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ABSTRACT

Ovine placental lactogen (oPL) has been considered to be important in the regulation
of fetal lamb growth. Recent sequence studies have also shown that oPL has
considerable structural similarity to ovine prolactin (0PRL) and ovine growth hormone
(oGH), raising the possibility that oPL may have potential as a stimulator of milk yield
and postnatal growth. Evidence from laboratory animals indicates that the biological
actions of GH and perhaps PL are mediated largely by IGF-I, acting in both a
paracrine/autocrine and an endocrine manner. However, the potential of IGF-I therapy
has not been fully explored in domestic animals. Therefore, the overall aim of this study
was to examine the biological actions of recombinant oPL and IGF-I and to evaluate
their potential use to stimulate performance of farm animals.

In the first three experiments, the biological actions of recombinant oPL were
examined in pregnant and lactating ewes, and in young growing lambs, and compared
with those of bovine growth hormone (bGH). bGH treatment for 7 days from day 101
of pregnancy increased total uterus weights, but administration of an identical dose of
oPL had no effect. Similarly, exogenous bGH over 5 days increased milk yields in
lactating ewes, whereas such an effect was not apparent with oPL treatment. However,
the reverse situation occurred in young growing lambs in which oPL, not bGH,
treatment for 21 days from day 3 of life stimulated growth rate and voluntary feed
intake. Different biological actions of bGH and oPL in pregnant and lactating ewes were
associated with a situation in which bGH, but not oPL, treatment increased circulating
concentrations of IGF-I. Conversely, in young growing lambs, the growth-promoting
effect of oPL appeared to be mediated primarily via a change in voluntary feed intake
since both oPL and bGH treatment had only small effects on plasma IGF-I
concentrations.

The inability of bGH to stimulate plasma IGF-I concentrations in young lambs,
accompanied by the lack of a growth-promoting effect of bGH, suggested that hepatic
GH receptors (GHR) may not be fully functional at this stage. This hypothesis was
examined in an experiment in which the ontogeny of hepatic GHR was assessed by
measuring IGF-I responsiveness to a GH stimulus, as well as hepatic GH binding, in

lambs of different ages (days 6/7,20/21, 34/35, and 62/63 of life, and yearlings). Results



11
showed that the plasma IGF-I response to exogenous bGH in young lambs was much
lower than that in yearling sheep. Consistent with this, measurement of hepatic GHR at
day 7 and 63 of life, and in yearling sheep, showed that bGH treatment failed to alter
GHR number in young lambs, while up-regulating it in yearling sheep. In contrast, non-
stimulated GHR numbers were similar across ages. These data suggest that hepatic GHR
in young lambs are not fully functional, which may explain the lack of a growth-
promoting effect of bGH in newbormn animals.

The importance of the GH-IGF-I axis in the regulation of post-natal growth was
further demonstrated in an experiment, in which anabolic effects of recombinant IGF-I
over a prolonged period (8 or 12 weeks) were measured in energy-restricted sheep. IGF-
I treatment elevated circulating concentrations of IGF-I, but depressed plasma GH
concentrations. The reduction in circulating GH levels was accompanied by a down-
regulation of hepatic GHR. As a result, recombinant IGF-I had little growth-promoting
effect although it improved other parameters such as nitrogen digestibility and
components of the immune system.

In conclusion, the present study suggests that recombinant oPL, like GH, has
potential in improving farm animal production. However, the biological actions of oPL
seem to be mediated in a different manner from those of GH. This could have practical
implications in situations where GH has no biological actions. For example, in very
young lambs in which hepatic GHR are not fully functional, oPL could provide an
alternative means to stimulate growth. This could be also true for IGF-I because, in
young animals, the negative-feedback regulation of both plasma GH and hepatic GHR
concentrations by IGF-I treatment may be less likely to limit a growth response than is

the case in older animals.



EMENDATIONS

Pa Lin Thesis Reads Should Read
477 the perfused mammary gland mammary explants
95 & 96 (reverse panels for Figures 4.1 and 4.2)

9977 Figure 4.4 data not shown
108/Table 5. 1 Insulin Bovine insulin

152/publication 5 CurmieJM Currie M J



ACKNOWLEDGEMENTS

My sincere gratitude is expressed to my supervisors, Professor Stuart N McCutcheon
and Associate Professor Duncan DS Mackenzie for their commitment, guidance and
encouragement throughout the study.

I would also like to thank Dr Bemmhard H Breier and Professor Peter D Gluckman
of the Auckland Medical School for their invaluable contribution to this project. This
study was a joint project between Massey University and the Auckland Medical School.

I also wish to thank Dr R. Vandlen, Genentech, for providing the oPL; Dr I.C. Hart,
American Cyanamid, for bGH; Dr P. Swift and H.P. Guler, Ciba Geigy, for IGF-I; and
Dr S. Raiti, NIDDKD, NIH, for the anti-serum to GH.

My sincere gratitude is extended to Miss Margaret F Scott, Miss Yvette H Cottam
and Mr W Barry Parlane for their excellent technical assistance, and Professor Dorian
J Garrick and Professor Hugh T Blair for their advice on matters statistical. Miss
Margaret F Scott also proof-read several chapters of this thesis.

The support and encouragement of the postgraduate students and staff in the
Department of Animal Science at Massey University is gratefully acknowledged.

The financial support of the Health Research Council of New Zealand and Lottery
Health is also gratefully acknowledged.

I was the grateful recipient of the Ministry of External Relation and Trade
Scholarship, the C Alma Baker Postgraduate Scholarship, a Graduate Scholarship for the
Faculty of Agricultural and Horticultural Science, and a Massey University Doctoral
Scholarship.

Special thanks are due to my parents, brothers and their wives, and sister for their
love, encouragement, and support throughout this study. Equal gratitude is extended to
my mother-in-law and brother-in-law for their encouragement and support.

Finally, I am indebted to my wife, Mi-Duk, and my daughter, Hye-Rim, for their

unconditional love and endless patience without which I could not have achieved so far.



TABLE OF CONTENTS

ABSTRACT
ACKNOWLEDGEMENTS
LIST OF ABBREVIATIONS
LIST OF TABLES

LIST OF FIGURES

CHAPTER 1: INTRODUCTION

1.1 Preamble
1.2 Growth hormone
1.2.1 Nature and secretion of growth hormone
1.2.1.1 Chemical structure of growth hormone
1.2.1.2 Growth hormone releasing-factor (GRF)
1.2.1.3 Somatostatin (SRIF)
1.2.2 Growth hormone receptors (GHR)
1.2.3 Role of IGF-I in growth hormone action
1.2.3.1 Chemical structure of IGF-I
1.2.3.2 Regulation of IGF-I synthesis and secretion
1.2.3.2.1 Growth hormone
1.2.3.2.2 Nutrition
1.2.3.2.3 Feedback regulation
1.2.4 Role of IGF-II in growth hormone action
1.2.4.1 Chemical structure of IGF-II
1.2.4.2 Regulation of IGF-II synthesis and secretion
1.2.4.2.1 Growth hormone
1.2.4.2.2 Nutrition
1.2.4.2.3 Feedback regulation
1.2.5 Insulin-like growth factor binding proteins (IGFBPs)
1.2.6 IGF receptors

v

Page

iii
1X
X1

X1V

A= B T S S I ]

2
18
14
15
16
17
1%
18
19
19
19
20
27



1.2.7 Endocrine and paracrine/autocrine functions of IGF-I
1.3 Biological actions of growth hormone (GH)
1.3.1 Fetal development and maternal metabolism
1.3.2 Postnatal growth
1.3.3 Mammary gland development
1.3.4 Lactation
1.4 Placental lactogen (PL)
1.4.1 Nature and secretion of PL
1.4.1.1 Chemical structure of PL
1.4.1.2 Regulation of PL synthesis and secretion
1.4.2 Receptors
1.4.3 Biological actions of PLs
1.4.3.1 Fetal development and maternal metabolism
1.4.3.2 Postnatal growth
1.4.3.3 Mammary gland development
1.4.3.4 Lactation

1.5 Purpose and scope of the investigation

CHAPTER 2 DIFFERENTIAL EFFECTS OF RECOMBINANT
OVINE PLACENTAL LACTOGEN AND BOVINE
GROWTH HORMONE ON METABOLISM AND
UTERINE DEVELOPMENT IN PREGNANT EWES

2.1 Abstract
2.2 Introduction
2.3 Materials and methods
2.3.1 Animals and treatment
2.3.2 Blood sampling
2.3.3 Chemical analyses
2.3.4 Mammary gland measurements
2.3.5 Slaughter procedures

2.3.6 Statistical analyses

30
32
32
35
41
43
47
48
49
51
52
54
54
56
57
58
59

62
62

g

65
66
66
66



2.4 Results
2.4.1 Plasma metabolite and hormone concentrations
2.4.2 Energy intake, body and organ weights
2.4.3 Mammary gland and uterine components

2.5 Discussion

CHAPTER 3 RECOMBINANT OVINE PLACENTAL LACTOGEN
AND BOVINE GROWTH HORMONE HAVE
DIFFERENTIAL EFFECTS ON GALACTOPOIESIS
IN EWES

3.1 Abstract
3.2 Introduction
3.3 Materials and methods
3.3.1 Animals and treatment
3.3.2 Blood sampling
3.3.3 Chemical analyses
3.3.4 Slaughter procedures
3.3.5 Statistical analyses
3.4 Results
3.4.1 Plasma hormone and metabolite concentrations
3.4.2 Milk yields, and contents and yields of milk constituents
3.4.3 Energy intake, body and organ weights

3.5 Discussion

CHAPTER 4 THE EFFECTS OF RECOMBINANT OVINE
PLACENTAL LACTOGEN (oPL) IN YOUNG
LAMBS: COMPARISON WITH BOVINE GROWTH
HORMONE PROVIDES EVIDENCE FOR A
DISTINCT EFFECT OF oPL ON FOOD INTAKE

4.1 Abstract

67
67
69
70
71

77
77
78
78
79
79
80
80
81
81
82
83
84

89

vi



4.2 Introduction
4.3 Materials and methods
4.3.1 Animals and treatment
4.3.2 Blood sampling
4.3.3 Organ and carcass measurements
4.3.4 Wool growth measurements
4.3.5 Chemical and hormonal analyses
4.3.6 Statistical analyses
4.4 Results
4.4.1 Liveweight gain, feed intake and feed conversion ratio
4.4.2 Carcass parameters and hind leg composition
4.4.3 Organ weights
4.4.4 Plasma metabolite and hormone concentrations
4.4.5 Wool production

4.5 Discussion

CHAPTER 5 RESPONSES OF YOUNG ENERGY-RESTRICTED
SHEEP TO CHRONICALLY ADMINISTERED IGF-
I: EVIDENCE THAT IGF-I SUPPRESSES THE
HEPATIC GROWTH HORMONE RECEPTOR

5.1 Abstract
5.2 Introduction
5.3 Materials and methods
5.3.1 Animals and treatment
5.3.2 Blood sampling
5.3.3 Slaughter procedures
5.3.4 Chemical and cellular analyses
5.3.5 Statistical analyses
5.4 Results
5.4.1 Plasma concentrations of hormones and metabolites

5.4.2 Metabolic challenges

89
90
90
92
92
93
93
93
94
94
96
97
97
99
101

105
105
106
106
108
109
109
110
111
111
114

vii



viii

5.4.3 Hepatic binding of oPL and oGH 117

5.4.4 Haematological profiles 118
5.4.5 Nitrogen balance 118
5.4.6 Liveweight and organ weights 120
5.4.7 Carcass parameters and hind leg composition 122
5.5 Discussion 124

CHAPTER 6 ONTOGENY OF IGF-I RESPONSIVENESS TO bGH
IN YOUNG LAMBS

6.1 Abstract 130
6.2 Introduction 130
6.3 Materials and methods 131
6.3.1 Animals and treatment 131
6.3.2 Blood sampling 132
6.3.3 Chemical and hormonal analyses 132
6.3.4 Organ collection and measurements 182
6.3.5 Hepatic GH receptor measurements 132
6.3.6 Statistical analyses 135
6.4 Results 133
6.4.1 Plasma concentrations of GH, IGF-I and insulin 133
6.4.2 Plasma concentrations of glucose, NEFA and urea 136
6.4.3 Hepatic GHR measurements 139
6.5 Discussion 140
CHAPTER 7:  GENERAL DISCUSSION AND CONCLUSIONS 144
APPENDIX: LIST OF PUBLICATIONS 158

REFERENCES 154



ADG
AlIB

AUC

BP
BrdU
CB154
Cp
DM
FCR

hp

GH
GHR
GRF
IGF-I
IGF-II
IGFBP

1.m.

LTD
LW
MCHC
ME
MG
MJ
M-6-P
NE

LIST OF ABBREVIATIONS

Average daily gain
Aminoisobutyric acid
Acid-labile subunit

Area under the curve

Bovine

Binding protein
5-Bromo-2’-deoxyuridine
Bromocriptine

Crude protein

Dry matter

Feed conversion rate

Human

Human pancreatic

Growth hormone

Growth hormone receptor
Growth hormone-releasing factor
Insulin-like growth factor-I
Insulin-like growth factor-II
Insulin-like growth factor binding protein
Intramuscular

The fractional decay constant
Laron-type dwarfism

Liveweight

Mean corpuscular haemoglobin concentration
Metabolisable energy

Mammary gland

Megajoules

Mannose-6 phosphate

Net energy

ix



NEFA
NSILA

PL
PRL
PCV

RIA
SE
SRIF
ST
TRH

Non-esterified fatty acids
Non-suppressible insulin-like activity
Ovine

Porcine

Placental lactogen

Prolactin

Packed cell volume

Correlation

Radioimmunoassay

Standard error of the mean
Somatotropin release inhibiting factor (somatostatin)
Somatotropin

Thyrotropin-releasing hormone



Table
2.1

2.2

2.3

3.1

3.2

33

4.1

5.1

LIST OF TABLES

Effects of saline, bovine growth hormone and ovine placental
lactogen on maternal circulating concentrations of hormones

and metabolites on day 7 of treatment.

Effects of saline, bovine growth hormone and ovine placental
lactogen on energy intake, final liveweight, carcass weight

and organ weights in pregnant ewes.

Effects of saline, bovine growth hormone and ovine placental
lactogen on mammary gland and uterine components in pregnant

ewes.

Effects of saline, bovine growth hormone and ovine placental
lactogen on plasma concentrations of hormones and metabolites

in lactating ewes on day 5 of treatment.

Effects of saline, bovine growth hormone and ovine placental
lactogen on yields of milk and of major milk constituents in

lactating ewes over the last 3 days of treatment.
Effects of saline, bovine growth hormone and ovine placental
lactogen on energy intake, liveweight, carcass weight, trimmed

mammary gland weight and liver weight in lactating ewes.

Fat, protein and lactose content of milk offered during the

experiment.

Metabolic challenges.

X1

Page
68

69

71

82

83

84

91

108



5.2

5.3

54

5.5

5.6

5.7

5.8

6.1

6.2

Effects of saline and IGF-I on glucose fractional decay constant,
and areas under the curve for glucose, NEFA, insulin and GH

following metabolic challenges.

Effects of saline and IGF-I administered for 8 weeks on specific
binding of '*I-labelled oGH and '*I-labelled oPL to hepatic

membrane preparations.

Effects of saline and IGF-I administered for 8 or 12 weeks on
haematological parameters at the end of treatment in energy-

restricted sheep.

Effects of saline and IGF-I administered for 8 or 12 weeks on

nitrogen balance in energy-restricted sheep.

Effects of saline and IGF-I administered for 8 or 12 weeks on

organ weights in energy-restricted sheep.

Effects of saline and IGF-I administered for 8 or 12 weeks on

carcass parameters in energy-restricted sheep.

Effects of saline and IGF-I administered for 8 or 12 weeks on

hind leg components in energy-restricted sheep.

Effects of age and bGH treatment on plasma concentrations of

GH on day 4 and 5 of treatment.

Effects of age and bGH treatment on plasma concentrations of

IGF-I on day 4 and 5 of treatment.

Xi1

114

118

119

120

122

123

124

134

135



6.3

6.4

6.5

6.6

6.7

Effects of age and bGH treatment on plasma concentrations of

insulin on day 4 and 5 of treatment.

Effects of age and bGH treatment on plasma concentrations of

glucose on day 4 and 5 of treatment.

Effects of age and bGH treatment on plasma concentrations of

NEFA on day 4 and 5 of treatment.

Effects of age and bGH treatment on plasma concentrations of
urea on day 4 and 5 of treatment.
Effects of age and bGH treatment on specific binding of '*’I-

labelled oGH to hepatic membrane preparations.

Xiii

136

137

138

139

140



LIST OF FIGURES

Figure Page
4.1 Effects of saline, bovine growth hormone and ovine placental 95
lactogen on live weight and metabolisable energy intake of

milk-fed lambs.

4.2 Liveweight of surviving lambs previously treated with saline, 96
bovine growth hormone or ovine placental lactogen during days

45 to 270 of age (days 21 to 246 post-treatment).

43 Effects of saline, bovine growth hormone and ovine placental 98
lactogen on plasma concentrations of growth hormone and

IGF-I in lambs.

44 Effects of saline, bovine growth hormone and ovine placental 100
lactogen on plasma concentrations of insulin, urea and

creatinine in lambs.

5.1 Effects of saline and IGF-I treatment on plasma concentrations 112

of IGF-I and growth hormone in energy-restricted sheep.

5.2 Effects of saline and IGF-I treatment on plasma concentrations 118

of glucose, urea and creatinine in energy-restricted sheep.

53 Effects of saline and IGF-I treatment on plasma concentrations 115

of glucose during the insulin challenge.

5.4 Effects of saline and IGF-I treatment on plasma concentrations 116

of glucose and NEFA during the epinephrine challenge.



5.5

5.6

Effects of saline and IGF-I treatment on plasma concentrations
of GH during the GRF challenge.

Effects of saline and IGF-I treatment on liveweight in energy-

restricted sheep.

XV

117

121



