TABLE OF CONTENTS

CHAPTER 1: INTRODUCTION

1.1 Brain Parcellation ........c.ccoueieiiiiie e 1
1.2 Brain CeIIS ..o 3
IR =1 (oToTo o] - U1 T o= g T PSP R R PRPRRT 5
1.4 Peripheral signals conveying information to brain..........ccccccoeeeviiviiiiiienicinnnen, 6
1.5 InSulin tranSport t0 Drain...........coooii i 7
1.6 Distribution of brain insulin receptor (INSR).........ccccoviiiierinin i 9
1.7 Insulin Signal Transduction PathWay ............ccccoviiriiiieiencsc e 10
1.8 Role of insulin signaling in brain Cells ..., 12
1.8.1 Insulin signaling in neural stem CellS.........ccocooiiiiiiiieee, 12
1.8.2 Insulin signaling iNn NEUIONS .........ccoiiiiiiiiiisieeee e 13
1.8.3 Insulin signaling IN @StrOCYLES .........cciiiriiiiirieie e 13
1.8.4 Insulin signaling in oligodendroCytes ...........ccoveeieienenesise e 14
1.8.5 Insulin signaling in MICrOgHa.........cccccveiiiiiiieie e 14
1.8.6 Insulin signaling in ependymal CellS.............ccoovveviiiiiieie e 14
1.9 Physiological outcome of brain insulin signaling............ccccceevviveiieiicccieeen, 15
1.9.1 MEtaDOLISIM ...t 15
1.9.2 Autonomic nervous system regulation............ccccocevveieeve e 16
1.9.3 Appetite regulation..........cc.coeiiiii i 17
I T =T o] oo [1Tox oo USRS 17
1.9.5 BENAVION «...cveiee ettt 18
1.10 Brain inSULIN FESISLANCE.........cciiiierieieieite et 19
1.10.1 Molecular mechanism of brain insulin resistance...........c.ccoccoevvvvieniieninnnn. 19
1.10.2 Causes of brain insulin reSiStancCe ...........cccooeiieieiienieieseee e 21
1.11 Therapeutic implications of brain insulin signaling ...........ccccocvviiiiiinnen, 26

CHAPTER 2: AIMS AND OBJECTIVES
Rationale of the STUAY ... 28

SPECITIC ODJECTIVES ...ttt sre e nreeae e 30

CHAPTER 3: MATERIALS AND METHODS
3.1 Materials and REAGENTS. .....cc.oiviiiiiiiiieieie e 31

3.2 Experimental ANIMAIS ........oouiiiiii e 31

Raygitha Chuwattil Ph.D. G hesis



3.3 Confirmation of insulin resistance and oral glucose tolerance test .................... 32

3.4 BENAVIOUT STUAIES ....vvievieiiiie ettt 32
3.4.1 Tail SUSPENSION TEST ....vvevviieiecieeie et 32
3.4.2 PUPIL dIAtiON TESL......cvveieciccieee e 32
3.4.3 COorneal refleX tESt .......eeueiieieeiecie e 33
3. 4.4 Tall IMMEISION TESE......eeiiiiieiieeie et 33
345 Gt ANAIYSIS ...ttt et 33
3.4.6 Grip 8SSESSIMENT TEST ...ttt 34
3.4.7 BalanCe DEAM TEST........eoiiiiecieeieee e 34
3.4.8 OPEN TIEIA TESE ..o 34
3.4.9 Morris water maze (MWM) .......ccooiiiiiiiieiee e 35

3.5 HiStologiCal STUIES.........cviiiiiiiie e 35

3.6 Serum Corticosterone EStIMation ...........cccooeririnininieniece e, 36

3.7 Neurotransmitter StMALIONS. .........covviiereeie e nee e 36
3.7.1 Glutamate and GABA EStMAtION.........cccoiviriiiieiiee e 36
3.7.2 Dopaming EStIMAtioN ..........cccoiiiieiieic e 37

3.8 Brain Cell CUTUNING ......ooviiieiie et 38
3.8.1 ASIrOCYLE CUITUIING ...c.veeiiieiicieeiecee sttt 38
3.8.2 Neural stem Cell CUItUIING .......coveiieiiceceeeeece e 38

3.9 Silencing of INSUlIN FECEPLON JENE ......cvveiveeieiie et 39
3.9.1 Silencing of insulin receptor gene in astroCYteS..........ccoevvevveieevieereeieenean, 39
3.9.2 Silencing of insulin receptor gene in NSCS .......ccccceveiieie e, 40

0 Y I I I LT | PSR 40

3.11 Cell CyCle @NAlYSIS .....ccveeveeie et 41

3.12 Immuno-phenotyping using flow Cytometer ...........cccccvevveieii e 41

3.13 IMMUNOCYIOCHEMISIIY ... 41

3.14 GlYCOGEN CONTENT......eiuieiiiieieiee sttt bbbt 42

3.15 LactiC aCid @SHMALION .......ecveiieeeee e sae e nrees 42

3.16 WeSEern DIOt @nalySiS.......cc.oieiiiiiiiieieieeee e 42

3.17 GeNe eXPreSSION STUAY .....cververiiiiiriisiieiieie ettt 43

3.18 StatistiCal @NAlYSIS.........coviieiieiiii i 43

Raygitha Chuwattil Ph.D. G hesis



CHAPTER 4: REGIONAL AND NEUROBEHAVIORAL STUDY OF
BRAIN INSULIN RESISTANCE

Regional and neurobehavioral study of brain insulin resistance in glucocorticoid
induced diabetic rat MOdel ...........cooiiiiiiiie 47

4.1 Assessment of region specific alterations in insulin signaling in glucocorticoid

induced diabetic rat model and its correlation to neurobehavior..............cc.cccceevenne. 49
A L1 PIAN OF WOTK . 49
A 1.2 RESUIS ...t 50

Confirmation of dexamethasone induced diabetic rat model ....................... 50
Dexamethasone treatment does not alter Brain morphology in rats.............. 52
Dexamethasone treatment impairs insulin signaling in hypothalamus with no
change in hippocampus, cortex and cerebellum .............cccooveviiiiiiciicenen, 53
Dexamethasone lead to neuro-behavioural alterations in rats ...................... 57

Stem cell and astrocytic markers are altered in hippocampus of
dexamethasone treated FatS ..........cuveererere s 60

Candidate markers for appetite regulation is disturbed in hypothalamus of
dexamethasone treated FatS ..........cuveererere s 61

4.2 Impact of glucocorticoid induced maternal insulin resistance on hypothalamic

appetite regulating circuitry of the neonatal brain..........cccccevcvvieiieii s, 65
4.2 L Plan OF WOTK ....oooeviie e 64
4.2.2 RESUIS ..ottt 66

Confirmation of dexamethasone induced maternal insulin resistant rat model
....................................................................................................................... 66
No physiological differences in pups born to dexamethasone treated dams as
compared t0 CONTIOl AAMS.......oiiiiiiiieee e 67

No histological changes in brain of pups born to dexamethasone treated
dams as compared to CONtrol dams .........cccooviiiiiinieieee e 68

Sexual dimorphic alterations in insulin signaling in pups born to
dexamethasone treated dams as compared to control...........cccccccevvvevvcienen, 68

Sexual dimorphic alterations in hypothalamic appetite regulating
neuropeptides in pups born to dexamethasone treated dams as compared to
(010) 110 SRR 70

4.3 DISCUSSION...eeeeeeeeeeeeeeee ettt et et ettt et et et e e et eeeeeeeeeeeeeeeeeeeeereeeeeeeeeeeeeeereeeeeeeeeeeeeenenees 73

CHAPTER 5: INSULIN RESISTANCE AND GLUCOCORTICOID ON
METABOLISM OF ASTROCYTES

To elucidate the role of insulin resistance and glucocorticoid on metabolism of
aStroCytes: AN IN VITFO STUAY ....ooviiieiieiiiie e 82

Raygitha Chuwattil Ph.D. G hesis



5.1 Impact of insulin resistance (Insr gene knockdown) on astrocyte metabolism..85

5.1 PIAN OF WOFK .ttt 85
512 RESUIS ..t 86
Characterization OF aStrOCYLES........c.ccuviieiieiieie e 86
Insulin Receptor gene silencing (KD) in aStroCYtes ........cccoceveevereerieneenn 87
Morphology, Survival and proliferation is compromised in INSR KD
R (0103 (F J PR UPP 87
Astrocytic components of Astrocyte neuron lactate Shuttle (ANLS) are
altered in INSR KD CellS ... e 89
5.2 Impact of glucocorticoid on insulin signaling of astrocytes............ccccccevvevenenn 91
5. 2.1 PIAN OF WOTK ...ttt 91
5.2.2 RESUILS ...ttt neene e 92
Survival and proliferation of astrocytes was not affected by dexamethasone
EFEALMEINT ... 92

Dexamethasone treatment induced reduced insulin sensitivity in astrocytes93

GFAP, GLUT1, and glycogen levels were altered post dexamethasone

treatment iN aStFOCYLES .....c.vcviiieie e 9

Astrocytic components of ANLS are disturbed post dexamethasone

treatment iN aStFOCYLES .......ocveiiicie e 96
5.3 DUSCUSSION....c.vettiteeteetietie ettt sttt ettt st b e s s et e st sbesbe st b e e neeneeneens 98

CHAPTER 6: INSULIN RESISTANCE AND GLUCOCORTICOID ON
THE FATE OF NSCS

To elucidate the role of insulin resistance and glucocorticoid on the fate of NSCs: An

N VIEEO STUAY L.ttt te et e s te e te e e are s 105
6.1 Exploring the role of insulin in determination of NSC fate. ...........c.ccccevennine. 108
B.1.1 Plan OF WOTK .....couiiieieii s 108
B.2.2 RESUILS ...t 109
Characterization of Neural stem CellS.........cccooveiiiiiiiii 109

Survival and differentiation was affected by insulin in dose dependent

L0 T 0] TR U P OURTUPOPROPRTN 110

6.2 Impact of insulin resistance (Insr knockdown) on NSCs..........ccccceevieiiecnene, 112
6.2.1 PIan OF WOIK .....oviiiiiiiiiice e e 113
Insulin Receptor gene knockdown (KD) in NSC ........coocviviiviiiieciicc, 113
Survival and proliferation is compromised in INSR KD NSC.................... 114

Raygitha Chuwattil Ph.D. G hesis



Undifferentiated as well as differentiated Insr KD NSCs has alteration in

candidate SLEMNESS JENES.......cvueiueereeiesieere e e e sre e sreeste e sreesre e reenre e, 115

INSR KD alters differentiation fate in NSCS.........ccccooiriiiiiininiiniicieiien, 116

6.3 Impact of glucocorticoid on insulin signaling in NSCS...........cccceveveiieiveinenne. 116

6.3. L Plan OF WOTK .....couviiiiiiece s 116

B.3.2 RESUITS ...t 117

Survival and proliferation of NSCs are affected by dexamethasone treatment

..................................................................................................................... 117

Dexamethasone treatment reduced insulin sensitivity in NSCs ................. 118
Insulin and dexamethasone alters Transcriptome profiling during

AIFFRrENTIATION ... 119

6.4 DISCUSSION ....viveeteetieteesie ettt sttt ettt e st b e b e e st e s et e b et sbesbesbe b e e neenee e 121

7. SUMMARY AND CONCLUSION..ccctttiiiiiiiniiiiiiieniiineecneeenenenn. 127

T e g e O R IC K |

LIST OF FIGURES AND TABLES.....cccocvitiiiiiiiiiiniiiiieninenenenennend=Vil

ACHIVEMENTS

RESEARCH PAPER: DEXAMETHASONE ALTERS THE APPETITE
REGULATION VIA INDUCTION OF HYPOTHALAMIC INSULIN
RESISTANCE IN RAT BRAIN.

SYNOPSIS

Raygitha Chuwattil Ph.D. G hesis



