subclinical dose of cadmium on steroidogenesis in insulin
resistant human luteinized granulosa cells............ccooeiiiiiiiiiiiieicc e, 84

TR R [ 1 (0o [N w1 1o ST 84
5.2 EXPEriMENtal DESIGN .....ccuiiuiiiieieieieie sttt bbbt 87
ST B (=11 ] | SRS PS 88
5.3.1 Characterization of cells isolated from follicular fluid...........cccccoceviiiiiiiiiiininnn, 88
5.3.2 Insulin Resistance confirmation in PCOS-hLGC’S .......ccovovviiiienenienie e 88
5.3.3 Cd concentration in follicular fluid ............ccoooeiieie i 89
5.3.4 Effect of Cd exposure on viability of control and PCOS-IR hLGC’s........ccccueueene.. 89
5.3.5 Effect of Cd and IR on cell death parameters in hLGC’S.........ccoovvviiiiiiniiiiiennnn, 90
5.3.6 Effect of Cd and IR on steroid concentrations in hGLC’S ......ccccccccveviiveiiiee i, 91
5.3.7 Effect of Cd and IR on expression of steroidogenic genes- proteins in LGC’s ...... 92
5.3.8 Effect of Cd and IR on hydroxy steroid dehydrogenase activity in hLGCs. ......... 93
5.3.9. Effect of IR and Cd on expression of gonadotropin receptors genes in hLGC’s. .. 93
T O D U 1] o USSR 94
TSR =] (=] 1= SRS 98

Chapter 6: To elucidate mechanism underlying insulin and steroidogenic signalling in
insulin resistant and non-insulin resistant human luteinized granulosa

CRIIS. e e 102

TR oo [Uod £ o] o PRSP RP 102
6.2 EXPErimental DESIGN .......ccvoiieiiiiecie ettt st nte e eneas 104
8.3 RESUITS ...ttt ettt e e st et e st e e re e e ne e nre e teeneeaneenneeneenrens 105
6.3.1 Characterization of IR in granulosa cell and assessment of viability.................... 105
6.3.2 Insulin signalling is altered in PCOS-IR and PCOS-NIR .........ccccoveiiiiiiiiiiecin, 105
6.3.3 Fat metabolism genes are altered in PCOS-IR ........cccooeiieiiiie v 106

6.3.4. Expression of steroidogenic genes and proteins is altered in PCOS-IR and NIR 107
6.3.5 Steroid hormones are altered in follicular fluid from PCOS-IR and PCOS-NIR.. 108

6.3.6 mMRNA expression of FSH-R and LH-R are altered in PCOS-IR and NIR.......... 108
6.3.7 Insulin like growth system (IGF) is altered in PCOS-IR and NIR...............ccc...... 109
6.4 DISCUSSION ...vvreeieetieieestestteste e et e s e et essaeste e s e ste e teeseessaesseeseesseenseeneenseesseeneeaseenseaneennens 109
6.5 RETEIBINCES ...ttt bbbt et e st e nneas 114

Chapte 7: To identify insulin sensitizer bioactive compound to ameliorate insulin
resistance and steroidogenic dysfunction in human luteinized granulosa cells

FrOM PCOS. ..o bbbt 118

% A 113 oo 1ot o U PRSPPI 118
7.2 EXPErimental DESIGN .......ccveiieieiieie e sie ettt raesae e e sneenaeaneenneas 122



T3 RESUITS ...ttt ettt et e et bt e be e be et e nreas 123
7.3.1 Bio active molecules increase hLGC viability from PCOS-IR with no change in

PCOS-NIR. ettt bbb ettt bbb en s 123
7.3.2 Divergent effects of swertiamarin and curcumin on insulin signalling proteins in
hLGC’s from PCOS-IR and PCOS-NIR. .....ccccciiiiiiiiiiereece e 123
7.3.3 Swertiamarin and curcumin could reverse variations in the Lipogenic genes ......125
7.3.4 Swertiamarin and curcumin reversed the decrease in steroidogenesis in hLGC’s
FIOM PCOS-IR L.ttt be e re et e 125
7.3.5 Swertiamarin and curcumin had no effect on steroidogenesis in hLGC’s from
PCOS-NIR L.ttt b bbb n e 126
7.3.6 Swertiamarin and curcumin reversed the enzyme activity only in hGLC’s from
PCOS-IR bbbttt ettt b 127
7.3.7 Swertiamarin and curcumin reverted the steroid hormone levels only in hGLC’s
TIOM PCOS-IR ...t 127
7.3.8 Swertiamarin and curcumin reversed the gonadotropin hormones only in hGLC’s
TIOM PCOS-IR .ot reente e reene e 128
7.3.9 Swertiamarin and curcumin are capable of reversing variations in the IGF
VA5 C5] 1 PP PR 129
T4 DISCUSSTON ...ttt ettt bbbkttt bt bbbt e et et bbbttt e e 129
7.5 RETEIBICES ...ttt bbb 134
Chapter 8: Summary and CoNCIUSION............cccoiiiiiiie e 137
8.1 SUMMIAIY ...ttt ettt a e s ab e e e bt e e e bb e e e be e e e bt e e e teeeanseeeanes 137
ST O] o o1 1] o] o FO ST RPRTP 140
LEST OF FIQUIES. ...ttt bbbttt bbb vi

iSO OF T AIES <. ettt e e ettt e e e e e e e e aaaens iX



