LEPTIN ACTION ON OVULATION AND LEPTIN

RECEPTORS ACROSS THE RAT OESTROUS CYCLE.

Priya S. Duggal, B. Biotech. (Hons)

Department of Obstetrics and Gynaecology,
The University of Adelaide.

A thesis submitted to the University of Adelaide in total fulfillment
of the requirements for the degree of Doctor of Philosophy.

August, 2001



TABLE OF CONTENTS

Page
Table of contents
Abstract i
Declaration iv
Acknowledgements v
Publications and conference proceedings vi
Awards viii
Glossary/abbreviations ix
Chapter One
Review of the literature
1. Introduction 2
1.1 Leptin 4
1.1.1 General information 4
1.1.2 Location and structure of the OB gene and the leptin protein 4
1.1.3 Leptin synthesis in adipose tissue 6
1.1.4 Leptin receptors 7
1.1.4.1 Functional leptin receptor (OB-RB) signalling 8
1.1.4.2 The short isoforms of the leptin receptor 9
1.1.4.3 The soluble isoform of the leptin receptor (OB-RE) 9
1.1.5 Leptin and the brain 10
1.2 Leptin and obesity 11
1.2.1 Mutations of the OB & OB-R genes in rodents 12
1.2.1.1 The obese Lep®/Lep®® mouse 12
1.2.1.2 The diabetic (LepR™/LepR™) mouse 14
1.2.1.3 The Zucker obese (LepR™/LepR*) mutant 15
1.2.2 Leptin function in anabolic and catabolic pathways 16
1.2.2.1 Leptin and anabolic/orexigenic hormones 16
1.2.2.2 Leptin and catabolic/anorexigenic hormones 18



1.2.3 Factors important in leptin regulation
1.2.3.1 Leptin and insulin
1.2.3.2 Leptin regulation in states of fasting and food intake
1.2.3.3 Leptin and glucose metabolism
1.2.3.4 Glucocorticoids and thiazolidinediones
1.2.3.5 Leptin and other factors in the anabolic-catabolic system
1.2.4 Obesity in humans
1.2.4.1 Weight changes in humans
1.2.5 Leptin involvement in biological processes
1.2.5.1 Energy expenditure, thermogenesis and angiogenesis
1.2.5.2 Leptin removal and turnover
1.2.5.3 Leptin, hematopoeiesis and the immune system
1.2.5.4 Diurnal variation in circulating leptin
1.3 The female reproductive system
1.3.1 The ovary: folliculogenesis, luteolysis and ovulation
1.3.2 Leptin and the reproductive system
1.3.2.1 Leptin and leptin receptors in the ovary
1.3.2.2 Leptin interaction with the ovary
1.3.2.3 Leptin, gonadal steroids and ovariectomy
1.3.2.4 Leptin interactions with gonadotrophins and leptin
pulsatility
1.3.2.5 Importance of leptin in the oestrous and menstrual cycle
1.4 Developmental roles of leptin in the reproductive system
1.4.1 Sexual dimorphism of leptin: levels in males and females
1.4.2 Leptin and pubertal maturation
1.4.3 Leptin levels in pregnancy
1.4.4 Leptin in the fetus
1.5 Body weight and reproductive dysfunction
1.6 Hypothesis and aims of the present study
1.6.1 Hypothesis
1.6.2 Aims

19
20
22
23
24
26
26
28
29
29
31
32
34
35
35
37
37
38
40
41

42
45
45
47
50
52
52
55
55
55



2.1 General
2.1.1 Chemieals and solutions
2.1.2 Biological materials
2.2 General procedures and protocol
2.2.1 Rats
2.2.2 Anaesthetics
2.2.3 Gonadotrophin priming in the immature rat
2.2.4 Synchronised ovulation in the immature rat

2.2.5 Oocyte collection and counting

2.2.6 Tissue collection for histological analyses and storage

2.2.7 Serum and plasma collection

2.2.8 Oestrous cycle tracking by vaginal smear
2.3 Immunohistochemistry

2.3.1 Tissue collection and sectioning

2.3.2 Immunoreactive antibodies

2.3.3 Immunohistochemistry protocol

2.3.4 Haematoxylin and eosin stain

2.3.5 Haematoxylin counterstain

2.3.6 Follicle size determination & quantification of DAB

stain by video image analysis

2.4 Leptin treatment of gonadetrophin-primed immature rats

2.4.1 Gonadotrophin priming

2.4.2 Leptin treatment protocol

2.4.3 Ovarian histological analyses

2.4.4 Leukocyte distribution in leptin treated ovaries
2.5 In vitro perfusion of the ovary

2.5.1 Surgical isolation of the ovary

2.5.2 Pertusion apparatus

2.5.3 Perfusion sample collection & in vifro ovulation rate

2.5.4 Scoring criteria for perfused ovaries

57
57
57
58
58
58
59
60
60
61
61
61
62
62
62
63
64
64
64

65
65
66
67
67
67
67
68
68
69



ction and i vitro culture of ovarian tissue

69

2.6.1 Isolation of whole follicles 69
2.6.2 Follicle culture and meiotic oocyte stage determination 69
2.6.3 Granulosa cell proliferation assay 71
2.6.4 Granulosa cell culture 71
2.7 Leptin receptor transcript quantitation 72
2.7.1 Animals 72
2.7.2 Ribonuclease (RNase) free conditions during tissue collection 73
2.7.3 Tissue collection and isolation of total cellular DNA and RNA 73
2.7.4 Reverse transcription of RNA 74
2.7.5 Generation of standard OB-RB & OB-RA DNA by PCR 74
2.7.6 Real Time RT-PCR of ovary OB-RB and OB-RA 75
2.8 Assays 76
2.8.1 Leptin 76
2.8.2 Progesterone 76
2.8.3 Oestradiol 77
2.8.4 Prostaglandin E, 77
2.8.5 Interleukin-1f 78
2.9 Data analyses 78
2.10 Photography and image capture 78
Chapter Three
The effect of acute exogenous leptin administration on ovulation,
3.1 Introduction 80
3.2 The effects of leptin on food consumption and body weight 80
3.3 The effect of leptin on ovulation 82
3.4 The effect of leptin on steroid hormones 83
3.5 The effect of leptin on ovarian weight 83
3.6 Plasma leptin levels 84
3.7 Conclusions and discussion 84



The in vivo effects of leptin on ovarian morphology and leukocyte

infiltration.

4.1 Introduction 90
4.2 The effect of acute leptin treatment on ovarian morphology 92
4.3 Acute leptin treatment affects ovarian leukocyte recruitment 93
4.4 Conclusions and discussion 94

Chapter Five
Leptin treatment on meiotic maturation, granulosa cell proliferation,

steroid hormone and prostaglandin E, synthesis in rat ovarian follicle

culture.

5.1 Introduction 99
5.2 Meiotic maturation 100
5.3 Steroid hormone, prostaglandin and interleukin-1 synthesis 100
5.4 Granulosa cell proliferation assay 101
5.5 Granulosa cell culture 101
5.6 Conclusions and discussion 102
Chapter Six

Leptin receptor (OB-RB & OB-RA) expression throughout the oestrous

cycle in the mature rat ovary. m

6.1 Introduction 107
6.2 Determination of oestrous cycle stage 109
6.3 Generation of standard OB-RA and OB-RB DNA 109
6.4 Real time RT-PCR of OB-RA and OB-RB 110
6.5 Negative and positive controls 111

6.6 Body weight, ovarian weight, plasma steroid hormone and leptin levels 111

6.7 Conclusions and discussion 112



7Y Fange G x 5 5
Chapter Seven

E’? UMmary an | ﬁ‘gﬁﬁ ure work.

7.1 Summary
7.2 Applications of leptin research

7.3 Suggestions for future work

Bibliography
Appendices

118
120
121



Leptin, a hormonal product of the Lep or OB gene, is expressed by adipocytes and
circulates in relation to adiposity. Leptin is thought to play a role in regulating food
intake and maintaining body weight. Although six isoforms of the leptin receptor exist,
leptin exerts its effects by interacting with the long form of the leptin receptor, OB-RB.
The leptin protein and leptin receptors have been localised in many reproductive tissues,
including the ovary. Several publications indicate that the ovary is directly affected by
leptin, in particular leptin appears to be able to inhibit ovarian cell steroid production.
The high levels of leptin in obese women, and in animal models of obesity, implicate a

link between elevated leptin and infertility.

The purpose of this project was to examine the effects of acute leptin treatment on
ovulation and other important ovulatory mediators, in vivo and in vitro. Establishing the
relationship between acute leptin concentrations and ovulation may provide insight into
the link between the high leptin levels in obese women and infertility. It was also desired
that the pattern of leptin receptor expression across the rat oestrous cycle be investigated.
The pattern of leptin release in women throughout the menstrual cycle indicates that
modulating leptin levels may be a mechanism of altering the sensitivity of leptin across
the cycle. Understanding the relationship between leptin and ovarian leptin receptor
expression will assist in comprehending the importance of leptin sensitivity in the

oestrous cycle of the rat.

The effect of systemic leptin administration on ovulation in the rat ovary, both in vivo

and in viiro, was investigated. Immature gonadotropin-primed rats, injected with leptin



experienced a loss in body weight, food intake and a decline in ovulation in vivo and
ovaries perfused with leptin also ovulated significantly less. Plasma progesterone and
oestradiol levels were unaffected in either model. However, feed restriction alone did not

inhibit ovulation.

To investigate the mechanism of leptin-induced inhibition in ovulation, the numbers of
follicles entering the pre-ovulatory pool following leptin treatment were established.
Leptin treatment did not affect the recruitment of pre-ovulatory follicles from the antral
follicle pool. The importance of ovarian leukocytes in ovulation prompted an
investigation into the effect of leptin on two leukocytes important in ovulation. A
decrease in food intake, either as a result of leptin-treatment or feed restriction,
specifically reduced the numbers of neutrophils and monocytes/macrophages infiltrating
the theca interna of pre-ovulatory follicles without affecting the numbers found in the
stroma. However, this reduction was not solely responsible for the leptin-induced

inhibition in ovulation.

In vitro ovarian follicular culture (4 h and 12 h) was used as a tool to investigate if high
leptin concentrations could inhibit other factors important to ovulation, such as meiotic
competence of oocytes, granulosa cell proliferation, steroid or prostaglandin E, synthesis
and interleukin-Ip production. High concentrations of leptin in follicle culture do not
inhibit meiotic maturation or steroid synthesis, while an effect on prostaglandin E
synthesis may exist. Granulosa cell proliferation was not inhibited by leptin in FSH and
IGF-I supplemented culture media, while leptin was able to inhibit the stimulatory
effects of IGF-I on FSH-stimulated rat granulosa cell oestradiol production without

affecting progesterone production, as previously reported. Leptin did not appear to have



an adverse effect on the components of ovulation tested and therefore impacts the

ovulatory cascade in a way that remains to be defined.

Finally, the expression of two isoforms of the leptin receptor (OB-RB and OB-RA) were
investigated throughout the oestrous cycle in order to assess whether ovarian sensitivity
to leptin varied throughout the cycle. The isoforms of the leptin receptor were lower in
the pro-oestrus and di-oestrus stages than the met-oestrus stages of the rat oestrous cycle
in order to modulate leptin sensitivity across the cycle. The fluctuations in the leptin

receptors may be a response to the levels of circulating steroid hormones and leptin.
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