Role of hypothalamic pituitary adrenal axis in prenatal

programming of adult disease.

Sanita Grover, BSc (Hons)

School of Paediatrics and Reproductive Health
Discipline of Obstetrics and Gynaecology
Faculty of Health Science
The University of Adelaide
South Australia

Australia

Thesis submitted for the total fulfilment for the degree of

Doctor of Philosophy (PhD)

March 2008




To my gorgeous children Matrim and Sabriel and my husband Mark.



Table of Contents

TABLE OF CONTENTS
LIST OF TABLES AND FIGURES ........ociiiiieiiiie st X
ACKNOWLEDGEMENTS ..ottt bbbttt Xvii
STATEMENT OF ORIGINALITY AND AUTHENTICITY ..ot Xix
TABLE OF ABBREVIATIONS AND BIOCHEMICAL NAMES ..o XX
ABSTRACT ..ttt b bbbt E bbbt bRt e ettt b s XXii
CRAPLEE L. bbb bbbt 1
LITEIATUIE REVIBW ...t 1
1.1 INEFOAUCTION ...t 2
1.2 Prenatal environment and fetal growth ... 4
1.3 Glycaemia and gluCOSE tOIEIANCE. .......cccviviieiicicee s 5
131 INSUIN .. 6
1311 SYNINESIS .. 6
1312 SBOTBLION .t 7
132 GlUCOSE UPLAKE......ceeviicvciciiie et 7
14 Type 2 diabeteS MEITUS ....c.cviieiciice e 9
1.5 Type 2 diabetes and early life INfIUBNCES ..o 10
151 Impact of birth weight and fetal growth ... 11
152 Animal studies — impact of birth weight / fetal growth ............ccoovvieiiiiiiiiciciiins 11
1521 Rttt 11
1522 PIg e 12
1523 SRBEP . 13
1524 GUINBA PG cvvetrereieierete ettt ettt bbbt st b e et b ne e 13
1.6 Hypothalamic Pituitary Adrenal AXIS (HPAA) ... 14
16.1 HPAA and itS IBMENTS........cviviiiiiieieirirs s 14




Table of Contents

16.2 GIUCOCOTICOI ACHON ... 16
16.2.1 Glucocorticoid action 0N PANCIEAS...........ceeurureririirereisisesiri e 19
1.6.2.2 Glucocorticoid actions on skeletal MUSCe ... 19
1.6.2.3 Glucocorticoid action ON lIVET..........c.cciiriiieeeee s 20
1.6.2.4 Glucocorticoid action 0N adipOSe tISSUE .......c.evvriereiriiieeereisee e 20

1.7 HPAA and early life INfIUBNCES. ..o 21
1.8 HPAA IN NUMANS. ...ttt 22
1.9 HPAA IN NON NUMAN SPECIES ....vvvvveviriieieiee ettt 23

191 R bbbt 25

19.2 SN s 25

VI TR ~ o OO OO 25

1.9.4 GUINBA PG +.veverevetereeeie ettt ettt e bbbttt s et s et b e bbb e s r b 26

1.10  Prenatal programming of Hypothalamic Pituitary Gonadal axis (HPGA)..........ccccevvieinnne. 27
1.11  Role of HPAA in prenatal programming for T2DM ..........cccovorrnniiiennneees e 28
GENETAI NYPOLNESIS ...ttt ens 29
SPECIFIC NYPOLNESIS ...ttt bans 29

HYPOINESIS L ... bbbt 29

HYPOINESIS 2 ... 29

HYPOINESIS 3 ...ttt ettt b e e bt 29

HYPOINESIS 4 ...ttt bbb e bbbttt e bt 29

SPECITIC AIMS .t bbbttt bbbttt 29

AIM L bbbt 29

Al 2 30

Al 3 30

Al e 30




Table of Contents

SIGNITICANCE. ...ttt b ettt bbbt rars 30
CRAPLEE 2.ttt 31
MaterialsS and MEtNOGS. .........coiiii s 31

2.1 Mating AN NOUSING.......cveriiiieiiiieeee et e s 32

2.2 SAIIVA CONECTION ... 39

2.3 Insertion of indwelling vascular CAtNELErS ... 45

2.4 Intravenous glucose tolerance teSt (IVGTT) .. 45

2.5 Treatment With MELYTAPONE .......cciiiieci s 46

2.6 POSIMOIEIM ... 47

2.7 Blood, plasma and saliva hormone and metabolite aSSays...........ccovvvrnirennnnneeeinen, 47

2.7.1 GOS0 ... e 47
2.7.1.1 Validation of salivary cortisol radioimmunoassay ............cccceververeerernseeresesrerenns 47
2.7.1.2 PlaSMA COMISOL........cueiiiiiiicieieier s 48

2.7.2 BIOOA GIUCOSE ...t 49

2.1.3 Plasma Free Fatty ACIHS.........ccciiiiiiiicse e 49

2.74 SaliVary tESIOSEIONE .....cviviicieei e 50

2.15 SaliVary PrOgESIEIONE. .......vuiviieiriiriieieie e 51

2.8 SEALISHCAI ANAIYSIS ...t 52
(O30T 0] (=] g TSRO TP PRSP 54

Effect of fetal growth restriction on salivary cortisol in the guinea pig throughout postnatal life.54

31 INTRODUCTION ...ttt sttt 55
3.2 MATERIALS AND METHODS ......ooiiieieiriee e 59
321 ANIMAUS ... 59
322 EXperiments in OffSPriNG: .....ccvoviviiiicc e 59
3.2.3 Analysis of Salivary COrtISOL ..o 60




Table of Contents

324 CalCUIALIONS: ... 60
3.25 SEALISHCAl ANAIYSIS: ...t 60

3.3 RESULTS ..ottt ettt b et 62
331 Effects of sex, age and time of day on salivary cortisol concentration...............ccccen.... 62
332 Effect of size at birth tertile on salivary cortisol concentration.............cccoeeveririvceennn. 63
333 Effects of birth parameters on salivary cortisol concentration.............c.cooeevvrrrienen 64

3.4 DISCUSSION. ...ttt ettt ettt et 65
(O30T 0] (= g ST TP PRSP 88

Relationship of salivary progesterone, testosterone and cortisol and size at birth in the guinea

pig throughout POSTNALAL TITE. .......c.cviiiiiiii e 88
4.1 INTRODUCTION ...ttt 89
4.2 MATERIALS AND METHODS ..ottt 92

421 ANIMAUS ...t 92
422 SAlIVA COlECTION ... s 92
4.2.3 HOMMONE @NAIYSIS.....cviiiciciiiiece e 93
4231 Salivary CortiSOL........cciviiiiieiiiiccie e 93
4232 PrOJESIEIONE ... 93
4233 TESIOSIEIONE ... 93
424 SEAtISHICAI ANAIYSIS ... ..vcveviiieieei e 93
4.3 RESULTS L.ttt sttt 94
43.1 Effect of age and birth parameters on salivary testosterone in males...............c.cc.c...... 94
4.3.2. Effect of age and birth parameters on salivary progesterone in females....................... 94
4.3.3 Effect of cortisol on salivary progesterone and testoSterone ...........ccevvveeivrivceennn 94
4.4 DISCUSSION. ...ttt bbbttt bbbt 96
CRAPLEE 5.t 103

Vi



Table of Contents

Effect of size at birth, sex and circulating cortisol on glucose homeostasis in the young adult

GUINBA PG oottt bbbttt 103
5.1 INEFOAUCTION ...ttt 104
5.2 MATERIALS AND METHODS ..ottt 109

521 ANIMAUS ...t 109
5.2.2 SUMGBIY bbbt 109
523 Intravenous Glucose Tolerance TeSt (IVGTT) ....cvvvrrieienrneeesis s 109
524 Hormone and metabolite @SSAYS ........ccvvvivieiiiiiicciisse e 110
5241 PlaSMa COMISOL........cvviviiiicicieis e 110
5242 BIOOA GIUCOSE ... 110
5243 Free Fatty ACIS ....cooovivciiicce et 110
5.2.5 POSE MOIMEMS ... s 111
5.2.6 SEAISHCAl ANAIYSIS ...t 111
5.3 RESULTS ..ottt ettt 112
531 Size at Birth Tertile in the GUINEA PIg...........cccevvriiiiiiiiccee e 112
532 Blood Glucose and Glucose Tolerance and Size at Birth ............cccooovvriicvnnninnne, 112
5.3.3 PlASMa COMISOL ......cvviiiieieieisie s 113
534 Plasma cortisol and blood gIUCOSE ... 114
535 Plasma cortisol and impact on associations of glucose homeostasis with size at birth.
................................................................................................................................... 115
5.3.6 Plasma free fatty acidS (FFA) ......cveiriiieesss s 116
5.3.7 Plasma cortisol and plasma free fatty acids (FFA) ... 117
5.3.8 Plasma cortisol and impact on associations of plasma free fatty acids (FFA) with size at
DIFEN. oo 118

Vil



Table of Contents

539 Relationship between plasma free fatty acids (FFA), fasting blood glucose and glucose
TOIEIANCE. ... 119

5.3.10  BOUY COMPOSITION .....ovviiiicicieieisisiee st 119
5.3.10.1 MUSCIES ... 119
5.3.10.2 L LSOO U TP PTPTRPRPPRTON 119

5.4 DISCUSSION. ...ttt bbbttt 120
CREPLEE 6.t 150

Effect of metyrapone on glucose tolerance and body composition in the young adult guinea pig

Of varying DIrth WEIGNT. .........cvoiic e 150
6.1 INTRODUCTION ...ttt 151
6.2 MATERIALS AND METHODS ..ottt 153

6.2.1 ANIMAUS ... 153
6.2.2 SUMGBIY ot 153
6.2.3 TIEAIMENT ...t 153
6.2.4 IV G T T bbbttt 153
6.2.5 Hormone and metabolite @SSAYS ........ccvvvivieiiiiiicciisse e 154
6.2.5.1 PlaSMA COMISOL......c.cviiiiiicieiriss e 154
6.2.5.2 BIOOA GIUCOSE ... 154
6.2.5.3 Free Fatly ACIS ....covivcciicee e 154
6.2.6 POSE MOMEMS ... e 155
6.2.7 SEAISHCAl ANAIYSIS ...t 155
6.3 RESULTS ..o bbbttt 156
6.3.1 Birth weight class and size at birth in the guinea PIg. ......ccoveeeieriiieiiiceeeeees 156
6.3.2 Effect of birth weight class and gender on blood glucose in the young adult guinea pig.
................................................................................................................................... 156




Table of Contents

6.3.3 Effect of metyrapone, sex and size at birth on fasting glycaemia and glucose tolerance.
................................................................................................................................... 157
6.3.4 Association between circulating cortisol and size at birth ... 160
6.3.5 Fasting blood glucose, glucose tolerance (GAUC) and cortisol..............ccccevvvivicnennne. 161
6.3.6 Free fatty aCidS (FFA) ..o 162
6.3.7 BOAY COMPOSITION ... 163
6.3.7.1 MUSCIES: ..o 163
6.3.7.2 LS ettt 164
6.3.7.3 DT gANS: .ttt et 165
6.4 DISCUSSION. ...ttt bbbttt 166
(O3 0T T0] (= o PRSPPSO PPSRPPOTN 209
GENEIAI DISCUSSION ...ttt bbbt 209
CRAPLEE 8. bbbt XXVI
RETEIENCES ... bbbt XXVi




Tables and Figures

LIST OF TABLES AND FIGURES

Table 1.1  Disorders associated with low birth weight in humans. ............cccooiiiiiiciiiccne, 2
Figure 1.1  Insulin action 0N gluCOSE fIUXES ........cccoiiiiiiiiiiii s 9
FIGUIE 1.2 HPAA Lot 15
Figure 1.4 Synthesis Of COMISOI ..o s 16
Table 1.2 Physiological processes targeted by glucocorticoids...........ccoovvvrvieinniieienniieiennn, 17
Figure 1.4 Tissue targets of glucocorticoids and the key OULCOMES ...........ccccevvvvveiiniicciiiniinns 18
Table 1.3 Effect of low birth weight 0N HPAA..........oo s 23
Table 1.4  Prenatal and early postnatal perturbation and HPAA outcome..............cccovvvvrvrvrnnne. 24
Table 2.1  Cohorts of guinea Pigs StUdIEd.........cccviiiriicciice s 33
Table 2.2 PUP MOMPNOMELIY ..ot 34
Figure 2.1  Morphometry of the QUINEA PIg. ..o s 35

Figure 2.2 Study Design: Effect of fetal growth restriction on salivary cortisol from birth to
aged adulthood in the guinea pig (Chapter 3)........ccooeeiiiiieiiccce e 36
Table 2.3  Study of effect of fetal growth restriction on salivary cortisol from birth to aged
adulthood in the guinea pig (Chapter 3). ..o 37
Figure 2.3 Study design: Relationships of salivary progesterone, testosterone and cortisol to
size at birth in the guinea pig (Chapter 4)........c.ccociiiiiiiicciec e 40
Table 2.4  Study of relationships of salivary progesterone and cortisol and size at birth in the
guinea PIgs (ChAPLET 4). .......oiiriiiece s 41
Table 2.5 Study of relationships of salivary testosterone and cortisol and size at birth in the
guinea PIgS (ChAPLEr 4). ....c.coiiecise s 42
Figure 2.4 Study design: Effect of size at birth, sex and circulating cortisol on glucose and lipid

homeostasis and body composition in the young adult guinea pig (Chapter 5 and 6).




Tables and Figures

Table 2.6

Figure 2.5

Figure 2.6

Figure 2.7

Table 3.1

Table 3.3

Table 3.4

Figure 3.1

Figure 3.2

Figure 3.3

Figure 3.4

Figure 3.5

Figure 3.6

Figure 3.7

Figure 3.8

Study of effect of size at birth, sex and circulating cortisol on glucose and lipid
homeostasis and body composition in the young adult (Chapter 5 and 6)................ 44

Calculation of the glucose area under the curve during intravenous glucose

tolerance test (IVGTT) in the gUINEA PIQ . ..voveveeiiicieeieiseee e 46
Testosterone validation CUNVE ..o 51
Progesterone Validation CUIVE ...........ccceereiiiieeinenesessesisiss s sssesesenes 52
Size at birth of guinea pigs studied as adults. ...........cccoevrreeeinnieicieieee 71

Associations between size at birth and salivary cortisol in the male guinea pig
during POSENALAl [IfE. .......cvceiiicci e 74
Associations between size at birth and salivary cortisol in the female guinea pig
during POSENALAl [IfE. .......cvcveiiiicci s 76
Effect of sex on salivary cortisol in male and female guinea pigs. ........cccococevrvrviienns 78
Mean salivary cortisol at each age in male and female guinea pigs throughout
POSTNALAL [ITE.......eee s 79
Minimum salivary cortisol at each age in male and female guinea pigs throughout
POSENALAI [T 80

Maximum salivary cortisol at each age in male and female guinea pigs throughout

POSTNALAL [ITE.......ceei s 81
Overall Salivary cortisol throughout the day in the guinea pig. .........ccccceevvveciiiiinnnns 82
Salivary cortisol throughout the day in the male and female guinea pig.................... 83

Salivary cortisol concentrations throughout the day in male and female guinea pigs
between 10 and 60 dayS Of 8QE. ......cccoriiiririiiee s 84
Salivary cortisol concentrations throughout the day in male and female guinea pigs

between 90 and 120 days Of @Q€. ..o 85

Xi



Tables and Figures

Figure 3.9

Salivary cortisol concentrations throughout the day in male and female guinea pigs

between 180 and 400 dayS Of AQE. ..o 86

Figure 3.10 Effects of birth weight, sex and age tertile and gender on mean salivary cortisol

Figure 4.1

Figure 4.2

Figure 4.3

Figure 4.4

Figure 4.5

Figure 5.1

Figure 5.2

Figure 5.3

Figure 5.4

Figure 5.5

Figure 5.6

Figure 5.7

Figure 5.8

concentration in the QUINEA PIg........cveiiiieiiiiisee e 87
Mean salivary testosterone in the male guinea pPigs. .......cccovvvvieiiicciennseressseenns 98
Associations between mean salivary testosterone and birth weight in the male
GUINEA PIGS. ettt bbbttt 99
Mean salivary progesterone in the female guinea pigs. ........cccovvvierriciieiieierennans 100
Associations between mean salivary cortisol and mean salivary testosterone in the
MAIE GUINEA PIG....vuviieiieieiriiisieeieiei bbbt 101

Associations between mean salivary cortisol and mean salivary progesterone in the

female aged QUINEA PIG. ..cov it 102
Effect of birth weight tertile on size at birth in the guinea pig.........cccocovvivvvrninns 126
Blood glucose during IVGTT in the male and female adult guinea pigs. .................. 127

Effect of birth weight tertile on blood glucose response to intravenous glucose test
IN the adUlt QUINEA PIG......cciiiiieiic e 128
Effect of birth weight tertile on blood glucose response to intravenous glucose
tolerance test in male and female adult QUINEA PIgS ......cccovvvevvviiiiier, 129
Effect of birth weight tertile on glucose homeostasis in the adult guinea pig......... 130
Effect of birth weight tertile and sex on glucose homeostasis in male and female
AAUIT QUINA PIG. +.vvviiiiceee bbb 131

Associations between glucose homeostasis and size at birth in the adult guinea pig.

Plasma cortisol before and throughout the IVGTT in the male and female guinea

PIOS. ettt bbbttt 133

Xii



Tables and Figures

Figure 5.9 Plasma cortisol before and throughout the IVGTT separated by low, medium and
high birth Welght tertiles ...........coii s 134
Figure 5.10 Effect of birth weight tertile on plasma cortisol before and throughout the IVGTT in
male and female QUINEA PIgS. ....vovciiiiiiiiicece e 135
Figure 5.11 Effect of birth weight tertile and sex on plasma cortisol in male and female guinea
PIOS. ettt bbbt 136
Table 5.1 Associations between cortisol concentrations and size at birth in the young adult
QUINBA PIG.wvrvvveteriiiteteiet sttt bbbttt bbb et b et e bbb et b et e e snenn 137
Figure 5.12 Associations between glucose homeostasis and cortisol in the adult guinea pig.. 138
Table 5.2  Effect of adjusting for circulating cortisol on associations of glycaemia with size at
birth in the adult QUINEA PIG. .....cvovcviiice s 139
Table 5.3  Effect of adjusting for circulating cortisol on associations of glycaemia with size at
birth in the adult male gUINEA PIg......couieerirriiee s 140
Table 5.4  Effect of adjusting for circulating cortisol on associations of glycaemia with size at
birth in the adult female guUINEa Pig........cccovrviiiiiiiiici e 141
Figure 5.13 Effect of birth weight tertile and plasma cortisol on GAUC in the adult guinea pig.142
Figure 5.14 Effect of birth weight tertile and plasma cortisol on GAUC in the adult female and
MAIE GUINEA PIG. ...ttt 143
Figure 5.15 Plasma FFA before and throughout the IVGTT ... 144

Figure 5.16 Plasma FFA during the first 20 minutes of an IVGTT in male and female guinea pigs.

Figure 5.17 Effect of birth weight tertile and sex on FFA homeostasis in the young adult guinea
DI, ettt bbbttt b bbbt 146
Table 5.5 Effect of adjusting for circulating cortisol on associations of FFA with size at birth in

the adUIT QUINEA PIG. ....c.eveeiiiiiice e 147




Tables and Figures

Table 5.6

Table 5.7

Table 6.1

Figure 6.1

Figure 6.2

Figure 6.3

Figure 6.4

Figure 6.5

Figure 6.6

Figure 6.7

Figure 6.8

Figure 6.9

Effect of adjusting for circulating cortisol on associations of FFA with size at birth in
the adult Male QUINEA PIG. ..o 148
Effect of adjusting for circulating cortisol on associations of FFA with size at birth in
the adult female gQUINEa PIg.......ccovvvieiriiieiiiiee s 149
Size at birth in vehicle and metyrapone treated animals of low and high birth weight
GUINEA PIGS .. tttiisereieiees ittt bbbttt 171
Effect of birth weight class on blood glucose throughout 1st IVGTT in male and
female QUINEA PIGS. .oiviiiiicce e 172
Fasting blood glucose during the 1st IVGTT in male and female guinea pigs of high
and low Dirth Weight CIasS. ..o 173
Maximum blood glucose during the 1st IVGTT in male and female guinea pigs of high
and low birth Weight CIaSS. ... 174
GAUC during the 1st IVGTT in male and female guinea pigs of high and low birth
WEIGNT CIASS. ..o 175
Effect of repeated IVGTT, treatment and birth weight class on fasting blood glucose
IN the adUlt QUINEA PIG......cciiiiieiiccei e 176
Effect of repeated IVGTT, treatment and birth weight class on fasting blood glucose
in the young adult male guinea Pig. ........cccovvriiiirceee s 177
Effect of repeated IVGTT, treatment and birth weight class on fasting blood glucose
in young adult female guINEa PIg. .......cccervvviiiiiiiiiee e 178
Effect of repeated IVGTT, treatment and birth weight class on maximum blood
glucose in the young adult QUINEA PIgS........cceurrrriiiinirreeess s 179
Effect of treatment on blood glucose before and during IVGTT in the young adult

UINBA PIGS vttt sie ettt ettt b bbbt s b e b e s bt e e bbb e st et e e e enn 180

Xiv



Tables and Figures

Figure 6.10 Effect of treatment on blood glucose before and during IVGTT in the young adult
MAIE GUINEA PIG. ...ttt 181
Figure 6.11 Effect of treatment on blood glucose before and during IVGTT in the young adult
femMale QUINEA PIQ ...ceiiieiiicee s 182
Figure 6.12 Association between indices of glucose homeostasis and size at birth in the young
AAUIT QUINEA PIG. +.vvviiiicee bbbt 183
Figure 6.13 Association between indices of glucose homeostasis and size at birth in the young
adult Male QUINEA PIG. ..o.vveviiieieieise et 185
Figure 6.14 Association between indices of glucose homeostasis and size at birth in the young
adult female QUINEA PIG ......cveeeiriierr s 187
Figure 6.15 Plasma cortisol during 1St IVGTT.......ccoiiciiiisieiseeesee e 189
Figure 6.16 Effect of birth weight class, treatment and test on fasting plasma cortisol in the
young adult QUINEA PIg......c.evrviiriiiiriririieeess e 190
Figure 6.17 Effect of birth weight class, treatment and test on mean plasma cortisol in the young
AAUIL QUINBA PIG. 1ottt n bt 191
Figure 6.18 Effect of treatment on plasma cortisol during IVGTT in low and high birth weight
ClasS aUIL QUINEA PIG. ..vveeiiieiiiriieees s s 192
Figure 6.19 Association between cortisol homeostasis and size at birth in the young adult
QUINBA PI0.wvruvveteritite ettt ettt ettt bbb et b et e et et b et b et et s 193
Figure 6.20 Association between cortisol homeostasis and size at birth in the young adult male
GUINEA PG vttt bbbttt 195
Figures 6.21Association between cortisol homeostasis and size at birth in the young adult
female QUINEA PIG. ..ooviieiiccce e 197
Table 6.2  Effects of treatment and birth weight lass on skeletal muscle mass in the young

AAUIT QUINEA PIG. +.vvviiiiee bbbt 203

XV



Tables and Figures

Table 6.3  Effect of treatment and birth weight class on adiposity in the young adult guinea pig.

XVi



Acknowledgements

ACKNOWLEDGEMENTS

| would like to thank:

My supervisor, Professor Julie Anne Owens for her never ending fountain of support, knowledge and
patience, for her excellent guidance and teaching, for providing me with many opportunities and
assistance in attending scientific meetings, and in preparing scientific publications. | truly want to thank
you for accepting me into your lab, giving me a chance as well as the opportunities that you have. | can't

thank you enough.

| would also like to thank my second supervisor Dr Cathie Coulter for support, advice and endless chats.

| would like to thank Melissa Walker for assistance with post mortems, surgeries, experiments, growth
measurements, mating, maintenance of animals and lab work and giving me very useful advice, Vicky
Staikopoulos, Natasha Lloyd for assistance with post mortems, surgeries, experiments, growth
measurements, mating, maintenance of animals and lab work, Miles DeBalsio with assistance with lab
work and for giving me useful advice, Laura O'Carroll, Cathie Coulter, Karen Kind, and Pat Grant for

endless advice and assistance with writing, without you all | would have never achieve all that | have.

I would like to especially thank Melissa Walker for teaching me everything there is to know about guinea
pigs. Karen Kind for her help in writing thesis, abstracts and putting together talks. Thankyou so much

for the endless support and patience over the years.

| would also like to thank the people who are or were part of the Research Centre for the Physiology of
Early Development and also Department of Obstetrics and Gynaecology who have helped in many

different ways and who were invaluable for the continuity of my research.

XVii



Acknowledgements

| would like to thank Professor Julie Anne Owens, the Department of Physiology, and the Department of
Obstetrics and Gynaecology for financial assistance and the opportunity to work in their very

professional establishments.

| would like to give a warm thanks to my husband Mark Grover who has put up with me throughout this
PhD, you have stuck by me through all of it, thank you for all your support and always telling me to
make the right decisions for me. | would like to thank my gorgeous children Matrim and Sabriel for
always reminding me why | was doing this and teaching me the importance of saving my work every
three minutes. | would like to also thank the rest of my family and friends for their support and interest in
my work even though you had no idea what it was about, and for lifting my spirits during those crucial

moments.

| believe that all of the people above have bettered me both professionally, and personally. Without you
all I wouldn't be where | am today.

Thank you.

Xviii



STATEMENT OF ORIGINALITY AND AUTHENTICITY

| declare that this thesis contains no material which has been accepted for the award of any other
degree or diploma in any university and or tertiary institution and, to the best of my knowledge and
belief, the thesis contains no material previously published or written by another person, except where

due reference is made in the text of the thesis.

| give consent to this copy of my thesis, when deposited in the University Library, being available for

loan and photocopying if accepted for the award of the degree.

Signed,

Sanita Grover,

Date:




TABLE OF ABBREVIATIONS AND BIOCHEMICAL NAMES

TABLE OF ABBREVIATIONS AND BIOCHEMICAL NAMES

AC Abdominal circumference

ACTH Adrenocorticotropic Hormone
ANOVA Analysis of Variance

BW Birth Weight

11R HSD 11R Hydroxy Steroid Dehydrogenase
CBG Corticosteroid Binding Globulin

CNS Central Nervous system

%CV Coefficient of Variation

CRH Corticotropin Releasing Hormone
CRL Crown-rump length

ELISA Enzyme-linked Immuno-Sorbent Assay
FFA Free fatty acid

GAUC Glucose Area Under the Curve
GLUT 1 Glucose transporter protein 1
GLUT4 Glucose transporter protein 4

GR Glucocorticoid Receptor

HL Head Length

HPAA Hypothalamo-pituitary adrenal axis
HPGA Hypothalamic Pituitary Gonadal Axis
HW Head Width

i.m. Intramuscular

IVGTT Intravenous glucose tolerance test
MRNA Messenger ribose nucleic acid

XX



TABLE OF ABBREVIATIONS AND BIOCHEMICAL NAMES

u

mmol
MR
NIDDM
Nmol
PEPCK
Pg

PM
Pmol
PVN
SEM

SNS

Microliter

Millimolar

Mineralocorticoid Receptor
Non-insulin dependent diabetes mellitus
Nanomolar

Phosphoenolpyruvate carboxykinase
Picograms

Post mortem

pecomolar

Paraventricular Nucleolus

Standard error of the mean

Sympathetic Nervous System

XXi



Abstract

ABSTRACT

Low birth weight is associated with an increased risk of impaired glucose tolerance and type 2 diabetes
and with signs of increased hypothalamic pituitary adrenal axis activity in later life (1, 2). Low birth
usually weight reflects a reduction in fetal growth, which largely depends on an adequate supply of
nutrients and oxygen. Variations in supply modify the metabolic and neuroendocrine characteristics of
the fetus, which in turn modulate the pattern of functional development as well as growth (3). An
adverse fetal environment, evident as low birth weight, is therefore proposed to alter functional
development with long term effects for the function and risk of disease in the individual later in life (4, 5).
Increased HPAA impairs metabolic homeostasis and could therefore mediate effect of prenatal
challenge on later metabolic control (6). It was therefore hypothesised that restriction of fetal growth,
increases circulating cortisol and/or alters sensitivity to cortisol, which increases fasting blood glucose,
and impairs glucose tolerance in the young adult. Large litter size in the guinea pig is characterised by
reduced placental and fetal growth, reduced size at birth and insulin resistance in offspring in later life,

providing a suitable model to test this hypothesis.

Spontaneous restriction of fetal growth in the guinea pig, evident as small size at birth, was associated
with increased salivary cortisol, in both sexes but at different stages of postnatal life. In males, salivary
cortisol was increased with small size at birth in early and adult life, but reduced later with ageing. In
females however, salivary cortisol was increased in juveniles and in aged adults, possibly reflecting the
impact of the oestrus cycle on cortisol production in mature cycling females. Altered activity of the
HPGA, which can influence that of the HPAA, has also been reported to be programmed by prenatal
restriction. In the guinea pig, salivary testosterone in males increased with age and small size at birth in
juveniles, young and aged adults. In females, salivary progesterone increased with age up to 300 days,

and decreased with size at birth in the young guinea pig. Although testosterone inhibits HPAA activity, in

XXii



Abstract

males, mean salivary cortisol correlated positively with mean salivary testosterone at 100 and 300 days
of age. In contrast, progesterone may enhance HPAA activity, and consistent with this, in females,
mean salivary progesterone correlated with mean salivary cortisol at 400 days of age. Therefore,
salivary testosterone in the male and salivary progesterone in the female guinea pig changes with
maturation and has previously reported in this or other species, but small size at birth increases salivary
testosterone in males with modest effects in early life in females. This together with the unexpected
positive associations of salivary cortisol with testosterone in males, suggests that programming of the

HPAA makes little contribution to that of the HPAA as indicated by salivary cortisol.

Here we show that low birth weight is associated with increased fasting blood glucose and impaired
glucose tolerance in both male and female young adult guinea pigs aged 100 days. Fasting and mean
(during IVGTT) plasma cortisol was reduced in low birth weight female adult guinea pigs, and is not vary
with size at birth at this age in males. This suggests that circulating cortisol does not contribute to the
impaired glycaemia associated with small size at birth in the guinea pig. Glucose tolerance was
increasingly impaired in males but not females, as mean plasma cortisol increased. This is consistent

with cortisol impairing glycaemia in the guinea pig as in other species, in males at least.

To assess the role of cortisol in prentally programmed impairment of glycaemia directly, metyrapone or
vehicle containing 24% ethanol was administered to young adult guinea pigs for 3 days. Treatment with
the latter impaired fasting blood glucose and glucose tolerance in females and the latter in males
compared to a previous IVGTT and this was exacerbated in low birth weight females. Metyrapone
prevented this impairment of fasting glycaemia and glucose tolerance in the low birth weight adult
female guinea pig and in the male guinea pig regardless of birth weight class. Neither vehicle or
metyrapone altered plasma cortisol, before or during a second IVGTT. Limited numbers of animals,

particularly females, limited this study however and additional investigation is required. Nevertheless
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this shows for the first time that inhibition of glucocorticoid synthesis in the guinea pig improves glucose
control. Furthermore this suggests that the low birth weight guinea pig may be more sensitive to cortisol,
have increased cortisol synthesis or reduced inactivation of cortisol in peripheral tissues, leading to

increased local cortisol action.

In conclusion, alterations in peripheral HPAA activity in the guinea pig due to restricted fetal growth may
contribute to their prenatally programmed development of impaired glucose tolerance as young adults,

but the extent of that contribution may vary with age and gender.
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